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Abstract

Background: We performed a meta-analysis to investigate the efficacy of complete omentectomy (CO) in patients
undergoing radical gastrectomy for gastric cancer.

Methods: We conducted a literature search in PubMed, Web of Science, and the Cochrane Library databases for clini-
cal research that compared CO with non-complete omentectomy (NCO). These articles were published prior to April
2021. Overall survival (OS) rates, relapse-free survival (RFS) rates, recurrence rates, operation times, estimates of blood
loss, numbers of harvested lymph nodes, complications, and lengths of hospital stays were compared using relative
risks (RRs) and weighted mean differences (WMDs). RevMan 5.3 software was used for statistical analysis.

Results: Nine studies that included 3329 patients (1960 in the CO group) and 1369 in the NCO group comprised
the analysis. The meta-analysis showed that CO was associated with a decreased 3-year OS rate (RR=0.94, 95% Cl
0.90-0.98, P=0.005) and 5-year OS rate (RR=10.93, 95% Cl 0.88-0.98, P=0.007). However, it was not associated with
the 3-year RFS rate (RR=0.97, 95% Cl 0.90-1.04, P=0.44), 5-year RFS (RR=0.98, 95% C| 0.90-1.06, P=0.60), or recur-
rence rate (RR=1.17,95% Cl 0.95-1.45, P=0.15) compared to the NCO group. For surgical-related outcomes, signifi-
cant heterogeneity existed between the studies. Compared to the NCO group, CO was found to be associated with
significantly more estimated blood loss (WMD = 250.90, 95% Cl 105.90-396.28, P=0.0007) and less harvested lymph
nodes (WMD = —3.59, 95% Cl — 6.88, —0.29, P=0.03). Although, there was no significant difference in the surgical
time (WMD=15.93,95% Cl —0.21,32.07, P=0.05). No statistically significant differences were observed in the rates
of overall (P=0.79) and major complications (P=10.90), or the lengths of hospital stays (P=0.11) between the two
groups.

Conclusions: Based on the available evidence, CO is not superior to NCO in terms of survival. CO is not recom-
mended as a routine surgery for gastric cancer. Future well-designed high-quality RCTs are warranted.
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Background
Gastric cancer (GC) poses a major threat to global health.
It is estimated to be the fifth most commonly diagnosed
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efficacy in GC, radical gastrectomy remains the main-
stay of curative treatment for GC. Radical gastrectomy
should be performed whenever possible [2]. However,
the extent of radical gastrectomy for gastric cancer has
not reached a consensus. For example, although com-
monly performed, the efficiency of complete omentec-
tomy (CO) during radical gastrectomy has not yet been
universally acknowledged [3-5]. The greater omentum
is an apron-like fatty adipose tissue that extends from
the stomach. It functions as a protective cushion and is
responsible for peritoneal defenses [6]. The Japanese gas-
tric cancer treatment guidelines recommend the removal
of the greater omentum in standard gastrectomy for T3
or deeper tumors. The guidelines recommend the pres-
ervation of the omentum more than 3 cm away from the
gastroepiploic artery for T1/T2 tumors [7]. To the best of
our knowledge, there is only one meta-analysis that has
explored the impact of omentectomy in patients with
locally advanced gastric cancer [8]. This meta-analysis
revealed that omentectomy had no significant impact on
5-y overall survival (OS) or 5-y recurrence-free survival
(RES). It included eight retrospective studies, including
four studies in English, three studies in Japanese, and one
study in Korean. It also included two studies that com-
pared omentobursectomy and omentectomy. Moreover,
since the literature search was conducted until December
2020, additional new studies have become available [9—
11], including one randomized controlled trial [10].

Therefore, we designed and conducted this systematic
review and meta-analysis to summarize the current evi-
dence in the English literature on the clinical value of CO.
This review was performed in terms of oncological out-
comes, intraoperative safety, and postoperative recovery
in GC patients undergoing gastrectomy.

Methods

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement [12]. This
study was not registered.

Literature search strategy

We performed a systematic literature search in PubMed,
Web of Science, and The Cochrane Library for eligible
studies that investigated the efficacy of CO in patients
who underwent gastrectomy for gastric cancer. The
search strategy was (“omentum” OR “omentectomy” OR
“omentum preservation” OR “omentum-preserving”)
AND (“gastrectomy” OR “gastrostomy”) AND (“gastric
cancer” OR “gastric carcinoma”). No language restric-
tions were used in the search strategy. The latest search
was conducted on April 17, 2021.
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Study selection criteria and quality assessment

Studies that compared the outcomes of gastrectomy with
CO and gastrectomy with non-CO (NCO) in patients
with gastric cancer were included in the meta-analysis.
The exclusion criteria were as follows: (1) non-human
gastric cancer trials; (2) irretrievable data; (3) lack of
comparison groups or lack of baseline data comparison;
(4) evaluation of the correlation between bursectomy and
outcomes in gastric cancer patients; (5) non-English arti-
cles; and (6) studies in the form of expert opinions, com-
ments, or letters.

The quality of randomized controlled trials (RCTs) was
assessed using the Cochrane Collaboration tool [13]. The
quality of non-RCTs was assessed using the modified ver-
sion of the Methodological Index for Non-randomized
Studies (MINORS) [14]. A funnel plot analysis was per-
formed to detect publication bias when more than ten
studies were included.

Outcome measures and data extraction

The primary outcomes of this meta-analysis were sur-
vival outcomes, including recurrence rates, OS rates, and
the RFS rates of each eligible trial. The secondary out-
comes included evaluation of CO in terms of surgical-
related outcomes (operation time, estimated blood loss,
and harvested lymph nodes) and postoperative recovery
outcomes (overall complications, major complications,
and length of postoperative hospital stays [LOS]).

The following data were independently extracted by
two reviewers (AZ and YZ): first author, year of publica-
tion, country of investigators, study period, study design,
sample size, study population characteristics, follow-up
period, and primary and secondary outcomes. Inconsist-
encies between authors were resolved by discussion and
arbitrated by a third reviewer (XL).

Statistical analysis

The meta-analysis was performed using “Review Man-
ager (RevMan). Version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014”.
When the mean or the standard deviation (SD) of an
endpoint was not provided, it was calculated from the
reported median, range, or interquartile range (IQR)
if provided [15]. Moreover, survival outcome analyses
were based on the extraction of unavailable data from
the Kaplan—Meier curves. For dichotomous outcomes,
risk ratios (RR) and the corresponding 95% confidence
intervals (CI) were calculated using the Mantel-Haenszel
(MH) method. For continuous outcomes, weighted mean
differences (WMD) and corresponding 95% CI were cal-
culated using the inverse variance method. P statistics
were used to assess the statistical heterogeneity. I values
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of <25, 25-50, and > 50% were considered low, moderate,
and high heterogeneity, respectively. Given the heteroge-
neity of the tumors and patient characteristics, along with
the diversity of the surgical approaches and techniques
between studies, a random-effects model was used as the
default for all statistical analyses. Subgroup analysis was
performed for studies with a randomized or propensity
score-matching (PSM) design. Sensitivity analysis was
performed to evaluate the stability of the primary out-
comes. The studies involved in the meta-analysis were
deleted one by one to evaluate the influence of individual
study data on the pooled effect estimate. Statistical sig-
nificance was set at 2<0.05.

Results

Literature search results and characteristics of the included
studies

Figure 1 presents a flowchart detailing the study selection
process. The search strategy initially extracted 501 items
from the searched electronic databases (208 in PubMed,
39 in Cochrane Library, and 254 in Web of Science).
After carefully removing duplications, screening the
titles, abstracts, and full texts according to the inclusion
and exclusion criteria, nine studies were included in the
systematic review and meta-analysis. These studies were
utilized to assess the efficacy of CO in gastrectomy for
gastric cancer [4, 9-11, 16-20].

Of the nine studies, eight were conducted in East Asia
(Korea or Japan), and one was conducted in the US. Of
the nine studies, one was an RCT [10] and the remain-
ing eight were retrospective comparative studies, with
four using PSM. The study period of the included stud-
ies ranged from 2000 to 2018. The number of patients in
each study ranged from 37 to 1116. Overall, 3329 patients
were included in the meta-analysis, with 1960 patients in
the CO group and 1369 patients in the NCO group.

The RCT quality assessment showed a low risk of bias
in random sequence generation, low risk of bias in allo-
cation concealment, high risk of bias in blinding of par-
ticipants and personnel, unclear risk of bias in blinding
of outcome assessment, high risk of bias in incomplete
outcome data, unclear bias in selective reporting, and
an unclear risk of other bias. Quality assessment of stud-
ies showed that all non-RCT studies had a score of >17
points out of 24 points, indicating that the studies were of
high quality. The detailed baseline characteristics of the
nine included studies are summarized in Table 1.

Meta-analysis of outcomes

Survival outcomes

Six studies reported data on 3-year-and 5-year OS with
low heterogeneities [4, 9, 11, 17, 18, 20]. The meta-anal-
ysis showed that the NCO group had a better 3-year OS
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rate than the CO group (RR=0.94, 95% CI 0.90-0.98,
P=0.005, ’=0%, Fig. 2A). The NCO group also had a
better 5-year OS rate than the CO group (RR=0.93, 95%
CI0.88-0.98, P=0.007, I>=5%, Fig. 2B).

Five studies reported data on 3-year and 5-year RFS
with moderate heterogeneities [4, 11, 17, 18, 20]. The
meta-analysis showed that there was neither a signifi-
cant difference in the 3-year RFS rate (RR=0.97, 95% CI
0.90-1.04, P=0.44, I>=36%, Fig. 2C) nor in the 5-year
RFS rate (RR=0.98, 95% CI 0.90-1.06, P=0.60, I =40%,
Fig. 2D) between the CO and NCO groups.

Six studies reported data on recurrence with low het-
erogeneity [4, 11, 17-20]. No statistically significant dif-
ference in recurrence rate was observed between the CO
and NCO groups (RR=1.17, 95% CI 0.95-1.45, P=0.15,
PP=19%, Fig. 2E).

Surgical-related outcomes

Six studies reported data on surgical time with high
heterogeneity [4, 9-11, 16, 17, 19]. The meta-analysis
revealed that the operation time of the CO group was
longer than that of the NCO group. However, the differ-
ence was not significant (WMD =15.93, 95% CI —0.21 to
32.07, P=0.05, > =90%, Fig. 3A).

Four studies reported data on estimated blood loss
with high heterogeneity [4, 10, 11, 17]. The meta-analysis
revealed that the CO group was associated with signifi-
cantly more estimated blood loss than the NCO group
(WMD=250.90, 95% CI 105.90-396.28, P=0.0007,
P=98%, Fig. 3B).

Two studies did not report the types of lymphad-
enectomy. There was heterogeneity in the types of lym-
phadenectomy among the remaining studies (Table 1).
Nevertheless, seven studies reported data on the number
of harvested lymph nodes with high heterogeneity [4, 9—
11, 16, 18, 19]. The meta-analysis revealed that CO group
had significantly fewer harvested lymph nodes than NCO
group (WMD=-3.59, 95% CI —6.88, —0.29, P=0.03,
P =84%, Fig. 3C).

Postoperative recovery outcomes

Overall and major complications were reported in 4 [9,
11, 17, 20] and five studies [4, 10, 11, 16, 20], respectively.
Meta-analysis revealed that there was no significant dif-
ference in overall (RR=0.98, 95% CI 0.84—1.14, P=0.79,
I?=0%, Fig. 4A) or major complication rates (RR = 1.04,
95% CI 0.58—1.84, P=0.90, I? =62%, Fig. 4B) between the
two groups.

Four studies mentioned the length of postoperative
hospital stays with high heterogeneity [4, 9, 11, 19]. The
length of hospital stays was similar between the two
groups (WMD=0.41, 95% CI —0.10 to 0.93, P=0.11,
PP =68%, Fig. 4C).
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Fig. 1 Flow chart showing study selection procedure

Subgroup analysis

Subgroup analyses were performed for studies with
PSM or randomized designs [4, 10, 11, 17, 20]. The
meta-analysis confirmed that NCO was associated with
a better 3-year OS rate (RR=0.94, 95% CI 0.89-0.98,

P=0.01, *=0%, Fig. 5A) and a lower estimated blood
loss (WMD =250.90, 95% CI 105.90-396.28, P=0.0007,
P=98%, Additional file 1: Fig. S1). However, it was not
associated with the other remaining outcomes (Fig. 5,
Additional files 1 and 2: Figs. S1 and S2).
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Fig. 3 Meta-analysis comparing A operation time, B estimated blood loss, C harvested lymph nodes. CO, complete omentectomy; NCO,
non-complete omentectomy

Sensitivity analysis and publication bias

To perform sensitivity analysis, studies were excluded in
turn to assess whether individual studies influenced the
pooled RRs of the outcomes. For every meta-analysis of
the primary outcomes and postoperative recovery out-
comes, the pooled RRs were similar after each study was
excluded. This verified the stability of the meta-analysis.
For every meta-analysis of the operation-related out-
comes, the pooled RRs were significantly changed after
the selective studies were excluded. Publication bias was
not assessed as fewer than ten studies were included in
the meta-analysis.

Discussion

This meta-analysis systematically investigated the effects
of CO on radical gastrectomy for gastric cancer. Our
study showed that CO did not improve survival com-
pared to NCO. In contrast, CO was associated with sig-
nificantly worse 3-year and 5-year OS. Although, there
was no significant difference in the 3-year and 5-year RFS
or recurrence rates. Moreover, CO was associated with
more estimated blood loss and fewer harvested lymph

nodes. There was no statistically significant difference in
the postoperative recovery, in terms of overall compli-
cations, major complications, and LOS between the CO
and NCO groups.

D2 lymphadenectomy represents the gold standard
for treating advanced gastric cancer [21]. Laparoscopic
gastrectomy is widely accepted as an alternative to open
gastrectomy [22-24]. However, the extent of resection
remains to be determined. Previously, bursectomy, which
removes the anterior membrane of the transverse meso-
colon and the peritoneal lining covering the pancreas
with a total omentectomy, has been recommended as an
essential part of complete radical gastrectomy [25]. How-
ever, this has been challenged. Recently, Xiong et al. per-
formed a meta-analysis of 15 studies with 4858 patients
to investigate the safety and efficiency of bursectomy dur-
ing radical gastrectomy for patients with gastric cancer
[26]. They found that although bursectomy was associ-
ated with a prolonged operative time and more intraop-
erative blood loss, it was not superior to non-bursectomy.
This was in terms of oncological outcomes, such as the
number of dissected lymph nodes, survival rates, and
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Fig. 4 Meta-analysis comparing A overall complications, B major complications, C length of postoperative hospital stay. CO, complete
omentectomy; NCO, non-complete omentectomy

recurrence rates. Therefore, Xiong et al. concluded that
bursectomy should not be a routine surgery for resect-
able cT3 or cT4a gastric cancer. This was supported by a
high-quality RCT [27].

The aim of CO was similar to that of bursectomy,
with the removal of concurrent micrometastases and
potential sites of recurrence. However, the prevalence
and significance of concurrent omental micrometasta-
ses remains controversial. One study found that 10% of
gastrectomy patients harbored tumor deposits or lymph
node metastases in the greater omentum [5]. Moreover,
factors predicting omental tumor involvement could
not be identified. Therefore, omentectomy should be the
standard gastrectomy for patients with gastric cancer [5].
Meanwhile, other studies found that metastases in the
greater omentum occurred in only 1.6% of GC patients
who underwent gastrectomy [3, 28]. These were corre-
lated significantly with non-radical features and advanced
disease, indicating stage IV disease and a poor prognosis
[11, 29]. In another study, Metwally et al. compared the
survival of gastric cancer patients with/without tumor
infiltration in the omentum. They found that omental

infiltration was not associated with overall or disease-free
survival [30].

In this meta-analysis, the included studies consistently
found no significant survival benefit for CO. Moreo-
ver, a meta-analysis of all included studies found that
CO is associated with a decreased 3-year OS and 5-year
OS. Subsequent subgroup analysis for randomized or
PSM studies confirmed that CO was associated with a
decreased 3-year OS, but not with 5-year OS. This is in
line with the findings of Ishizuka et al. [8]. In addition,
NCO is less challenging, with less estimated blood loss.
Although one study by Olmi et al. [31] found that omen-
tum preservation was associated with a lower incidence
of recurrence and a lower incidence of complications
than in patients with omentectomy, these effects were
not observed in this meta-analysis. However, it is of note
that omental preservation may have specific complica-
tions, such as omental infarction and trocar herniation.
This may cause abdominal pain [32, 33]. This meta-analy-
sis also found that NCO was associated with a higher LN
yield, which is contrary to intuition. One potential rea-
son might be that even in omentum preservation, lymph
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Fig.5 Subgroup meta-analysis for studies with PSM or randomized designs comparing A 3-year overall survival rate, B 5-year overall survival rate, C
3-year relapse-free survival rate, D 5-year relapse-free survival, E recurrence rate. CO, complete omentectomy; NCO, non-complete omentectomy

nodes along the gastroepiploic arcade could be dissected
completely [11]. However, a smaller omental specimen
might compel the pathologist to check the lymph nodes
more cautiously. This would result in a higher LN yield.

This is more likely to be associated with different types of
lymphadenectomies between studies.

This study had several limitations. First, the num-
ber of eligible studies was limited and some outcomes
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of interest were not reported in all eligible studies. Fur-
thermore, some outcomes suffer from moderate to high
heterogeneity between the two groups. The types of
lymphadenectomy and the harvested lymph nodes are
examples, thus decreasing the power of this meta-anal-
ysis. Second, most included studies were from Japan and
Korea, which may limit the application of the results in
Western populations. Third, although it is likely that
omentectomy might be useful for patients with T3/4
stage gastric cancers, it was impossible to perform a sub-
group analysis with few studies focusing on the effect of
CO in this subgroup of patients. Despite these limita-
tions, the results of the present meta-analysis challenged
the justification for CO. Omentum preservation could be
a better choice than CO with regard to oncological out-
comes and surgical effort.

Conclusions

In conclusion, CO did not benefit survival, operative,
or recovery outcomes when compared to NCO. Based
on the available evidence, CO is not recommended as a
standard procedure for resectable gastric cancer. Future
well-designed, high-quality RCTs are warranted to clarify
the efficacy of CO in radical gastrectomy, especially in
¢T3 or cT4 gastric cancer.
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