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Laparoscopic D2+ lymph node dissection in patients with
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Abstract. D2 lymph node dissection is widely used in laparo-
scopic radical gastrectomy for gastric cancer, and its efficacy
and safety are known for patients with obesity. Currently, D2+
lymph node dissection is also applied to certain patients with
gastric cancer of later stages. Due to the high difficulty of D2+
surgery, it is more challenging to perform on patients with
obesity. There is currently limited research on the efficacy and
safety of D2+ surgery in obese patients with gastric cancer.
The present study aimed to retrospectively analyze the clinical
data of patients undergoing laparoscopic radical gastrectomy
for gastric cancer admitted to a single gastroenterology
department. Patients with a body mass index =25 kg/m? were
included in the study. A total of 149 patients were selected
as the research subjects and divided into two groups. The
observation group comprised 74 patients who underwent D2+
lymph node dissection, while the control group comprised
75 patients who underwent standard D2 lymph node dissec-
tion. The surgical performance, postoperative recovery and
postoperative complications of the two groups were compared.
The results showed that the rates of conversion to open surgery
in the D2+ and D2 groups were 5.4% (4/74) and 2.7% (2/75),
respectively, and were not significantly different. The duration
of surgery in the D2+ group (282.55+23.02 min) was signifi-
cantly longer than that in the D2 group (271.45+20.05 min).
The mean number of lymph node dissections in the D2+ group
was 28.57+7.19, which was significantly higher than that in the
D2 group (25.29+6.41). No statistically significant differences
in intraoperative blood loss, time to first flatus, postoperative
hospitalization days, total hospitalization expenses or postop-
erative complications was detected between the two groups.
There were no deaths in either group within the 30-day
perioperative period. In addition, there was no significant
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difference in the 3-year overall survival rate between the two
groups, while the 5-year overall survival rate of the D2+ group
was significantly higher than that of the D2 group. For obese
patients with gastric cancer, D2+ surgery may increase the
duration of surgery and slightly increase intraoperative blood
loss compared with standard D2 radical surgery, but does
not increase the incidence of postoperative complications.
Moreover, D2+ surgery increases the number of lymph node
dissections and improves the 5-year survival rate of patients.
Therefore, it may be concluded that laparoscopic D2+ lymph
node dissection is safe and feasible for obese patients with
gastric cancer.

Introduction

Obesity has become a worldwide public health problem.
According to a report from the World Health Organization
(WHO), over 650 million people worldwide were diagnosed
with obesity in 2016 (1). With the improvement of living
standards, increased dietary intake and decreased physical
activity, the number of people with obesity in China has
significantly increased in recent years. The prevalence of
obesity in adults in China more than doubled between 2004
(3.1%) and 2018 (8.1%). 85 million adults in China were
obese in 2018, which was three times as many as in 2004 (2).
Obesity not only causes a number of health, social and psycho-
logical problems but also significantly increases the risk of
various malignant tumors (3). Gastric cancer is a malignant
tumor with high morbidity and mortality worldwide, and its
morbidity (5.6%) and mortality (7.7%) are among the highest
of all malignant tumors (4). Standardized lymph node dissec-
tion is crucial to improving the long-term prognosis of patients
with advanced gastric cancer (5). D2 lymph node dissection,
as the standard treatment for advanced gastric cancer, has
been unanimously recommended in Japanese Classification of
Gastric Carcinoma (6) and the US National Comprehensive
Cancer Network Gastric Cancer Guidelines (7), and a
consensus has been reached regarding its use. However, as
yet there is no conformity of opinion on the precise range of
lymph node dissection for different stages of gastric cancer.
In theory, the prognosis of patients should improve as more
lymph nodes are dissected. Therefore, reasonably expanding
the scope of lymph node dissection by performing D2+ lymph
node dissection may improve the prognosis and survival rate of
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patients. In addition, some studies have found that D2+ lymph
node dissection, which is the removal of lymph nodes with an
elevated risk of metastasis beyond the specified range of D2,
can improve the prognosis and survival rate of patients (8,9).
However, due to the difficulty in exposing the surgical field of
view in patients with obesity, it is challenging to perform stan-
dardized D2 lymph node dissection, and even more difficult to
perform D2+ lymph node dissection in patients with obesity.
The safety and efficacy of D2+ compared with D2 surgery
requires further confirmation. The present study retrospec-
tively analyzed the clinical data of patients with obesity with
gastric cancer in a single hospital, with the aim of exploring
whether laparoscopic-assisted radical gastrectomy combined
with D2+ lymph node dissection is feasible in patients with
obesity and gastric cancer and to provide a basis for clinical
surgical decision-making.

Materials and methods

Data collection. The clinical data of patients who under-
went laparoscopic radical gastrectomy in Henan Provincial
People's Hospital (Zhengzhou, China) from January 2016
to January 2018 were collected and analyzed. The inclusion
criteria were as follows: i) Age between 18-75 years, either
sex, body mass index (BMI) =25 kg/m?; ii) American Society
of Anesthesiologists (ASA) grade I-III; iii) postoperative
conventional pathological diagnosis of adenocarcinoma,
where the tumor is located in the proximal, middle or distal
area; iv) pathological tumor-node-metastasis (pTNM) stage
after surgery of II-III, according to the TNM staging criteria
for gastric cancer in the 8th edition of the American Joint
Committee on Cancer (AJCC) in 2017 (10); and v) underwent
laparoscopic radical gastrectomy or conversion to laparotomy.
The exclusion criteria were as follows: i) Severe mental illness;
ii) previous upper abdominal surgery; iii) combined thora-
coabdominal surgery; iv) other malignant tumors in the past
5 years; v) severe cardiopulmonary disease in preoperative
evaluation, including myocardial infarction, cerebral infarc-
tion, severe coronary heart disease and chronic pulmonary
disease within the past year; vi) chemotherapy, radiotherapy
or other targeted or immunotherapy before surgery; and
vii) distant metastasis of the tumor.

The 485 patients with gastric cancer who underwent lapa-
roscopic radical gastrectomy from January 2016 to January
2018 were screened for the study. The flow chart and reasons
for exclusion from the study are shown in Fig. 1. Following the
exclusion of 336 patients, 149 patients were ultimately enrolled
in the study.

Research methods. The standard scope of D2 lymph node
dissection is stipulated in the Chinese Society of Clinical
Oncology (CSCO) Guidelines for the Diagnosis and Treatment
of Gastric Cancer (11) as follows: In cases of distal gastrec-
tomy, node stations 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, 11p and 12a;
for proximal gastrectomy, node stations 1, 2, 3, 4sa, 4sb, 7,
8a, 9, 10 and 11; during total gastrectomy, node stations 1-7,
8a, 9, 10, 11 and 12a. Patients who underwent laparoscopic
radical gastrectomy and standard D2 lymph node dissection
were included in the control group. Patients who underwent
laparoscopic radical gastrectomy and standard D2 lymph

node dissection, as well as the clearance of least one of lymph
node stations 13, 14v, 8p, 12b, 12p and 16 had undergone D2+
lymph node dissection and were included in the observation
group. Postoperative complications were classified according
to the Clavien-Dindo complication classification (12), with
grades I-II as minor complications and grades III-IV as severe
complications. Classification of macroscopic types of gastric
cancer according to Borrmann classification method, including
four types: I, I1, III, and IV (13).

Follow-up. All patients were followed up by telephone. Patients
were followed up every 3 months for 2 years after surgery,
every 6 months for the next 3-5 years, and once a year there-
after. The deadline for final follow-up was February 2023.

Statistical analysis. SPSS 26.0 statistical software (IBM
Corp.) was used for data processing. The enumeration data are
expressed as the mean + standard deviation, and an indepen-
dent sample t-test was used for comparison. Categorical data
are expressed as n (%), and the two-sided y? test or Fisher's
exact probability method was used for comparison. Overall
survival rates were plotted using the Kaplan-Meier method
and compared by the log-rank test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient characteristics. A total of 149 patients with gastric
cancer were included in the study, including 74 patients in
the D2+ group and 75 patients in the D2 group. There was
no difference in sex composition between the two groups,
with 52 males (70.3%) and 22 females (29.7%) in the D2+
group and 55 males (73.3%) and 20 females (26.7%) in the
D2 group. There was also no difference in age between
the D2+ group (57.24+10.38 years) and the D2 group
(55.75+£10.81 years). In addition, no difference in BMI was
detected between the D2+ group (27.35+1.03 kg/m?) and the
D2 group (27.37+1.04 kg/m?). Furthermore, no difference in
ASA grade, preoperative complications, tumor location, tumor
size, Borrmann type, cancer-associated thrombus or pTNM
staging was identified between the two groups. The data are
shown in Table I.

Comparison of surgical conditions between the two groups.
The duration of surgery in the D2+ group (282.55+23.02 min)
was longer than that of the D2 group (271.45+20.05 min),
and the difference was statistically significant (P<0.05).
The number of lymph nodes dissected in the D2+ group
(28.57+7.19) was more than that in the D2 group (25.29+6.41),
with a statistically significant difference between groups
(P<0.05). The intraoperative blood loss in the D2+ group
(117.55+£28.02 ml) was more than that in the D2 group
(109.37+22.78 ml), albeit not significantly. The rate of conver-
sion to open laparotomy was 4/74 (5.4%) and 2/75 (2.7%) in
the D2+ and D2 groups, respectively. The time to first flatus in
the D2+ group (4.49+1.32 days) was slightly earlier than that in
the D2 group (4.84+1.10 days), and the postoperative hospital
stay in the D2+ group (10.46+2.39 days) was similar that in the
D2 group (10.69+2.27 days). The total cost of hospitalization
in the D2+ group (8.64+1.25x10* yuan) was slightly more than
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A

Patients eligible for analysis (n=149)

Exclusion of 336 patients:

Patients without a postoperative pathological

diagnosis of adenocarcinoma (n=8)

Patients <18 or >75 years old (n=23)

Patients with BMI <25 kg/m? (n=223)

Patients with pTNM stage outside of II-Ill (n=18)

Patients received less than D2 LN dissection
(n=10)

Patients with LN retrieval <16 (n=14)

Patients who had undergone open surgery before
(n=12)

Patients who had received chemotherapy before
(n=25)

Patients who died within 1 month after operation
(n=3)

A

D2 group (n=75)

D2+ group (n=74)

Figure 1. Criteria for inclusion and exclusion of patients in the present study. BMI, body mass index; pTNM, pathological tumor-node metastasis; LN lymph

node.

that in the D2 group (8.42+1.16x10* yuan), but the difference
was not significant. The data are shown in Table II.

In a subgroup analysis according to the type of gastrec-
tomy, for patients with proximal gastrectomy, the duration of
surgery was the only factor that was found to be significantly
different, with the D2+ group having a longer operation time
than the D2 group. For patients undergoing distal gastrectomy,
no statistically significant difference was detected in any of the
surgery-associated data. For patients undergoing total gastrec-
tomy, the duration of surgery of the D2+ group was longer than
that of the D2 group and the number of lymph nodes dissected
in the D2+ group was greater than that in the D2 group; these
differences were statistically significant (P<0.05). The data are
presented in Table III.

Comparison of postoperative complications. Among all the
patients included in the study, 31 had postoperative complica-
tions, accounting for 20.8% of cases. These included 19 cases
(25.7%) in the D2+ group and 12 cases (16%) in the D2 group.

In the D2+ group, there were 16 cases of minor complications
(21.6%) and 3 cases of severe complications (4.1%). All minor
complications were resolved by conservative treatment. Two
cases of severe complications comprised anastomotic fistula,
which were resolved by a second operation. There was also
1 case of anastomotic bleeding, which was resolved by endo-
scopic hemostasis. In the D2 group, there were 10 cases of
minor complications (13.3%) and 2 cases of severe compli-
cations (2.7%). All minor complications were resolved by
conservative treatment. One patient experienced the severe
complication of abdominal bleeding, and hemostasis was
achieved after a second operation. The patient with severe
heart failure was transferred to the intensive care unit for
tracheal intubation, cardiac intubation, diuretics and other
treatments. Following relief of the symptoms, the patient was
transferred back to the general ward, and the patient was finally
cured and discharged. Further analysis of the complications
of the two groups revealed that the postoperative complica-
tions comprised a relatively high proportion of incision and
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Table I. Comparison of clinical data and pathological features of patients in the two groups.

Characteristic D2+ group (n=74) D2 group (n=75) P-value
Sex 0.678
Male 52 (70.3) 55 (73.3)
Female 22 (29.7) 20 (26.7)
Age, years 57.24+10.38 55.75+10.81 0.390
BMI, kg/m? 27.35+1.03 27.37+1.04 0.903
ASA grade 0.828
I 12 (16.2) 14 (18.7)
II 48 (64.9) 45 (60.0)
I 14 (18.9) 16 (21.3)
Preoperative complications
Diabetes 10 (13.5) 8 (10.7) 0.594
Anemia 37 (50.0) 46 (61.3) 0.164
Hypoproteinemia 23 (31.1) 17 (22.7) 0.247
Tumor location 0.323
Upper 37 (50.0) 35 (46.7)
Central 19 (25.7) 14 (18.7)
Lower 18 (24.3) 26 (34.7)
Tumor size, cm 5.87+1.45 5.56x1.22 0.153
Borrmann type 0.179
I 0(0) 3(4.0)
II 9(12.2) 7(9.3)
III 45 (60.8) 52 (69.3)
1AY 20 (27.0) 13 (17.3)
Cancer-associated thrombus 0.155
Yes 47 (63.5) 39 (52.0)
No 27 (36.5) 36 (48.0)
pTNM staging 0.289
II 10 (13.5) 15 (20)
I 64 (86.5) 60 (80)

Results are presented as n (%) or mean + standard deviation. BMI, body mass index; ASA, American Society of Anesthesiologists; pTNM,

pathological tumor-node-metastasis.

pulmonary infections. The incidence rates of total, minor and
severe complications in the D2+ group were slightly higher
than those in the D2 group, but analysis indicated that there
was no significant difference. The data are shown in Table IV.
In the subgroup analysis, no statistically significant difference
in postoperative complications was detected between the D2+
and D2 groups for any gastrectomy type (Table III).

Clinical outcomes. The 3-year overall survival rate of patients
in the D2+ group was 54.1%, and that of patients in the D2
group was 46.7%. The difference in 3-year overall survival
rates between the two groups was not found to be significant
(Fig. 2). In addition, in the subgroup analysis, no statistically
significant differences were observed in the 3-year overall
survival between the D2+ and D2 groups (Table III).

The 5-year overall survival rate of patients in the D2+
group was 37.8%, and that of patients in the D2 group was
28.0%. The difference in 5-year overall survival rates between

the two groups was statistically significant (P<0.05; Fig. 3).
However, in the subgroup analysis, no statistically significant
differences were found in 5-year overall survival between the
D2+ and D2 groups (Table III).

Discussion

The WHO defines adults with a BMI =30 kg/m? as obese.
However, the healthy BMI of the Asian population is lower
than that of the Western population, and the body fat of Asian
individuals is greater than that of Western individuals with
the same BMI. Therefore, adults of the Asian population with
a BMI =25 kg/m? have an elevated risk of weight-associated
diseases. Based on the characteristics of the Asia-Pacific
population and of obesity-related diseases, the obesity expert
consultant of the WHO proposed that Asian individuals with
a BMI =25 kg/m? should be considered obese (14). Therefore,
a BMI =25 kg/m? was used as an obesity indicator in the
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Table II. Comparison of surgical treatment between the two groups of patients.

Surgical factor D2+ group (n=74) D2 group (n=75) P-value
Operation time, mins 282.55+23.02 271.45+20.05 0.002
Intraoperative blood loss, ml 117.55+£28.02 109.37+22.78 0.053
Lymph nodes dissected, n 28.57+7.19 25.29+6.41 0.004
Conversion to open laparotomy 4(54) 2227 0.665
Surgical method 0.266

Proximal gastrectomy 30 (40.5) 32 (42.7)

Distal gastrectomy 16 (21.6) 23 (30.7)

Total gastrectomy 28 (37.8) 20 (26.7)
Time to first flatus, days 4.49+1.32 4.84+1.10 0.078
Postoperative hospital stay, days 10.46+2.39 10.69+2.27 0.542
Total hospitalization expenses, x10* yuan 8.64+1.25 8.42+1.16 0.263

Results are presented as n (%) or mean + standard deviation.

present study, and all 149 patients included had a BMI of this
magnitude. Obesity is a state involving the excessive accu-
mulation or abnormal distribution of fat in the body. It may
cause a series of health, social and psychological problems.
A large-sample meta-analysis found that obesity increases the
risk of gastric cancer, and a higher BMI is associated with
a higher risk. In addition, a subgroup analysis conducted on
gastric cancer at different sites found that obesity increases the
risk of adenocarcinoma of the esophagogastric junction but is
not associated with the incidence of distal gastric cancer (15).
The subjects included in the present study all had obesity and
gastric cancer. Proximal gastric cancer accounted for 50 and
46.7% of the D2+ and D2 groups, respectively, which is a rela-
tively high proportion of patients, and is consistent with the
findings of the meta-analysis. Previous research has also found
that a high BMI significantly increases the risk of lymph node
metastasis in patients with gastric cancer (16).

As changes in the lifestyles of the Chinese population have
occurred, such as reductions in physical activity and changes
in diet, the proportion of the population that is obese has been
increasing. Therefore, the opportunities for gastrointestinal
surgeons to treat patients with obesity and gastric cancer are
also increasing. Laparoscopic technology is widely used in
clinical radical gastrectomy, but laparoscopic surgery is more
difficult in patients with obesity, and is challenging for gastro-
intestinal surgeons. As well as having increased quantities of
intra-abdominal fat, obese patients have fragile blood vessels,
so they are more prone to bleeding during surgery. In addition,
large amounts of fat and omentum occupy the surgical space,
making it difficult to expose the visual field, which may influ-
ence the effectiveness of surgery and postoperative recovery.
However, due to improvements achieved through increased
experience of laparoscopic surgery, the efficacy and feasibility
of applying this surgical technique to patients with obesity
and gastric cancer have been confirmed in a number of studies
conducted in various countries (17-19).

At present, the principal treatment for advanced gastric
cancer is surgery-based comprehensive treatment, and suffi-
cient gastrectomy and standardized lymph node dissection

are crucial to improving the long-term prognosis of patients
with advanced gastric cancer. After years of clinical research,
a global consensus has been reached on the use of D2 lymph
node dissection for patients with locally advanced gastric
cancer (20). Appropriate lymph node dissection is important
for improving the prognosis of patients and reducing surgical
complications. In addition, for lymph nodes with a high risk
of metastasis outside the scope of D2 lymph node dissection,
whether it is advantageous to perform selective D2+ lymph
node dissection is a topic of debate for those researching
gastric cancer surgery. There has been a prolonged dispute
about the benefit of extended lymph node dissection for gastric
cancer. In theory, the removal of a larger area of lymph nodes
by extended lymphadenectomy should increase the likelihood
of cure (21,22). According to a previous report, the number
of dissected lymph nodes is an important indicator of the
accuracy of pathological staging and can predict the prognosis
of patients; every additional 10 lymph node dissections can
increase the 5-year survival rate by 5.7-10.9% (23). In addi-
tion, a long-term multicenter study conducted in the USA
showed that the dissection of a sufficient number of lymph
nodes can significantly improve the long-term survival rate
of patients (24). Furthermore, a study performed in China by
Liang er al (25) found that standard D2+ para-aortic lymph
nodal dissection) surgery with the removal of =30 lymph nodes
for N3-stage disease can significantly improve the prognosis
of patients (25). Some studies have also confirmed this finding
in Western populations. Based on their research results,
Ozmen et al (26) suggested that D2+ lymph node dissection
should be preferred for advanced gastric cancer (IIIA-IIIB)
as it increases the rate of survival, and that D2+ lymph node
dissection can be performed as safely as standard D2 dissection
by experienced surgeons without any increase in postoperative
morbidity and mortality. In addition, numerous studies have
confirmed the safety of D2+ lymph node dissection in terms of
surgical conditions and postoperative complications (27-35).
Based on these research results, it is feasible to perform D2+
lymph node dissection in patients with advanced gastric
cancer. However, it is challenging for gastrointestinal surgeons
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Table III. Subgroup analysis of the two groups of patients.

Distal gastrectomy Total gastrectomy

Proximal gastrectomy

P-value D2+ (n=16) D2 (n=23) P-value D2+ (n=28) D2 (n=20) P-value

D2 (n=32)

D2+ (n=30)

Surgical factor

0.024

268.10+23 .45
107.55+20.68
24.25+6.37

0.734 286.07+28.17

275.81+25.59  273.22+21.65
110.50+£31.24
27.94+6.49

0.011

272.28+16.74

282.87+14.80

Operation time, mins

0.141
0.001

118.25+28.78
30.82+6.57

0.789

107.91+28.33
25.48+6.64

0.123
0.585

117.56+19.97
25.81+6.40

120.67+25.72
26.80+7.73

Intraoperative blood loss, ml
Lymph nodes dissected, n

0.258

1.000
0.313

1(5.0)
4.95+1.23
10.20+1.99

2(7.1)
4574129
10.50+2.80

1.000
0.751

1(43)
457+1.12
11.13+2.85

0(0)
4.44+1.37
10.06+1.81

0 (0) 0.230

4.97+1.00
10.69+1.96

2(6.7)
4.43+1.36

Conversion to open surgery

Exhaust time, days

0.084

GUO et al:

0.683

0.194
0.322
1.000
0.748

0.921

10.63+2.31

Postoperative hospital stay, days

0.455

8.27+1.12
2 (10.0)

9 (45.0)

8.52+1.20
7(25.0)

8.17+0.85

8.49+1.20
2 (12.5)

0.698
9 (56.3)

8.69+1.34
7(21.9)

8.82+1.34

Total hospitalization expenses, x10* yuan

Complications

0.348

3(13.0)
11 (47.8)
6 (26.1)

0.312

10 (33.3)

D2+ FOR OBESE PATIENTS WITH GASTRIC CANCER

0.732

14 (50.0)

0.441

15 (46.9)

17 (56.7)

OS of 3 years

0.430

5(25.0)

10 (35.7)

0.498

0472 6 (37.5)

10 (31.3)

12 (40.0)

OS of 5 years

Results are presented as n (%) or mean + standard deviation.

to perform laparoscopic surgery on patients, and difficult to
achieve standard D2 lymph node dissection in patients with
advanced stage gastric cancer who are obese. However, there
have been few studies on the curative effect and safety of D2+
surgery for patients with obesity.

Since surgery in patients with obesity is onerous, a
number of studies have confirmed that obesity increases
the duration of laparoscopic surgery. A meta-analysis of
>20,000 patients with gastric cancer showed that in patients
with obesity the duration of surgery was significantly longer
than that of patients with a normal BMI, and the occurrence
of surgery-related complications increased (36). In addition, a
Korean study showed that although patients with obesity had
prolonged surgery and fewer lymph nodes to be dissected, the
short- and long-term surgical effects were not significantly
different from those of patients with a normal BMI (37). In
the present study, the BMI baselines of the two groups of
patients were very similar, which excluded inconsistency of
BMI as the cause of the difference in surgical duration and
simultaneously excluded the impact of BMI differences on the
research results. The present study showed that the duration of
surgery for D2+ lymph node dissection was longer than that
of D2 lymph node dissection for obese patients. Regarding
the reason for this, the lymph nodes around the stomach of
patients with obesity are often surrounded by larger quanti-
ties of fat. When cleaning the lymph nodes, it is necessary to
separate and clean greater amounts of fat tissue from around
the blood vessels. It is challenging to obtain a clear surgical
field of view and the space for surgery in the abdominal cavity
is limited. The surgical assistant may not be able to apply
sufficient force when pulling the tissue, and tissues such as
the greater omentum and the lesser omentum may slide back
and forth repeatedly to obscure the surgical field of view.
During surgery, the surgeon and assistants require additional
time to adjust the forceps. Also, to maintain sufficient tension,
assistants must apply greater force to resist the gravitational
pull of fat and gastric tissue. In addition, the tissues of patients
with obesity tend to be brittle and bleed easily, particularly
when stretched and exposed. Larger volumes of intraoperative
bleeding prolong the time required to achieve hemostasis,
requiring the use of gauze for compression and to clean
the accumulated blood, or the use of suction to remove the
accumulated blood. This prolongs the surgical duration even
more. Therefore, if lymph node groups in addition to those
of D2 are dissected, the operation will be more difficult and
the duration of surgery and volume of intraoperative blood
loss will increase. In the present study there was no significant
difference in postoperative pathological stages between the
two groups because the clinical baselines of the two groups
were consistent when screening the enrolled cases. Notably,
the present study is a retrospective analysis, so patients who
decided to undergo D2+ dissection during surgery may have
had a later intraoperative clinical stage. For example, if the
serosal surface of a patient with distal gastric cancer is smooth
and node station 6 is free from metastasis and duodenal inva-
sion, it would be decided during the surgery to perform D2
dissection. However, if the serosa is violated, node station 6
has enlarged lymph nodes or the duodenum is invaded, it may
be decided to perform D2 plus node station 13 or 14v excision
during the surgery. Therefore, the study has certain limitations
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Table I'V. Comparison of postoperative complications between the two groups of patients.

Postoperative complications

D2+ group (n=74)

D2 group (n=75) P-value

Total complications

Clavien-Dindo complication classification I-1I
Delayed gastric emptying
Incision infection
Lymphorrhagia
Intra-abdominal infection
Pancreatic leakage
Intestinal obstruction
Duodenal stump leakage
Pulmonary infection
Deep vein thrombosis

Clavien-Dindo complication classification III-IV
Abdominal bleeding
Anastomotic fistula
Anastomotic bleeding
Pulmonary embolism
Heart failure
Death within 30 days after surgery

0.146
0.183

19 (25.7) 12 (16)
16 (21.6) 10 (13.3)
3 2

(O]
COO0O—~MNOR OCWONON— W

7) 0.988

S = O O O = N = == 0O = N O

Data are presented as n or n (%).

due to its retrospective design. The indications for D2 or D2+
dissection during surgery are not clearly defined, so patients
in the D2+ group may generally have a higher clinical stage.
This will also increase the difficulty of surgery, leading to an
increase in the duration of surgery and intraoperative blood
loss in the D2+ group. Therefore, the results may be affected
by tumor stage. To avoid this, the pTNM staging of the groups
was kept consistent to prevent it from influencing the research
results. In addition, the D2+ group underwent the dissection of
groups of lymph nodes other than those of standard D2 surgery,
so it is expected that the number of lymph node dissections
would be significantly increased in the D2+ group compared
with the D2 group. The present study suggests that additional
lymph node dissections can improve the long-term survival
of patients, which is confirmed by the survival analysis. The
3-year overall survival rate of the D2+ group was slightly, but
not significantly, higher than that of the D2 group. However, the
5-year overall survival rate of the D2+ group was significantly
higher than that of the D2 group. In the subgroup analysis,
no statistically significant difference in 5-year overall survival
was found between the D2+ and D2 groups. However, in all
three subgroups, the 5-year overall survival of the D2+ group
was higher than that of the D2 group. The lack of statistical
significance may be due to the small sample size of the three
subgroups, particularly the distal gastrectomy subgroup with
only 39 cases. If a larger number of research cases are included
in future studies, statistically significant differences may be
obtained.

The present study found that the 3-year overall survival
rate of patients in the D2+ and D2 groups was 54.1 and 46.7%,
respectively. In the JACCRO GC-07 clinical trial, the 3-year

relapse-free survival rate was 49.6-65.9% in patients with
stage III gastric cancer (38). The present study mostly included
patients with stage III gastric cancer, with 86.5% of patients
in the D2+ group and 80% in the D2 group having stage III
disease. However, the 3-year overall survival rate in the
present study was markedly lower than that in the JACCRO
GC-07 study. It must be noted that education and economic
levels differ among provinces, and the compliance of patients
in Henan is poor. In addition, some patients have insufficient
understanding of gastric cancer, and consider that surgery
alone is sufficient treatment and that postoperative adjuvant
chemotherapy is unnecessary and expensive. Therefore, some
patients did not complete postoperative adjuvant chemo-
therapy, while others completely refused it. However, in the
JACCRO GC-07 study, patients all received postoperative
adjuvant chemotherapy. This may be the reason why the 3-year
overall survival rate in the present study is lower than that of
the JACCRO GC-07 clinical trial. In addition, poor compli-
ance leads to a higher rate of patients being lost to follow-up,
which also reduces the 3-year overall survival rate.

The results of the present study serve as a clinical reference
for D2+ lymph node dissection in patients with obesity. The
findings require confirmation in studies with a larger sample
size and randomized controlled study design. An increased
number of lymph node dissections requires a greater surgical
scope and increased surgical trauma. However, despite the
D2+ group having a prolonged surgical duration and increased
intraoperative blood loss, if there is no significant difference in
postoperative recovery and complications in comparison with
D2 dissection, it is feasible to reasonably expand the scope
of lymph node dissection for certain patients with obesity at
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Figure 2. Comparison of the 3-year overall survival rate for the D2+ and D2 groups.
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Figure 3. Comparison of the 5-year overall survival rate for the D2+ and D2 groups.

stage II-III. The present study found no significant difference
in surgical methods, the rate of conversion to open surgery,
postoperative time to first flatus postoperative hospital stay,
total hospitalization costs, postoperative complications
or mortality within 30 days. Therefore, D2+ lymph node
dissection improves the prognosis of patients and increases
the long-term survival rate, without affecting postoperative
recovery or increasing postoperative complications.

The present study has several limitations. First, as already
mentioned, it is a retrospective study, not a prospective random-
ized controlled study. Second, the sample size of the study is
small, and the follow-up time is short. Third, although there
was no statistically significant difference in the characteristics

of the two groups of patients, this did not overcome all selec-
tion bias. For example, factors associated with the selection
of D2+ or D2 lymph node resection remain. D2+ lymph node
resection is more likely to be performed in patients with a
healthier physical condition and younger average age, which
may improve survival and reduce the incidence of complica-
tions. Finally, the present study was performed at a single
center. The patients enrolled in the study were all operated on
by the same team of physicians in the same hospital, including
the same chief surgeon, first assistant and mirror supporter.
However, the hospital operates on a large scale, performs a
large number of surgeries and has a great amount of experi-
ence in laparoscopic gastric cancer surgery. It is undeniable
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that medical institutions with that perform a larger number
of surgeries and have more experienced gastrointestinal
surgeons can significantly reduce surgical complications
and patient mortality, and can significantly improve the rate
of survival (39,40). Although this eliminates the bias caused
by different surgeons, it also has certain limitations. Since
laparoscopic gastric cancer surgery is more complex than
colorectal surgery, the learning curve is longer, and surgery
for patients with obesity is particularly challenging. Therefore,
it is necessary to collaborate with multicenter medical institu-
tions to obtain a larger sample size and follow up the patients
for a longer time. The analysis of data from multiple centers
will negate the impact of differences in surgical experience
on the research results. In addition, larger-scale prospective
randomized clinical trials are necessary to obtain higher-level
evidence of the clinical efficacy and safety of this surgery.
This should also avoid the influence of selective bias on the
research results.

Summarizing the results of the present study, it can be
concluded that among obese patients with gastric cancer,
although the D2+ group had a longer surgical duration and
slightly more intraoperative bleeding than the D2 group, there
was no difference in postoperative recovery or complications
between the two groups. Moreover, the D2+ group had a
greater number of lymph node dissections and a higher 5-year
survival rate. Therefore, it is suggested that D2+ lymph node
dissection is safe to apply to obese patients with gastric cancer
who are treated in medical institutions with a relatively high
level of surgical experience.
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