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Abstract

Objective To investigate the quality of life (QOL) of patients after laparoscopic sentinel node navigation surgery (SNNS)
compared to conventional laparoscopy-assisted distal gastrectomy (LADG) in early gastric cancer patients.

Methods Patients recruited for laparoscopic SNNS surgery between July 2010 and April 2013 were assessed for their QOL.
A historical control group was established, consisting of patients who underwent conventional LADG with radical lym-
phadenectomy from the same institution. QOL questionnaire was taken serially from preoperative week 1 until 12 months
postoperatively (1, 3, 6, and 12 months) using the Korean version of the European Organization for Research and Treatment
of Cancer (EORTC) QOL questionnaire-core (QLQ-C30) and gastric cancer-specific questionnaire (STO22).

Results A total of 80 prospectively gathered patients who received SNNS were categorized into the comparison group (SNNS
group). The QOL was compared with 78 patients identified to have received LADG from the gastric cancer database of our
institution and were sorted into the control group (LADG group). In QLQ-C30, SNNS group showed better functioning
scales in all except role functioning and better scores from the symptom scales in fatigue, insomnia, and diarrhea compared
to the LADG group. In QLQ-STO22, scores on dysphagia, eating restriction, anxiety, and body image disturbance were
better in SNNS group.

Conclusions Postoperative QOL in laparoscopic gastrectomy combined with SNNS is superior compared to conventional
laparoscopic distal gastrectomy in patients with stage I gastric cancer.
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Introduction safety and postoperative quality of life (QOL) of patients by

means of minimally invasive surgery.

Current standard treatment for gastric cancer is gastrectomy
with radical lymphadenectomy [1-3]. It is needless to men-
tion that ensuring the oncologic safety through sufficient
excision is critical to effective treatment. However, with
recent outcomes of clinical trials proving that there is no
benefit from excessively radical surgery [4, 5], the current
paradigm of treatment for early gastric cancer has shifted
from performing radical surgery, to attaining both oncologic
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Laparoscopic surgery is a procedure created in the back-
grounds of minimally invasive surgery. Advantages of lapa-
roscopic gastrectomy include better short term outcomes
and postoperative QOL compared to open gastrectomy [6].
Nowadays, laparoscopy in gastric surgery is popularized and
has advanced to a point where guidelines recommend lapa-
roscopic surgery over laparotomy in EGC [2].

Sentinel lymph node navigation surgery (SNNS) is also a
procedure that was created in efforts to reduce the invasive-
ness and minimize the extent of surgery. Main part of this
procedure includes injecting a dye around the tumor, which
can help accurately visualize and remove the sentinel lymph
nodes [7]. The initial concept of sentinel lymph node biopsy
which started from the treatment of malignant melanoma
and breast cancer [8, 9] has extended to be utilized in gastric
cancer.
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Earlier attempts of SNNS was carried out by using
indocyanine green (ICG) as a sole tracer. Dual tracer
method is a technique introduced by Kitagawa et al. using
both dye and radioisotope, which contributed to a step
forward towards accurate detection of lymph nodes [10].
It has been proven to be a reliable method for predicting
lymph node metastasis in small gastric adenocarcinomas
with mucosal or submucosal invasion. A study result from
our institution using the Dual method also demonstrated
technical feasibility and oncological safety in cTINOMO
gastric cancer patients [11].

Aside from the oncologic outcomes, the effect of SNNS
on the quality of life of patients undergoing surgery for early
gastric cancers is currently unknown. By reducing the extent
of lymphadenectomy and potentially, the extent of gastrec-
tomy by utilizing SNNS, we anticipated improvement in the
postoperative QOL during the follow-up period. This study,
therefore, is aimed to investigate the difference in QOL of
patients who received SNNS compared to conventional
LADG.

Methods
Patients and study design

We assessed the QOL of patients who underwent laparo-
scopic SNNS surgery between July 2010 and April 2013.
Patients who underwent limited gastrectomy after showing
negative findings in the sentinel nodes and have answered
the questionnaires properly during this period were assorted
into the “SNNS group”. To evaluate the QOL of patients in
the SNNS group, we established a historical-comparative
control group consisting of patients who underwent conven-
tional LADG with radical lymphadenectomy. We collected
the information of the patients who received conventional
LADG from the database of Seoul National University Bun-
dang Hospital (SNUBH) from June 2006 to September 2008,
and categorized them into the “LADG group”. The baseline
selection criteria for the constituents of LADG group was
patients who received LADG in an identical manner with
SNNS group except for the SNNS procedure.

The common inclusion criteria were as follows: (1) age,
20 to 80 years; (2) clinical stage, TINOMO and pathological
stage T1-2NOMO according to the AJCC/UICC 7th edition.
The QOL of the SNNS group and LADG group was longi-
tudinally compared.

All participants were fully informed and written informed
consents were obtained for the study. The institutional
review board of Seoul National University Bundang Hos-
pital approved this study (No. B-0812/065-007) and was
conducted in accordance with the Declaration of Helsinki.

Surgical procedures of SNNS

The surgical procedure of SNNS was introduced from our
previous study [12]. To introduce the procedure briefly,
simultaneous indocyanine green (ICG) and techne-
tium-99 m-antimony sulfur colloid (99mTc ASC)-guided
laparoscopic SNNS was performed. A total volume of
4 mL of mixed dual tracers (4.0 mL of 5 g/L ICG and
1 mCi of 99mTc ASC) was injected evenly in four quad-
rants of the submucosal layer of the tumor via intraopera-
tive endoscopy. Within 15 min after endoscopic injection,
the operator detected stained lymph nodes (green nodes)
and radioactive lymph nodes (hot nodes), which have radi-
oactivity equivalent to> 10 times that of the background
activity. Hot and/or green nodes were defined as the sen-
tinel lymph nodes (SNs). Then, sentinel basins (SBs),
which are lymphatic compartments containing SNs, were
dissected and extracted. Bench work was carried out at a
separate back table to pick up the SNs and the non-SNis,
and all dissected SNs were transferred to a pathologist for
frozen sectioning and permanent pathologic examination.
If no SNs were identified during bench work, non-SNs
were used for frozen sectioning.

If all SNs were negative in the frozen sectioning (SN-
negative group), laparoendoscopic limited resection of the
stomach was performed for removal of the primary lesion.
Intraoperative endoscopic submucosal dissection (ESD),
laparoscopic wedge resection, segmental resection (not
including the pylorus in the resection range), and hemigas-
trectomy (including the pylorus) were performed depend-
ing on the location and size of the primary lesion. If any
metastasis was detected in SNs (SN-positive group), the
operation was converted to laparoscopic distal gastrectomy
with radical lymphadenectomy.

Assessment of QOL

The patient QOL was evaluated using the Korean version
of the European Organization for Research and Treatment
of Cancer (EORTC) QOL questionnaire-core (QLQ-C30)
and gastric cancer-specific questionnaire (STO22). The
questionnaire was taken prospectively for both SNNS and
LADG groups; once preoperatively and then serially on
postoperative 1, 3, 6, and 12 months. When more than 30%
of the data from the questionnaire was missing the patient
was excluded from the study, and if less than 30%, the
missing scores were substituted by the median value for
that specific question [13]. Of the 89 SN negative patients,
80 patients (89.8%) answered to the questionnaires prop-
erly and were enrolled in the QOL analysis. We identi-
fied 78 patients who satisfy our inclusion criteria from the
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gastric cancer database of Seoul National University Bun-
dang Hospital and included them in the present analysis.

From the EORTC-QLQ-C30, five functional scales (phys-
ical, role, cognitive, emotional, and social), a global health
status, three symptom scales (fatigue, pain, and nausea/vom-
iting), five single items for common symptoms reported by
cancer patients (dyspnea, appetite loss, insomnia, constipa-
tion, and diarrhea), were obtained. From the EORTC QLQ-
STO22 one functional scale (body image), five symptom
scales (dysphagia, eating restriction, pain, reflux symptoms,
and anxiety), and two single symptom items (dry mouth,
taste) were recorded.

All scores are on a scale of 1 to 100. A higher score for
the functioning scale represents better functioning, and a
higher score for the symptom scale denotes an increased
symptom severity.

The QOL evaluation using DAUGS-32 or PGSAS-45
would have been a correct selection of the questionnaire
since they were developed specifically for post-gastrectomy
patients. However, the only validated questionnaire available
in those days was EORTC-QLQ-C30 and STO22 which was
the best alternative that we were able to use.

Statistical analysis

Analysis of clinicopathological characteristics was done
through Student t-test for continuous variables and chi-
square test for categorical variables. The QOL scores taken
at each follow-up was compared to the baseline preop-
erative score, and the difference was calculated for every
follow-up period. Statistical analysis with respect to the
overall changes of the QOL between the two groups was
done through a generalized estimating equation using the
unstructured covariance matrix. SPSS software (version
18.0; SPSS Inc, Chicago, I11) and R-statistics, version 3.1.1
(R Foundation for Statistical Computing, Vienna, Austria)
was used for all analyses. A p-value of <0.05 was considered
statistically significant.

Results
Baseline characteristics

From July 2010 and April 2013, a total of 80 patients were
recruited into the SNNS group. Among the 80 patients, 8
patients underwent ESD via intraoperative gastroscopy, 8
received wedge resection, 53 received segmental resection,
and 11 received hemigastrectomy. The SNNS group was
compared with the LADG group, consisting of 78 patients
selected from the SNUBH database (Fig. 1).

The general characteristics and the differences between the
two groups are summarized in Table 1. Regarding the tumor
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| LADG group (n=78) | | SNNS group (n=80) |

v
ESD (n=8)
Wedge resection (n=8)
Partial gastrectomy (n=53)
Hemigastrectomy (n=11)

v

Follow-up q 3 months
via Out-patient Clinic

Fig. 1 Flow chart of patient selection and analysis

features, the mean tumor size of LADG group was larger than
that of SNNS group (p=0.030) but there was no difference in
the histological type (p=0.322) and tumor depth (p=0.111).
There was no difference in postoperative complications in
both groups with 3 cases each. Time to soft diet was signifi-
cantly faster in the SNNS group (p <0.001) while time to flatus
showed no difference (p=0.152).

Quality of life after laparoscopic SNNS

The comparison of EORTC QLQ-C30 and QLQ-STO22
scores during the 12 months of follow-up is summarized in
Table 2. The changes in QOL scores at each time point is dis-
played as a diagram with overall significance in Fig. 2a, b. In
the QLQ-C30, global health status (p <0.001), physical func-
tioning (p=0.010), emotional functioning (p <0.001), cog-
nitive functioning (p =0.024), fatigue (p <0.001), insomnia
(»p=0.006), and diarrhea (p =0.007) were statistically better
in the SNNS group. In QLQ-STO22, dysphagia (p =0.009),
eating restriction (p =0.006), anxiety (p <0.001), and body
image disturbance (p=0.003) was statistically better in the
SNNS group.

In subgroup analysis, we divided the SNNS group into two
groups according to the extent of gastric resection: ESD with
wedge resection (n=16) and segmental resection with hemi-
gastrectomy (n=64). ESD and wedge resection group showed
better QLQ-C30 scores than segmental resection and hemigas-
trectomy group in global health status (p <0.001), cognitive
functioning (p =0.012), social functioning (p=0.012), nausea
and vomiting (p =0.024), dyspnea (p =0.008), and insomnia
(p=0.018). For QLQ-STO22, scores were statistically better in
SNNS regarding pain (p=0.039), reflux symptoms (p=0.001),
eating restriction (p =0.045), dry mouth (p=0.021), and taste
(p<0.001). The diagram of the change in QOL for the sub-
group is shown in Fig. 3a, b.

Discussion

The greatest advantage of SNNS is the benefit from func-
tion preservation through limited gastrectomy. These ben-
efits include lowering the incidence of dumping syndrome
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Table 1 Clinicopathological Characteristics SNNS (n=80), (%) LADG (n=78), (%) p-value
characteristics and surgical
outcomes: SNNS vs. LADG Age (mean + SD*) (years) 59.7+12.1 56.9+10.5 0.118
Gender ratio (M:F) 51:29 56: 22 0.280
Comorbidity 36/80 (45.0) 26/78 (33.3) 0.133
Operative procedure 8/8/53/11 <0.001
ESD/WR/SR/Hemigastrectomy
Tumor size (cm) 1.96+1.22 2.40+1.29 0.030
Tumor depth 0.111
Mucosal 61 (76.3%) 49 (62.8%)
Submucosal 17 21.3%) 23 (29.4%)
Proper muscle 2 (2.5%) 6 (7.8%)
Retrieved LNs 16.4+11.9 39.0+12.3 <0.001
Histology 43 (53.8%) 48 (61.5%) 0.322
Differentiated 37 (46.2%) 30 (38.5%)
Undifferentiated
Postoperative complication 3 (3.8%) 3 (3.8%) 1.000
Operative time (min) 198.7+38.1 205.1+60.6 0.401
Soft diet (day) 2.8+0.7 33+0.6 <0.001
Flatus passage (day) 3.0+0.7 32+09 0.152

SNNS: sentinel node navigation surgery, LADG: laparoscopy assisted distal gastrectomy, ESD: Endo-

scopic submucosal resection, WR: Wedge resection, SR: Segmental resection, RY: Roux-en-Y

Table 2 Quality of Life between SNNS and LADG

p value Baseline POD 1 month POD 3 months POD 6 months POD 12 months
SNNS LADG SNNS LADG SNNS LADG SNNS LADG SNNS LADG
QLQ-C30
Global functioning 0.001%  62.20 70.71 59.75 57.90 65.29 69.28 67.97 74.37 69.01 69.61
Physical functioning 0.010*%  86.83 88.15 77.16 72.49 84.61 81.45 86.55 86.87 87.13 88.28
Role functioning 0.180 89.50 89.12 71.27 63.29 85.52 80.58 86.82 87.69 87.23 86.19
Emotional functioning <0.001*  74.42 82.54 80.77 81.13 84.25 84.00 85.22 87.24 86.66 80.54
Cognitive functioning 0.024*  88.59 89.88 90.59 85.63 87.38 83.54 86.90 89.41 86.34 83.72
Social functioning 0.002*%  82.74 86.79 81.55 74.67 86.86 85.47 84.78 89.81 89.09 86.58
Fatigue <0.001*  28.92 23.65 34.03 39.32 25.35 31.04 27.19 24.56 22.22 27.61
Nausea & Vomiting 0.362 7.72 5.38 19.19 8.60 8.49 6.04 7.36 7.44 6.54 7.92
Pain 0.585 8.71 9.03 22.05 26.90 12.82 11.79 10.99 8.69 8.84 6.47
Dyspnea 0.262 6.96 11.46 12.08 20.01 8.16 12.31 6.34 7.98 7.20 8.28
Insomnia 0.006*  23.62 13.64 23.34 23.82 15.45 11.51 17.23 9.81 12.97 13.83
Appetite loss 0.063 15.29 11.50 36.45 37.58 11.16 14.05 14.96 10.44 10.07 13.89
Constipation 0.262 14.82 8.49 23.60 24.28 1591 8.91 12.25 9.81 16.59 6.47
Diarrhea 0.007*  10.88 11.46 14.26 17.86 12.05 20.40 11.82 18.41 17.10 25.83
QLQ-STO22

Dysphagia 0.009* 5.79 5.38 15.95 2222 7.00 10.18 7.10 5.09 5.66 4.89
Pain 0.921 14.86 13.77 24.39 26.55 15.75 15.31 15.25 13.35 14.16 12.19
Reflux symptoms 0.152 13.34 10.74 23.51 17.85 14.75 11.29 17.11 12.64 14.36 11.67
Eating restrictions 0.006* 8.59 7.57 23.26 25.95 12.73 16.00 10.33 12.04 8.07 10.64
Anxiety <0.001*  25.17 12.91 29.78 24.85 26.55 22.79 23.75 16.17 19.37 17.47
Dry mouth 0.063 18.13 17.00 28.32 28.99 14.62 20.46 14.52 17.83 13.29 21.22
Taste 0.116 37.03 38.18 52.40 57.64 42.69 48.13 36.73 41.76 38.81 39.56
Body image disturbance 0.003*  15.72 13.63 28.73 29.37 21.80 28.99 18.14 20.91 15.17 13.83

*Statistically significant (p < 0.05), SNNS sentinel node navigation surgery, LADG laparoscopy assisted distal gastrectomy, POD Postoperative
day, Numbers in the table represent the mean score and the leftmost column represents the p value drawn from Generalized Estimating Equation
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Fig.2 Quality of life for LADG vs. SNNS
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Fig.2 (continued)

[14] and less post-gastrectomy syndromes [15] through
pylorus-preserving gastrectomy. Apart from these objec-
tive results, the significance of performing limited surgery
would be diminished if there is no subjective feedback from
the patients. Hence, the postoperative QOL results of the
patients convey great significance in SNNS.
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Even though QOL is an important aspect of SNNS, onco-
logic safety must not be compromised. Many studies are
reporting SNNS to be technically feasible and oncologically
safe. Our prior phase II study on SNNS for EGC patients
revealed that laparoscopic SNNS can be oncologically safe
in EGC patients [12]. Yaguchi et al. also reported long term
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Fig. 3 Quality of life for ESD or Wedge resection vs. Segmental resection or Hemigastrectomy
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Fig.3 (continued)

outcome for SNNS stating that it can be useful over conven-
tional gastrectomy [16]. A multicenter study in Japan also
confirmed that dual tracer method is safe and effective when
applied to early-stage gastric cancer [17]. Thereby, SNNS is
beginning to be applied to gastric cancer in more and more
institutions.

Reflux symptoms Eating restriction

P= 001 P=.045

N

~ ESDWR - SegiHem = ESDWR - Seg/Hemi

Taste Body image

P<.001 P=.383

~ ESDWR - SegHemi < ESOWR - SegHomi

The diagram in Fig. 2a, b shows a general tendency of the
QOL index to deteriorate sharply in postoperative 1-month,
irrelevant to the type of procedure the patient received, and
gradually recovers after time. The QOL value is markedly
superior in the SNNS group than LADG group in most cat-
egories in terms of lesser exacerbation and faster recovery,
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even when the difference was not statistically significant.
The benefit of SNNS is especially prominent in that the QOL
index related to oral intake, which includes eating restric-
tion, dysphagia, and diarrhea is better in the SNNS group.
The SNNS allows surgeons to inflict less surgical damage
to the vagal innervation through minimal manipulation of
the surrounding tissue, which presumably resulted in less
post-gastrectomy symptoms.

Although the majority of the categories showed superior
values in the SNNS group, there are some parameters that
were not statistically significant; some of these categories
include role functioning, dyspnea, nausea/vomiting, reflux
symptoms, and pain. Another tendency from the QOL dia-
gram that we can observe from these categories is that they
all tended to show similar QOL scores preoperatively and
postoperatively, resulting in a relatively flat shaped diagram.
A flat diagram connotes that the item was not affected by
the surgery, which would most likely result in no statistical
difference.

Looking into the details, our present study did not reveal
any difference in pain between the SNNS group and LADG
group. A previous study comparing the severity of pain
between LADG than open distal gastrectomy [18] reported
significantly less pain from patients who received LADG.
The difference in pain had much association with the amount
of skin incision and wound traction during surgery. Mean-
while, LADG and SNNS share an identical procedure of
making a laparoscopic incision. Therefore, the absence of
difference in pain between the LADG and SNNS groups,
shows that reducing the extent of lymph node dissection
does not contribute to the amelioration of pain.

In addition, the categories related to nausea/vomiting,
and reflux symptoms showed little difference between the
two groups, which is quite unusual. Since the scores in both
LADG group and SNNS group showed little difference
before and after the surgery, a questionnaire more specific
to post-gastrectomy QOL evaluation, such as DAUGS-32
or PGSAS-45, might have given a more accurate analysis
related to post gastrectomy syndrome.

The SNNS group consists of four differently treated
groups, with all four treatments not involving standard
lymph node dissection. To assess the effect of reducing the
scope of gastric resection on QOL, we conducted a subgroup
analysis by grouping the ESD with Wedge resection (n=16)
and Segmental resection with Hemigastrectomy (n = 64).
The results in Fig. 3a, b also show that the QOL of ESD/
Wedge resection group is better than Segmental resection/
Hemi gastrectomy group, denoting that limiting the amount
of stomach resection clearly has a positive impact on postop-
erative QOL. Isozaki et al. reported the postoperative QOL
after limited gastrectomy and concluded that better QOL can
be achieved through limited gastrectomy [18]. The result
of our subgroup analysis is along the same line, with the
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addition that this could be safely achieved through SNNS.
A study from Wu et al. also reported that changes of QOL
are largely affected by the scope of gastric resection and
disease status, rather than the extent of lymph node dissec-
tion [19]. Another study comparing QOL between patients
who received ESD and standard gastrectomy also concluded
that ESD provides better QOL in the early post-treatment
period [20].

Despite our positive results for SNNS, this study has
several limitations. Firstly, even though prospectively col-
lected data were used for SNNS patients, the data for the
LADG group was historically gathered and retrospectively
analyzed, creating an inevitable bias in the results. Secondly,
the laparoscopic experience of the surgeon has advanced
over time, which could have affected the result. To minimize
the effect of improvement in surgeon proficiency, we had
to compare the SNNS group to a historical group with a
similar type of gastrectomy done in the simultaneous period.
While LADG was the main procedure in that period, gas-
trectomy performed after the patients enrolled with SNNS
were mainly done with a totally laparoscopic method with
automated staplers, both of which could create bias.

Several studies have previously been conducted to evalu-
ate the QOL after SNNS and demonstrated positive results
[21, 22]. Our study is also another attempt to explore the
benefits of SNNS which may contribute to a better under-
standing of SNNS. Further prospective randomized studies
in a multicenter scale are needed for more concrete evi-
dence for the effectiveness of SNNS in gastrectomy. The
SENORITA trial [23] is a large scale multicenter phase III
randomized control trial with patients randomized to lapa-
roscopic stomach-preserving surgery with SBD or standard
surgery. This study is yet to report the outcomes, which is
expected to give a more in-depth analysis of SNNS.

In conclusion, postoperative QOL in laparoscopic gas-
trectomy combined with SNNS is superior in multiple cat-
egories compared to conventional laparoscopic distal gas-
trectomy in patients with stage I gastric cancer.
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