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Abstract

Objective: This study aimed to study the effects of laparoscopic-assisted radical gastrectomy

(LAG) and open radical gastrectomy (OG) on immune function and inflammatory factors in

patients with early gastric cancer.

Methods: Seventy-five patients with pT1N0M0 gastric cancer in Ren Ji Hospital from August

2017 to January 2018 were studied. Lymphocytes subsets and interleukins were compared pre-

operatively and on the third postoperative day (POD3) and seventh postoperative day (POD7).

Results: There were no significant differences in age, sex, body mass index, duration of the oper-

ation, estimated blood loss, total gastrectomy rate, postoperative first fluid diet, and the levels

of preoperative lymphocytes subsets and interleukins between the two groups. The number of

CD4þ T cells and the CD4þ/CD8þ ratio in the LAG group were significantly higher than those

in the OG group on POD3. However, the number of CD8þ T cells, and interleukin-6 and interleukin-

8 levels in the LAG group were significantly lower than those in the OG group on POD3.

Conclusions: Laparoscopy can effectively reduce the levels of inflammatory factors and has less

effect on the immune system than OG.
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Introduction

Laparoscopic-assisted radical gastrectomy
(LAG) with D2 lymphadenectomy has
been increasingly adopted by gastroenterol-

ogy surgeons for treating patients with early
gastric cancer. LAG has several short-term
advantages, such as an earlier recovery, less

pain, shorter hospitalization time, and
lower complications rate compared with

open radical gastrectomy (OG) as shown
in clinical trials.1–3 However, the effects of
LAG or OG with D2 lymphadenectomy on

immune function and inflammatory factors
during hospitalization postoperatively
remain largely unknown.

Several investigators have assumed that
laparoscopic surgery affects immune func-

tion and inflammatory factors.4–5

Nevertheless, a few studies have shown
that laparoscopic surgery contributes to

relieving surgical trauma and protecting
systemic immunity in clinical practice.6–7

Therefore, the effects of laparoscopic sur-

gery on immune function and inflammatory
factors remain controversial. On the basis

of these previous conflicting findings, we
designed this retrospective study to examine
immune and inflammatory responses in

patients with early gastric cancer who
underwent LAG or OG without experienc-
ing postoperative complications.

Materials and methods

Ethics statement

The study was approved and supervised by

the Research Ethics Committee (2016-
135K) of Ren Ji Hospital. This study was
also registered in the Chinese Clinical Trial

Register (ChiCTR), which is a primary reg-
ister of the WHO International Clinical
Trials Registry Platform (SN. ChiCTR-

PIC-17012358). Informed consent was
obtained from all individual participants
who were included in the study. Research

was in compliance with the Declaration of
Helsinki (http://www.wma.net/en/30publi
cations/10policies/b3/index.html).

Patients

From August 2017 to January 2018,
patients with gastric cancer, which was ver-
ified by endoscopy and biopsy, as well as by
preoperative enhanced computed tomogra-
phy scans of the abdominal pelvis
indicating cT1-2N0M0 (determined using
Japanese Gastric Cancer Association classi-
fications),8 were enrolled in this study. All
patients received preoperative evaluations,
including blood tests, chest X-rays, and
electrocardiograms. The exclusion criteria
included the following: (1) aged younger
than 20 or older than 80 years; (2) pregnan-
cy; (3) blood transfusion; (4) postoperative
complications occurred; (5) American
Society of Anesthesiologists grade III;
(6) preoperative chemotherapy or chemora-
diotherapy; and (7) not pT1N0M0 stage.

Allocation to groups

Once eligibility was confirmed, patients
who were willing to accept laparoscopic
surgery were assigned to the LAG group.
Concurrently, the other eligible patients
were assigned to the OG group.

Surgical procedure

LAG and OG were performed by a single
gastrointestinal surgical team who had ade-
quate experience in OG and LAG with D2
lymphadenectomy. The resection pattern of
distal, proximal, or total gastrectomy and
reconstruction methods were dependent on
the site of the tumor and the extent of gas-
trectomy, respectively. In the LAG group,
after umbilical puncture, CO2 pneumoperi-
toneum was established with maintenance
of intra-abdominal pressure at 13 to
15mmHg. A 12-mm trocar was placed at
the umbilicus with a 30�mirror as the

304 Journal of International Medical Research 47(1)

http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html


observation port. Punctures were created by

the 12-mm trocar below the costal margin

of the left anterior axillary line, 5 cm left of
the navel, 5 mm below the costal margin of

the right anterior axillary line, and 12 mm

upper of the right mid-clavicular line. This

was performed to position a sheathed

needle and laparoscopic camera lens for

exploration of the abdomen. According to
Japanese gastric cancer treatment guide-

lines 2014 (ver.4), D2 lymphadenectomy

was adopted in the LAG and OG groups.9

At the end of surgery, the abdominal cavity

was cleaned by 2000 mL normal saline and

two or three drainage tubes were placed at
the incision of right or left anterior axillary

line. Antibiotics were routinely provided

after surgery.

Measurement of peripheral lymphocyte

subsets and interleukins

A total of 10 mL of peripheral venous

blood was collected preoperatively and on

postoperative day (POD) 3 and POD7.
Absolute white blood cell (WBC), neutro-

phil, and lymphocytes counts were deter-

mined with an automated cell counter

(Beckman LH750; Beckman Coulter, Brea,

CA, USA). Total T lymphocytes, B lympho-

cytes, CD4þ T cells, CD8þ T cells, and nat-
ural killer (NK) cells were measured by flow

cytometry (EpicsXL; Beckman Coulter).

The monoclonal antibodies used for immu-

nophenotyping were purchased from

Becton, Dickinson and Company (Franklin

Lakes, NJ, USA). Levels of interleukin-6,
interleukin-8, and interleukin-10 in plasma

were measured using ELISA kits (Dakewei

Inc., Beijing, China) according to the manu-

facturer’s instructions. Samples were tested

in triplicate.

Statistical analysis

Data are presented as mean� standard

deviation. Data between the groups were

analyzed by the Students t test or chi-
square test. Differences were considered

statistically significant at P< 0.05.
Statistical analysis was performed using
SPSS for Windows, Version 13.0 (SPSS

Inc., Chicago, IL, USA).

Results

Baseline characteristics

Seventy-five patients were enrolled in our
study (Table 1). Among the 37 patients

who had LAG, 23 were men and 14 were
women. The mean age of the LAG group
was 60.99� 11.2 years. Among the 38

patients who had OG, 25 were men and
13 were women. The mean age of the OG
group was 62.76� 11.0 years. There were

no significant differences in age, the sex
ratio, body mass index, duration of the

operation, estimated blood loss, gastrecto-
my patterns, and postoperative first fluid
diet between the two groups. However, the

LAG group experienced a significantly
shorter postoperative hospital stay than

did the OG group (P¼ 0.001).

Immune responses in peripheral blood

WBCs, neutrophils, lymphocytes, and the

profiles of lymphocyte subsets were tested
in our clinical laboratory department.
There were no significant within-group dif-

ferences in immune responses. No signifi-
cant differences in WBC, neutrophil,

lymphocyte, T lymphocyte, B lymphocyte,
and NK cell counts were found between the
LAG and OG groups at any time point

after the operation (Figure 1). However,
the number of CD4þ T cells (P< 0.001)

and the CD4þ/CD8þ ratio (P< 0.01)
were significantly elevated, while the
number of CD8þ T cells (P< 0.05) was sig-

nificantly lower on POD3 in the LAG
group compared with the OG group
(Figure 2). On POD7, the counts of

Xia et al. 305



WBCs, neutrophils, lymphocytes, T lym-
phocytes, B lymphocytes, NK cells, CD4þ
T cells, and CD8þ T cells and the CD4þ/
CD8þ ratio tended to return back to

preoperative baseline levels in both
groups, with no significant differences
were observed between the LAG and OG
groups (Figures 1 and 2).

Figure 1. Changes in WBC (a), NEU (b), LMY (c), T cell (d), B cell (e), and NK (f) cell counts in patients
who received LAG or OG. Values are presented as mean� standard deviation.
WBC: white blood cell; NEU: neutrophil; LMY: lymphocyte; NK: natural killer; LAG: laparoscopic-assisted
radical gastrectomy; OG: open gastrectomy.

Table 1. Baseline and operative data.

LAG (n¼ 37) OG (n¼ 38) P

Age (years) 60.99� 11.2 62.76� 11.0 0.087

Sex ratio (M:F) 23:14 25:13 0.744

BMI (kg/m2) 22.04� 2.8 22.44� 8.1 0.563

Duration of operation (hours) 0.571

�3 22 (59.5%) 25 (65.8%)

<3 15 (40.5%) 13 (34.2%)

Estimated blood loss (mL) 1.000

�150 3 (8.1%) 4 (10.5%)

<150 34 (91.9%) 34 (89.5%)

Gastrectomy patterns 0.514

Partial 26 (70.3%) 24 (63.2%)

Total 11 (29.7%) 14 (36.8%)

Postoperative hospital stay (days) 9.90� 2.9 10.48� 2.8 0.001

Postoperative first fluid diet (days) 5.50� 1.92 5.48� 2.06 0.629

Values are mean� standard deviation or n (%). BMI: body mass index; M: male; F: female; LAG: laparoscopic-assisted

radical gastrectomy; OG: open gastrectomy.
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Inflammatory responses in peripheral blood

Inflammatory factors, such as interleukin-6,

interleukin-8, and interleukin-10 levels were

also analyzed perioperatively. No significant

differences in these interleukins were

observed between the LAG and OG

groups preoperatively. On POD3,

interleukin-6, interleukin-8, and interleukin-

10 levels were increased in both groups com-

pared with before the operation, but these

differences were not significant. However,

interleukin-6 (P< 0.01) and interleukin-

8 (P< 0.05) levels in the LAG group were

significantly lower than those in the OG

group. However, on POD7, these interleu-

kins all returned to preoperative levels and

they were significantly different between the

LAG and OG groups (Figure 2).

Discussion

Gastric cancer is one of the most frequent

malignant tumors, which have a high

morbidity and mortality worldwide, espe-
cially in east Asian countries, such as
Japan, Korea, and China.10 To date, sur-
gery remains the primary treatment for gas-
tric cancer, and laparoscopic surgery has
gradually spread and prevailed in surgical
management of early gastric cancer, espe-
cially in east Asia.2,3,11 In the present
study, we explored immune function and
inflammatory factors of patients with
pT1N0M0 gastric cancer who were treated
with LAG or OG with D2 lymphadenec-
tomy without experiencing postoperative
complications. After removing the effects
of advanced tumors and postoperative
complications on the immune and inflam-
matory system, we found that the number
of CD4þ T cells and the CD4þ/CD8þ
ratio were decreased in the two groups on
POD3 compared with before surgery.
However, these variables were significantly
higher in the LAG group than in the OG
group. The number of CD8þ T cells, and
interleukin-6 and interleukin-8 levels in the

Figure 2. Changes in CD4þ T cells (a), CD8þ T cells (b), the CD4þ/CD8þ ratio (c), and interleukin-6 (d),
interleukin-8 (e), and interleukin-10 (f) levels in patients who received LAG or OG. Values are presented as
mean� standard deviation. LAG: laparoscopic-assisted radical gastrectomy; OG: open
gastrectomy. *P< 0.05, **P< 0.01, ***P< 0.001 compared between the LAG and OG groups.
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LAG group were significantly lower than
those in the OG group on POD3.
However, these indices returned to preoper-
ative levels on POD7.

Fluctuation in immune function and
inflammatory responses before and after
surgery may reflect the amplitude of
trauma and stress of the operation.
Theoretically, surgical stress and wounds
are directly related to impairment of the
immune system and secretion of a variety
of cytokines, thus causing negative effects
on patients’ short-term and long-term out-
comes. However, laparoscopic surgery, as a
minimally invasive technique, might pre-
serve the innate immune system and atten-
uate inflammatory responses accompanied
by a rapid return to preoperative levels,
probably due to decreased surgical trauma
and stress.5,6,12

The immune reactions caused by tumors
are mainly mediated by T lymphocytes.
T cell subsets, including CD4þ, CD8þ,
and CD4þ/CD8þ, are regarded as a reflec-
tion of immune function.13 After being acti-
vated, CD4þ is an assistant and inducer
T cell that releases a large number of cyto-
kines and plays a major role in antitumor
responses. CD8þ is known as a cytotoxic
T cell and is capable of cleaning viruses
and adhesions.14,15 The CD4þ/CD8þ
ratio reflects the steady state of the
immune system and if this ratio decreases,
this indicates that the immune function is
depressed, and consequently, proliferation
of cancer cells is activated. Notably, a low
CD4þ/CD8þ ratio is also generally consid-
ered as a predictor for the severity of dis-
ease or a poor prognosis.16,17 Accordingly,
our results indicated that less trauma and
effects on immune function resulting from
laparoscopic surgery might be good for
recovery postoperatively and have potential
benefits on long-term survival.

Interleukins, which are types of circulat-
ing proinflammatory cytokines, can reflect
the extent and severity of surgical

procedures.18 Interleukin-6 is a sensitive
marker for surgical stress, and generally
the greater the surgical trauma is, the great-
er the change in interleukin-6 levels.19

Consistent with other studies,20–22

interleukin-6 levels were significantly lower
in the LAG group than in the OG group on
POD3, although interleukin-6 levels were
increased in both groups. Consequently,
LAG treatment might have less surgical
stress and reduced inflammatory responses,
which would result in a better long-term
prognosis. Interleukin-8 is another key
mediator that is associated with an inflam-
matory response, and is secreted by macro-
phages and lymphocytes in the surgical
microenvironment.6 Interleukin-8 might
act as a growth factor in colon cancer cells
or a promoter of division. Therefore, lower
interleukin-8 levels probably inhibit cancer
cell proliferation.

There are a few limitations in our study.
First, the sample size of included patients
was small. Further large-scale clinical
trials are required to confirm if LAG has
more benefits in the immune and inflamma-
tory system compared with OG. Second,
the long-term relationship among immuni-
ty, inflammatory factors, and prognosis
caused by LAG or OG needs to be evaluat-
ed. Finally, although we minimized bias by
excluding patients with advanced patholog-
ical stages and experiencing postoperative
complications, the retrospective nature of
our database may have introduced a few
inevitable biases.

In conclusion, comparison between OG
and LAG regarding their effects on immune
and inflammatory states provides a theoret-
ical foundation for selecting minimally
invasive surgery for gastric cancer. The
relationships between patients’ long-term
outcomes and better preserved immune
responses, as well as less activated inflam-
matory factors, remain obscure. Therefore,
a longer follow-up of our study is required
in the future.
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