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Abstract Introduction Traditionally, the concept of complete omentectomy during gastric
resection for cancer was based on lymphatic drainage and the occurrence of occult
omental metastasis (OM). However, recent emerging evidence has challenged this
concept of complete omentectomy. We, therefore, aim to find the incidence, risk
factors of OM and also evaluate the outcome of patients with and without such
metastasis.
Methods This is a single institutional, retrospective study of patients with gastric
cancer who underwent curative radical gastrectomy for a period of 3 years (April 1,
2016, to March 31, 2019). A complete omentectomy was performed in all patients and
the omentum and nodal stations were dissected in the resected specimen and sent for
pathological analysis. Clinical and epidemiological data were collected from the
hospital patient database and analysis was done.
Results A total of 185 patients have been included in the study, with a mean age of
53.84 years. Twenty of the 185 patients had OM (10.8%). Age, sex, location of the
tumor, and neoadjuvant chemotherapy were not statistically significant in predicting
OM. However, tumor size and tumor depth were found to have a significant association
with OM. The occurrence of OM was more likely to be associated with disease
recurrence, especially in the peritoneum. The mean overall survival was 38.15 months
(�3.33 SD), whereas patients with OM had lower survival, 23.31 months (�7.79 SD),
with a p-value of 0.012.
Conclusion OMwas not encountered inT1 and T2 gastric cancers and the incidence of
OM in T3 and T4 tumors was approximately 12.7%. Therefore, complete omentectomy
may be omitted in early (T1/T2) tumors. OM was associated with poor prognosis,
increased peritoneal recurrence, and decreased overall survival, in spite of a complete
omentectomy, and may serve as a prognostic indicator for disease recurrence and
overall survival.
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Introduction

Gastric cancer (GC) is the fifth most common cancer and the
fourth most common cause of cancer-related mortality in
2020 (GLOBOCAN 2020).1 The omentum is a frequent site for
GCmetastasis. Omentobursectomy as part of radical gastrec-
tomywas first reported by Groves et al in 1910.2 Bursectomy
has long been controversial, with questions being raised
about its role in reducing disease recurrence. Most centers
in the world omit the bursectomy part of the gastric resec-
tional surgery, as recent studies have been clear in the fact
that bursectomy does not have any survival benefit when
done in gastrectomy.3–6 The attention has now been turned
towards the role of omentectomy in GC. The omentum as
such is not an indispensable organ with claims of regenera-
tive properties and its role in reducing postoperative com-
plications.7,8 Also, in minimally invasive gastrectomy, a
complete omentectomy is technically difficult and time-
consuming.9 Hence, there is a trend toward omentum-pre-
serving gastrectomy, especially in early GCs. Recent Japanese
guidelines recommend leaving behind the omentum in T1
and T2 tumors, whereas the European Society for Medical
Oncology (ESMO) guidelines do not comment on omentec-
tomy at all.10,11 However, there is still a legitimate concern
about oncological safety while leaving part of the omentum
behind due to the possibility of occult tumor deposits in the
greater omentum. In this context of debate concerning the
role of complete omentectomy for GC, it is worthwhile to
identify clinicopathological predictors of occult omental
metastasis (OM), which may help to tailor the extent of
omentectomy during radical gastrectomy. This study aimed
to evaluate the incidence of and predictors for OM in patients
with GC receiving curative gastrectomy.

Patients and Methods

This is a single institutional, retrospective study of patients
with GC who underwent radical gastrectomy in the upper

gastrointestinal (GI) surgical unit for a period of 3 years from
April 2016 toMarch 2019. The diagnosis of GCwas confirmed
using gastroscopy and biopsy. After adequate preoperative
staging work-up, patients were discussed in the upper GI
multidisciplinary tumor board meeting. All patients under-
went a staging laparoscopy as part of their staging work-up
and had either perioperative chemotherapy or adjuvant
chemotherapy with surgical resection. Patients who had a
visible gross peritoneal or omental disease at staging lapa-
roscopy were staged as metastatic and were therefore not
included in the study. Also excluded were patients whowere
found inoperable during the planned gastrectomy, those
receiving palliative resection and surgery for stump cancers.

During the study period, our protocol was to dissect the
resected specimen and send the omentum, nodal stations, and
stomach for pathological analysis separately. The omentum
was cut just distal to the gastroepiploic arcade (►Fig. 1). Data
were collected from the patient database after approval from
institutional review board (IRB Min no. 12999) and the need
for informed consent was waived, considering the retrospec-
tive nature of the study. Follow-up data were collected from
the outpatient charts and also from telephonic interviews. Our
primaryobjectivewas tofindout the incidenceofOM(number
of patients who had tumor deposits in the omentum or
metastatic omental nodes). Our secondary objective was to
evaluate factors that can predict metastasis to the omentum.
The preoperative T stage was calculated based on contrast-
enhanced computed tomography (CECT) images and also
staging laparoscopy. In case of a discrepancy between the
two, the higher T stage was taken. Overall survival (OS) was
defined as the time interval between treatment initiation
(surgery or neoadjuvant chemotherapy [NACT]) and death
and censored at the last day of follow-up.

Statistical Analysis

Descriptive statistics such as mean and standard deviation
were used for continuous variables. Frequency and

Fig. 1 Showing dissection of the omentum from resected stomach. (a) Resected stomach with the omentum. (b) The omentum cut just distal to
the gastroepiploic arcade. (c) Dissected stomach, omentum with perigastric lymph nodal stations.
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percentage were used for categorical variables. To find the
association between categorical variables, a chi-square
test/Fisher’s exact test was used. The cumulative probability
of survival was estimated using the Kaplan–Meier method
for OS, and to compare two or more survival curves, a log-
rank test was used. The study variables that were significant
at <0.05 levels in univariate analysis were included in a
multivariate Cox proportional hazards model. The model
assumption was verified using log–log S(t) plots and a global
test. p-Value<0.05 was considered statistically significant.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 21.0 (IBM
Corp., Armonk, NY, USA)/STATA 16.

Results

Of the total 185 patients in the study, 127 were male and 58
were female patients. Themean age of the patient groupwas
53.84�11.82 years. OM was found in 20 patients (10.8%), of
whom 10 had positive omental nodes and 10 had tumor
deposits in the omentum. The primary tumors were fre-
quently located in the distal stomach (65.9%), were predom-
inantly cT3/4 (87.3%) or pNþ ve (70.3%), and were largely
poorly differentiated type (60.0%). Seventy-one (38.4%)
patients received NACT. All operations were performed
through an open approach. The baseline demographic char-
acteristics of the study cohort are summarized in ►Table 1.

Age, sex, and location of tumor were not statistically
significant in predicting OM. None of the patients with
clinical T1 and T2 stage GC had occult omental deposits or
nodes. Ninety percent of OMwere found in clinical T4 disease
and the remaining 10% in T3 disease. Similarly, 85% of
pathological T4 stage and 15% of T3 stage showed OM. In
patients with cT4 or pT4 disease, the incidence of OM was
23.4 and 20%, respectively. All patients with omental disease
had pathological node-positive disease (►Table 2).

As the size and depth of the tumor increase, so does the
incidence of OM. Perineural invasion and extranodal exten-
sion were associated with an increased risk of OM, while
lymphovascular invasion was not. There was no statistical
increase in OM with signet ring cells or poorly differentiated
tumors. The site of the tumor had no statistical bearing on

Table 1 Baseline clinicodemographic, operative, and
pathological characteristics of the study cohort

Variables N¼ 185

Age (y) 53.84� 11.82

Sex (male:female) 127:58

Clinical “T” stage

cT1þ cT2 27 (14.7%)

cT3 79 (43.2%)

cT4 77 (42.1%)

Pathological “T” stage

pT0þ pT1þ pT2 42 (22.7%)

pT3 58 (31.35%)

pT4 85 (45.95%)

Pathological “N” stage

pN0 55 (29.7%)

pNþ 130 (70.3%)

Perioperative chemotherapy

Yes 71 (38.4%)

No 114 (61.6%)

Greater curvature tumors

Yes 105 (56.8%)

No 80 (43.2%)

Subtotal vs total gastrectomy

Subtotal 122 (65.9%)

Total 63 (34.1%)

Completeness of the resection

R0 159 (86%)

R1þR2 26 (14%)

Tumor size (cm) 4.47� 2.63

Tumor depth (cm) 1.18� 0.69

Lymphovascular invasion

Yes 54 (29.4%)

No 131 (70.6%)

Perineural invasion

Yes 110 (59.5%)

No 75 (40.5%)

Perinodal extension

Yes 22 (11.9%)

No 163 (88.1%)

Omental metastasis

Yes 20 (10.8%)

No 165 (89.2%)

Signet ring cell tumor

Yes 14 (7.6%)

No 171 (92.4%)

Histological grade of the tumor

(Continued)

Table 1 (Continued)

Variables N¼ 185

Well/moderately differentiated 74 (40.0%)

Poorly differentiated 111 (60.0%)

Recurrence

Yes 56 (30.3%)

No 129 (69.7%)

Peritoneal recurrence

Yes 33 (17.8%)

No 152 (82.2%)

Note: Values expressed as n (%) or mean� SD.
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OM, although the incidence of OM was slightly more in the
total gastrectomy group comparedwith the subtotal gastrec-
tomy group (12.7 vs 10%) and in greater curvature tumors
compared with tumors involving other sites (13.3 vs 7.5%).

NACT had no statistically significant bearing on the occur-
rence of OM. The incidence of omental disease was 8.5% in
patients who received NACT compared with 12.5% who did
not. All patients who had OM in the NACT group had a TRG

Table 2 Univariate analysis for factors predicting presence or absence of omental metastasis

Variables Omental metastasis negative (n¼165) Omental metastasis
positive (n¼20)

p-Value

Age (y) 54.15�11.82 51.3�11.77 0.311

Sex

Male 116 (70.3%) 11 (55.0%) 0.164

Female 49 (29.7%) 9 (45.0%)

Clinical “T” stage

cT1þ cT2 27 (16.6%) 0 <0.001

cT3 77 (47.2%) 2 (10%)

cT4 59 (36.2%) 18 (90%)

Pathological “T” stage

pT0þ pT1þ pT2 42 (25.5%) 0 0.001

pT3 55 (33.3%) 3 (15%)

pT4 68 (41.2%) 17 (85%)

Pathological “N” stage

pN0 55 (33.3%) 0 0.002

pNþ 110 (66.7%) 20 (100%)

Perioperative chemotherapy

Yes 65 (92.5%) 6 (8.5%) 0.415

No 100 (87.7%) 14 (12.3%)

Subtotal vs total gastrectomy

Subtotal 110 (90%) 12 (10%) 0.662

Total 55 (87.3%) 8 (12.7%)

Greater curvature tumors

Yes 91 (86.7%) 14 (13.3%) 0.206

No 74 (92.5%) 6 (7.5%)

Completeness of the resection

R0 144 (90.6%) 15 (9.4%) 0.136

R1þR2 21 (80.8%) 5 (19.2%)

Tumor size (cm) 4.21� 2.48 6.6� 2.93 0.0001

Tumor depth (cm) 1.14� 0.69 1.49�0.68 0.038

Lymphovascular invasion 47 (87%) 7 (13%) 0.557

Perineural invasion 93 (84.5%) 17 (15.5%) 0.014

Perinodal extension 15 (68.2%) 7 (31.8%) 0.001

Signet ring cell tumor 13 (92.9%) 1 (7.1%) 0.646

Histological grade of the tumor

Well/moderately differentiated 70 (94.6%) 4 (5.4%) 0.053

Poorly differentiated 95 (85.6%) 16 (14.4%)

Recurrence 44 (26.67%) 12 (60%) 0.002

Peritoneal recurrence 25 (15.15%) 8 (40%) 0.006

Note: Values expressed as n (%) or mean� SD.
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Fig. 2 Kaplan–Meier curve. (a) Comparison of overall survival in omental metastasis positive versus negative patients. (b) Comparison of overall
survival in omental metastasis positive versus negative patients in upfront surgery subgroup.

Fig. 3 Kaplan–Meier curve. Comparison of overall survival based on (a) pathological Tstage, (b) pathological N stage, (c) grade of tumor, and (d)
neoadjuvant chemotherapy.
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grade of 2 or higher. Also, the cytology done by peritoneal
wash during staging laparoscopy before initiation of NACT
was negative for malignant cells in all these patients. Multi-
variate analysis was not performed owing to the low propor-
tion of patients with OM in each subgroup.

OM patients were more likely to have disease recurrence
(60 vs 27%), particularly peritoneal recurrence (40 vs 15%),
compared with OM-negative patients. The mean OS of the
entire cohort was 38.15 months (�3.33 SD). The 1-year
survival rate was 88% and the 2-year survival rate was
69.8%. Patients with OM had a lower mean OS, 23.31 months
(�7.79 SD), compared with that of patients without OM,
39.35 months (�3.72 SD) (►Fig. 2a).

With regard to OS, on univariate analysis, patients with
OM were three times more likely to die compared with
patients without OM (hazard ratio, 2.89 [1.26–6.65];
p¼0.012). Similarly, pathological T stage, pathological N
stage, and grade of tumor adversely affected the OS and
were statistically significant. Patients who received chemo-
therapy were 55% less likely to die compared with the
upfront surgery group (hazard ratio, 0.45 [0.22–0.92];
p¼0.030) (►Fig. 3). However, on multivariable analysis
other than NACT, no other factor was found to affect the
OS in a statistically significant way (►Table 3).

After exclusion of the patients who underwent NACT,
subgroup analysis was performed on 114 patients who
underwent upfront gastrectomy and showed a near-similar
trend to that of the entire cohort (►Table 4). Clinical T stage,
pathological T stage, and pathological nodal stage had a

significant predictive value for OM. Also, patients with OM
had a high risk of developing recurrence (p¼0.002) and the
OS was less (17.9 months; 95% confidence interval [CI], 13–
22.9) comparedwith patientswithout OM (34.5months; 95%
CI, 30.2–38.7) (►Fig. 2b).

Discussion

The omentum has long been considered as an organ with
regenerative properties and its role in containing infections
such as in acute appendicitis is well known.8,12 The greater
omentum develops in the eighth week of gestation from the
dorsal mesogastrium.13 It is composed of two mesothelial
sheets, which enclose adipocytes and mononuclear phago-
cytic cells.14

The greater omentum has various functions. The macro-
phages in the omentumact as scavengers helping in the rapid
absorption and clearance of bacteria and foreign material
from the peritoneal cavity. As a site of B-lymphocyte devel-
opment, they supply leukocytes to the peritoneal cavity.15–17

Also, the omentum can rapidly produce a layer of fibrin by
which it adheres and attempts to seal off areas of contami-
nation.13,17 The omentum has a high content of progenitor
cells as well as growth and lipid angiogenic factors; thus, it
helps to increase collateral blood flow by inducing neo-
vascularization. This property has made it an ideal tissue
to be used in areas that have a compromised vascular
supply.8,18 Complete omentectomy results in the removal
of all these peritoneal defense mechanisms.15 There are

Table 3 Univariate and multivariate analysis for factors associated with overall survival

Variable N¼ 185 Univariate analysis Multivariate analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Age (y)

<50 65 (35.1%) 1.00 0.124 – –

�50 120 (64.9%) 1.85 (0.85–4.03) –

pT stage

pT0þ pT1þ pT2 42 (22.7%) 1.00 0.018 1.00 0.152

pT3þ pT4 143 (77.3%) 3.53 (1.24–9.99) 2.30 (0.74–7.18)

pN stage

pN0 55 (29.7%) 1.00 0.056 1.00 0.773

pN1þpN2þpN3 130 (70.3%) 2.08 (0.98–4.42) 1.13 (0.49–2.62)

Grade of the tumor

Poorly differentiated 111 (60.0%) 2.17 (1.02–4.60) 0.044 1.90 (0.86–4.18) 0.111

Well/moderately differentiated 74 (40.0%) 1.00 1.00

Omental metastasis

Yes 20 (10.8%) 2.89 (1.26–6.65) 0.012 1.90 (0.80–4.43) 0.146

No 165 (89.2%) 1.00 1.00

Perioperative chemotherapy

Yes 71 (38.4%) 0.45 (0.22–0.92) 0.030 0.47 (0.22–0.98) 0.046

No 114 (61.6%) 1.00 1.00

Note: Values expressed as n (%).
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Table 4 Univariate analysis for factors predicting omental metastasis in the upfront surgery group

Variables N¼ 114 Omental metastasis
negative (n¼ 100)

Omental metastasis
positive (n¼14)

p-Value

Age (y) 55.75� 12.38 55.99� 12.40 54.0�12.55 0.576

Sex

Male 79 (69.3%) 71 (71.0%) 8 (57.1%) 0.356

Female 35 (30.7%) 29 (29.0%) 6 (42.9%)

Clinical “T” stage

cT1þ cT2 20 (17.5%) 20 (20.0%) 0 (0.0) 0.001

cT3 31 (27.2%) 31 (31.0%) 0 (0.0)

cT4 63 (55.3%) 49 (49.0%) 14 (100%)

Pathological “T” stage

pT0þ pT1þ pT2 20 (17.5%) 20 (20.0%) 0 (0.0) 0.001

pT3 31 (27.2%) 31 (31.0%) 0 (0.0)

pT4 63 (55.3%) 49 (49.0%) 14 (100.0%)

Pathological “N” stage

pN0 27 (23.7%) 27 (27.0%) 0 (0.0) 0.038

pNþ 87 (76.3%) 73 (73.0%) 14 (100%)

Subtotal vs total gastrectomy

Subtotal 85 (74.6%) 75 (75.0%) 10 (71.4%) 0.751

Total 29 (25.4%) 25 (25.0%) 4 (28.6%)

Greater curvature tumors

No 42 (36.8%) 38 (38.0%) 4 (28.6%) 0.493

Yes 72 (63.2%) 62 (62.0%) 10 (71.4%)

Tumor size (cm) 4 (3–6) 3.95 (3–5.6) 6 (4.9–8) 0.002

Tumor depth (cm) 1.22� 0.60 1.17�0.60 1.57�0.69 0.019

Lymphovascular invasion

No 79 (69.3%) 70 (70.0%) 9 (64.3%) 0.759

Yes 35 (30.7%) 30 (30.0%) 5 (35.7%)

Perineural invasion

No 96 (84.2%) 88 (88.0%) 8 (57.1%) 0.009

Yes 18 (15.8%) 12 (12.0%) 6 (42.9%)

Perinodal extension

No 40 (35.1%) 38 (38.0%) 2 (14.3%) 0.133

Yes 74 (64.9%) 62 (62.0%) 12 (85.7%)

Signet ring cell tumor

Yes 5 (4.4%) 4 (4.0%) 1 (7.1%) 0.487

No 109 (95.6%) 96 (6.0%) 13 (92.9%)

Histological grade of the tumor

Well to moderately differentiated 47 (41.2%) 59 (59.0%) 10 (71.4%) 0.537

Poorly differentiated 67 (58.8%) 41 (41.0%) 4 (28.6%)

Recurrence

No 76 (66.7%) 72 (72.0%) 4 (28.6%) 0.002

Yes 38 (33.3%) 28 (28.0%) 10 (71.4%)

Note: Values expressed as n (%) or mean� SD or median (range).
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recent studies that show increased postoperative complica-
tions in patients undergoing complete omentectomy.7,19

Laparoscopic gastrectomy is being increasingly per-
formed now as its advantages over open gastrectomy have
been shown in many randomized clinical trials.19–21 Com-
plete omentectomy during minimally invasive gastrectomy
leads to longer operative time and increased risk of adjacent
organ injury.19,22–26

There is reasonable recent evidence showing that routine
complete omentectomy in gastrectomy does not improve
recurrence or disease-free survival.21,26–29 A retrospective
analysis of 3,050 patients by Seo et al showed partial
omentectomy patients having superior surgical outcomes
and 5-year OS compared with the complete omentectomy
group.30 Similarly, amulticentric retrospective analysis by Ri
et al involving 1,758 patients also showed comparable out-
comes in locally advanced GC patients.25 A recent meta-
analysis by Ishizuka et al, which included eight retrospective
studies, showed no improvement in 5-year OS in patients
who underwent complete omentectomy for locally advanced
GC.31 The results of the ongoing large randomized controlled
trial JCOG 1711 are much awaited.32

On the other hand, the reason for concern in preserving
the omentum is that of oncological safety. The omentum
appears to be capable of supporting not only malignant cells
in the milky spots but also free intraperitoneal cells.6,22,33

Omental milky spots can provide a microenvironment for
tumor cells to survive, thereby becoming a cancer stem cell
niche.14,33–35 The omentum has been observed to be a
frequent site of metastatic disease for many
malignancies.14,35

One more issue to be addressed is the possibility of
omental necrosis after partial omentectomy as the entire
gastroepiploic arcade is cut off especially in total gastrecto-
my. However, this is not the usual case as evidenced by
studies. In the reported series, the incidence of omental
infarction is low after partial omentectomy, and even in
patients with omental infarction, the symptoms are often
mild.36,37 There is also the suggestion of omental blood
supply by collaterals from the superior mesenteric artery
through the middle colic artery.37 This aspect needs to be
looked upon by further studies.

There have been recent theories suggesting the omentum
to be a part of peritoneum and hence OM to be similar to
peritoneal metastasis, thereby making it a metastatic dis-
ease.33,38 The recent Union for International Cancer Control
(UICC) TNM classification categorizes noncontiguous omen-
tal disease as metastatic disease.39

The incidence of occult omental disease in gastrectomy
patients in our study population (10.8%) was significantly
more than those of the Omega study (5%) and Barchi et al
(1.8%).40,41 However, Haverkamp et al reported a similar
incidence as ours (10%) in the European population, whereas
Metwally et al reported a higher incidence in the Middle
Eastern population (31.3%).24,42 This variability is probably
due to differences in patient cohort and inclusion criteria. For
example, the Omega study had a lower proportion of T3 and
T4 disease compared with our patient cohort, whereas the

study by Metwally et al included patients with diffuse
carcinomatosis.40,42 All these studies had one fact in com-
mon—none of the patients with T1 or T2 disease had
OM.24,40–42

When it comes to OS in patientswith OM, Haverkamp et al
reported a significant difference in OS, whereas Metwally
et al reported no survival difference.24,42 Especially, none of
the patients with OM in the study by Metwally et al devel-
oped peritoneal recurrence.42 Both these studies had a low
sample size, which could explain the totally different
conclusions.

The primary objective of our study was to look at the
incidence of OM in patients undergoing curative surgery for
GC. Our hypothesis was that if this number was insignificant,
then a complete omentectomy may be unnecessary. Alter-
natively, if there was a significant number with OM, then
there is a compelling case to do complete omentectomy in all
patients. The secondary objective was to evaluate the factors
predicting OM, thereby helping to preoperatively predict the
patients who are likely to have OM, warranting a complete
omentectomy.

This study has evidence to suggest that:

• Early T-stage tumors, i.e., T1 and T2, are not associated
with occult OM.

• As the depth of the tumor increases, so does the incidence
of OM (T3 vs T4¼5 vs 20%).

• The anatomical location of the tumor in the stomach had
no influence on the rate of OM, reiterating the fact that
this was a metastatic spread and not a contiguous spread.

• The incidence of OM was almost similar regardless of
whether the patient underwent NACT or upfront surgery.

• In the subgroup of patients who underwent NACT, all
patients who developed OM had a poor response (in spite
of the NACT) (TRG 2 or 3).

• OM was associated with poor prognosis, increased peri-
toneal recurrence, and decreased OS.

There were a few limitations to our study.
The retrospective nature of the study and the small

sample size are some of the limitations of the study. Due
to the low proportion of patients with OM in subgroups, a
multivariate analysis could not be performed. Also, the
proportion of patients with T1 and T2 disease was signifi-
cantly less compared with T3 and T4 disease in our patient
cohort.

A larger randomized controlled trial comparing partial
versus complete omentectomy may help substantiate the
results of this study.

Conclusion

In this study, occult OM was not seen in T1 and T2 GCs.
However, the incidence of OM in T3 and T4 tumors was
approximately 12.7%. Therefore, a complete omentectomy
may be omitted in early T stage (T1/T2) tumors but may be
necessary for T3 and T4 disease. OM was associated with a
poor prognosis, with increased potential of peritoneal recur-
rence and decreased OS. This trend was seen in spite of a
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complete omentectomy being performed and hence the
presence of OM may be used as a prognostic indicator in
predicting disease recurrence and OS after resectional sur-
gery for GC.
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