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Background

Splenectomy was traditionally performed to dissect the splenic hilar lymph nodes. Considering the important functions of spleen, whether splenectomy would bring beneficial to gastric cancer patients is debatable. This meta-analysis aimed to make an updated evaluation on the effectiveness and safety of splenectomy.



Methods

Literature searches were performed to identify eligible RCTs concerning effectiveness or safety of splenectomy with gastrectomy from PubMed, MEDLINE, CBMdisc, EMBASE, and Cochrane Central Register of Controlled Trials. Two reviewers completed the study selection, data extraction, and quality assessment independently. The meta-analyses were performed by RevMan 5.3.



Results

A total of 971 patients from four studies were included (485 in splenectomy group and 486 in spleen preservation group). Splenectomy did not increase 5-year overall survival rate (RR=1.05, 95% CI: 0.96, 1.16) or increase postoperative mortality (RR=1.21, 95% CI: 0.41, 3.54). However, the analysis demonstrated that gastrectomy with splenectomy had significantly higher incidence of postoperative complications (RR=1.80, 95% CI: 1.33, 2.45). No significant differences were found in terms of the number of resected lymph nodes and reoperation rate; however, splenectomy had a tendency to prolong the duration of surgery and hospital stays. Subgroup analyses indicated that splenectomy could not increase overall survival rate for either whole or proximal gastric cancer. Sensitivity analyses also found similar results compared to the primary analyses.



Conclusions

Splenectomy cannot benefit the survival of patients with tumor located at lesser curvature, and it could instead increase postoperative morbidity.
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Introduction

Gastric cancer is one of the most common malignant tumors, especially in East Asia (1, 2). The gastric cancer treatment guideline suggest gastrectomy with D2 lymph nodes (LNs) dissection to be the standard operation for advanced gastric cancer (3). Traditionally, splenectomy was performed to dissect the splenic hilar LNs (No.10 LNs) since the incidence of lymph nodes metastasis could be up to 26% and spleen-preserving No.10 LNs dissection was technical-demanding (4, 5). As the development of surgical skills and instruments, however, spleen-preserving No.10 LNs dissection has been performed widely. Meanwhile, results about the effectiveness of splenectomy on survival of patients were not confirmed. Most of the retrospective studies failed to show survival advantage of splenectomy compared with spleen preservation, but increased complications (6–8). However, these studies might be strongly biased since the patients who had undergone gastrectomy with splenectomy often had larger tumor, deeper serosa invasion, higher lymph nodes metastatic rate, and more advanced stage (9). On one hand, there were some investigators indicating that gastrectomy plus splenectomy was associated with higher survival rate than gastrectomy alone, although there was no statistically significant difference (10–12). These trials were not yet considered powerful enough to be conclusive (13). On the other hand, splenectomy may result in serious immunological consequences as the spleen is an essential part of the immune system (14). Therefore, whether splenectomy could bring benefit to the patients with gastric cancer is still under debate.

To answer this question, we have performed a meta-analysis to investigate the effectiveness and safety of splenectomy for gastric carcinoma 10 years ago, and we found that splenectomy with total gastrectomy showed a better trend for long-term survival although no significant difference (9). According to the handbook of Cochrane Collaboration, a regular update aiming to find new evidences to integrate into a previous meta-analysis is very important and should in theory be conducted at least twice-yearly, especially an update that might result in an alteration to the results on every occasion (15). As the results of JCOG 0110 randomized trial with largest scale were published and showed an opposite trend, we aimed to make an updated evaluation about the impact of splenectomy on long-term survival, postoperative morbidity, and mortality in gastric cancer patients by adding new publications in the past 10 years.



Materials and Methods


Literature Search Strategies

Search strategies were conducted in databases, including PubMed, the Cochrane Central Register of Controlled Trials, Chinese Biomedical Database (CBMdisc), MEDLINE, and EMBASE. Controlled vocabulary and syntax such as Medical subject headings (MeSH) was applied to search corresponding databases, while keywords were also applied. The details of search strategies have been described in our previous meta-analysis (9). The time-frame of this updated literature searching was from December 2008 to April 2020 with no limitations on languages.



Eligibility Criteria

Inclusion criteria for eligible randomized controlled trials (RCTs) comparing the efficacy or safeness of gastrectomy with splenectomy to that of gastrectomy alone were as follows: (1) patients diagnosed with gastric cancer preoperatively by gastroscopy and biopsy without distant metastasis; (2) patients with resectable primary gastric tumor and were able to tolerate operation; (3) patients received intervention of either curative or palliative gastrectomy; (4) studies reported at least one of the following outcome: prognosis (5-year overall survival rate), safety (postoperative mortality rate and postoperative morbidity rate), number of resected lymph nodes, length of the operation, length of hospital stays and reoperation rate; (5) the splenectomy was performed prophylactically for the dissection of splenic hilar lymph nodes. There were no limitations on patients’ age, gender, race, tumor location, and stage.

Studies were excluded according to the following exclusion criteria: (1) patients with direct invasion of cancer into the pancreas or spleen, gross involvement of the gastrosplenic ligament and macroscopic lymph node metastasis in the splenic hilum or along the splenic artery; (2) patients with other types of gastric tumor (such as lymphoma), tumor on other organs, or gastric tumor with multiple components (such as adenosquamous carcinoma); (3) trials with unequal or uncertain characteristics between groups at baseline; (4) studies did not provide sufficient outcome (studies in which interested outcome was difficult to be calculated from the reported results); (5) patients received combined resection other than splenectomy (such as pancreatosplenectomy); (6) patients treated with chemotherapy, radiotherapy, or immunotherapy perioperatively; (7) review articles, case reports, comments, and editorials/letters.



Selection and Data Extraction

Prescreening of title, abstract and keywords, and data extraction were conducted by two reviewers independently. Full texts were retrieved and further evaluated during secondary screening if the title and abstract clued that the study could be potentially eligible according to the preset inclusion and exclusion criteria. Afterward, two reviewers completed the final selection of studies.

The data including sample of study (number of patients in each group), interventions and comparators (details of splenectomy and splenic preservation for each group, amount and reason for dropouts and withdrawals if any, along with characteristics of the patients involved), and outcome (e.g., 5-year overall survival rate, postoperative morbidity and mortality rate, and operation-related parameters) were extracted. Furthermore, the country and year of included studies, details of randomization allocation concealment, and blinding assessment, as well as intention to treat analysis, were extracted. If only survival curves were reported in a trial, data from the curve were extracted and converted into overall 5-year survival rate (16). The results of the data that could not be extracted for meta-analysis were presented in a descriptive and qualitative manner.

If a trial reported medians and ranges instead of means and standard deviations, we calculated the means and standard deviations (SD) based on the sample sizes. If neither ranges nor any other dispersion measurements were reported, we used the first and third quartiles to calculate the means and standard deviations (17).



Quality Assessment

Seven elements were evaluated for quality assessment: (1) random allocation; (2) allocation concealment; (3) baseline equality associated with prognostic characteristics between the two groups; (4) eligible inclusion/exclusion criteria; (5) blinding assessment; (6) details of loss to follow-up in each group; (7) intention-to-treat analysis. Trials including at least 6 of the elements stated above were considered of high quality, those with at least 4 of fair quality, and those including less than 3 of low quality (18).

Any discrepancies in data extraction and quality assessment were debated and solved by a consensus meeting of the reviewers.



Outcome

Primary outcome included prognosis (5-year overall survival rate) and safety (postoperative mortality rate and postoperative morbidity rate), whereas secondary outcome contained operation-related parameters, including number of resected lymph nodes, length of the operation, duration of hospital stays, and reoperation rate.



Statistical Analysis

Data analyses were performed by RevMan 5.3. Weighted estimates of relative risks (RR) with 95% confidence intervals (CI) were applied to calculate dichotomous data, while weighted mean differences (WMD) with 95% CI were used to calculate continuous data. A P-value of less than 0.050 was considered statistically significant. Heterogeneities of treatment effects between trials were examined using Chi-squared test, for which a P-value less than 0.100 was considered statistically significant. Total variation among studies was assessed by I-square (>50%: high heterogeneity, 25% to 50%: moderate heterogeneity, and <25%: low heterogeneity) (19). If heterogeneities presented, one of the following techniques was taken to give a corresponding explanation: (1) random effect model was applied for pooled analysis; (2) subgroup analyses were performed stratified by the longitudinal tumor location, curative degree, and stage; (3) sensitivity analyses were performed only in trials with high quality to avoid bias (20), or by separating the patients with clear circumferential tumor location from other patients without clear circumferential tumor location.




Results


Included Literature

After initial database searching, a total of 572 articles were recognized from the searched electronic databases (241 in Medline, 25 in Cochrane Library, and 306 in CBMdisc without additional findings in other databases). In primary selection, 59 potential eligible articles were retrieved for full-text assessment after screening titles and abstracts, and 513 studies were excluded according to the inclusion/exclusion criteria stated above. In secondary selection, 55 trials were further excluded after reviewing full texts. The selecting procedure and details of excluded studies are summarized in the flowchart (Figure 1).




Figure 1 | Flow chart showing study selection procedure.



As a result, only four RCTs (10–13) comparing the effectiveness and safety of gastrectomy with splenectomy to that without splenectomy in patients with histologically confirmed gastric cancer were included. A total of 971 patients were enrolled in the analyses, with 485 patients receiving gastrectomy plus splenectomy while 486 patients were assigned to gastrectomy alone. The characteristics and study quality of the included RCTs are showed below (Tables 1, 2).


Table 1 | The characteristics of the included RCTs.




Table 2 | The quality of the included randomized trials.





Effectiveness

The number of alive patients was used as the number of events to analyze the effectiveness between splenectomy group and splenic preservation group. No significant difference was showed between gastrectomy with splenectomy and gastrectomy without splenectomy on 5-year overall survival rate, with RR of 1.05 (95% CI: 0.96, 1.16) (Table 3, Figure 2A).


Table 3 | Outcome of overall survival rates, safety, operation-related events and subgroup analysis stratified by the longitudinal tumor location.






Figure 2 | Forest plots of overall survival rates and safeties. (A) Forest plot of 5-year overall survival rate for all cases, with 95%CI. Data for a fixed-effects model are shown as there was no statistical heterogeneity; (B) Forest plot of 5-year overall survival rate for cases with proximal and whole gastric carcinoma, with 95%CI. Data for a fixed-effects model are shown as there was no statistical heterogeneity; (C) Forest plot of postoperative morbidity, with 95%CI. Data for a fixed-effects model are shown as there was no statistical heterogeneity; (D) Forest plot of postoperative mortality, with 95%CI. Data for a fixed-effects model are shown as there was no statistical heterogeneity.



Subgroup analyses were performed stratified by the longitudinal tumor location and stage, due to the fact that they were important factors determining whether splenectomy for hilar lymphadenectomy was needed. In the subgroup analyses of longitudinal tumor location, we found that splenectomy could not improve patients’ survival for those with whole and proximal gastric cancer. The RR of 5-year overall survival rate was 1.03 (95% CI: 0.92, 1.16), which did not suggest any significant differences between splenectomy and spleen preservation for patients with whole and proximal gastric cancer (Table 3, Figure 2B). The results of subgroup analyses stratified by the curative degree showed that the overall survival rates between the splenectomy group and spleen preservation group were not significant different with the RR of 5-year overall survival rate being 1.04 (95% CI: 0.95, 1.14) for patients with curative gastrectomy.

For overall survival rate stratified by stage, only one RCT was included for this analysis (12). There were no significant differences between the two groups on 5-year overall survival rates in patients with stage I, stage II, and stage III (all P-values > 0.050). Another RCT stratified by T and N stage (13) revealed that no significant differences were found on survival rates between total gastrectomy with splenectomy and total gastrectomy alone.



Safety

Postoperative morbidity was significantly higher in splenectomy group than spleen preservation group with RR of 1.80 (95% CI: 1.33, 2.45) (Table 3, Figure 2C). However, no significant difference was found in terms of mortality between the two groups, with RR of 1.21 (95% CI: 0.41, 3.45) (Table 3, Figure 2D).



Operation-Related Parameters

For number of retrieved lymph nodes, no significant difference was demonstrated between the two groups with WMD of 2.50. Furthermore, splenectomy trended to prolong the length of operation and duration of hospital stays (WMD = 7.86 min, P=0.080 and 3.20 d, P=0.050). Regarding the reoperation rate, there was no significant difference between the two groups (RR=1.05, 95% CI: 0.50, 2.20) (Table 3).



Sensitivity Analysis

After excluding trials with low quality, the results of sensitivity analysis showed that no significant differences were observed between the two groups in terms of 5-year overall survival rates and postoperative mortality (RR = 1.03 and 1.21, respectively). However, there was a statistical difference in terms of postoperative morbidity between the two groups (RR=1.80, 95% CI: 1.33, 2.45) (Table 4). After separating the patients with clear circumferential tumor location from other patients without clear circumferential tumor location, splenectomy could still not improve patients’ survival, neither in those with gastric cancer located at the lesser curvature (RR=1.02, 95% CI: 0.92, 1.13) nor in patients without clear circumferential tumor location (RR=1.14, 95% CI: 0.92, 1.41).


Table 4 | Sensitivity results of overall survival rates and safety.






Discussion

Gastric cancer is still rampant in East Asian countries, although its global incidence has declined (1, 2). On the other hand, incidence of adenocarcinoma in the upper third of the stomach increased over the last 2 decades worldwide (21–23). Since the frequency of LNs metastasis depends on tumor location and stage, the splenic hilar LNs have a higher metastatic rate in proximal gastric and gastroesophageal junction cancer. Therefore, splenic hilar LNs were required to dissect when performing total gastrectomy (3). Recently, the results of the JCOG 0110 trial showed that the overall survival of spleen-preserving group with selective splenic hilar LNs dissection was not lower than that of splenectomy group with fully removal of splenic hilar LNs. Consequently, the dissection of No.10 LNs was waived from the extent of D2 lymphadenectomy in total gastrectomy in the latest version of Japanese guideline (13, 24). We should note, however, only tumors located in the lesser curvature and relative early stage were enrolled in this trial. Moreover, the likelihood of residual disease in splenic hilar LNs might increase if No.10 lymphadenectomy was not done, since preoperative radiological modalities were not accurate enough to foresee splenic LNs metastasis. Furthermore, No.10 lymphadenectomy might be helpful and essential for some patients with positive splenic hilar LNs or having high metastatic risk (25). In fact, it has been reported that a 10% difference on 5-year survival rate was detected between the groups with and without splenic hilar lymphadenectomy, although not statistically different (26). Therefore, splenic hilar LNs dissection in total gastrectomy should not be abolished completely, and its prognostic value is still debatable. Nevertheless, the necessity of splenectomy for the purpose of hilar LNs dissection remains controversial.

In this meta-analysis, we did not find significant difference in terms of 5-year overall survival rate between the two groups. After stratified by the longitudinal location, a similar result was observed. In the sensitivity analysis, gastrectomy plus splenectomy showed no clear survival advantage over gastrectomy alone for all cases and cases with whole and proximal gastric cancer. Even for those with positive No.10 LNs or LNs along the splenic artery, splenectomy could not improve survival (11, 27). Compared to the previous meta-analysis, our updated analysis showed similar results. However, the newly included JCOG0110 trial found that spleen preservation could show a positive trend for survival (13), while the other included studies indicated an opposed trend (10–12). This inconsistency in the overall survival may derive from ethnical heterogeneity, varied stage of included patients, different extent of lymphadenectomy and application of adjuvant chemotherapy, etc. as these studies were conducted in different periods.

Although the splenic hilar nodes were removed optionally in the spleen preservation group of newly included study (JCOG 0110 trial), only 1.58% (8/505) patients had histological metastasis in No.10 nodes. The results of our previous published meta-analysis, which included the other three trials with dissection of No.11d and No.10 LNs in spleen preservation group, have found that splenectomy had no significant influence on survival rates (9). Meanwhile, the latest version of Japanese gastric cancer treatment guideline has cancelled the No.10 nodes in the D2 dissection of total gastrectomy (28). Therefore, we considered that the oncological outcome would not be affected in this meta-analysis.

We included patients with palliative gastrectomy because: (1) We can find the related studies as complete as possible. For a meta-analysis, including all related studies is very important. (2) Since this manuscript was an update to our previous meta-analysis, we needed to keep the inclusion criteria accordant. (3) Although the four included trials were RCTs and well conducted, they inevitably had patients with palliative gastrectomy in each group, which has been clearly reported in the studies. If we excluded the studies with palliative gastrectomy, there would be no eligible study. Notably, patients with palliative gastrectomy in each study were few and balanced in distribution in splenectomy group and spleen preservation group. Therefore, the probability of overall survival rates being affected was low. Furthermore, we have performed the subgroup analysis to investigate the effectiveness of splenectomy only in the patients with curative gastrectomy (Table 3), and the results of subgroup analysis were similar to the primary analysis.

Although two studies did not have data concerning the circumferential location of gastric cancer (11, 12), another two studies included patients with gastric cancer located at the lesser curvature, which had more than half of the enrolled patients, and accounted for the large part of analysis results (10, 13). After separating the patients with clear circumferential tumor location from other patients without clear circumferential tumor location, splenectomy could not improve patients’ survival for those with gastric cancer located at the lesser curvature. And for patients without clear circumferential tumor location, no matter located at the lesser curvature or greater curvature, there were still no significant differences in terms of overall survival between splenectomy group and splenic preservation group. Based on this, we can at least conclude that splenectomy could not bring benefit to the patients with tumor located at lesser curvature. Regarding the gastric cancer invading the greater curvature of the upper stomach, the fourth edition of Japanese treatment guideline recommended that complete clearance of No.10 nodes by splenectomy should be considered for potentially curable T2-T4 tumors (3). However, the fifth edition indicated that whether splenectomy had an oncological benefit for such cases remains equivocal (28). This meta-analysis still had no answer to this question. Further studies evaluating the effectiveness of splenectomy for gastric cancer located at the upper third with invading the greater curvature are still needed.

Although some early trials showed that splenectomy can lead to higher postoperative mortality (29–31), the present meta-analysis failed to show any significant differences on postoperative mortality, which was confirmed in the sensitivity analysis. However, our meta-analysis showed that gastrectomy with splenectomy was likely to be associated with increased postoperative morbidity, which was in accordance with the previous research (6, 8, 29–31). In our previous meta-analysis, we found that splenectomy might be related to the increased postoperative morbidities, such as pancreatic leakage, pancreatitis, abdominal abscess, anastomotic leakage, ileus and pleural effusion (32). In addition, the results of our previous meta-analysis also showed that splenectomy could not harvest more lymph nodes but tended to increase the duration of surgery and duration of hospital stays instead.

To guarantee the reliability and validity of the results, we included only RCTs to strengthen the evidence for prognosis between gastrectomy with and without splenectomy in gastric cancer patients. Therefore, there were only limited research studies to analyze. Additionally, the sample sizes were relatively small for the pooled analyses, which could add uncertainty of generalizability to the results. Indeed, we have carefully selected some non-RCTs with good balanced baseline characteristics for meta-analysis once (9), and we found the same results as those of RCTs. Therefore, the conclusion could be drawn based on the results of RCTs and non-RCTs. Third, the recurrence was not calculated in this meta-analysis because only one study reported the recurrence data, and overall survival was more important and valuable than disease-free survival on reflecting patients’ prognosis. Therefore, overall survival should be the primary outcome. Although the study has limitations as stated above, great efforts had been made to minimize the probability of biases through designing a detailed research plan, conducting a comprehensive search, applying objective approaches for selecting studies, extracting and analyzing data, and performing subgroup and sensitivity analyses (9).



Conclusion

Splenectomy cannot benefit the survival of patients with tumor located at lesser curvature, and it could instead increase postoperative morbidity.
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