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Abstract
Background  The usefulness of sentinel node navigation surgery (SNNS) for early gastric cancer has been demonstrated in 
a multicenter prospective study. However, quality of life (QOL) after local resection remains unclear. This present study 
investigated QOL after local resection and distal gastrectomy.
Methods  We examined 69 patients who underwent laparoscopic distal gastrectomy (LADG) (n = 44) and laparoscopic 
local resection (LLR) (n = 25) in our hospital between September 2011 and May 2018. We conducted a combination of 
laparoscopic and endoscopic approaches to neoplasia with non-exposure technique (CLEAN-NET) with SNNS as LLR. 
All patients had pStage I or II and none had received adjuvant chemotherapy. We evaluated QOL using the postgastrectomy 
syndrome assessment scale questionnaire (PGSAS-45) 1, 6, and 12 months after surgery.
Results  In PGSAS-45, no significant differences were observed between LLR and LADG at 1 and 6 months after surgery. 
At 12 months, the LLR group scored better for some of the subscales (SS). In the endoscopic evaluation, the LLR group 
showed significant improvements in residual gastritis at 6 months (P = 0.006) and esophageal reflux and residual gastritis at 
12 months (P = 0.021 and P = 0.017). A significant difference was observed in the prognostic nutritional index, which was 
assessed using serum samples, between the two groups at 6 months (P = 0.028). The body weight ratio was better in the LLR 
group than in the LADG group at 6 and 12 months (P = 0.041 and P = 0.007, respectively).
Conclusions  CLEAN-NET with SNNS preserved a better QOL and nutrition status than LADG in patients with early gastric 
cancer.
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Introduction

Gastric cancer is one of the most common malignancies and 
patients with advanced gastric cancer have a poor prognosis. 
Gastric cancer is now being detected in the early stages in 
many cases due to recent advances in endoscopic diagnoses. 

Endoscopic mucosal resection and endoscopic submucosal 
dissection (ESD) are currently only performed on patients 
with early gastric cancer. However, standard gastrectomy 
with lymphadenectomy is recommended for histologically 
undifferentiated-type adenocarcinomas and submucosal 
tumors. The sentinel node (SN) is defined as the first drain-
ing lymph node that receives lymphatic flow from the pri-
mary tumor. The SN concept has been analyzed in several 
facilities to prove that sentinel node navigation surgery 
(SNNS) is a safe and minimally invasive surgery for patients 
who need to undergo standard lymphadenectomy [1, 2]. In 
2000, the SN concept for gastric cancer was initially intro-
duced in Japanese studies [3, 4]. We detected SN in 78 (99%) 
out of 79 patients with cT1N0 tumors by 99mTc-radiolabeled 
tin colloid methods, with sensitivity and accuracy rates of 
100% [5]. A prospective multicenter trial on SN mapping 
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for gastric cancer (cT1 and T2) in Japan demonstrated that 
SNNS with basic radioisotope (RI) method is a feasible pro-
cedure [6]. In this study, basin dissection by the dual tracer 
of RI and dye-guided method was confirmed to be safe and 
effective for small T1 or T2 gastric adenocarcinoma. SNNS 
in early gastric cancer may preserve the function and vol-
ume of the remnant stomach. However, it currently remains 
unclear whether function-preserving gastrectomy based on 
the SN concept is superior to conventional gastrectomy, such 
as laparoscopic distal gastrectomy (LADG), for maintaining 
quality of life (QOL) after surgery.

Postgastrectomy syndrome assessment scale (PGSAS)-45 
was designed to assess the symptoms, living status, and QOL 
of patients after gastrectomy [7]. It consists of 45 items, 22 
are original items and 23 were retrieved from the Short-
Form Health Survey (SF-8) and Gastrointestinal Symptom 
Rating Scale questionnaires with permission. Previous stud-
ies reported the assessment of QOL after gastrectomy using 
PGSAS questionnaire [8–11].

The prognostic nutritional index (PNI) assesses the nutri-
tional and immunological status [12]. The PNI is calculated 
from serum albumin level and peripheral lymphocyte counts. 
It is used to predict the outcomes of patients with various 
malignancies [13–17]. PNI is valuable to assess the objective 
evaluation of nutrition status.

There are few studies assessing the QOL and nutrition 
status after laparoscopic local resection (LLR) with SNNS.

In the present study, we investigated QOL using PGSAS-
45 and the nutritional status using PNI after function-pre-
serving gastrectomy by SNNS for early gastric cancer.

Materials and methods

Patients

This was a retrospective study and included 29 patients 
receiving a combination of laparoscopic and endoscopic 
approaches to neoplasia with non-exposure technique 
(CLEAN-NET) with SNNS as LLR and 74 patients 

receiving LADG between September 2011 and May 2018 
at Kagoshima University Hospital, Kagoshima, Japan. 
All patients had pStage I or II gastric cancer and had not 
received adjuvant chemotherapy. We evaluated QOL using 
PGSAS-45 at 1, 6, and 12 months after surgery. Out of 
29 patients receiving LLR, 25 patients who submitted 
PGSAS-45 questionnaire at 12 months were evaluated. 
Among those evaluated, QOL of 15 patients and gastros-
copy of 13 patients could be assessed at 1 and 6 months. 
Likewise, among 74 patients receiving LADG, only 44 
patients who submitted PGSAS-45 questionnaire at 
12 months were evaluated. In this group, we could assess 
QOL of 18 patients and gastroscopy of 27 patients at 1 and 
6 months (Fig. 1). Patients who were unable to complete 
the questionnaires were excluded.

The Ethics Committee at Kagoshima University 
approved this study and all patients provided written 
informed consent for the use of their information.

CLEAN‑NET based on SNNS

Twenty-five patients with early gastric cancer, diagnosed 
as cT1N0M0 with tumors ≤ 40 mm, were retrospectively 
reviewed for CLEAN-NET with SNNS as LLR. One day 
before surgery, 3 mCi (2 ml) of 99mTechnetium-Tin colloid 
was endoscopically injected into the submucosa at four 
sites (0.5 ml each) around the tumor. Indocyanine green 
(ICG) was similarly injected before surgery. During sur-
gery, RI uptake by each lymph node was measured using 
Navigator GPS (Tyco Healthcare, Ltd., Tokyo, Japan) and 
ICG fluorescence was identified by an infrared imaging 
system (OLYMPUS Corporation., Tokyo Japan). These 
patients were classified as the LLR group in the present 
study. Informed consent was obtained from all patients 
based on a document approved by the Ethics Committee 
of the hospital. All patients underwent computed tomogra-
phy, endoscopy, fluoroscopy, endoscopic ultrasonography, 
and ultrasonography before surgery.

LADG received patients (n=74) LLR received patients (n=29)

Available for safety analysis (n=44) Available for safety analysis (n=25)

1 month (n=18) 1 month (n=15)6 months (n=27) 6 months (n=13)12 months (n=44) 12 months (n=25)

Fig. 1   CONSORT flow diagram
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Assessment of postoperative QOL and the remnant 
stomach status

PGSAS-45 is a newly developed set of integrated question-
naires specifically designed to assess postoperative symp-
toms and QOL after gastrectomy. The main outcome meas-
ures (MOMs) of PGSAS-45 comprise seven symptom scales 
(esophageal reflux, abdominal pain, meal-related distress, 
indigestion, diarrhea, constipation, and dumping), four liv-
ing status scales (ingested amount of food per meal, neces-
sity for additional food, quality of ingestion, and ability for 
working), and one QOL scale (dissatisfaction with daily 
life).

We conducted endoscopy 1, 6, and 12 months after gas-
trectomy and evaluated the status of the gastric residue, 
esophageal reflux, and residual gastritis.

Evaluation of changes in body weight and PNI

Changes in body weight (body weight ratio) were calcu-
lated using the following formula: present body weight/
preoperative body weight × 100 (%). PNI was calculated as 
10 × serum albumin (g/dl) + 0.005 × total lymphocyte count 
(per mm3) [12].

Statistical analysis

Statistical analyses of group differences were performed 
using the χ2 test and t test. All statistical calculations were 
performed using SAS statistical software (SAS Institute. 
Inc., Cary, NC). A P value of < 0.05 was considered to be 
significant.

Results

Patient characteristics

Patient characteristics are shown in Table 1. All patients 
had pStage I or II gastric cancer. Tumor sizes were smaller, 
operation time was shorter, and blood loss was lesser in the 
LLR group than in the LADG group (P = 0.004, P = 0.027, 
and P = 0.031, respectively). The number of dissected lymph 
nodes was significantly smaller in the LLR group than in the 
LADG group (P < 0.0001).

Evaluation by PGSAS‑45

Table 2, 3, and 4 show the results of a multiple regression 
analysis of PGSAS MOMs 1, 6, and 12 months after gas-
trectomy. No significant differences were observed in any 
symptom MOMs between the two groups 1 and 6 6 months 

after gastrectomy. The “indigestion symptom subscale 
(SS)”, “ingestion amount of food per meal”, “necessity for 
additional”, “dissatisfaction at the meals”, and “dissatis-
faction for daily life” were better in the LLR group than in 
the LADG group 12 months after gastrectomy (P = 0.013, 
P < 0.0001, P = 0.03, P = 0.007, and P = 0.045, respec-
tively). MOM changes from 1 to 12 months in the LLR 
and LADG groups are shown in Fig. 2. In the LLR group, 
the “quality of the ingestion SS” and “ingested amount of 
food per meal” improved over time.

Evaluation by endoscopy

We compared the status of the gastric residue, esophageal 
reflux, and residual gastritis 1, 6, and 12 months after gas-
trectomy between the LLR and LADG groups. The LLR 
group showed significant improvements in residual gastri-
tis at 6 months and esophageal reflux and residual gastritis 

Table 1   Clinicopathological characteristics of patients

LLR laparoscopic local resection

LLR (n = 25) LADG (n = 44) P value

Gender
 Male 12 30 0.126
 Female 13 14

Age 67.28 (40–81) 68.95 (42–91) 0.247
pT factor
 T1–2 25 42
 T3–4 0 2

Location
 U 3 2
 M 19 20
 L 3 22

pN factor
 N0 24 43
 N1–3 1 1

pStage
 I 25 42
 II 0 2

Histopathological type
 Differ 11 25
 Undiffer 14 19

Tumor size (mm) 18.49 ± 2.77 30.65 ± 2.09 0.0004
Operation time 325.80 ± 17.72 369.3 ± 13.35 0.027
Blood loss 30.8 ± 28.37 98.18 ± 21.38 0.031
Number of lymph 

node dissection
15.76 ± 1.92 27.13 ± 1.45 < 0.0001
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Table 2   Scores of the PGSAS-
45 symptoms at one months 
after gastrectomy

MOMs main outcome measures, SS subscale

MOMs LLR group LADG group P Cohen’s d value

Esophageal reflux SS 1.70 ± 0.578 1.54 ± 0.515 0.412 0.30
Abdominal pain SS 1.71 ± 0.594 1.69 ± 0.757 0.933 0.03
Meal-related distress SS 1.80 ± 0.568 2.04 ± 0.727 0.296 0.38
Indigestion SS 1.77 ± 0.451 1.74 ± 0.510 0.859 0.06
Diarrhea SS 1.38 ± 0.419 1.43 ± 0.530 0.764 0.11
Constipation SS 2.38 ± 1.234 2.00 ± 0.753 0.306 0.39
Dumping SS 2.28 ± 1.010 2.23 ± 1.019 0.889 0.05
Ingestion amount of food 6.50 ± 2.175 5.14 ± 2.222 0.086 0.64
Necessity for additional food 2.13 ± 1.146 2.33 ± 0.745 0.565 0.22
Quality of ingestion SS 3.40 ± 0.573 3.72 ± 0.897 0.224 0.43
Dissatisfaction at meal 2.60 ± 1.143 3.18 ± 1.149 0.158 0.52
Dissatisfaction for daily life 2.11 ± 0.891 2.22 ± 0.993 0.740 0.12

Table 3   Scores of the PGSAS-
45 symptoms at 6 months after 
gastrectomy

MOMs main outcome measures, SS subscale

MOMs LLR group LADG group P Cohen’s d value

Esophageal reflux SS 1.52 ± 0.532 1.43 ± 0.564 0.589 0.17
Abdominal pain SS 1.62 ± 0.664 1.74 ± 0.733 0.608 0.17
Meal-related distress SS 1.56 ± 0.696 1.79 ± 0.861 0.371 0.29
Indigestion SS 1.65 ± 0.710 1.64 ± 0.856 0.969 0.01
Diarrhea SS 1.38 ± 0.520 1.85 ± 1.290 0.110 0.44
Constipation SS 1.69 ± 0.697 1.75 ± 0.745 0.804 0.08
Dumping SS 1.41 ± 1.047 1.51 ± 1.183 0.788 0.09
Ingestion amount of food 8.15 ± 1.291 7.17 ± 2.093 0.077 0.54
Necessity for additional food 1.54 ± 0.634 1.96 ± 0.792 0.079 0.58
Quality of ingestion SS 4.00 ± 0.584 3.63 ± 0.857 0.118 0.49
Dissatisfaction at meal 1.69 ± 0.821 2.15 ± 1.145 0.155 0.45
Dissatisfaction for daily life 1.46 ± 0.498 1.86 ± 0.903 0.079 0.51

Table 4   Scores of the PGSAS-
45 symptoms at 12 months after 
gastrectomy

MOMs main outcome measures, SS subscale

MOMs LLR group LADG group P Cohen’s d value

Esophageal reflux SS 1.37 ± 0.449 1.51 ± 0.622 0.285 0.25
Abdominal pain SS 1.40 ± 0.573 1.45 ± 0.598 0.733 0.09
Meal-related distress SS 1.45 ± 0.497 1.77 ± 0.860 0.054 0.43
Indigestion SS 1.35 ± 0.503 1.72 ± 0.694 0.013 0.59
Diarrhea SS 1.63 ± 0.627 1.72 ± 0.989 0.646 0.10
Constipation SS 1.64 ± 0.771 1.58 ± 0.640 0.743 0.09
Dumping SS 1.64 ± 0.771 2.11 ± 1.189 0.051 0.45
Ingestion amount of food 8.70 ± 1.000 7.36 ± 1.852 < 0.0001 0.85
Necessity for additional food 1.42 ± 0.560 1.77 ± 0.742 0.030 0.52
Quality of ingestion SS 3.92 ± 0.839 3.72 ± 0.945 0.367 0.22
Dissatisfaction at meal 1.32 ± 0.614 1.93 ± 1.208 0.007 0.60
Dissatisfaction for daily life 1.28 ± 0.468 1.58 ± 0.749 0.045 0.46
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Fig. 2   PGSAS-45 from 1 to 
12 months in LLR and LADG 
groups
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at 12 months (P = 0.006, P = 0.021, and P = 0.017, respec-
tively) (Table 5).

Evaluation of changing body weights 
and nutritional indicators

Body weight ratios in the LLR and LADG groups are shown 
in Table 6. The body weight ratio was better in the LLR group 
than in the LADG group at 6 and 12 months (P = 0.041 and 
P = 0.007, respectively). It increased in the LLR group but 
decreased in the LADG group between 1 and 12 months.

PNI was significantly higher in the LLG group than in the 
LADG group at 6 months (53.34 ± 1.348 and 50.357 ± 0.938, 
respectively; P = 0.028).

Discussion

The frequency of nodal metastasis is 1–3% in mucosal can-
cer and 11–20% in submucosal cancer [18]. These findings 
suggest that the majority of patients with early gastric cancer 

undergo unnecessary lymph node dissection. Although 
the clinical indications for ESD have been expanded, the 
Japanese Gastric Cancer Treatment Guidelines recommend 
lymph node dissection for patients meeting the non-indica-
tions for ESD [19]. In this background, SNNS has recently 
been developed as a minimally invasive approach with 
function-preserving surgery for patients with early gastric 
cancer [3, 4].

Goto et al. performed non-exposed endoscopic wall-
inversion surgery (NEWS) based on the SN concept on 
patients with early gastric cancer [20]. On the other hand, 
CLEAN-NET was initially reported by Inoue et al. in 2012 
[21]. This surgical method has the clinical utility of a non-
exposed approach as well as NEWS. In CLEAN-NET, the 
seromuscular layer is dissected from outside the stomach 
using a spatula-shaped electrocautery knife under laparos-
copy and a full-thickness specimen including the tumor is 
dissected using a laparoscopic stapling device to prevent the 
risk of tumor dissemination caused by opening of the stom-
ach [22]. We have performed CLEAN-NET with SN basin 
dissection on selected patients with cT1 and cN0 gastric can-
cer measuring < 4.0 cm in diameter [23]. However, QOL and 
the nutritional status after function-preserving gastrectomy 
by SNNS have not yet been assessed in patients with early 
gastric cancer. To the best of our knowledge, this is the first 
study to examine postgastrectomy syndrome between LLR 
based on the SN concept and conventional LADG.

Postgastrectomy symptoms occur after gastrectomy 
and several of these symptoms appear to worsen QOL. 
PGSAS-45 was newly developed by the Japanese Postgas-
trectomy Syndrome Working party (JPGSWP) to provide 
a valid and reliable integrated index for the evaluation of 
symptoms, living status, and QOL after gastrectomy. In 
recent years, QOL assessments using PGSAS-45 have 
been performed after gastrectomy [24, 25]. Accordingly, 
we herein adopted PGSAS-45 for a functional analysis 
after gastrectomy. In present study, LLR was superior 
to LADG for the “indigestion SS”, “ingested amount of 
food per meal”, “necessity for additional meals”, “dis-
satisfaction at the meals”, and “dissatisfaction for daily 
life SS”. These results were only significantly different at 
12 months after gastrectomy. We believe the difference in 
the clinical symptoms was from some reasons. The rem-
nant stomach volume, gastroparesis and deformation after 
gastrectomy are associated with QOL and several symp-
toms. Remnant stomach volume is important for retention 
to prevent dumping syndrome. Hence, “dumping SS” and 
“ingested amount of food per meal” were better in the 
LLR group than LADG group. Delayed gastric emptying is 
caused by gastroparesis and deformation after gastrectomy. 
Since the LLR group had limited lymphadenectomy and 
the nerves around stomach were preserved, gastroparesis 
and deformation were lesser compared to LADG group. 

Table 5   Evaluation of remnant stomach status by endoscopy

Parameters LLR (%) LADG (%) P value

Gastric residue
 1 month 33.3 31.2 0.907
 6 months 30.7 29.1 0.918
 12 months 36.0 23.2 0.258

Esophageal reflux
 1 month 8.3 6.25 0.832
 6 months 7.6 25.0 0.199
 12 months 0 18.6 0.021

Residual gastritis
 1 month 16.6 50 0.068
 6 months 15.3 62.5 0.006
 12 months 24.0 53.4 0.017

Table 6   Evaluation of body weight ration and PNI in LLR group and 
LADG group

PNI prognostic nutritional index

Parameters LLR LADG P value

PNI
 1 month 51.53 ± 2.00 50.76 ± 1.89 0.967
 6 months 53.34 ± 1.34 50.35 ± 0.93 0.028
 12 months 51.32 ± 1.19 49.55 ± 0.85 0.229

Body weight ratio
 1 month 94.2 ± 0.007 94.0 ± 0.007 0.346
 6 months 97.3 ± 0.017 93.2 ± 0.012 0.041
 12 months 97.4 ± 0.012 93.0 ± 0.009 0.007
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Hence, “indigestion SS”, “necessity for additional meals” 
and “dissatisfaction at the meals” were significantly better 
in LLR group than in LADG group.

For a short period of time after surgery in the LLR group, 
patients were unable to eat the same amount of food as the 
preoperative amount. The remnant stomach after local resec-
tion may lose some functions due to deformation, similar to 
LADG. Moreover, endoscopic findings demonstrated that 
the gastric residue volume was similar between LLR and 
LADG 1 and 6 months after gastrectomy. This may be the 
main reason for the lack of significant differences in PGSAS-
45 symptom scores 1 and 6 months after surgery. Kobayashi 
et al. reported that the QOL of patients after gastrectomy 
had stabilized 1 year after surgery [26]. In the present study, 
esophageal reflux and residual gastritis were significantly 
better in the LLR group than in the LADG group 12 months 
after gastrectomy. Therefore, the LLR group had better out-
comes for the amount of food ingested per meal, the body 
weight ratio, and PNI.

In this study, 11 out of 25 patients in LLR group had 
a lymphatic flow with sentinel node along the left gastric 
artery. In these cases, resection of No. 7 lymph node was 
performed and celiac branch of the vagal nerve (CBVN) 
was cut. CBVN was preserved in the remaining 14 patients. 
Therefore, the worse PGSAS-45 scores observed in the 
LADG group in the present study may depend on the loss 
of the CBVN. Kinami et al. showed that background factors 
in each patient affected postgastrectomy syndromes after 
gastrectomy [27]. They suggested that the preservation of 
the celiac branch in the vagus ameliorated postgastrectomy 
syndromes in patients undergoing distal gastrectomy (DG) 
and proximal gastrectomy. The PGSAS study, using a mul-
tivariate analysis, showed that preservation of the CBVN 
was significantly related to reduced weight loss after distal 
gastrectomy [8]. Also, Furukawa et al. reported that preser-
vation of the CBVN in LPPG is of no clinical benefit [28]. 
Hence, the clinical benefit of preservation of CBVN remains 
unclear and further study is needed to clarify the role of the 
CBVN.

Isozaki et al. reported that local resection resulted in a 
better intake of food and QOL than DG [29]. They recom-
mended local resection for patients with early gastric can-
cer in whom sentinel lymph nodes were observed in one 
lymphatic basin alone. Moreover, Kawamura et al. indicated 
that the reservoir capacity, gastric emptying, and QOL after 
local resection were maintained in the 13C breath test [30]. 
Hence, the size of the gastric remnant may be closely associ-
ated with a better intake of food and QOL. Changed body 
weight is often used as an index which objectively evaluates 
the physical status of postgastrectomy patients and PNI is 
valuable to assess the objective evaluation of nutrition status. 
We think body weight ratio and PNI are affected by ingestion 
amount of food and several symptoms of postgastrectomy. 

Hence, body weight ratio and PNI were better in LLR group 
than LADG group.

The present study had several limitations. This prelimi-
nary study consisted of a retrospective analysis of a small 
population (n = 69) from a single institution, which may have 
resulted in bias that influenced several results. Therefore, 
larger validation studies are needed to strengthen the present 
results.

In conclusion, we demonstrated that LLR with SNNS 
achieved superior results over LADG in terms of the “indi-
gestion SS”, “ingested amount of food per meals”, “neces-
sity for additional food”, “dissatisfaction at the meals”, and 
“dissatisfaction for daily life SS” by PGSAS-45 12 months 
after gastrectomy. The body weight ratio and PNI were better 
in the LLR group than in the LADG group 6 and 12 months 
after gastrectomy. Regarding QOL and the nutritional status, 
LLR based on SNNS is recommended for patients with non-
indication for ESD for early gastric cancer.
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