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Simple Summary: The aging population has led to an increase in elderly patients with locally
advanced gastric cancer (LAGC) requiring in-hospital care. These patients often present with higher
levels of comorbidity and frailty, due to reduced physiological reserve and functional capacity, with
a major susceptibility to surgery-related complications. However, the adoption of specific ERAS
guidelines on gastric cancer surgery for elderly patients has been proven safe and effective, leading
to optimize hospital stay and costs with equal complication rates. Prehabilitation programs also
improve pre-treatment patient function, potentially enhancing their capacity to tolerate multimodal
therapy. This study explores whether elderly patients affected by LAGC following an ERAS-based
protocol may benefit from laparoscopic procedures, which could reduce operative stress and possibly
improve survival in frail individuals.

Abstract: Minimally invasive surgery has provided several clinical advantages in locally advanced
gastric cancer (LAGC) care, although a consensus on its application criteria remains unclear. Surgery
remains a careful choice in elderly patients, who frequently present with frailty, comorbidities, and
other disabling diseases. This study aims to assess the possible advantages of laparoscopic gastric
resections in elderly patients presenting with LAGC. This retrospective study analyzed a single-center
series of elderly patients (≥75 years) undergoing curative resections for LAGC between 2015 and
2020. A comparative analysis of open versus laparoscopic approaches was conducted, focusing
on postoperative complications, length of hospital stay (LOS), and long-term survival. A total of
62 patients underwent gastrectomy through an open or a laparoscopic approach (31 pts each). The
study population did not show statistically significant differences in demographics, operative risk,
and neoadjuvant chemotherapy. The laparoscopic group reported significantly minimized overall
complications (45.2 vs. 71%, p = 0.039) and pulmonary complications (0 vs. 9.7%, p = 0.038) as well as
a shorter LOS (8 vs. 12 days, p = 0.007). Lymph node harvest was equal between the groups, although
long-term overall survival presented significantly better after laparoscopic gastrectomy (p = 0.048),
without a relevant difference in terms of disease-free and disease-specific survivals. Laparoscopic
gastrectomy proves effective in elderly LAGC patients, offering substantial short- and long-term
postoperative benefits.
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1. Introduction

Despite its steady decline in incidence, gastric cancer (GC) remains the fifth most
prevalent malignancy and carries the fourth highest cancer-related mortality rate world-
wide, with an estimated 5-year overall survival (OS) lower than 20–30% [1–3]. Although
GC epidemiology is highly variable by dietary risk and geographical factors, such as the
regional prevalence of Helicobacter pylori infection, a cumulative risk has been reported
with increasing age, starting from 45 years and reaching a median age of diagnosis of
69–70 years [2,4]. In addition to the relationship between cancer development and advanc-
ing age, the global aging of patients requiring in-hospital care has led to further increased
proportions of elderly people presenting with locally advanced gastric cancer (LAGC) [5].
This particular class of patients is reportedly more likely to present with higher comorbidity
levels and frailty, which creates an age-related multidimensional condition characterized
by reduced physiological reserve and multifunctional capacity. Therefore, frailty has been
associated with higher individual susceptibility to the augmented occurrence and sever-
ity of complications after surgery, including GC resections [6–9]. The poor outcomes of
gastric surgery in the elderly have historically limited indications of invasive treatments
to frail patients, while such an increasing public health issue may, conversely, present
acceptable results if addressed with dedicated resources and new settings of operative
stress minimization.

Some of the recently validated strategies for operative stress minimization include
the standardized perioperative protocols of Enhanced Recovery After Surgery (ERAS) and
minimally invasive surgery. After the development of the ERAS consensus guidelines for
gastrectomy in 2014 [10], the transition to elderly patients of this multidisciplinary and
function-based management has been largely demonstrated to be safe and effective in
optimizing the length of hospital stay (LOS) and costs without increasing postoperative
complications [11,12]. Prehabilitation programs have also allowed patients to improve their
functional status before treatments, potentially facilitating their access and tolerance to the
different components of multimodal therapy for LAGC.

On the other hand, further short- and long-term benefits have been reported following
the implementation of minimally invasive techniques in GC surgery [13]. After its early
diffusion in the late ‘90s [14], laparoscopic gastrectomy (LG) for cancer treatment initially
spread among high-volume centers for the treatment of early-stage disease and distal
tumors [15,16]. Despite the large debate concerning the laparoscopic accuracy for LAGC
resections, RCTs’ scientific evidence (i.e., CLASS-01, KLASS-02, LOGICA, STOMACH trials)
has recently been supporting the safety and efficacy of laparoscopy for the treatment of
GC that is of a locally advanced stage or has been previously treated with chemother-
apy. According to the literature, postoperative morbidity, lymph node harvest, and OS
are demonstrated to be summarily comparable between laparoscopic and conventional
surgery [17–20].

The present study hypothesized that elderly patients undergoing LAGC resections
within an ERAS-based standardized protocol might benefit from the application of la-
paroscopy and that the minimization of operative stress due to laparoscopy may also
impact survival of frail patients. Therefore, this analysis aimed to compare both short-term
outcomes and 2- and 5-year survival rates of elderly patients undergoing either laparoscopic
or open LAGC surgery.

2. Materials and Methods

The present study was conducted in accordance with the STrengthening the Reporting
of OBservational studies in Epidemiology statement (STROBE) guidelines (Table S1) [21].

2.1. Study Design

This analysis included a single-center series of consecutive patients who underwent
gastrectomy with D2 lymphadenectomy between January 2015 and December 2020 at a
tertiary center (San Raffaele Research Hospital—Milan, Italy).



Cancers 2024, 16, 2477 3 of 12

All cases were retrospectively selected from an IRB-approved prospectively main-
tained institutional database, according to the following inclusion criteria: histologically
confirmed diagnosis of locally advanced gastric adenocarcinoma (T ≥ 2, any N, M0); either
total or distal gastrectomy with curative intent, according to the European Society for
Medical Oncology (ESMO) clinical practice guidelines [22]; either laparoscopic or open
surgical approach; aged ≥ 75 years; either neoadjuvant therapy or upfront surgery; and
standardized management including perioperative multidisciplinary assessments and
ERAS-based clinical protocol, with overall compliance as high as 80% at least [10]. Locally
advanced gastric cancers were preoperatively staged through total-body CT-scan and a
diagnostic laparoscopy (DL) with peritoneal lavage for microscopic metastases. Also,
the multidisciplinary team assessment (Figure S1) was routinely scheduled to evaluate
preoperative findings and provide indications for additional investigations.

Exclusion criteria were any histological subtypes other than adenocarcinoma, any
resection types other than total or distal gastrectomy, and multivisceral resections. Histo-
logical confirmation was generally provided with microbiological findings of Helicobacter
Pylori according to the endoscopic depiction, although these data were not constant.

Laparoscopy represented the surgical approach of choice unless preoperative findings
were consistent with technical limitations (i.e., bulky dimensions of the primary tumor
or suspicion of infiltration of surrounding organs) or patient-related impediments for
laparoscopic surgery (i.e., history of previous surgery or intolerance to 12 mmHg pneu-
moperitoneum). Patients who required conversion from laparoscopic to open approach
were included in the laparoscopic group based on the intention-to-treat principle. All
procedures were performed by two of authors (RR and UE) who shared the technique
standardization, including the equivalent extent of lymphadenectomy and anastomosis
fashioning [23]. All patients were postoperatively managed according to a standardized
ERAS-based perioperative program (Figure S1). The primary outcomes were postoperative
complications, LOS, and long-term OS. The impact of laparoscopy on mean operative time,
lymph node harvest, and 30-day readmission rate was secondarily assessed.

2.2. Surgery, Perioperative Management, and Follow-Up

Patients were submitted to either total or distal gastrectomy according to tumor lo-
cation and the degree of cell differentiation [22]. Gastrectomy was performed through
either laparoscopic or open surgery, depending on both disease and patient characteristics.
Laparoscopy was implemented through induction of pneumoperitoneum at 12 mmHg and a
four-port technique with a mini-suprapubic incision. Open surgery involved an upper mid-
line laparotomy, and the patient was supine in both cases. In total gastrectomy, a side-to-side
(linear stapler) and end-to-side (circular stapler) esophago-jejunal anastomoses were fash-
ioned through laparoscopic and open approaches, respectively. In distal gastrectomy, both
techniques routinely involved a Roux-en-Y reconstruction with a jejuno-jejunal anastomosis
performed 50–60 cm below the former, which was side-to-side (mechanical) in laparoscopic
resections, or end-to-side (hand-sewn) in open surgery. Also, the duodenum was routinely
stapled without further oversewn stitches to avoid altering the stump perfusion.

The standardized ERAS-based perioperative protocol was uniformly applied through-
out the study period, including all main perioperative items potentially enhancing recovery
(Table S2). The choice of complementary therapies, indications for surgery, and type of
follow-up monitoring were undertaken by a multidisciplinary board.

During the first 12 months after surgery, routine blood tests, upper GI endoscopy, and
chest/abdomen computed tomography (CT) were performed periodically (i.e., in 6-month
periods after resection and every 12 months afterward).

2.3. Data Definition and Collection

All clinical data were retrospectively collected from an institutional, IRB-approved,
and prospectively maintained electronic database. Perioperative data included patients’
demography (i.e., age, gender, body mass index [BMI], age-adjusted Charlson comorbidity
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index [aa-CCI] [24], the American Society of Anesthesiologists [ASA] score [25], and
the Nutritional Risk Screening [NRS] [26]), disease and multimodal therapy details (i.e.,
pathological stage [27], details of neoadjuvant and surgical treatments). Postoperative
complications were reported according to the Clavien–Dindo severity classification, and
severe complications were defined as a Clavien–Dindo degree ≥ 3a. The length of hospital
stay was calculated in days between surgery and the date of discharge [28].

OS was defined as the length of time from the operation until death from any cause,
and disease-free survival (DFS) was the interval between operation and disease recurrence;
disease-specific survival (DSS) referred to the period from the operation until death from
GC recurrence or related metastasis, excluding deaths from unrelated causes [29].

Both clinical and therapeutical data were prospectively collected, while details of
patient follow-up were periodically updated by a dedicated data manager.

2.4. Statistical Analysis

Categorical and continuous variables were presented as numbers (percentages) and
means (±standard deviation) unless differently stated. The statistical significance level was
set at 0.05, and inference analyses were performed by using the Student’s t-test, Chi-square
or Fisher’s exact test, and the Mann–Whitney U test, according to variable types and test
assumptions. Long-term outcomes were compared between each group by log-rank test
and summarized as Kaplan–Meier curves and hazard ratios with 95% confidence intervals.
Statistical analyses were performed by using IBM SPSS Statistics v27.0 (IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Study Population

Overall, 348 consecutive patients were submitted to gastrectomy between January 2015
and December 2020, including 226 patients affected by gastric adenocarcinoma. Among
them, 62 presented with an age ≥ 75 years and a clinical stage consistent with LAGC at the
time of diagnosis (Figure 1). Gastric resections were total in 29 patients (47%) and distal in
33 (53%), with routine inclusion of D2 lymphadenectomy and omentectomy. According
to the patient selection criteria, laparoscopic and open gastrectomy were performed in
equal proportions (31 patients each), after a conversion rate of 3.2% (n = 1). The open and
laparoscopic gastrectomy groups did not significantly differ in terms of demographics,
multimodal therapy, histotype, or pathological stage (Table 1).
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Table 1. Demographic characteristics of the study population.

Patients Open
31

Laparoscopic
31 p-Value

Age, median (IQR) 79 (77–83) 80 (77–82) 0.668

Gender (Male/Female) 19/12 18/13 0.796

ASA, mean (±SD) 3 (±1) 3 (±1) 0.117

BMI, mean (±SD) 25 (±6) 24 (±6) 0.314

NRS, mean (±SD) 3 (±1) 3 (±1) 0.102

aa-CCI, mean (±SD) 6 (±2) 6 (±2) 0.940
COPD 2 (6.5%) 2 (6.5%) 1.000
CHF 2 (6.5%) 3 (9.7%) 0.640
Blood hypertension 15 (48.4%) 9 (29%) 0.118
Diabetes 4 (12.9%) 3 (9.7%) 0.688
Preoperative hemoglobin, mean (SD) 11.2 (±2.4) 11.7 (±2.6) 0.260
Preoperative serum creatinine, mean (SD) 1.1 (±0.4) 1 (±0.3) 0.460

Histotype
SRCC 6 (19.4%) 9 (29%)

0.374non-SRCC 25 (80.6%) 22 (71%)

Neoadjuvant treatment
Chemotherapy 4 (12.9%) 4 (12.9%) 1.000
Regimen:

- FLOT 1/4 (25%) 1/4 (25%)

0.503- ECF 2/4 (50%) 1/4 (25%)

- TCF 1/4 (25%) 0

- FOLFOX 0 2/4 (50%)

- Other

Completion rate 3/4 (75%) 3/4 (75%) 1.000

Surgery
Total gastrectomy 13 (41.9%) 16 (51.6%) 0.268
Distal gastrectomy 18 (58.1%) 15 (48.4%) 0.346
Conversion to open 1 (3.2%)

TNM stage
LAGC 31 (100%) 31 (100%) 1.000
N > 0 24 (77.4%) 19 (61.3%) 0.168
T > 3 11 (35.5%) 10 (32.3%) 0.788

IQR, interquartile range; SD, standard deviation; ASA, American Society of Anesthesiologists’ classification of
physical health; BMI, body mass index; NRS, nutritional risk screening score; aa-CCI, age-adjusted Charlson co-
morbidity index; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; SRCC, signet-ring
cell adenocarcinoma; ECF, epirubicin, cisplatin, and 5-fluorouracil; TCF, docetaxel, cisplatin, and 5-fluorouracil;
FLOT, fluorouracil, leucovorin, oxaliplatin, and docetaxel; FOLFOX, folinic acid, fluorouracil, and oxaliplatin;
LAGC, locally advanced gastric cancer based on clinical TNM staging system.

3.2. Primary Outcomes

Postoperative complications (Table 2) were significantly lower in the LG group
(p = 0.039), reporting an overall morbidity as high as 45.2%. Postoperative morbidity
occurred in 71% of open GC resections, which also had significantly higher rates of severe
(Clavien–Dindo ≥ 3a) pulmonary complications (p = 0.038) that required increasing levels
of care. The reoperation rate was similar between the open and laparoscopic gastrectomy
groups (p = 1.000). The LOS after laparoscopic surgery (8 [7–10] days) was significantly
shorter than that after open surgery (12 [9–18] days), potentially due to the approach-
related morbidity burden (p = 0.007). After a median follow-up period of 18 months (IQR,
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7–34 months), 18 (29%) patients developed disease recurrence and 15 (24%) eventually
deceased with evidence of recurrence, with the median time to recurrence being 10 months
(IQR, 4–24 months). Overall, 13 (21%) patients deceased for other causes that were not
tumor-related. Considering all disease relapses, the patients submitted to laparoscopic
gastrectomy showed statistically significant longer 2- and 5-year OS when compared
to those submitted to the open approach (0.77 vs. 0.55, and 0.38 vs. 0.27, respectively,
p = 0.048). Meanwhile, 2- and 5-year DSS did not show differences (0.68 vs. 0.52, and 0.33
vs. 0.20 respectively, p = 0.175) according to the surgical approach (Figure 2).
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Table 2. Perioperative outcomes.

Patients Open
31

Laparoscopic
31 p-Value

Intraoperative data
Operative time (minutes), mean (SD) 190 (±65) 216 (±60) 0.058
Lymph node retrieval, median (IQR) 37 (25–45) 37 (28–53) 0.660

Postoperative data
Complications:

- Overall 22 (71%) 14 (45.2%) 0.039

- Severe (Clavien–Dindo ≥ 3a) 9 (29%) 5 (16.1%) 0.224

- Anastomotic leak 3 (9.7%) 3 (9.7%) 1.000

- Duodenal stump leak 3 (9.7%) 1 (3.2%) 0.291

- Respiratory 3 (9.7%) 0 0.038

- Cardiac 0 0 -

- Urinary 1 (3.2%) 0 0.236

- Wound infection 2 (6.5%) 0 0.092

Reoperation 2 (6.5%) 2 (6.5%) 1.000
Indication to reoperation:

- Anastomotic leak 1 (3.2%) 1 (3.2%) 1.000

- Duodenal stump leak 1 (3.2%) 1 (3.2%) 1.000

30-day mortality 1 (3.2%) 1 (3.2%) 1.000
30-day readmission 4 (12.9%) 2 (6.5%) 0.417
Length of hospital stay, median (IQR) 12 (9–18) 8 (7–10) 0.007

SD, standard deviation; IQR, interquartile range.

3.3. Secondary Outcomes

Intraoperative findings, such as mean operative time and surgical radicality (i.e.,
marginal tumor involvement and lymph node retrieval), were comparable between the
groups. No anesthesia-related adverse events occurred in the entire series. The readmission
rate was also similar between the open and laparoscopic gastrectomy groups (p = 0.417),
with four (12.9%) and two (6.5%) patients requiring further hospitalization, respectively
(Table 2).

4. Discussion

The present study created the opportunity to assess both the short- and long-term
outcomes of a Western series of elderly patients (≥75 years) presenting with LAGC at a
national referral center in upper GI cancer surgery. The aim of this analysis was to evaluate
the hypothetical effects of the surgical approach on operative stress, which could differently
impact surgical outcomes following either laparoscopic or open gastrectomy. As previously
postulated in the literature, the findings of this analysis also supported the benefits of a min-
imally invasive approach to GC surgery in terms of the overall and major (Clavien–Dindo
≥ 3a) postoperative morbidity [30–32]. Morbidity after surgery appeared significantly
higher following open gastrectomy (p = 0.039), and the occurrence of respiratory disorders
was significantly different between groups (p = 0.038). Pulmonary complications have
traditionally been considered one of the most significant achievements of the ERAS protocol
application, which has been demonstrated to improve patient recovery by the optimization
of clinical determinants affecting the stress response. While providing for an extension
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of primary tumor resection and lymphadenectomy to the same degree as laparotomy, the
minimally invasive approach may entail different interactions on patient functions through
an operative stress reduction. Given the standardized clinical and anesthetic management
(Supplementary Material Figure S1), the development of pulmonary complications after
abdominal surgery can be related to the individual stress response and functional involve-
ment. The type of surgical approach did not affect the main procedural features of gastric
resections, and both groups did not report significantly different rates of intraoperative
surgical complications accordingly.

The laparoscopic gastrectomy group reported a significantly shorter recovery with
a median hospital stay of 8 (7–10) days rather than 12 (9–18) days after open surgery
(p = 0.007). The fulfillment of standardized discharge criteria depends on a large variety
of both clinical and infrastructural factors, from the multispecialty management of the
most severe complications to minor events that may increase stress response and recovery.
However, accelerated recovery has been widely reported as a postoperative achievement
after LG in both the general [33,34] and the elderly population [35,36]. A multicenter study
by Honda et al. [37] analyzed an elderly series of patients undergoing any type of laparo-
scopic gastric resections and reported a minor postoperative morbidity (i.e., pneumonia,
intra-abdominal abscess, and anastomotic leakage) with a significantly shorter LOS. A
systematic review and meta-analysis by Shan et al. [38] also demonstrated similar benefits
among elderly patients, with decreased rates of both respiratory and cardiac complications
after LG, with an equivalent anastomotic leakage rate but a significantly shorter LOS when
compared to open surgery.

Further evidence has also demonstrated the minimally invasive approach for elderly
LAGC patients to provide survival improvements, although the highest rate of compliance
with adjuvant treatment could be expected in younger and healthier patients [38–40]. Our
results demonstrated a longer 5-year OS following laparoscopic gastrectomy (0.38 vs. 0.27,
p = 0.048) compared to open surgery, which could be considered as the long-term effect of
postoperative morbidity on the elderly’s survival, even more than disease recurrence.

The existing literature supports the idea that reducing surgical trauma through a less
invasive procedure will preserve the patient’s functional reserve, improving their resistance
to severe complications, which is particularly relevant for inherently frail patients.

Studies on the immunological response after LG has shown lower levels of IL-6 and
C-reactive protein compared to open surgery, suggesting a reduced impact on the immune
system [41,42]. The minimization of inflammation following minimally invasive surgery
might contribute to the observed decrease in overall survival due to non-oncologic causes.

Long et al. also reported that LG was linked to an improved 5-year OS for patients
aged 60 years and older, with higher rates of postoperative chemotherapy due to a more
effective recovery and reduced postoperative morbidity, such as fewer pulmonary compli-
cations [43].

To the authors’ interpretation, operative stress reduction and stress response mini-
mization related to the technique’s invasiveness may be crucial to prevent postoperative
complications and early mortality in such a delicate class of patients, whose survival could
also be limited by several conditions other than tumor disease progression.

The possibility of implementing ERAS pathways in high-risk elderly patients, pre-
serving a good level of compliance with the selected items, has been matter of scientific
debate. Previous studies performed in the specific setting of colorectal surgery have also
demonstrated the feasibility of adopting fast-track protocols, with an adequate adherence
to ERAS items, in elderly patients [44]. However, in oncological gastric surgery, a similar
level of scientific evidence is still lacking. In this series, an adequate level of compliance
with ERAS protocol was observed in both groups, although laparoscopy has been reported
to have an independent role in improving postoperative outcomes, particularly for elderly
patients [45]. The implementation of the laparoscopic technique itself was associated with
significant modifications in the ERAS pathway (Supplementary Material Table S2), such as
a more restrictive fluid balance or less invasive analgesic treatments. Also, the present anal-
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ysis confirmed the feasibility of LG, for either total or distal resections, in elderly patients.
The two groups reported similar proportions of operative time, blood loss, immediate
extubation, and admission to the ICU. Despite diffused concerns about octogenarians’ lim-
ited tolerance to the increased intrabdominal pressure due to pneumoperitoneum [46–48],
our series did not report intraoperative adverse events from either respiratory or hemo-
dynamic sides. These findings were consistent with previous analyses proving that CO2

pneumoperitoneum did not lead to increased morbidity in elderly GC patients submitted
to laparoscopic-assisted distal gastrectomy, even in cases of severe ASA scores [49,50].

The main limitations of the present analysis included the retrospective and single-
center study design and the highly selected sample size, especially compared to Eastern
studies. In order to minimize the risk of low data accuracy, all cases were consecutively
extracted from a prospectively maintained institutional database according to selective
inclusion criteria, and a multivariate analysis was also performed. The details of both the
perioperative management and the follow-up neither presented significant missing data
nor affected the analysis, although both the single-center design and restricted selection
criteria limited the number of enrollments and the stratification analyses. However, the
choice of a single-center design ensured protocol uniformity of the surgical procedures and
perioperative management, which were standardized and equally applied in this study.
Eventually, further study limitations may include the following comparative biases: patient
selection, the choice of individual surgical approaches, the multidimensional definition of
frailty, and specific measurements of stress response variations [38,51].

5. Conclusions

Laparoscopic LAGC surgery in elderly cancer patients is feasible and associated
with clinical advantages that may impact both short- and long-term outcomes. Based on
this analysis, the overall postoperative morbidity was reduced after laparoscopy, with
measurable advantages in terms of respiratory complications and LOS. Also, the related
procedure-specific means of operative stress minimization showed a favorable impact on
elderly patient survival, which is often limited by several causes other than tumor disease
or recurrence.

Further multicenter and randomized studies should be designed to explore specific
frailty-related areas of weakness/improvement to validate specific risk predictors, and to
allocate specific infrastructure resources for elderly GC patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16132477/s1, Figure S1: ERAS-based perioperative protocol
for gastrectomy; Table S1: STROBE Statement—Checklist of items that should be included in reports
of cohort studies; Table S2: Anesthesiology management according to surgical approach.

Author Contributions: Conceptualization, F.P., L.C., S.T., D.S., R.R. and U.E.; methodology, F.P.,
L.C., R.R. and U.E.; software, F.P. and L.C.; formal analysis, F.P., L.C., S.T., D.S., R.R. and U.E.;
investigation, F.P., L.C., R.R. and U.E.; resources, R.R. and U.E.; data curation, F.P., L.C., S.T. and D.S.;
writing—original draft preparation, F.P. and L.C.; writing—review and editing, F.P., L.C., S.T., D.S.,
R.R. and U.E.; visualization, F.P., L.C., S.T. and D.S.; supervision, R.R. and U.E.; project administration,
R.R. and U.E. The contribution of the members of the OSR CCeR Collaborative Group has been
as follows: All members have contributed to data acquisition, investigation, formal analysis and
critical review of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of IRCCS San Raffaele Scientific Institute
(Approval ID: 91/INT/2021, 30 June 2021).

Informed Consent Statement: Informed consent was waived because of the retrospective nature of
our study and the analysis used anonymous clinical data.

https://www.mdpi.com/article/10.3390/cancers16132477/s1
https://www.mdpi.com/article/10.3390/cancers16132477/s1


Cancers 2024, 16, 2477 10 of 12

Data Availability Statement: Data are available upon request.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

Appendix A

The OSR CCeR Collaborative Group: Barbieri Lavinia A. (Department of Gastrointestinal
Surgery, IRCCS San Raffaele Scientific Institute, 20132 Milan, Italy), Cossu Andrea (Depart-
ment of Gastrointestinal Surgery, IRCCS San Raffaele Scientific Institute, 20132 Milan, Italy),
Treppiedi Elio (Department of Gastrointestinal Surgery, IRCCS San Raffaele Scientific Insti-
tute, 20132 Milan, Italy), Battaglia Silvia (Department of Gastrointestinal Surgery, IRCCS San
Raffaele Scientific Institute, 20132 Milan, Italy), Cusin Sofia (Department of Gastrointestinal
Surgery, IRCCS San Raffaele Scientific Institute, 20132 Milan, Italy).

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Ilic, M.; Ilic, I. Epidemiology of stomach cancer. World J. Gastroenterol. 2022, 28, 1187–1203. [CrossRef] [PubMed]
3. Statistics Adapted from the American Cancer Society’s (ACS) Publication, Cancer Facts & Figures 2021, the ACS Website, and the

National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) Program. Available online: https://www.cancer.
org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2021.html (accessed on 20 February 2021).

4. Thrift, A.P.; El-Serag, H.B. Burden of Gastric Cancer. Clin. Gastroenterol. Hepatol. 2020, 18, 534–542. [CrossRef] [PubMed]
5. Etemadi, A.; Safiri, S.; Sepanlou, S.G.; Ikuta, K.; Bisignano, C.; Shakeri, R.; Amani, M.; Fitzmaurice, C.; Nixon, M.; Abbasi, N.; et al.

The global, regional, and national burden of stomach cancer in 195 countries, 1990–2017: A systematic analysis for the Global
Burden of Disease study 2017. Lancet. Gastroenterol. Hepatol. 2020, 5, 42–54. [CrossRef] [PubMed]

6. Simmonds, P.D.; Best, L.; George, S.; Baughan, C.; Buchanan, R.; Davis, C.; Fentiman, I.; Gosney, M.; Northover, J.; Williams, C.
Surgery for colorectal cancer in elderly patients: A systematic review. Lancet 2000, 356, 968–974. [CrossRef]

7. Polanczyk, C.A.; Marcantonio, E.; Goldman, L.; Rohde, L.E.; Orav, J.; Mangione, C.M.; Lee, T.H. Impact of age on perioperative
complications and length of stay in patients undergoing noncardiac surgery. Ann. Intern. Med. 2001, 134, 637–643. [CrossRef]
[PubMed]

8. Takeuchi, D.; Koide, N.; Suzuki, A.; Ishizone, S.; Shimizu, F.; Tsuchiya, T.; Kumeda, S.; Miyagawa, S. Postoperative complications
in elderly patients with gastric cancer. J. Surg. Res. 2015, 198, 317–326. [CrossRef] [PubMed]

9. Mikami, J.; Kurokawa, Y.; Miyazaki, Y.; Takahashi, T.; Yamasaki, M.; Miyata, H.; Nakajima, K.; Takiguchi, S.; Mori, M.; Doki, Y.
Postoperative gastrectomy outcomes in octogenarians with gastric cancer. Surg. Today 2015, 45, 1134–1138. [CrossRef] [PubMed]

10. Mortensen, K.; Nilsson, M.; Slim, K.; Schafer, M.; Mariette, C.; Braga, M.; Carli, F.; Demartines, N.; Griffin, S.M.; Lassen, K.;
et al. Consensus guidelines for enhanced recovery after gastrectomy: Enhanced Recovery After Surgery (ERAS(R)) Society
recommendations. Br. J. Surg. 2014, 101, 1209–1229. [CrossRef] [PubMed]

11. Wee, I.J.Y.; Syn, N.L.; Shabbir, A.; Kim, G.; So, J.B.Y. Enhanced recovery versus conventional care in gastric cancer surgery: A
meta-analysis of randomized and non-randomized controlled trials. Gastric Cancer 2019, 22, 423–434. [CrossRef]

12. Lee, Y.; Yu, J.; Doumouras, A.G.; Li, J.; Hong, D. Enhanced recovery after surgery (ERAS) versus standard recovery for elective
gastric cancer surgery: A meta-analysis of randomized controlled trials. Surg. Oncol. 2020, 32, 75–87. [CrossRef] [PubMed]

13. Junttila, A.; Helminen, O.; Kairaluoma, V.; Mattila, A.; Sihvo, E.; Mrena, J. Implementation of Multimodality Therapy and
Minimally Invasive Surgery: Short- and Long-term Outcomes of Gastric Cancer Surgery in Medium-Volume Center. J. Gastrointest.
Surg. 2022, 26, 2061–2069. [CrossRef] [PubMed]

14. Kitano, S.; Iso, Y.; Moriyama, M.; Sugimachi, K. Laparoscopy-assisted Billroth I gastrectomy. Surg. Laparosc. Endosc. 1994, 4,
146–148. [PubMed]

15. Japanese Gastric Cancer, A. Japanese gastric cancer treatment guidelines 2018 (5th edition). Gastric Cancer 2021, 24, 1–21.
[CrossRef] [PubMed]

16. Japanese Gastric Cancer Association. Japanese Gastric Cancer Treatment Guidelines 2021, 6th ed.; Springer: Berlin, Germany, 2021.
17. Hyung, W.J.; Yang, H.K.; Park, Y.K.; Lee, H.J.; An, J.Y.; Kim, W.; Kim, H.I.; Kim, H.H.; Ryu, S.W.; Hur, H.; et al. Long-Term

Outcomes of Laparoscopic Distal Gastrectomy for Locally Advanced Gastric Cancer: The KLASS-02-RCT Randomized Clinical
Trial. J. Clin. Oncol. 2020, 38, 3304–3313. [CrossRef] [PubMed]

18. Huang, C.; Liu, H.; Hu, Y.; Sun, Y.; Su, X.; Cao, H.; Hu, J.; Wang, K.; Suo, J.; Tao, K.; et al. Laparoscopic vs Open Distal Gastrectomy
for Locally Advanced Gastric Cancer: Five-Year Outcomes From the CLASS-01 Randomized Clinical Trial. JAMA Surg. 2022, 157,
9–17. [CrossRef] [PubMed]

19. van der Veen, A.; Brenkman, H.J.F.; Seesing, M.F.J.; Haverkamp, L.; Luyer, M.D.P.; Nieuwenhuijzen, G.A.P.; Stoot, J.; Tegels, J.J.W.;
Wijnhoven, B.P.L.; Lagarde, S.M.; et al. Laparoscopic Versus Open Gastrectomy for Gastric Cancer (LOGICA): A Multicenter
Randomized Clinical Trial. J. Clin. Oncol. 2021, 39, 978–989. [CrossRef] [PubMed]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3748/wjg.v28.i12.1187
https://www.ncbi.nlm.nih.gov/pubmed/35431510
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2021.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2021.html
https://doi.org/10.1016/j.cgh.2019.07.045
https://www.ncbi.nlm.nih.gov/pubmed/31362118
https://doi.org/10.1016/S2468-1253(19)30328-0
https://www.ncbi.nlm.nih.gov/pubmed/31648970
https://doi.org/10.1016/S0140-6736(00)02713-6
https://doi.org/10.7326/0003-4819-134-8-200104170-00008
https://www.ncbi.nlm.nih.gov/pubmed/11304103
https://doi.org/10.1016/j.jss.2015.03.095
https://www.ncbi.nlm.nih.gov/pubmed/26033612
https://doi.org/10.1007/s00595-014-1087-x
https://www.ncbi.nlm.nih.gov/pubmed/25412985
https://doi.org/10.1002/bjs.9582
https://www.ncbi.nlm.nih.gov/pubmed/25047143
https://doi.org/10.1007/s10120-019-00937-9
https://doi.org/10.1016/j.suronc.2019.11.004
https://www.ncbi.nlm.nih.gov/pubmed/31786352
https://doi.org/10.1007/s11605-022-05437-3
https://www.ncbi.nlm.nih.gov/pubmed/36002787
https://www.ncbi.nlm.nih.gov/pubmed/8180768
https://doi.org/10.1007/s10120-020-01042-y
https://www.ncbi.nlm.nih.gov/pubmed/32060757
https://doi.org/10.1200/JCO.20.01210
https://www.ncbi.nlm.nih.gov/pubmed/32816629
https://doi.org/10.1001/jamasurg.2021.5104
https://www.ncbi.nlm.nih.gov/pubmed/34668963
https://doi.org/10.1200/JCO.20.01540
https://www.ncbi.nlm.nih.gov/pubmed/34581617


Cancers 2024, 16, 2477 11 of 12

20. van der Wielen, N.; Straatman, J.; Daams, F.; Rosati, R.; Parise, P.; Weitz, J.; Reissfelder, C.; Diez Del Val, I.; Loureiro, C.;
Parada-González, P.; et al. Open versus minimally invasive total gastrectomy after neoadjuvant chemotherapy: Results of a
European randomized trial. Gastric Cancer 2021, 24, 258–271. [CrossRef] [PubMed]

21. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement: Guidelines for reporting observational studies. Int. J. Surg. 2014, 12,
1495–1499. [CrossRef] [PubMed]

22. Lordick, F.; Carneiro, F.; Cascinu, S.; Fleitas, T.; Haustermans, K.; Piessen, G.; Vogel, A.; Smyth, E.C.; on behalf of theESMO
Guidelines Committee. Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol.
2022, 33, 1005–1020. [CrossRef] [PubMed]

23. Puccetti, F.; Cinelli, L.; Genova, L.; Battaglia, S.; Barbieri, L.A.; Treppiedi, E.; Cossu, A.; Elmore, U.; Rosati, R. Applicative
Limitations of Indocyanine Green Fluorescence Assistance to Laparoscopic Lymph Node Dissection in Total Gastrectomy for
Cancer. Ann. Surg. Oncol. 2022, 29, 5875–5882. [CrossRef] [PubMed]

24. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef] [PubMed]

25. Mayhew, D.; Mendonca, V.; Murthy, B.V.S. A review of ASA physical status—Historical perspectives and modern developments.
Anaesthesia 2019, 74, 373–379. [CrossRef] [PubMed]

26. Kondrup, J.; Rasmussen, H.H.; Hamberg, O.; Stanga, Z. Nutritional risk screening (NRS 2002): A new method based on an
analysis of controlled clinical trials. Clin. Nutr. 2003, 22, 321–336. [CrossRef] [PubMed]

27. van Roessel, S.; Kasumova, G.G.; Verheij, J.; Najarian, R.M.; Maggino, L.; de Pastena, M.; Malleo, G.; Marchegiani, G.; Salvia, R.;
Ng, S.C.; et al. International Validation of the Eighth Edition of the American Joint Committee on Cancer (AJCC) TNM Staging
System in Patients With Resected Pancreatic Cancer. JAMA Surg. 2018, 153, e183617. [CrossRef] [PubMed]

28. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef] [PubMed]

29. Delgado, A.; Guddati, A.K. Clinical endpoints in oncology—A primer. Am. J. Cancer Res. 2021, 11, 1121–1131. [PubMed]
30. Morino, K.; Yamamoto, M.; Shimoike, N.; Iwasaki, Y.; Yamanaka, R.; Nakanishi, N.; Matsusue, R.; Machimoto, T. Safety and

Limitations of Laparoscopic Total Gastrectomy for Gastric Cancer: A Comparative Analysis of Short and Long-term Outcomes
With Open Surgery. Anticancer Res. 2024, 44, 1759–1766. [CrossRef]

31. Oh, Y.; Kim, M.S.; Lee, Y.T.; Lee, C.M.; Kim, J.H.; Park, S. Laparoscopic total gastrectomy as a valid procedure to treat gastric
cancer option both in early and advanced stage: A systematic review and meta-analysis. Eur. J. Surg. Oncol. 2020, 46, 33–43.
[CrossRef] [PubMed]

32. Liu, D.; Liang, L.; Liu, L.; Zhu, Z.; Liu, S.; Hu, L.; He, Y.; Fang, Y.; Wan, X. Short-term outcomes and prognosis of laparoscopy-
assisted total gastrectomy in elderly patients with stomach cancer. Surg. Endosc. 2020, 34, 5428–5438. [CrossRef]

33. Haverkamp, L.; Weijs, T.J.; van der Sluis, P.C.; van der Tweel, I.; Ruurda, J.P.; van Hillegersberg, R. Laparoscopic total gastrectomy
versus open total gastrectomy for cancer: A systematic review and meta-analysis. Surg. Endosc. 2013, 27, 1509–1520. [CrossRef]
[PubMed]

34. Parise, P.; Cinelli, L.; Ferrari, C.; Cossu, A.; Puccetti, F.; Garutti, L.; Elmore, U.; Rosati, R. Early Red Flags Associated with Delayed
Discharge in Patients Undergoing Gastrectomy: Analysis of Perioperative Variables and ERAS Protocol Items. World J. Surg. 2020,
44, 223–231. [CrossRef] [PubMed]

35. Ebihara, Y.; Kurashima, Y.; Watanabe, Y.; Tanaka, K.; Matsui, A.; Nakanishi, Y.; Asano, T.; Noji, T.; Nakamura, T.; Murakami, S.;
et al. Outcomes of laparoscopic total gastrectomy in elderly patients: A propensity score matching analysis. Langenbeck’s Arch.
Surg. 2022, 407, 1461–1469. [CrossRef] [PubMed]

36. Suematsu, H.; Kunisaki, C.; Miyamato, H.; Sato, K.; Sato, S.; Tanaka, Y.; Yukawa, N.; Rino, Y.; Kosaka, T.; Akiyama, H.; et al.
Laparoscopic Total Gastrectomy for Gastric Cancer in Elderly Patients. In Vivo 2020, 34, 2933–2939. [CrossRef]

37. Honda, M.; Kumamaru, H.; Etoh, T.; Miyata, H.; Yamashita, Y.; Yoshida, K.; Kodera, Y.; Kakeji, Y.; Inomata, M.; Konno, H.; et al.
Surgical risk and benefits of laparoscopic surgery for elderly patients with gastric cancer: A multicenter prospective cohort study.
Gastric Cancer 2019, 22, 845–852. [CrossRef] [PubMed]

38. Shan, F.; Gao, C.; Li, X.L.; Li, Z.Y.; Ying, X.J.; Wang, Y.K.; Li, S.X.; Ji, X.; Ji, J.F. Short- and Long-Term Outcomes after Laparoscopic
Versus Open Gastrectomy for Elderly Gastric Cancer Patients: A Systematic Review and Meta-Analysis. J. Laparoendosc. Adv.
Surg. Tech. Part A 2020, 30, 713–722. [CrossRef] [PubMed]

39. Ushimaru, Y.; Kurokawa, Y.; Takahashi, T.; Saito, T.; Yamashita, K.; Tanaka, K.; Makino, T.; Yamasaki, M.; Nakajima, K.; Mori, M.;
et al. Is Laparoscopic Gastrectomy More Advantageous for Elderly Patients Than for Young Patients with Resectable Advanced
Gastric Cancer? World J. Surg. 2020, 44, 2332–2339. [CrossRef]

40. Petrioli, R.; Francini, E.; Cherri, S.; Marrelli, D.; Rovello, F.; Fiaschi, A.I.; Miano, S.T.; Savelli, V.; Calomino, N.; Farsi, M.; et al.
Feasibility of modified docetaxel, oxaliplatin, capecitabine followed by capecitabine as maintenance chemotherapy as first-line
therapy for patients with metastatic gastric or gastroesophageal cancer. Anti-Cancer Drugs 2020, 31, 292–297. [CrossRef]

41. Okholm, C.; Goetze, J.P.; Svendsen, L.B.; Achiam, M.P. Inflammatory response in laparoscopic vs. open surgery for gastric cancer.
Scand. J. Gastroenterol. 2014, 49, 1027–1034. [CrossRef]

https://doi.org/10.1007/s10120-020-01109-w
https://www.ncbi.nlm.nih.gov/pubmed/32737637
https://doi.org/10.1016/j.ijsu.2014.07.013
https://www.ncbi.nlm.nih.gov/pubmed/25046131
https://doi.org/10.1016/j.annonc.2022.07.004
https://www.ncbi.nlm.nih.gov/pubmed/35914639
https://doi.org/10.1245/s10434-022-11940-3
https://www.ncbi.nlm.nih.gov/pubmed/35729291
https://doi.org/10.1016/0021-9681(87)90171-8
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1111/anae.14569
https://www.ncbi.nlm.nih.gov/pubmed/30648259
https://doi.org/10.1016/S0261-5614(02)00214-5
https://www.ncbi.nlm.nih.gov/pubmed/12765673
https://doi.org/10.1001/jamasurg.2018.3617
https://www.ncbi.nlm.nih.gov/pubmed/30285076
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pubmed/33948349
https://doi.org/10.21873/anticanres.16975
https://doi.org/10.1016/j.ejso.2019.08.018
https://www.ncbi.nlm.nih.gov/pubmed/31477462
https://doi.org/10.1007/s00464-019-07338-0
https://doi.org/10.1007/s00464-012-2661-1
https://www.ncbi.nlm.nih.gov/pubmed/23263644
https://doi.org/10.1007/s00268-019-05223-4
https://www.ncbi.nlm.nih.gov/pubmed/31620813
https://doi.org/10.1007/s00423-022-02447-2
https://www.ncbi.nlm.nih.gov/pubmed/35080645
https://doi.org/10.21873/invivo.12123
https://doi.org/10.1007/s10120-018-0898-7
https://www.ncbi.nlm.nih.gov/pubmed/30539321
https://doi.org/10.1089/lap.2019.0778
https://www.ncbi.nlm.nih.gov/pubmed/32471317
https://doi.org/10.1007/s00268-020-05486-2
https://doi.org/10.1097/CAD.0000000000000877
https://doi.org/10.3109/00365521.2014.917698


Cancers 2024, 16, 2477 12 of 12

42. Tsekrekos, A.; Vossen, L.E.; Lundell, L.; Jeremiasen, M.; Johnsson, E.; Hedberg, J.; Edholm, D.; Klevebro, F.; Nilsson, M.; Rouvelas,
I. Improved survival after laparoscopic compared to open gastrectomy for advanced gastric cancer: A Swedish population-based
cohort study. Gastric Cancer 2023, 26, 467–477. [CrossRef]

43. Long, D.; Feng, Q.; Li, Z.S.; Zhao, Y.L.; Qian, F.; Tang, B.; Chen, J.; Li, P.A.; Shi, Y.; Yu, P.W. Laparoscopic versus open gastrectomy
for serosa-invasive gastric cancer: A single-center retrospective cohort study. Surgery 2021, 169, 1486–1492. [CrossRef]

44. Hallam, S.; Rickard, F.; Reeves, N.; Messenger, D.; Shabbir, J. Compliance with enhanced recovery protocols in elderly patients
undergoing colorectal resection. Ann. R. Coll. Surg. Engl. 2018, 100, 570–579. [CrossRef] [PubMed]

45. Braga, M.; Borghi, F.; Scatizzi, M.; Missana, G.; Guicciardi, M.A.; Bona, S.; Ficari, F.; Maspero, M.; Pecorelli, N.; PeriOperative
Italian, S. Impact of laparoscopy on adherence to an enhanced recovery pathway and readiness for discharge in elective colorectal
surgery: Results from the PeriOperative Italian Society registry. Surg. Endosc. 2017, 31, 4393–4399. [CrossRef] [PubMed]

46. Jin, D.; Yu, H.; Li, H.; Zhao, N.; Zhang, Y.; Li, J.; Cui, J.; Tang, D.; Li, Y.; Teng, Y.; et al. Hemodynamic changes of anesthesia,
pneumoperitoneum, and head-down tilt during laparoscopic surgery in elderly patients. Ann. Transl. Med. 2021, 9, 1177.
[CrossRef] [PubMed]

47. Bàllesta López, C.; Cid, J.A.; Poves, I.; Bettónica, C.; Villegas, L.; Memon, M.A. Laparoscopic surgery in the elderly patient. Surg.
Endosc. 2003, 17, 333–337. [CrossRef] [PubMed]

48. Turrentine, F.E.; Wang, H.; Simpson, V.B.; Jones, R.S. Surgical risk factors, morbidity, and mortality in elderly patients. J. Am. Coll.
Surg. 2006, 203, 865–877. [CrossRef] [PubMed]

49. Suzuki, S.; Nakamura, T.; Imanishi, T.; Kanaji, S.; Yamamoto, M.; Kanemitsu, K.; Yamashita, K.; Sumi, Y.; Tanaka, K.; Kuroda,
D.; et al. Carbon dioxide pneumoperitoneum led to no severe morbidities for the elderly during laparoscopic-assisted distal
gastrectomy. Ann. Surg. Oncol. 2015, 22, 1548–1554. [CrossRef] [PubMed]

50. Aratani, K.; Sakuramoto, S.; Chuman, M.; Kasuya, M.; Wakata, M.; Miyawaki, Y.; Gunji, H.; Sato, H.; Okamoto, K.; Yamaguchi,
S.; et al. Laparoscopy-assisted Distal Gastrectomy for Gastric Cancer in Elderly Patients: Surgical Outcomes and Prognosis.
Anticancer Res. 2018, 38, 1721–1725. [CrossRef] [PubMed]

51. Lu, J.; Zheng, H.L.; Li, P.; Xie, J.W.; Wang, J.B.; Lin, J.X.; Chen, Q.Y.; Cao, L.L.; Lin, M.; Tu, R.H.; et al. High preoperative modified
frailty index has a negative impact on short- and long-term outcomes of octogenarians with gastric cancer after laparoscopic
gastrectomy. Surg. Endosc. 2018, 32, 2193–2200. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10120-023-01371-8
https://doi.org/10.1016/j.surg.2020.11.032
https://doi.org/10.1308/rcsann.2018.0102
https://www.ncbi.nlm.nih.gov/pubmed/29909672
https://doi.org/10.1007/s00464-017-5486-0
https://www.ncbi.nlm.nih.gov/pubmed/28289972
https://doi.org/10.21037/atm-21-3407
https://www.ncbi.nlm.nih.gov/pubmed/34430618
https://doi.org/10.1007/s00464-002-9056-7
https://www.ncbi.nlm.nih.gov/pubmed/12364996
https://doi.org/10.1016/j.jamcollsurg.2006.08.026
https://www.ncbi.nlm.nih.gov/pubmed/17116555
https://doi.org/10.1245/s10434-014-4182-8
https://www.ncbi.nlm.nih.gov/pubmed/25395148
https://doi.org/10.21873/anticanres.12407
https://www.ncbi.nlm.nih.gov/pubmed/29491108
https://doi.org/10.1007/s00464-018-6085-4
https://www.ncbi.nlm.nih.gov/pubmed/29423551

	Introduction 
	Materials and Methods 
	Study Design 
	Surgery, Perioperative Management, and Follow-Up 
	Data Definition and Collection 
	Statistical Analysis 

	Results 
	Study Population 
	Primary Outcomes 
	Secondary Outcomes 

	Discussion 
	Conclusions 
	Appendix A
	References

