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Purpose: To compare the lymph node yields of lymph node packet submission (PS), packet
submission after isolation by surgeons (PSI), and en bloc lymph node submission (EBS) after
gastrectomy.

Methods: We conducted a prospective study including 118 gastric cancer patients who
underwent gastrectomy between June 2016 and August 2016. We also retrospectively
reviewed 607 patients who underwent gastrectomy from May 2015 to May 2016.
Following gastrectomy, lymph node specimens were either submitted en bloc (EBS group),
divided into packets with accompanying adipose tissue according to the lymph node stations
(PS group), or isolated individually based on the surgeon’s visualization and palpation before
submission to the Pathology Department (PSI group).

Results: The average lymph node yield was significantly higher in the PSI compared with
the PS group in the prospective study (46.5£19.4 vs 31.8+11.1), and significantly higher in
the PS compared with the EBS group in the retrospective study (31.5+12.6 vs 23.9+8.9)
(both P<0.001). There was no significant difference in positive lymph node yields in either of
these comparisons (prospective study, P=0.581; retrospective study, P=0.489). The survival
curve indicated no significant difference between the PS and PSI groups (log rank P=0.957);
however, these three groups share different lymph node ratio (LNR).

Conclusion: PSI could yield more lymph nodes than PS or EBS with a lower LNR at
pathological examination. However, the difference in lymph nodes harvested had no impact
on survival, which may need further investigation.
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Introduction

Gastric cancer is one of the most prevalent cancers and main causes of cancer-
related deaths worldwide, ranking fifth in terms of morbidity and third in terms of
mortality." A database indicated that an estimated 6.7 million new cases of cancer
were diagnosed in older adults in 2012, wherein gastric cancer stands in fourth
place; the incidence is expected to expand substantially by 2035 according to
calculation and prediction, which will bring considerable and unique challenges
to health systems.” Gastric cancer has a poor prognosis, with a 5-year survival rate
of <25%.%> Most confirmed clinical cases involve progressive gastric cancer, and
surgery remains the mainstay of combined treatment.

More than half of all gastric cancer patients have lymph node metastases at their
initial diagnosis or before surgical treatment, which contributes to the generally poor
prognosis.* The number of lymph node metastases is an important indicator for
clinical staging; it can help to evaluate the quality of the surgery and can also
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influence postoperative treatment strategies. Several studies
have shown that patients with negative lymph node metas-
tasis have a better prognosis than those with lymph node
metastasis,” and the prognosis of patients without lymph
node metastasis may improve when more lymph nodes are
examined.® Furthermore, the number of positive lymph
nodes can be used as an independent prognostic factor for
overall and disease-free survival.’” During surgery, gastric
resection and corresponding lymph node dissection are
important factors affecting the success of radical gastrect-
omy and reducing postoperative recurrence. The 2017 edi-
tion of the National Comprehensive Cancer Network
Guidelines pointed out that gastric resection should include
the regional lymphatics-perigastric lymph nodes (D1) and
those along the named vessels of the celiac axis (D2), with
the goal of examining at least 15 lymph nodes. However,
there is currently no widely recognized standard in terms of
the appropriate number of lymph nodes required for accu-
rate staging of gastric cancer. The recommendation of
detecting at least 15 lymph nodes is based on avoiding
staging migration, but the use of this criterion to evaluate
patient prognosis remains controversial.'®!!

Our center routinely performs D2 radical surgery for
patients with operable gastric cancer. En bloc lymph node
submission (EBS) was initially carried out for the patholo-
gical analysis of gastric cancer specimens in the early years,
but given that the number of lymph nodes provided was
relatively low, this procedure was replaced with lymph node
packet submission (PS), which increased the average num-
ber of lymph nodes harvested to above that reported in a
study in the United States, but still lower than reported in a
Japanese study.'>'* However, very few cases reported
fewer than 15 lymph nodes for postoperative pathological
examination after PS. Based on previous data analysis, we
therefore introduced packet submission after isolation by
surgeons (PSI).

In this study, we compared the numbers of lymph
nodes harvested and numbers of positive lymph nodes
detected following EBS, PS, and PSI, to explore the bal-
ance between accurate positive lymph node acquisition
and the efficiency of specimen handling.

Methods

This research comprised a retrospective study and a pro-
spective study. The retrospective study involved patients
who underwent gastric cancer surgery during the period
when our center performed EBS and PS, and the prospec-
tive study was conducted to compare the difference in

numbers of lymph nodes detected between the PS and
PSI procedures.

Patients
All of the patients were diagnosed with gastric carcinoma
and underwent radical gastrectomy at the Chinese People’s
Liberation Army General Hospital. The study was
Chinese PLA General
Review Board and Ethics

approved by the Hospital

Institutional Committee.
Written informed consent was obtained from all patients
for the prospective study, and patient written informed
consent in the retrospective study was waived due to its
retrospective nature. All procedures were conducted in
accordance with the guidelines of the hospital’s ethics
The data

included in this research was kept anonymous and con-

committee and the Declaration of Helsinki.

fidential. The retrospective study included 607 patients
who underwent surgery from May 2015 to May 2016,
including 168 in the EBS group and 439 in the PS
group. All surgeons were well trained with at least 5
years of surgical experience. The prospective study
enrolled 118 patients (59 each in the PS and PSI groups)
who underwent surgery from June 2016 to August 2016.
Patient-related data included gender, age, hospitalization
days (HOD), postoperative days (POD), and body mass
index (BMI). Surgery-related data included surgeon’s
experience, gastrectomy selection (subtotal or total),
mode of operation (open or laparoscopic), duration of
operation, and surgical blood loss. Pathology-related data
included tumor size, location (upper, median, lower), his-
tological classification (well differentiated, G1; moderately
differentiated, G2; poorly differentiated, G3), T stage, N
stage, pathological stage, number of lymph nodes har-
vested, and number of positive lymph nodes.

Details Of EBS, PS, And PSI

In the EBS group, specimens were stored in formalin solu-
tion after surgical en bloc dissection and then sent to the
Pathology Department for further examination. In the PS
group, specimens were processed with the accompanying
adipose tissue and divided immediately into different pack-
ets according to the lymph node stations noted in the 13th
Japanese Classification of Gastric Carcinoma, after surgical
dissection. All divided specimens were stored and sent to
the Pathology Department separately. In the PSI group,
specimens were processed into different groups similarly
to the aforementioned PS procedure, but the lymph nodes
were isolated and sorted individually based on visual
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examination and palpation by the surgeons and/or well-
trained assistants before submission to the Pathology
Department (Figure 1). All of the isolated specimens were
also isolated and sorted by pathology assistants in the
Pathology Department. Lymph node metastasis was diag-
nosed using single-plane examination, and immunohisto-
chemistry was carried out in poorly differentiated cases.

Statistical Analysis

Data are displayed as the mean + SD. Categorical vari-
ables were compared using the chi-squared test.
Continuous variables were analyzed using the normality
test and variance homogeneity test to determine whether
they conformed to a normal distribution and to demon-
strate homogeneity of variance. A two-sample #-test or
Mann—Whitney U-test were selected according to the test
results. Overall survival was analyzed using the Kaplan—
Meier method. Graphs were drawn using GraphPad Prism
version 7. The null hypothesis was rejected when 0<0.05,

and P<0.05 was regarded as a significant difference.

Results

Retrospective Study

The patient-, surgery-, and pathology-related data for
patients in the retrospective study are shown in Table 1.
There was no significant difference between the EBS and
PS groups in terms of individual factors including gender,
BMI, HOD, or POD, or in surgery-related variables
including surgeon’s experience and gastrectomy selection
(P>0.05). However, patients in the EBS group were sig-
nificantly older than those in the PS group (59.4+10.7 vs
57.1£11.3 years; P=0.026). There were also significant
differences between the groups in terms of mode of opera-
tion (P<0.001), duration of operation (P<0.001), and sur-
gical blood loss (P=0.013). Regarding the pathological
results, there was no significant difference between the

two groups in terms of tumor size, histological classifica-
tion, T or N stage, or pathological stage (P>0.05).
However, there was a significant difference in tumor loca-
tion (P=0.024) (Table 1).

The average number of lymph nodes harvested was
significantly higher in the PS group than in the EBS
group (31.5£12.6 vs 23.9+8.9; P<0.001) (Figure 2A).
However, there was no significant difference in the aver-
age number of positive lymph nodes between the PS and
EBS groups (5.0£8.3 vs 4.5+6.3; P=0.489) (Figure 2B).
The correlation between the number of lymph nodes har-
vested and positive lymph nodes harvested in the retro-
spective study is illustrated in Figure 2C-D. We further
investigated the minimum average lymph node diameter in
the EBS and PS groups, which showed a significant dif-
ference between the two groups (P<0.001) (Figure 2E), the
average diameter in the PS group being lower than that in
the EBS group.

PS harvested significantly more lymph nodes than EBS
in patients stratified according to sex, age (<60 or >60
years), BMI (<27 or >27), surgeon’s experience, gastrect-
omy selection, mode of operation, and tumor location. The
average number of lymph nodes harvested was also sig-
nificantly higher in the PS group compared with the EBS
group in relation to T, N, and pathological stage (Table 2).
Furthermore, significantly more patients in the PS group
had at least 25 lymph nodes harvested compared with the
EBS group (67.2% vs 44%, respectively; P<0.001).

Prospective Study

The patient-, surgery-, and pathology-related variables for
patients in the PS and PSI groups in the prospective study
are listed in Table 3. There was no significant difference
between the two groups in terms of individual factors includ-
ing gender, age, HOD, POD, BMI, or in surgery-related fac-
tors including surgeon’s experience, gastrectomy selection,

B

Figure | PS and PSI specimen sorting. (A) Processed specimens in sorting box. (B) Lymph node packet submission specimens sorted into lymph node stations. (C) Packet

submission after isolation by surgeons sorted into lymph node stations.
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Table | Gastric Cancer-Relevant Variables In The EBS Group And PS Group

EBS Group (N=168) PS Group (N=439) P value

Patient-related data

Male, n (%) 123 (73.2%) 308 (70.2%) 0.458

Female, n (%) 45 (26.8%) 131 (29.8%)

Age (years) 59.4+10.7 57.1x11.3 0.026

HOD (days) 18.3+8.6 17.9£10.8 0.247

POD (days) 12+7.1 12.1£10 0.088

BMI (kg/m?) 24+3.6 24+3.3 0.967
Surgery-related data

Surgeon’s experience (215 years) 132 324 0.224
Gastrectomy selection, n (%)

Subtotal 108 (64.3%) 292 (66.5%) 0.604

Total 60 (35.7%) 147 (33.5%)

Mode of operation, n (%)

Open 131 (78%) 187 (42.6%) <0.001
Laparoscopic 37 (22%) 252 (57.4%)
Duration of operation (min) 191.3£53.7 224.8+59.6 <0.001
Surgical blood loss (mL) 272+453.8 210.7£272.1 0.013
Tumor size (cm) 4.7+2.8 4.3+2.6 0.105
Tumor location, n (%)
Upper third 37 (22%) 63 (14.4%) 0.024
Median third 47 (28%) 108 (24.6%)
Lower third 84 (50%) 268 (61%)
T stage, n (%)
TI 37 (22%) 129 (29.4%) 0.324
T2 23 (13.7%) 58 (13.2%)
T3 95 (56.5%) 219 (49.9%)
T4 13 (7.7%) 33 (7.5%)
N stage, n (%)
NO 69 (41.1%) 191 (43.5%) 0.756
NI 23 (13.7%) 69 (15.7%)
N2 31 (18.5%) 77 (17.5%)
N3 45 (26.8%) 102 (23.2%)
Histological classification, n (%)
GI+G2 74 (44%) 196 (44.6%) 0.894
G3 94 (56%) 243 (55.4%)
Pathological stage, n (%)
[ 45 (26.8%) 140 (31.9%) 0.156
Il 50 (29.8%) 145 (33%)
11 73 (43.4%) 154 (35.1%)

Abbreviations: HOD, hospitalization days; POD, postoperative days; BMI, body mass index.

mode of operation, duration of operation, or surgical blood
loss (P>0.05). There was also no significant difference in
pathological examination results in terms of tumor size, loca-
tion, and histological classification, or in T, N, or pathological
stage (P>0.05) (Table 3).

The average number of lymph nodes harvested in the
PSI group was significantly higher than in the PS group
(46.5+£19.4 vs 31.8+11.1; P<0.001) (Figure 3A). However,
there was no significant difference in the average number
of positive lymph nodes between the two groups (7.3£11.8
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Figure 2 Lymph nodes harvested in EBS and PS groups. (A and B): Average number of lymph nodes harvested in EBS and PS groups (*P<0.05). (C and D) Correlation
between the number of lymph node harvested and positive lymph node harvested in EBS and PS groups. (E) The minimum average lymph node diameter in EBS and PS

groups (*P<0.05).

vs 7.7+10.8, respectively; P=0.581) (Figure 3B). These
results indicated that the PSI procedure resulted in harvest-
ing of more lymph nodes for pathological examination in
comparison with PS, but did not significantly affect the
detection of positive lymph nodes. The correlation
between the number of lymph nodes harvested and posi-
tive lymph nodes harvested in the prospective study is
illustrated in Figure 3C-D. No significant difference was
found in the minimum average lymph node diameter
between the PS and PSI groups (P=0.872) (Figure 3E).
We further analyzed the number of lymph nodes harvested
from different lymph node stations and found a signifi-
cantly higher yield of lymph nodes in the PSI group than
in the PS group from stations 1, 3, 5 and 2, 4, 6 (P=0.006
and P=0.001, respectively), but not 7, 8, 9 and 10, 11, 12
and others (P=0.142 and P=0.06, respectively). There was
no significant difference in overall survival in the PS and
PSI groups after 33 months of follow-up (log rank
P=0.957) (Figure 4).

PSI harvested significantly more lymph nodes than PS
in men and patients aged >60 years, as well as in patients
stratified according to BMI (<27 and >27), surgeon’s

experience, gastrectomy selection, mode of operation,
and tumor location. However, there was no significant
difference between the procedures in women and in
patients aged <60 years. The average number of lymph
nodes harvested was significantly higher in the PSI group
than in the PS group in relation to T, N, and pathological
stage (Table 4). Notably, more patients in the PSI group
had at least 25 lymph nodes harvested compared with the
PS group (89.8% vs 72.9%; P=0.018).

Numbers Of Lymph Nodes Harvested

And Lymph Node Ratio

The lymph node ratio (LNR) is the proportion of positive
lymph nodes at postoperative pathological examination
relative to the total number of lymph nodes harvested.
The study included a total of 725 clinical cases, and we
further analyzed the average and median numbers of
lymph nodes harvested as well as the LNR in lymph
node-positive cases. The average (median) numbers of
lymph nodes harvested were 48.8 (51.5) and the average
(median) LNRs were 0.256 (0.171) in the PSI group, 33.4
(32) and 0.274 (0.167) in the PS group, and 24.6 (23) and
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Table 2 Lymph Node Counts Stratified By Relevant Variables In
The EBS Group And PS Group

EBS Group PS Group P value
(N=168) (N=439)

Lymph node counts 23.9+8.9 31.5+12.6 <0.001
Male 22.2+8.6 30.6+12.2 <0.001
Female 28.617.9 334135 0.025
Age<60 24.47.9 31.312.6 <0.001
Age=60 23.619.6 31.6x12.6 <0.001
BMI<27 24.319.4 31.6x12.5 <0.001
BMI=27 22.4+6.5 31133 0.001
Surgeon’s experience | 23.6+8.4 31.3%13 <0.001
(215 years)
Surgeon’s experience | 25.3*x10.4 32x11.6 0.002
(<I5 years)
Gastrectomy selection

Subtotal 23.3%9.2 29.8%11.7 <0.001

Total 25.1+8.2 34.8+13.7 <0.001
Mode of operation

Open 23.5+8.4 34.2+14 <0.001

Laparoscopic 25.5%10.3 29.4%11.1 0.03
Tumor location

Upper third 21.8+7.2 31.8+14.2 <0.001

Median third 24.5+8.7 32.4%13.6 <0.001

Lower third 24.619.6 31%11.8 <0.001
T stage

TI 21.2+9.5 28.1%11.2 <0.001

T2 25.3+5.8 32.4%125 0.014

T3 24.419.1 32913 <0.001

T4 26.2+9.4 33.3+13.8 0.096
N stage

NO 23487 29.1%123 <0.001

NI 21.38 31.2+12.4 <0.001

N2 24.3+7.3 3hixl2.1 0.005

N3 26.4+10.2 36.412.6 <0.001
Pathological stage

[ 22.2+8.8 28.6x11.4 <0.001

I 22.7+8.3 31131 <0.001

il 25.849.1 34.512.6 <0.001

Abbreviation: BMI, body mass index.

0.319 (0.258) in the EBS group (Figure 5). The PSI group
was superior to the PS group, which was superior to the
EBS group in terms of the numbers of lymph nodes
harvested, while the LNR was lowest in the PSI group,
followed by the PS and EBS groups. This suggests that

PSI harvested lymph nodes more effectively than PS and
EBS, with benefits in terms of accurate acquisition of
positive lymph nodes.

Discussion

Various factors can affect lymph node harvesting in gastrect-
omy. Enlargement of the lymphadenectomy field in radical
gastrectomy was shown to result in a significant increase in
the number of lymph nodes harvested, such that total gas-
trectomy resulted in the dissection of more lymph nodes than
subtotal gastrectomy. Similarly, Smith et al showed that D2
lymphadenectomy is associated with harvesting an average
of 25.2 lymph nodes, while D1 lymph node dissection only
harvests an average of 12.4 lymph nodes."* Several studies
demonstrated that the surgeon’s experience had a direct
impact on the number of lymph nodes harvested after
surgery.'>"'” Obesity can affect lymph node harvesting dur-
ing gastric cancer surgery, and fewer lymph nodes were
harvested in patients with a BMI >27, compared with men
with a BMI <25 or women with a BMI <22.'® Obesity may
thus have a negative impact on lymph node harvesting by
increasing the difficulties of lymphadenectomy and lymph
node sorting. Tumor status also affects lymph node harvest-
ing. The number of lymph nodes harvested was affected by T
stage, with higher T staging associated with more lymph
nodes being harvested.'” Individual preferences of patholo-
gists in terms of lymph node sorting methods were consid-
ered to be an important factor affecting the number of lymph
nodes harvested.?’ Hanna et al pointed out that, under certain
operative procedures, the number of lymph nodes harvested
increased in line with the proportion of smaller lymph
nodes.*® Notably, about 40% of positive lymph nodes had a
diameter of <5 mm.*' The loss of small positive lymph nodes
may thus affect TNM staging, with subsequent impacts on
postoperative adjuvant therapy and the evaluation of patient
prognosis.

The number of positive lymph nodes can be regarded
as an independent predictor of postoperative prognosis in
gastric cancer.””> However, whether the guideline of ‘at
least 15 lymph nodes’ is adequate for accurate patholo-
gical staging and prognostic evaluation remains
controversial,'”'" and notably the guidelines did not dis-
tinguish between total and subtotal gastrectomy, which
have different extents of lymph node dissection. Lu et al
found that harvesting >16 and >21 lymph nodes as stan-
dard practice was more conducive to evaluating the prog-
nosis in patients undergoing distal and total gastrectomy,
respectively.”?
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Table 3 Gastric Cancer-Relevant Variables In The PS Group And PSI Group
PS Group (N=59) PSI Group (N=59) P value
Patient-related data
Male, n (%) 42 (71.2%) 47 (79.7%) 0.285
Female, n (%) 17 (28.8%) 12 (20.3%)
Age (years) 56.4£12.6 58.4+£13.6 0.319
HOD (days) 16.9+4.5 16.7+4.7 0.797
POD (days) 10.6+2.6 10.2£2.1 0.73
BMI (kg/m?) 23.7£3.5 24.2+3.8 0.429
Surgery-related data
Surgeon’s experience (215 years), n (%) 48 (81.4%) 45 (76.3%) 0.499
Gastrectomy selection, n (%)
Subtotal 36 (61%) 32 (54.2%) 0.456
Total 23 (39%) 27 (45.8%)
Mode of operation, n (%)
Open 29 (49.2%) 25 (42.4%) 0.46
Laparoscopic 30 (50.8%) 34 (57.6%)
Duration of operation (min) 227.4+61.5 241.2+59.3 0.159
Surgical blood loss (mL) 232.2+181.7 193.2£120.5 0.585
Pathology-related data
Tumor size (cm) 4.7+43 4.5+2.6 0.605
Tumor location, n (%)
Upper third 12 (20.3%) 17 (28.8%) 0.128
Median third 23 (39%) 13 (22%)
Lower third 24 (40.7%) 29 (49.2%)
T stage, n(%)
Tl 10 (16.9%) 9 (15.3%) 0.986
T2 12 (20.3%) 12 (20.3%)
T3 32 (54.2%) 32 (54.2%)
T4 5 (8.5%) 6 (10.2%)
N stage, n (%)
NO 20 (33.9%) 23 (39%) 0.922
NI 9 (15.3%) 9 (15.3%)
N2 9 (15.3%) 7 (11.8%)
N3 21 (35.6%) 20 (33.9%)
Histological classification, n (%)
GI+G2 21 (35.6%) 23 (39%) 0.703
G3 38 (64.4%) 36 (61%)
Pathological stage, n (%)
I Il (18.6%) 17 (28.8%) 0.259
Il 21 (35.6%) 14 (23.7%)
i 27 (45.8%) 28 (47.5%)

Abbreviations: HOD, hospitalization days; POD, postoperative days; BMI, body mass index.

Recent studies have shown a correlation between
postoperative survival time and the number of lymph
nodes harvested in gastric cancer patients.”**> The

results of a study have shown that the average survival

time was longer in patients with more lymph nodes
harvested, using 25 and 40 lymph nodes as the harvesting
rules.!' Deng et al investigated the impact of the number

of examined lymph nodes on the prognosis of gastric
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cancer patients after radical resection based on clinico-

pathological data for 2455 patients,® and found that the
accuracy of cancer staging, as well as patient survival,

increased with increasing number of examined lymph
nodes. Hsu et al accordingly indicated that the number
of examined lymph nodes was an independent prognostic
factor for disease-specific overall survival based on 1030
lymph node-negative gastric cancer cases.?® Furthermore,
lymph node micrometastasis has recently been recog-
nized to occur in gastric cancer,”’ and lymphovascular
invasion (LVI) was suggested for consideration as an
important adjuvant prognostic factor, especially in pNO
cases Wwith
Although the clinical significance of micrometastasis

insufficient lymph nodes examined.?®
and LVI remains unclear, they are closely related to
further treatment planning and patient prognosis after
surgery, which also rely on lymph node harvesting.
Overall, harvesting the maximum possible number of

lymph nodes may benefit patients.
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Table 4 Lymph Node Counts Stratified By Relevant Variables In
The PS Group And PSI Group

PS Group PSI Group P
(N=59) (N=59) value

Lymph node counts 31.811.1 46.5%£19.4 <0.001
Male 31.8x11 49+20 <0.001
Female 31.6x11.6 36.6x13.7 0.297
Age<60 32.5%11.3 39.4+19.4 0.381
Age=60 31£10.9 51+183 <0.001
BMI<27 322113 47.9+£20.4 <0.001
BMI=27 28.849.3 41.1£14.4 0.047
Surgeon’s experience 31.7x11.6 44.6x19.6 0.002
(215 years)
Surgeon’s experience 31.9+9 52.8%18.1 0.002
(<I5 years)
Gastrectomy selection

Subtotal 30%11.3 42+16.5 0.001

Total 34.4+10.4 51.9£21.6 0.001
Mode of operation

Open 31£11.4 44.8+19.5 0.004

Laparoscopic 32.4£10.9 47.8%19.6 <0.001
Tumor location

Upper third 27.2+8.6 52.2+23.4 0.001

Median third 32.6x11.6 46.2+18.4 0.028

Lower third 332114 43.4+17.2 0.034
T stage

TI 27.511.8 40.8+18.2 0.073

T2 31.7x10.7 48.1%19.4 0.018

T3 33%11.8 47.5%19.8 0.002

T4 32447 46.7+22.9 0.191
N stage

NO 27.1+8.8 42.9+20.8 0.002

NI 28.2+6.5 48.9+20.6 0.017

N2 33.7135 39.1£11.8 0.41

N3 36.9%11.7 52.2+18.9 0.008
Pathological stage

I 27.4%10.5 44.1%19.8 0.016

I 30.1+9.4 48.2+21.6 0.009

il 34.9%11.9 47.1%18.7 0.02

Abbreviation: BMI, body mass index.

Various histopathological techniques have been investi-
gated to increase lymph node harvesting in gastric cancer
specimens. Candela et al reported a fat-clearing method
using alcohol and cedar oil, which showed obvious advantages

for detecting small-volume lymph nodes. This method also

0.4+
Average number in PSI

Median number in PSI

Average number in PS
0.3
Median number in PS

Average number in EBS

LNR
[ ]
> »>»Om O e

0.2 Median number in EBS

0.1 T T T
20 30 40 50 60

Number of lymph nodes

Figure 5 The average and median numbers of lymph nodes harvested and LNRs in
EBS, PS, and PSI groups.

improved the precision of staging as well as increasing the
number of lymph nodes harvested from 20 to 36, which was
higher than that reported in Japan in the same period.*’
Aoyama et al increased the average number and efficiency
of lymph node harvesting using methylene blue as a staining

material. >

A meta-analysis of 27 studies involving fat-clear-
ing and methylene blue staining concluded that these two
techniques could improve lymph node harvesting compared
with the traditional method, and also harvested more positive

lymph nodes.?'

Carbon nanoparticles can be selectively
absorbed by the lymphatics and can provide indications for
lymphadenectomy, as well as acting as a tracer to mark the
location of lymph nodes, with benefits for surgery as well as
pathological examination. A prospective randomized con-
trolled trial showed that carbon nanoparticles increased the
overall number of lymph nodes harvested and improved the
harvesting of small lymph nodes.**

The PSI method used in this study involved isolating
lymph nodes immediately after surgery, based on visuali-
zation and palpation by the surgeon and/or assistant. The
sorted lymph nodes and the remaining fat tissues were
then sent to the Pathology Department for subsequent
processing. The average number of lymph nodes harvested
in the PSI group was significantly superior to that in the
PS group in the prospective study, while the number
harvested in the PS group was significantly higher than
in the EBS group in the retrospective study. Some
researchers pointed out that at least 25 lymph nodes should
be harvested in patients with advanced gastric cancer.”*~*
Accordingly, we demonstrated a significant difference in
the proportions of patients in whom least 25 lymph nodes
were harvested among these three groups. A study of 222
cases at the Memorial Sloan-Kettering Cancer Center
showed that ex vivo lymphadenectomy could significantly

increase the number of lymph nodes harvested.”> The

Cancer Management and Research 2019:11
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investigators divided perigastric adipose tissue into 10—12
discrete lymph node packets correlating with lymph node
stations, immediately following gastrectomy and before
submitting them to the Pathology Department, similar to
the PS process in the current study, and confirmed the
effectiveness of packet submission of gastric cancer speci-
mens. We also found significant differences in the mini-
mum average lymph node diameter between EBS and PS
groups but not between PS and PSI groups, which might
be attributable to measurement of lymph node diameter in
our center being accurate only to 0.1 cm. The LNR is the
ratio between the positive lymph nodes and the total
lymph nodes examined, which has been shown to be a
prognostic indicator for gastric cancer after surgery.*
Patients are predicted to acquire a different prognosis
from using a different LNR cutoff.*’” In this study each
specific subgroup holds a different LNR corresponding to
a different number of lymph nodes harvested, which might
indicate accurate acquisition of positive lymph nodes in
subgroups with a high number of lymph nodes harvested
combined with low LNR.

This study had several limitations, including bias result-
ing from the retrospective nature of part of the study.
However, the retrospective study included a relatively large
sample size collected over a relatively short time period. The
retrospective study detected differences between the EBS
and PS groups in terms of tumor location, mode of operation,
duration of operation, and surgical blood loss. The time span
of the collected cases meant that there were more cases of
open surgery and fewer of laparoscopic surgery during the
early period, when EBS was carried out more frequently than
PS, while the use of laparoscopic surgery subsequently
increased and PS became more popular, resulting in the
difference between the two groups. Furthermore, there was
no significant difference in the numbers of lymph nodes
harvested in women or in patients <60 years old in the
prospective study, which may be attributed to potential bias
in enrolled patients. Some studies noted that the number of
lymph nodes harvested correlated with postoperative patient
prognosis.*** Nevertheless, the survival database revealed
no statistical difference in PS and PSI groups, which deserves
further investigation. Bias may have resulted from limited
follow-up time and number of enrolled cases in the prospec-
tive study.

Conclusion
In summary, this study demonstrates that PSI following cura-
tive gastrectomy in patients with gastric cancer is associated

with harvest of more lymph nodes and a lower LNR at
pathological examination than either PS or EBS, while PS
was preferable to EBS in these respects. However, further
studies are needed to clarify the impact of PSI on the prognosis
and stage-specific survival of patients with gastric cancer.
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