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Abstract
AIM: To evaluate the impact of splenectomy on long-
term survival, postoperative morbidity and mortality 
of patients with gastric cancer by performing a meta-
analysis.

METHODS: A search of electronic databases to identify 
randomized controlled trials in The Cochrane Library 
trials register, Medline, CBMdisc (Chinese Biomedical 
Database) and J-STAGE, etc  was performed. Data was 
extracted from the studies by 2 independent reviewers. 
Outcome measures were survival, postoperative 
morbidity and mortality and operation-related events. 
The meta-analyses were performed by RevMan 4.3.

RESULTS: Three studies comprising 466 patients 
were available for analysis, with 231 patients treated 
by gastrectomy plus splenectomy. Splenectomy could 
not increase the 5-year overall survival rate [RR = 
1.17, 95% confidence interval (CI) 0.97-1.41]. The 
postoperative morbidity (RR = 1.76, 95% CI 0.82-3.80) 
or mortality (RR = 1.58, 95% CI 0.45-5.50) did not 
suggest any significant differences between the 2 
groups. No significant differences were noted in terms 
of number of harvested lymph nodes, operation time, 
length of hospital stay and reoperation rate. Subgroup 
analyses showed splenectomy did not increase the 

survival rate for proximal and whole gastric cancer. 
No obvious differences were observed between the 2 
groups when stratified by stage. Sensitivity analyses 
indicated no significant differences regarding the 
survival rates (P  > 0.05).

CONCLUSION: Splenectomy did not show a bene
ficial effect on survival rates compared to splenic 
preservation. Routinely performing splenectomy should 
not be recommended. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is a disease with a high incidence. It is 
estimated that approximately 21 500 new cases of  gastric 
carcinomas and 10 880 deaths would occur in the United 
States in 2008[1]. There has been a trend toward proximal 
gastric carcinoma in Western countries[2,3]. In proximal 
gastric and gastroesophageal junction cancers, lymph node 
metastases are found more frequently in the splenic hilum[4].

Extended lymph node dissection is regarded as essen­
tial for the treatment of  gastric cancer[5]. Splenectomy 
is performed for the purpose of  effective lymph node 
dissection around the splenic artery and splenic hilum 
and for direct invasion of  the splenic hilum or spleen; 
however, the effect of  splenectomy on the prognosis is 
controversial. Previous reports suggested that gastrectomy 
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with splenectomy resulted in better survival than 
gastrectomy alone in gastric cancer patients[6,7]. Some 
investigators have reported that splenectomy did not 
increase the survival rate[8-10]. In addition, the importance 
of  the spleen as a part of  the immune system and the 
immunological consequences of  its removal have recently 
been stressed[11,12].

However, recent clinical trials showed that gastrectomy 
with splenectomy could result in higher postoperative 
morbidity and mortality[13-15].

The aim of  this meta-analysis was to evaluate the 
impact of  splenectomy on long-term survival of  gastric 
cancer patients and to compare the postoperative morbidity 
and mortality of  patients undergoing splenectomy with 
that of  patients not undergoing splenectomy at the time of  
gastrectomy.

MATERIALS AND METHODS
Search strategy and study selection
We searched the electronic databases of  PubMed (http://
www.ncbi.nlm.nih.gov/sites/entrez/), the Cochrane 
Central Register of  Controlled Trials (http://www.mrw.
interscience.wiley.com/cochrane/cochrane_clcentral_a
rticles_fs.html), the J-STAGE Database (Japan Science 
and Technology Information Aggregator, Electronic) 
(http://www.jstage.jst.go.jp/browse/), and CBMdisc 
(Chinese Biomedical Database) (http://dlib.edu.cnki.
net/kns50/Navigator.aspx?ID=1). Other websites and 
conference proceedings were searched, including those 
of  the National Cancer Institute (http://www.cancernet.
nci.nih.gov/cancertopics), the European Organization 
for Research and Treatment of  Cancer (http://www.
eortc.be/), the Southwest Oncology Group (http://
www.swog.org/), ClinicalTrials.gov (http://clinicaltrials.
gov/), the American Society of  Clinical Oncology 
(http://www.asco.org/portal/site/ASCO). Moreover, 
the reference lists from relevant articles were screened 
for study inclusion. Eligible unpublished papers 
were also considered to be included, if  known from 
consultation with Prof. Chen ZX and Prof. Chen JP.

The search strategy of  Medline was as follows and was 
applied to other databases also: [“Stomach Neoplasms” 
(Mesh) AND “Carcinoma” (Mesh)] AND [“splenectomy” 
(MeSH) OR “spleen dissection” (textword) OR “spleen 
resection” (textword) OR “splenic preservation” 
(textword)] AND [“Comparative Study” (Publication 
Type) OR “follow-up studies” (Mesh) OR “Clinical Trial” 
(Publication Type) OR “Evaluation Studies” (Publication 
Type) OR “Multicenter Study” (Publication Type) OR 
“Random allocation” (Subheading) OR “Randomized 
Controlled Trial” (Publication Type/subheading) OR 
“Controlled Clinical Trial” (Publication Type) or “Research 
design” (Subheading)]. The electronic search was up to 
December, 2008 with no limitations regarding publication 
date and language.

Inclusion and exclusion criteria
Only randomized controlled trials (RCTs) which 
compared the effectiveness or safety of  splenectomy to 

those of  non-splenectomy were eligible.
The patients had been confirmed with gastric 

carcinoma by endoscopy and biopsy preoperatively. 
There was no limitation in the location of  the gastric 
carcinoma and surgical procedure. There was no distant 
metastasis, the primary tumors were resectable, and the 
patients could tolerate the operation. Patients treated 
with chemotherapy, immunotherapy, etc perioperatively 
were included. There was no limitation in age, gender 
and race. Patients with splenectomy induced by 
iatrogenic injury were included because of  the small 
number. Curative or palliative gastrectomies were 
included, but patients with other kinds of  gastric tumors, 
such as lymphoma, other organ tumors or multiple 
gastric tumors (i.e. adenosquamous carcinoma) were 
excluded. Trials with uncertain or marked inequality of  
characteristics between groups at baseline were excluded. 

Selection, assessment and data extraction
In order to select studies for further assessment, 2 indepen­
dent reviewers (Yang K, Zhang B) screened the title, 
abstract section and keywords of  every record retrieved. 
Full articles were assessed if  the information given 
suggested that the study conformed to our criteria described 
above. The final selection of  studies was completed by 
2 researchers (Yang K, Chen XZ). Any disagreements in 
quality assessment and data collection were discussed and 
resolved by a third reviewer (Hu JK) as the referee.

Data was extracted independently by 2 reviewers. 
Details of  study sample (number in each arm), interven­
tions (the details of  splenectomy, as approach, as well 
as details of  other treatments, such as adjuvant chemo­
therapy, immunotherapy, etc) and outcomes (5-year overall 
survival rate, postoperative mortality and morbidity and 
operation-related events) were extracted. Additionally, 
the year and country of  study, the number and reason of  
withdrawals and dropouts and characteristics of  patients 
were extracted.

If  only survival curves were reported, the overall 
5-year survival rates were extracted and converted from 
the figures as accurately as possible[16]. 

When the trials had reported medians and ranges 
instead of  means and standard deviations, we assumed 
medians were equal to means, and equated standard 
deviation to a quarter of  the reported range. If  neither a 
range nor any other measure of  dispersion was reported, 
half  of  the mean or the median as standard deviation was 
used[17].

Seven items relevant to the quality appraisal were 
used for assessment[18]: (1) whether the method of  
allocation was truly random; (2) whether there was 
proper concealment of  allocation; (3) whether there 
was equality between the 2 groups at baseline in terms 
of  prognostic features; (4) whether the eligibility criteria 
were described; (5) whether blinding of  the outcome 
assessors was performed; (6) whether loss to follow-up in 
each treatment arm was demonstrated, and (7) whether 
intention-to-treat analysis was considered. Seven or 6 
items were required for a trial to be rated as high quality, 5 
or 4 items as fair quality and 3 or fewer as low quality[18]. 
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Outcomes of interest and definitions
The primary outcome measures were 5-year overall 
survival rate, overall hospital or postoperative 30 d 
mortality, and overall morbidity rate, while the secondary 
outcome measure was operation-related events, the 
number of  harvested lymph nodes, operation time, 
length of  hospital stay and reoperation rate. One or 
more outcome measures should be available in the trials, 
or they were excluded. 

Statistical analysis
Weighted estimates of  relative risks (RR) and weighted 
mean differences (WMD) with 95% confidence intervals 
(CI) were calculated for dichotomous data and continuous 
data respectively. The analyses were conducted using 
RevMan 4.3. A P-value < 0.05 was considered as 
statistically significant. Heterogeneities of  treatment effect 
between trials were tested using a Chi-squared statistic 
with significance being set at P < 0.10, and the total 
variation across studies was estimated by I-square and 
divided into low, moderate and high levels, corresponding 
to the I-square of  < 25%, 25%-50%, and > 50%[19]. If  
heterogeneities existed, one of  the following techniques 
was undertaken to attempt to explain them: 1. Random 
effect model for meta-analyses; 2. Sub-group analyses; 3. 
Sensitivity analyses. Subgroup analyses stratified by the 
location of  tumor and stage of  tumor were performed. 

Sensitivity analyses were performed only in high quality 
trials to avoid errors caused by poor quality studies[20].

RESULTS
Included literature
There were 506 papers found in total (192 in Medline, 23 
in Cochrane Library, 291 in CBMdisc, no new findings 
in other databases) and the selection was performed 
according to the inclusion/exclusion criteria stated 
above. Four hundred and fifty five trials were excluded 
in the primary selection through browsing the retrieved 
titles and abstracts and 48 trials[7-10,14-15,21-62] were excluded 
in the secondary selection through reading the full texts 
of  potentially eligible studies. The flow chart of  study 
selection is summarized in Figure 1.

Only 3 RCT trials[6,63,64] comparing the effectiveness 
and safety of  splenectomy with gastrectomy to 
gastrectomy alone in patients with histologically proven 
gastric adenocarcinoma met the inclusion criteria. The 
details of  included trials are listed in Tables 1 and 2. 

A total of  466 patients were available for analysis, 
with 231 patients assigned treatment with gastrectomy 
plus splenectomy (treatment arm). 

Effectiveness
In this part, we used the number of  patients alive as the 

Table 1  The characteristics of the included randomized trials 

Study Participants Interventions Outcomes

Csendes et al[63], 2002 187 patients with gastric carcinoma entered 
this study. 97 patients with total gastrectomy 
and 90 patients with total gastrectomy and 
splenectomy

Total gastrectomy vs total gastrectomy 
plus splenectomy. The follow-up was at 
least 5 years

Five-year overall survival and survival 
by stage. Postoperative morbidity and 
mortality. Kaplan-Meier survival curve. 
Duration of operation and hospital stay

Toge et al[6], 1985 The patients underwent total gastrectomy and 
had the main location of the tumor on lesser 
curvature region. They were divided into 2 
groups at random: 41 in splenectomy (+) and 38 
in splenectomy (-) groups

Splenectomy vs splenic preservation. 
The follow-up was at least 5 years

Kaplan-Meier survival curve. 5-year 
overall survival were from reported 
percentages data

Yu et al[64], 2006 A total of 216 patients with proximal gastric 
cancer were randomized. 103 patients had the 
spleen preserved and 104 had a splenectomy

Splenectomy vs splenic preservation. Of 
the 207 patients, 7 were lost to follow-
up (follow-up rate 96.6%) and mean 
duration of follow-up was 5.4 years

Harvested lymph nodes. Postoperative 
morbidity and mortality. Kaplan-Meier 
survival curve. 5-year overall survival 
were from reported percentages data

Figure 1  Flow chart showing study selection procedure.

Trials retrieved for more detailed 
evaluation (n  = 51)

Trials included in the meta-
analysis (n = 3)

Potentially relevant trials identified 
and screened for retrieval. 192 in 

Ovid-Medline, 23 in Cochrane Library 
and 291 in CBMdisc by electronic 
databases searching (n  = 506)

Primary selection through browsing the retrieved titles and abstracts. Exclusion of those 
with splenectomy in both groups and of patients with other gastric tumors such as 
lymphoma, other organ tumors or multiple gastric tumors. 455 were excluded in this step

Secondary selection through reading the full text of potentially eligible studies. Exclusion 
of those not giving the required outcome, those with splenectomy in both groups, those 
with combined resection rather than specifically splenectomy, and those possessing 
uncertain or marked Inequality of characteristics between groups at baseline. 48 were 
excluded in this step
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number of  events. The meta-analyses of  trials showed 
that gastrectomy with splenectomy had no significant 
difference from splenic preservation on the 5-year 
overall survival rate, with RR of  1.17 (Table 3, Figure 2).  
The location and stage of  the tumor had a major effect 
on the need for splenectomy to allow adequate hilar 
lymphadenectomy[10]. Thus we performed subgroup 
analyses with stratification by the 2 factors. 

In the subgroup analyses, we also found that, for 
proximal and whole gastric cancer, splenectomy could 
not facilitate prolongation of  survival. The RR of  the 
5-year overall survival rate was 1.14, which indicated 
splenectomy had no significant influence on survival 
rate compared to splenic preservation for proximal and 
whole gastric cancer (Table 3, Figure 2). 

Then we analyzed the overall survival rate stratified by 
stage. Because of  the limited number of  included trials in 
this step, only one RCT[63] was could be used. The 5-year 
overall survival rates of  patients with stage Ⅰ, stage Ⅱ 
and stage Ⅲ in this RCT[63] were not significantly different 
between the 2 groups (all P-values > 0.05). 

Safety
There was no clear and significant excess morbidity or 
mortality in the splenectomy group, with RR of  1.76 and 
1.58 respectively, suggesting that postoperative morbidity 
and mortality did not occur more than in patients with 
splenic preservation. (Table 3, Figure 3). 

Operation-related events
Non-significantly more lymph nodes were excised from 
patients undergoing splenectomy (WMD = 0.00 nodes). 
Operative time and length of  hospital stay were not 

significantly longer in the splenectomy group (WMD 
= 10.00 min and 3.20 d). There was no difference in 
reoperation rate between the 2 groups (RR = 1.20, Table 3). 

Sensitivity analysis
The results of  the sensitivity analysis, after excluding 
trials of  low quality, are shown in Table 4. No significant 
differences were observed between the 2 arms in terms 
of  the 5-year overall survival rate, and postoperative 
morbidity and mortality (RR = 1.14, 1.76 and 1.58, 
respectively). 

DISCUSSION
The incidence of  proximal gastric cancers has increased[2,3]. 
Lymphography has demonstrated that the lymphatic flow 
from the left upper region of  the stomach enters the 
lymph node in the splenic hilum and travels to the nodes 
around the celiac trunk along the splenic artery[65]. Thus 
it appears that splenectomy is more often performed for 
proximal gastric cancers[51], and for a curative gastrectomy 
it is necessary to dissect the lymph nodes in the splenic 
hilum and the lymph nodes along the splenic artery. The 
frequency of  metastasis to lymph nodes at the splenic 
hilum or along the splenic artery, which is associated with 
stage and tumor location, reportedly ranges from 8% to 
10%[4,66]. Splenectomy has been recommended to facilitate 
lymph node dissection. Direct invasion of  the spleen by 
gastric carcinoma is an exception requiring splenectomy[25]. 
The possibility that splenectomy could increase the 
survival rate of  patients with gastric cancer has attracted 
much attention. Some prospective randomized controlled 
trials and retrospective analyses have been done or are 

Table 2  The quality of the included randomized trials 

Study Truly random Concealed 
allocation

Baseline 
features

Eligibility 
criteria

Blinding 
assessment

Loss to follow-
up

Intention to 
treat

Study quality

Csendes et al[63], 2002 Yes Unclear Yes Yes Unclear Yes No Fair
Toge et al[6], 1985 Unclear Unclear No No Unclear Unclear Unclear Poor
Yu et al[64], 2006 Yes Unclear Yes Yes Unclear Yes Unclear Fair

Table 3  Outcomes of a meta-analysis of overall survival rates, safety, operation-related events and overall survival rates stratified by 
location of tumor

No. of studies Splenectomy 
(n 1/N)

Splenic preservation 
(n 1/N)

RR/WMD 
(95% CI)

P -value for 
effect size

P -value for 
heterogeneity

Effect 
model

Overall survival rate stratified by different length of follow-up
3 122/231 105/235 1.17 (0.97, 1.41)            0.1 0.85 Fixed

Postoperative morbidity and mortality
   Morbidity 1   16/104     9/103 1.76 (0.82, 3.80) 0.15 NA Fixed
   Mortality 2     6/194     4/200 1.58 (0.45, 5.50) 0.47 0.82 Fixed
Operation-related events
   No. of harvested lymph nodes 1 1042 1032   0.00 (-6.06, 6.06)            1 NA Fixed
   Operation time (min) 1   902   972    10.00 (-14.37, 34.37) 0.42 NA Fixed
   Length of hospital stay (d) 1   902   972   3.20 (-1.60, 8.00) 0.19 NA Fixed
   Reoperation 1 10/90   9/97 1.20 (0.51, 2.81) 0.68 NA Fixed
Overall survival rate stratified by location of tumor (proximal and whole stomach)

2   93/190   84/197 1.14 (0.92, 1.41) 0.23 0.91 Fixed

1Represents the patients alive; 2The summed number of patients in each group; RR: Relative risk; WMD: Weighted mean differences; CI: Confidence 
interval; NA: Not applicable.
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ongoing[67], but the main results are controversial.
When we searched for trials for the meta-analysis, 

we found that the search results consisted mostly of  
retrospective analyses with a high level of  heterogeneity. 
From these retrospective analysis, we could see in those 

who underwent gastrectomy with splenectomy, the tumor 
was larger, the lesion was more commonly present in 
the upper stomach, grossly types 3 and 4 infiltration 
lesions were more frequent, depth of  serosa invasion was 
greater, the rate of  lymph node involvement was higher, 

Table 4  Sensitivity results of meta-analysis of overall survival rates and safety (excluding the trial with low quality) 

No. of studies Splenectomy 
(n 1/N)

Splenic preservation 
(n 1/N)

RR/WMD 
(95% CI)

P -value for 
effect size

P -value for 
heterogeneity

Effect 
model

Overall survival rate stratified by different length of follow-up
2 93/190 84/197 1.14 (0.92, 1.41) 0.23 0.91 Fixed

Postoperative morbidity and mortality
   Morbidity 1 16/104   9/103 1.76 (0.82, 3.80) 0.15 NA Fixed
   Mortality 2   6/194   4/200 1.58 (0.45, 5.50) 0.47 0.82 Fixed

1Represents the patients alive; NA: Not applicable.

Study 

or sub-category

Splenectomy 

n/N

Spleen preservation 

n /N

RR (fixed) 

95% CI

Weight 

%

RR (fixed) 

95% CI

01 Overall morbidity

Yu et al [64], 2006  16/104  9/103 100.00 1.76 (0.82, 3.80)

Subtotal (95% CI)       104      103 100.00 1.76 (0.82, 3.80)

Total events: 16 (Splenectomy), 9 (Spleen preservation)

Test for heterogeneity: Not applicable

Test for overall effect: Z  = 1.44 (P  = 0.15)

02 Hospital or postoperative 30 d mortality

Csendes et al [63], 2002  4/90 3/97   74.19 1.44 (0.33, 6.25)

Yu et al [64], 2006    2/104  1/103   25.81   1.98 (0.18, 21.51)

Subtotal (95% CI)       194     200  100.00 1.58 (0.45, 5.50)

Total events: 6 (Splenectomy), 4 (Spleen preservation)

Test for heterogeneity: c2 = 0.05, df  = 1 (P  = 0.82), I 2 = 0%

Test for overall effect: Z  = 0.72 (P  = 0.47)

0.01        0.1           1           10         100
Favors splenectomy  Favors preservation

Review: Effectiveness and safety of splenectomy for gastric carcinoma: a meta-analysis
Comparison: 02 Safety
Outcome: 01 Overall morbidity & hospital or postoperative 30 d mortality

Figure 3  Morbidity and mortality. Forest plot of RR of postoperative morbidity and mortality, with 95% CI. Data for a fixed-effects model are shown as there was no 
statistical heterogeneity.

Study 

or sub-category

Splenectomy 

n/N

Spleen preservation 

n /N

RR (fixed) 

95% CI

Weight 

%

RR (fixed) 

95% CI

01 All case

Toge et al [6], 1985 29/41 21/38   20.85 1.28 (0.90, 1.81)

Csendes et al [63], 2002 36/86 34/94   31.08 1.16 (0.80, 1.67)

Yu et al [64], 2006  57/104  50/103   48.07 1.13 (0.87, 1.47)

Subtotal (95% CI)       231       235 100.00 1.17 (0.97, 1.41)

Total events: 122 (Splenectomy), 105 (Spleen preservation)

Test for heterogeneity: c2 = 0.33, df  = 2 (P  = 0.85), I 2 = 0%

Test for overall effect: Z  = 1.66 (P  = 0.10)

02 Cases with proximal and whole gastric cancer

Csendes et al [63], 2002 36/86 34/94   39.27 1.16 (0.80, 1.67)

Yu et al [64], 2006  57/104  50/103   60.73 1.13 (0.87, 1.47)

Subtotal (95% CI)        190       197 100.00 1.14 (0.92, 1.41)

Total events: 93 (Splenectomy), 84 (Spleen preservation)

Test for heterogeneity: c2 = 0.01, df  = 1 (P  = 0.91), I 2 = 0%

Test for overall effect: Z  = 1.19 (P  = 0.23)

0.1    0.2      0.5     1       2         5      10
Favors preservation   Favors splenectomy

Review: Effectiveness and safety of splenectomy for gastric carcinoma: a meta-analysis
Comparison: 01 Survival
Outcome: 02 5-yr overall survival

Figure 2  Survival rate. Forest plot of RR of 5-year overall survival rate for all cases and cases with proximal and whole gastric carcinoma, with 95% CI. Data for a 
fixed-effects model are shown as there was no statistical heterogeneity.
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and advanced stages were more frequent. Furthermore, 
in many retrospective papers, distal gastrectomy (naturally 
without splenectomy) for distal cancer and total gastrect­
omy with splenectomy for advanced proximal cancer 
were simply compared without any adjustment. So we 
excluded these kinds of  trials for a meaningful result. 
With respect to the 5-year overall survival rate, our results 
failed to suggest that splenectomy could result in greater 
benefit to the patients. When stratified by proximal and 
whole gastric cancer, a similar result was observed. In 
the sensitivity analysis, after we excluded the trials of  low 
quality, no significant differences could be detected in 
5-year overall survival rates for all the cases or for cases 
with proximal and whole gastric cancer. 

Although we included only RCTs to guarantee the 
reliability and validity of  the results, the eligible number of  
patients was far too small. So we carefully selected some 
non-RCTs with good balanced baseline characteristics for 
a meta-analysis. The quality of  non-randomized studies 
was assessed by using the Newcastle-Ottawa Scale[68] with 
some modifications to match the needs of  this study. 
The quality of  the studies was evaluated by examining 
patient selection methods, comparability of  the study 
groups and assessment of  outcome. Finally we included 
7 non-RCTs with 895 patients available for analysis (453 
patients were treated by splenectomy). This analysis 
also showed splenectomy had no significant influence 
on survival rates compared to splenic preservation for 
all the cases and for patients with proximal and whole 
gastric cancer, with an OR of  0.77 (95% CI: 0.57-1.04) 
and 0.54 (95% CI: 0.24-1.23). In the splenectomy group 
postoperative morbidity (OR = 3.75, 95% CI: 2.69-5.23), 
rather than mortality (OR = 1.38, 95% CI: 0.12-16.35), 
occurred more than that of  splenic preservation. Based 
on the above results, we found splenectomy could show a 
trend for survival in randomized trials, and the data from 
non-RCTs showed an opposite trend. This discrepancy 
in the overall survival and morbidity between RCTs 
and non-RCTs may derive from the relatively uncertain 
quality of  the non-RCTs although the included trials had 
balanced baselines. This arises because, in non-RCTs, 
splenectomy was selected for gastric cancer patients with 
more advanced tumors, while the spleen was preserved 
in earlier stage cancers. Also, in the included non-RCTs, 
gastric cancer requiring splenectomy was usually more 
extensive or originated from the gastric body. The 
majority were histologically diffuse type, while tumors 
treated by distal gastrectomy were more commonly 
intestinal type and had better prognosis. Furthermore, 
the extent of  lymphadenectomy, the type of  gastrectomy, 
the other organs resected, etc would affect the outcome. 
With respect to the availability of  relatively few high 
quality RCTs, more well-designed RCTs are needed to 
explore the effectiveness of  splenectomy, especially for 
proximal and whole gastric cancer. 

Whether splenectomy could increase the survival rate 
in patients with lymph node metastasis at the splenic 
hilum or along the splenic artery, there is too little 
evidence. One randomized controlled trial[64] reported 
no patients could survive for 5 years if  lymph nodes at 
the hilum of  the spleen were positive, and the 5-year 

survival rate of  positive lymph node metastasis along 
the splenic artery in the splenectomy arm or splenic 
preservation arm were 23.4% and 20.0%, respectively 
(P = 0.753). Zhang et al[52] found that splenectomy did 
not show superiority to splenic preservation in patients 
with positive No. 10 and No. 11 lymph nodes (P = 
0.284). Kodera et al[39] reported that in patients who 
had histological evidence of  metastasis to the splenic 
hilar nodes or the nodes along the splenic artery, 
pancreaticosplenectomy or splenectomy did not result 
in improved survival. As yet, there is no evidence to 
support that splenectomy could increase the survival 
rates of  patients with metastasis to the lymph nodes at 
the splenic hilum or along the splenic artery. 

Regarding the survival rates by stage, the included 
analyzable trials were too few. From previous reports[58,63], 
no obvious differences were observed between the 2 
groups. Here, we also should note that there were distinct 
methods for staging at the different periods; furthermore, 
differences between UICC (Union Internationale Contre 
le Cancer) and Japanese gastric cancer parameters existed. 
Thus more unified trials should be done for future 
evaluation. 

In addition, the spleen is an important component 
of  the reticuloendothelial system and constitutes 25% of  
the total lymphoid mass[69]. There was a 12-fold increased 
risk of  septicemia compared with the general population 
after splenectomy[63]. On the other hand, the role of  
the spleen in tumor immunology is still controversial[70]. 
Therefore the indication for splenectomy is debatable. 

Recent European clinical trials of  gastrectomy 
showed that splenectomy was an important risk factor for 
postoperative morbidity and mortality[13-15]. The common 
complications after splenectomy were pancreatitis, pleural 
effusion, abdominal abscess, wound infection, pancreatic 
leakage, ileus and anastomotic leakage[57]. Splenectomy 
could easily induce gastric remnant ischemia, possibly 
contributing to the high frequency of  anastomotic leakage 
and mortality[25]. Resection of  proximal gastric cancer was 
associated with a higher postoperative morbidity than that 
of  distal gastric cancer, and splenectomy was more often 
performed for proximal gastric cancers[71,72]. However, 
our results failed to go against splenectomy in terms of  
postoperative morbidity and mortality. At the same time, 
with respect to the operation-related events, splenectomy 
showed no significant difference from splenic preservation 
in harvested lymph nodes, operation time, length of  
hospital stay and reoperation rate. All in all, as there were 
limitations in the trial quality and numbers of  included 
trials, more high quality studies are needed. 

In conclusion, splenectomy has not yet shown superiority 
on survival rates compared to splenic preservation. 
Routinely performing splenectomy should not be 
recommended and well-designed large-scale RCTs are 
required.
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splenic hilum or spleen in gastric cancer; however, the effect of splenectomy on 
prognosis has been controversial. 
Research frontiers
Some studies compared the effectiveness or safety of splenectomy to those 
of non-splenectomy, but the main results were controversial. The aim of this 
meta-analysis was to evaluate the impact of splenectomy on long-term survival, 
postoperative morbidity and mortality of patients with gastric cancer.
Innovations and breakthroughs
The current study demonstrated that splenectomy could not yet show 
superiority on survival rates compared to splenic preservation. 
Applications
Routinely performing splenectomy should not be recommended in gastric 
cancer surgery. However, well-designed large-scale RCTs are expected to 
investigate the effectiveness and safety of splenectomy further.
Peer review
This is an interesting article in a controversial area. An important meta-analysis 
that will contribute to the literature.
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