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Background

Given the great technical difficulty and procedural complexity of laparoscopic total gastrectomy (LTG), the technical and oncologic safety of LTG versus open total gastrectomy (OTG) in the field of advanced gastric cancer (AGC) is yet undetermined.



Objective

This multicenter cohort study aimed to compare the surgical and oncological outcomes of LTG with those of OTG in AGC patients.



Patients and Methods

In total, 588 patients from 3 centers who underwent primary total gastrectomy with D2 lymphadenectomy, by well-trained surgeons with adequate experience, for pathologically confirmed locally AGC (T2N0–3, T3N0–3, or T4N0–3) between January 1, 2011, and December 31, 2015, were identified, and their clinical data were collected from three participating centers. After 1:1 propensity score matching (PSM), 450 cases (LTG, n = 225; OTG, n = 225) were eligible and assessed.



Results

No significant difference in the number of retrieved lymph nodes, 5-year disease-free survival (DFS) rates, or 5-year overall survival (OS) rates between both surgical groups were observed. Although LTG had significantly longer surgical time (262 vs. 180 min, p < 0.001), LTG was associated with fewer postoperative complications [relative risk (RR) 0.583, 95% CI 0.353–0.960, p = 0.047), less intraoperative bleeding (120 vs. 200 ml, p < 0.001), longer proximal margin resection (3 vs. 2 cm, p < 0.001), and shorter postoperative hospitalization (11 vs. 13 days, p < 0.001). The mortality rate was comparable in both groups.



Conclusions

LTG was not inferior to OTG in terms of survival outcomes and was associated with shorter surgical and postoperative hospitalization time and fewer postoperative complications, suggesting LTG with D2 lymphadenectomy as an important alternative to OTG for patients with AGC, but to be carried out in highly experienced centers.
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Introduction

Gastric cancer is still one of the most common and lethal cancers worldwide and in China (1, 2). Gastrectomy remains the primary and most effective treatment for invasive gastric cancer, although some superficial cancers can be resected endoscopically (3). Despite a decline in the incidence of distal gastric cancer, the incidence of proximal gastric cancer has been significantly increasing (4). Currently, total gastrectomy remains the preferred treatment for proximal gastric cancer, while proximal gastrectomy is usually reserved for selected patients, as it has been shown to offer nutritional benefits to these patients (5). Either laparoscopic or open gastrectomy can be performed, but both approaches are technically demanding and are recommended to be performed by well-trained surgeons at institutions with extensive experience in gastrectomy.

In regard to early gastric cancer (EGC), only two multicenter randomized clinical trials (RCTs), KLASS03 (6) and CLASS02 (7), have established the feasibility and safety of laparoscopic total gastrectomy (LTG), and studies on the oncological safety of LTG are still ongoing. However, the safety of LTG for advanced gastric cancer (AGC) remains uncertain in the absence of high-level clinical evidence from RCTs. Although satisfactory surgical and oncological outcomes from LTG for AGC have been reported by several studies (8–15), they are limited due to almost exclusively being retrospective studies of small sample sizes from single centers. Until now, there have been only two retrospective multicenter cohort studies based on Japanese nationwide databases, which evaluated the effects of LTG versus open total gastrectomy (OTG) on the surgical outcomes among patients with AGC, but they lacked long-term oncological outcome results, which are clinically necessary to fully support LTG as an oncologically safe alternative to OTG for AGC (16, 17).

Thus, this multicenter comparative study was conducted to evaluate both the technical and oncological safety of LTG versus OTG in the field of AGC by comparing the surgical and oncological outcomes of both approaches.



Patients and Methods


Patients and Study Protocol

Gastric cancer cases with pathologically confirmed locally advanced gastric adenocarcinoma (pT2N0–3, pT3N0–3, or pT4N0–3) who underwent primary LTG or OTG with D2 lymphadenectomy from January 1, 2011, to December 31, 2015, at 3 centers were enrolled (292 cases from Fujian Cancer Hospital and Fujian Medical University Cancer Hospital, 118 cases from Guangdong Provincial Hospital of Chinese Medicine and the Second Affiliated Hospital of Guangzhou University of Chinese Medicine, and 178 cases from Guangdong Provincial People’s Hospital and Guangdong Academy of Medical Sciences). The 8th edition of the American Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) TNM staging classification was used to update the pathologic staging of all cases.

To rule out metastases, a CT scan of the abdomen for preoperative staging was routinely conducted. Upper endoscopy was also used to assess the extent of locoregional tumors as well as the anatomy of the esophagus and stomach, which is important for surgeons to choose the type of reconstruction. Standard surgical procedures of total gastrectomy with D2 lymphadenectomy were performed as described in the Japanese gastric cancer treatment guidelines 2014 (ver. 4) (18) to guarantee the consistency of the operation and the quality of the study. Surgical margins were evaluated by frozen resection, as indicated, and when no margin invasion was histologically confirmed, surgeons continued reconstruction for restoring gastrointestinal continuity.

The study protocol was unanimously approved by the ethical committee of each participating center, and informed consent was obtained from each patient before treatment. Eligibility criteria were as follows: 1) clinical stage IB–IIIC gastric cancer and 2) tumors located in the upper or middle third of the stomach. Exclusion criteria included 1) concurrence of other primary malignancy, 2) tumors down-staged from stage IV by neoadjuvant therapy, and 3) emergency surgery cases. The demographic and clinicopathological data of consecutive eligible patients were retrospectively collected.

The primary endpoints of this study included overall survival (OS) and disease-free survival (DFS). OS was defined as the interval between the date of surgery and any cause of death or the last follow-up, while DFS was defined as the interval between the date of surgery and any confirmed recurrence or death from any cause. The secondary endpoints were morbidity and mortality within 30 days following the gastrectomy. Surgical time, estimated blood loss, the number of retrieved lymph nodes, time to first liquid intake, time to ambulation, postoperative hospital stay, length and status of proximal resection margin, and distal resection margin length were also retrieved and evaluated.



Statistical Analysis

Case matching was performed using the propensity score of 7 factors: sex, age, body mass index (BMI), tumor size, tumor histology, pathologic T stage, and pathologic TNM stage. A 1:1 nearest-neighbor propensity score matching (PSM) without replacement was used, with the caliper set at 0.2 (19). Patients who were outside the caliper or unmatched were excluded. Only matched-paired patients were involved in the statistical analyses for primary and secondary endpoints. The Kaplan–Meier survival curves were calculated for the LTG group and OTG group and were compared by log-rank test. We adopted the Mann–Whitney U test to analyze continuous variables, which were presented as medians with interquartile ranges (IQRs). The chi-square test was adopted to analyze categorical variables. Univariate and multivariate analyses with the Cox regression model were performed to identify independent risk factors for DFS and OS. All 2-sided p-values <0.05 were considered statistically significant. The SPSS software (ver. 25.0; SPSS, Inc., Chicago, IL, USA) was used to conduct all statistical analyses.




Results

A total of 322 cases underwent LTG, while the remaining 266 patients underwent OTG. After PSM, 225 patients underwent LTG and OTG (220 cases from Fujian Cancer Hospital and Fujian Medical University Cancer Hospital, 90 cases from Guangdong Provincial Hospital of Chinese Medicine and the Second Affiliated Hospital of Guangzhou University of Chinese Medicine, and 140 cases from Guangdong Provincial People’s Hospital and Guangdong Academy of Medical Sciences). Table 1 summarizes the baseline clinical characteristics of the patients before and after PSM. The demographic factors and baseline oncological characteristics of the matched cases, compared with the overall cohort, were well balanced between the LTG and the OTG groups, except that patients with deeper pathologic tumor depth and larger tumor size tended to undergo OTG, while patients with poorer histologic differentiation tended to receive LTG.


Table 1 | Baseline characteristics before and after propensity score matching.



The surgical outcomes are summarized in Tables 2, 3. The LTG group had a significantly lower estimated blood loss (120 vs. 200 ml, p < 0.001), a longer length of proximal resection margin (3 vs. 2 cm, p < 0.001), and significantly shorter postoperative hospitalization (11 vs. 13 days, p < 0.001) than the OTG group. However, LTG was associated with significantly longer surgical time (262 vs. 180 min, p < 0.001). There was no significant difference in the status of proximal or distal resection margin, the number of retrieved lymph nodes, time to first liquid, or time to ambulation found between the two groups. It is important to note that according to the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology for Gastric Cancer (version 2. 2013), retrieval of a minimum of 15 lymph nodes is essential to ensure accurate staging of the patient (20), and in this study, we found that both the LTG and OTG approaches could meet this minimum requirement (95.6% vs. 96.0%, p > 0.999).


Table 2 | Comparison of the surgical outcomes of the two surgical approaches.




Table 3 | Postoperative morbidities and mortality between the LTG and OTG groups.



LTG did not significantly differentiate in the mortality rate from OTG (RR 0.000, 95% CI 0.000–3.828, p > 0.999). Compared with OTG, LTG had significantly fewer overall postoperative complications (RR 0.583, 95% CI 0.353–0.960, p = 0.047) and reduced incidence of intra-abdominal abscess (RR 0.318, 95% CI 0.141–0.710, p = 0.006), and the risk of anastomotic leak was comparable in both techniques (RR 0.778, 95% CI 0.305–1.981, p = 0.800). Further, major surgical complications (Clavien–Dindo grade ≥III) were comparable in both techniques (RR 0.500, 95% CI 0.162–1.537, p = 0.381).

After a median follow-up period of 58 months (range, 2–90 months), the 5-year DFS and 5-year OS of LTG were statistically similar to those of OTG (5-year DFS: 48.0% vs. 50.6%, p = 0.122, Figure 1, and 5-year OS: 48.9% vs. 51.1%, p = 0.134, Figure 2). Univariate analyses of the risk factors for oncological outcomes showed that tumor size, tumor histology, number of metastatic lymph nodes, pT stage, pN stage, and pTNM stage were associated with DFS and OS (Tables 4, 5). Multivariate analyses identified pT stage and pTNM stage as independent predictors for DFS and OS. Surgical techniques failed to be an independent risk factor for DFS or OS (HR 1.218, 95% CI 0.948–1.565, p = 0.123; HR 1.211, 95% CI 0.942–1.556, p = 0.135).




Figure 1 | Kaplan–Meier curves of DFS between the LTG and OTG groups. DFS, disease-free survival; LTG, laparoscopic total gastrectomy; OTG, open total gastrectomy.






Figure 2 | Kaplan–Meier curves of OS between the LTG and the OTG groups. OS, overall survival; LTG, laparoscopic total gastrectomy; OTG, open total gastrectomy.




Table 4 | Univariate and multivariate analyses of the risk factors for overall survival.




Table 5 | Univariate and multivariate analyses of the risk factors for disease-free survival.





Discussion

A multicenter prospective Korean trial (KLASS-03) has established the feasibility and safety of LTG in EGC (6). Similarly, in a multicenter trial from China (CLASS-02), in which 214 patients with clinical stage I gastric cancer underwent LTG or OTG, the authors found that the morbidity and mortality of LTG were similar to those of OTG (7). Further, LTG was associated with longer surgical time but less intraoperative bleeding. Additional follow-up is necessary for the establishment of oncological safety of LTG in EGC. The efficacy and safety of LTG for AGC have not yet been proven by multicenter RCTs. Two RCTs, KLASS-06 (NCT03385018) and CLASS-07 (NCT04710758), are still recruiting. As far as our information goes, this is the first multicenter cohort study reporting both the surgical and oncological outcomes of LTG versus OTG in the field of AGC.

LTG is riskier and technically more demanding than laparoscopic distal gastrectomy considering the requirement of complex esophagojejunostomy, which has not yet been standardized, and high expertise needed for lymphadenectomy around the distal pancreas as well as splenic hilum, where the vascular structure can be difficult to visualize and there is a high risk of pancreatic injury. Consequently, there are concerns about postoperative complication rates and mortality rates. Postoperative complications following total gastrectomy are primarily anastomotic leak (21, 22), accounting for 5% to 7% of all cases (23–25). One case series reported a higher perioperative mortality rate and a greater risk of an anastomotic leak following LTG than OTG for EGC (26). For AGC, two retrospective multicenter cohort studies based on Japanese nationwide databases showed that patients who underwent LTG were at a higher risk of anastomotic leak (16, 17). In this study, the mortality rate and incidence of anastomosis-related complications (anastomotic leak, anastomotic bleed, and anastomotic stenosis), however, were similar in both groups. Furthermore, it was shown that LTG could lead to a significant reduction of risk of postoperative complications. Also, LTG led to a lower incidence of intra-abdominal abscess, although LTG had no significant difference in major surgical complications from that of OTG, possibly because the range of gastrectomy and lymphadenectomy with LTG was identical to that with OTG. These findings are in line with a previous meta-analysis that compared LTG with OTG for both EGC and AGC and also suggested that such could be also partly explained by surgeons’ experience (27). Concerning pancreatic complications (e.g., pancreatic fistula, pancreatitis, and pancreatic leakage), the risks could not be analyzed in this study due to the lack of detailed enough data on postoperative complications. According to a systematic review and meta-analysis conducted by Guerra et al. (28), the incidence of pancreatic complications after gastrectomy was estimated to be more than 1%, and minimally invasive surgery posed a higher risk of overall pancreatic complications than open surgery. However, the results from several retrospective cohort studies consistently suggested that there were no differences in the incidence of pancreatic fistula or pancreatitis between LTG and OTG for AGC (14–16, 29), which remain to be further verified by large RCTs. As a complex minimally invasive procedure, LTG, particularly the D2 lymphadenectomy and reconstruction portions of the operation, has a steep learning curve. Studies from Eastern countries estimated that surgeons would require at least over 100 cases of LTG to become proficient (30). Although there were no specific criteria for participating centers and surgeons in this study, all the institutions are high-volume centers where the surgeons are well-experienced in both LTG and OTG.

Several surgical outcomes favored LTG over OTG for AGC, which agreed with the findings of Oh et al. (27). An important advantage of LTG over OTG is the significantly lower amount of perioperative blood loss. With advanced laparoscopic surgical instruments, surgeons could perform fine dissection and meticulous hemostasis under a magnified operative view so that unexpected bleeding and excessive disruptions could be effectively avoided. In addition, a longer proximal resection margin could be achieved in the LTG group. LTG was also shown to significantly shorten the postoperative hospitalization, probably contributed by its minimally invasive nature, lower rate of overall postoperative complications, and lower intraoperative blood loss.

Based on the study findings, we hypothesized that the surgical time of the LTG group was significantly longer for the following reasons: first, LTG deprives the surgeons of the depth of perception, dexterity, tactile feedback, and the straightforward hand–eye coordination that they are accustomed to during conventional OTG, therefore requiring slower and more meticulous operative maneuver (31). Second, the application of the no-touch principle for laparoscopic lymph node dissection at a deep lymph node station during the delicate D2 lymphadenectomy is also a delicate challenge under a narrow surgical field, which is also time-consuming. Third, extra surgical time can also be due to the frequent changing of laparoscopic instruments and the cleaning time needed of the laparoscopic camera. However, despite operation time lengthening, patients’ recovery is faster, and incisions are cosmetically more acceptable and has a lesser risk of postoperative complications (which could take weeks to recover) under laparoscopy than the traditional open approach, thereby contributing a higher benefit-to-risk ratio.

Some surgeons remain prudent to routinely perform LTG for EGC, and more surgeons remain skeptical about the oncological adequacy of LTG in treating AGC, with some even reluctant to perform LTG for AGC. The number of harvested lymph nodes and the extent of lymphadenectomy, on which long-term survival depends, were taken into account in this study. We observed that the difference in the number of retrieved lymph nodes was insignificant between LTG and OTG, and LTG was not significantly different from OTG in the percentage of cases with at least 15 lymph nodes harvested. Hence, for both LTG and OTG, radical D2 lymphadenectomy could be equally achieved, thereby contributing to both 5-year DFS and 5-year OS rates being comparable for both approaches. Moreover, multivariate analyses corroborated that the surgical approach did not affect DFS or OS among AGC patients. Once clear margins and complete lymphadenectomy could be strictly ensured, patients’ long-term survival primarily depended on the biological characteristics of cancer rather than the choice of techniques (32).

There are still several limitations in the current study worth mentioning. First, selection bias could have existed due to the retrospective nature of this cohort. Second, although PSM was used to reduce such bias, tumor size, tumor histology, and pT stage were still not similarly distributed between the two procedures. Lastly, due to lack of related data, we failed to include several other important factors into the analyses, which might have affected surgical and oncological outcomes, i.e., comorbidities of patients, time of first LTG in each center, and learning curve of the surgeons. Despite these limitations, this multicenter cohort study offers a high level of clinical evidence for the feasibility and safety of LTG over OTG, but the findings remain to be confirmed by future large-scale, prospective RCTs such as KLASS-06 (NCT03385018) and CLASS-07 (NCT04710758).



Conclusions

The results of this study showed the non-inferiority of LTG with D2 lymphadenectomy on the oncological safety to OTG and its superiority over OTG on the surgical outcomes, including fewer postoperative complications, less intraoperative bleeding, and shorter postoperative hospital stay. LTG with D2 lymphadenectomy could be a potential valid treatment for patients with AGC when it is carried out by well-trained surgeons with adequate experience at large hospitals.
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