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Abstract

Background For patients with locally advanced proximal gastric cancer (LAPGC), the individualized selection of patients
with highly suspected splenic hilar (No. 10) lymph node (LN) metastasis to undergo splenic hilar lymphadenectomy, is a
clinical dilemma. This study aimed to re-evaluate the feasibility and safety of laparoscopic spleen-preserving splenic hilar
lymphadenectomy (LSPSHL) and to identify the population who would benefit from it.

Methods A total of 1068 patients (D2 group=409; D2 + No. 10 group =659) who underwent laparoscopic total gastrectomy
from four prospective trials between January 2015 and July 2019 were analyzed.

Results No significant difference in the incidence (16.9% vs. 16.4%; P=0.837) of postoperative complications were found
between the two groups. The metastasis rate of No. 10 LN among patients in the D2+ No. 10 group was 10.3% (68/659).
Based on the decision tree, patients with LAPGC with tumor invading the greater curvature (Gre), patients with non-Gre-
invading LAPGC with a tumor size > 5 cm and clinical positive locoregional LNs were defined as the high-priority No. 10
dissection group. The metastasis rate of No. 10 LNs in the high-priority group was 19.4% (41/211). In high-priority group,
the 3-year overall survival of the D2 + No. 10 group was better than that of the D2 group (74.4% vs. 42.1%; P =0.005), and
the therapeutic index of No. 10 was higher than the indices of most suprapancreatic stations.

Conclusions LSPSHL for LAPGC is safe and feasible when performed by experienced surgeons. LSPSHL could be recom-
mended for the high-priority group patients even without invasion of the Gre.

Keywords Pooled analysis - Gastric cancer - Laparoscopic total gastrectomy - No. 10 station - Spleen-preserving splenic
hilar lymphadenectomy

Introduction

The incidence of proximal gastric cancer (GC) has been
gradually increasing globally [1-3]. Although radical total
gastrectomy (TGQ) is still the preferred treatment modality
for locally advanced proximal gastric cancer (LAPGC),
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LN for LAPGC on invading the greater curvature (Gre)
[12—14], a splenic hilar lymphadenectomy (SHL) for these
patients has been recommended by most surgeons. The
latest treatment guidelines [7] proposed that a dissection
effect of the No. 10 LN on tumors invading the Gre can
be expected.

Traditionally, a splenectomy appears to be mandatory
for dissection of the No. 10 LN. This special issue was
emphasized in the 5th edition of the “Japanese GC Treat-
ment Guidelines” (Clinical Question 4) [15]. A randomized
controlled (JCOG 0110) trial [16] comparing spleen-pres-
ervation and splenectomy for LAPGC not invading the Gre
(non-Gre) showed that the metastasis rate of the No. 10 LN
was 2.7% in the splenectomy group and 3.5% in the spleen-
preservation group. Moreover, splenectomy increases oper-
ative morbidity without improving survival. Accordingly,
No. 10 LN was excluded from the D2 lymphadenectomy
for LAPGC in the latest guideline [7]. However, the lower
rate of No. 10 LN metastasis in the JCOG 0110 trial may
be influenced by the fact that 68.5% of the enrolled patients
were at stage I-II disease, and that it excluded gross LN
metastasis along the splenic artery or splenic hilum. This
does not fully reflect the regularity of metastasis and the dis-
section value of No. 10 LN. In addition to the cross-sectional
position of the tumor, other factors such as larger tumor
size, Borrmann type IV, and poorly differentiated tumor are
also related to the metastasis of splenic hilar LNs [17-20].
Hence, it is arbitrary to deny SHL for all patients with non-
Gre-invading LAPGC.

In addition to the LAPGC itself clinicopathological fea-
tures, manner of dissection and corresponding safety will
also affect the decision of the surgeon whether to perform
SHL. Limited devices and techniques, and to thoroughly
dissect splenic hilar LNs, early SHL often combined sple-
nectomy [21, 22]. Howeyver, a series of studies have shown
that compared with spleen-preserving TG, combined
splenectomy increases operative morbidity and mortality
without improving survival [16, 23, 24]. Therefore, spleen-
preserving SHL (SPSHL) gradually causes concern; how-
ever, due to the special anatomy of the spleen and vascular
complexity, open SPSHL still has great challenges. Because
laparoscopic gastrectomy (LG) is more precise in the iden-
tification of the perigastric fascia, fascial space, blood ves-
sels, and other structures during lymphadenectomy com-
pared with open surgery, since Hyung [25] first reported
on laparoscopic SPSHL (LSPSHL) in 2008, many surgeons
suggest that LSPSHL is not only safe but also has the sig-
nificant advantage of fast postoperative recovery compared
with open surgery [6, 26-28]. A recent multicenter study
[9] showed that the overall incidence of postoperative com-
plication was 13.6%, and the major complication rate was
3.3% for patients undergoing LSPSHL, which suggested that
compared to the high morbidity and mortality associated
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with splenectomy surgery, LSPSHL is safe and feasible in
experienced medical centers.

In the current era of minimally invasive surgery, a high-
level evidence-based medicine evaluation of the safety and
efficacy of LSPSHL and correctly identifying the beneficial
population from LSPSHL, could provide strong guidance to
reduce the confusion in clinical practice. However, limited
by available patients, time, and study design, it is difficult
for a single prospective study to ideally weigh all clinical
aspects and answer these questions. Therefore, we conducted
this pooled analysis of four previous prospective trials to re-
evaluate the indications of LSPSHL, so as to provide a refer-
ence for developing a sustainable clinical practice guideline.

Methods
Participants

Between January 2015 and July 2019, a total of 1491
patients were enrolled into four separate prospective trials.
The CLASS-04 trial (ClinicalTrials.gov, NCT02845986)
enrolled 251 patients between September, 2016 and Octo-
ber, 2017 to evaluate the safety and feasibility of LSPSHL
for LAPGC, conducted at specialized institutions of the Chi-
nese Laparoscopic Gastrointestinal Surgery Study group [9].
The FUGES-001 trial (ClinicalTrials.gov, NCT02327481)
enrolled 438 patients between January, 2015 and April,
2016 to determine the efficiency of 3D LG and 2D LG in
GC, conducted at Fujian Medical University Union Hos-
pital (FMUUH) [29, 30]. The FUGES-002 trial (Clinical-
Trials.gov, NCT02333721) enrolled 536 patients between
January, 2015 and December, 2018 to evaluate the surgi-
cal outcomes of LSPSHL for non-Gre-invading LAPGC,
conducted at FMUUH. The FUGES-012 trial (Clinical-
Trials.gov, NCT03050879) enrolled 266 patients between
November, 2018 and July, 2019 to investigate the efficacy
of indocyanine green (ICG) tracer-guided lymphadenec-
tomy during LG, conducted at FMUUH [31]. Each of the
four studies were approved by their institution’s local eth-
ics committee. Operative techniques, definitions of study
endpoints, and results of these studies have been reported
previously [9, 29-31]. Heterogeneity between the four trials
was minimized by the use of the same laparoscopic surgery
procedure.

All four prospective trials had similar inclusion and exclu-
sion criteria, except for definite tumor location and clinical T
(cT) category in each protocol. Patients who received neoad-
juvant therapy were not included in our trials. Patients were
eligible for this pooled analysis if they had undergone TG.
We excluded the following patients: patients who withdrew
consent, patients intraoperatively confirmed as unable to
complete RO resection due to tumor, patients who underwent
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partial gastrectomy, patients with tumors located in the lower
third of the stomach, or those with tumors invading the
esophagus. Pathologic evaluation of all resected specimens
was performed according to a standardized manner [32]. All
patients underwent the same perioperative management and
follow-up protocol.

Procedures

The study population was divided into two groups according
to the allocated procedures as follows [7].

D2 group

Laparoscopic total gastrectomy (LTG) with D2 lymphad-
enectomy. The lymphadenectomy extent of the D2 group
included the Nos. 1, 2, 3,4,5,6,7, 8a,9, 11p, 11d, and 12a
LNs. Video S1 demonstrates the procedure of lymphadenec-
tomy without No. 10 dissection in the splenic hilar area.

D2 +No. 10 group

LTG with D2 plus LSPSHL. The lymphadenectomy extent
of the D2+ No. 10 group included the Nos. 1, 2, 3,4, 5, 6,
7, 8a, 9, 10, 11p, 11d, and 12a LNs. No. 10 LN included
those adjacent to the splenic artery distal to the pancreatic
tail, those on the roots of the short gastric arteries, and those
along the left gastroepiploic artery proximal to its first gas-
tric branch [32]. During lymphadenectomy, the pancreas and
the spleen were not mobilized. The left gastroepiploic artery
was ligated and cut at the origin, LNs along the splenic
artery and at the hilum of the spleen were dissected without
sacrificing the spleen and splenic vessels [33]. Video S2
demonstrates the LSPSHL procedure.

Figure S1 shows the intraoperative view of the splenic
hilar after D2 and D2 + No. 10 lymphadenectomy.

Surgical quality control

All surgeons participating in the four prospective trials met
the minimum requirements of having performed more than
50 cases of LTG prior to the trials.

To confirm the rationale for the surgical procedure, the
quality of D2 LN dissections, and the integrity of the speci-
mens, a series of photographs obtained during surgery and
an unedited video of the laparoscopic operation in the four
trials were saved for assessment through a sample survey for
standardization and quality control (Table S1).

Definitions

The cT category and clinical N (cN) category of disease was
determined according to the seventh edition of the American

Joint Committee on Cancer (AJCC) Staging Manual [34].
Locoregional nodes are suspicious for tumor involvement
(cN+) if round and/or > 8 mm in short axis diameter in pre-
operative imaging [35-37].

LAPGC was defined as tumor in the upper or middle third
part of stomach with cT2-4aN0-3MO stage at preoperative
evaluation [34]. The stomach’s cross-sectional circumfer-
ence is divided into four equal parts [32]: the lesser cur-
vature (Less) and Gre, and the anterior (Ant) and posterior
(Post) walls (Figure S2). Macroscopic and pathologic images
were reviewed to determine whether the tumors invaded the
Gre or not. “Non-Gre” including Less, Ant, Post. Circum-
ferential involvement is classified as Gre.

The metastasis rate was calculated using the number
of patients who underwent dissection of the station as the
denominator and the number of patients who had patho-
logical metastasis in the station as the numerator. All LNs
were classified into 3 categories according to the metasta-
sis rate [38], as follows: category-1 nodes (strongly recom-
mended for dissection), for metastasis rates exceeding 10%;
category-2 nodes (weakly recommended for dissection), for
metastasis rates between 5% and 10%; and category-3 nodes
(not recommended for dissection), for metastasis rates less
than 5%.

Morbidity and mortality were assessed within 30 days
after surgery. Postoperative complications were graded
according to the Clavien—Dindo classification [39].

Survival analysis

Three of the four included studies (CLASS-04, FUGES-002,
and FUGES -012) have not reached the actual follow-up
time of 3 years, so to ensure the accuracy and reliability
of survival analysis, the survival data of patients in the
FUGES-001 trial were used for exploratory analysis. The
cutoff follow-up date for the analysis of the FUGES-001
trial was April 2020, by which time all living patients had
reached a minimum of 3 years of follow-up. Overall sur-
vival (OS) was defined as the time from surgery to death
from any cause. The life-table method was used to calculate
the 5-year OS. We adopted the therapeutic value index to
evaluate the efficacy of nodal dissection [11]. The index was
calculated by multiplying the metastasis rate of the station
and the 5-year OS of patients with metastasis to that station.

Statistical analysis

Data were analyzed using the intention-to-treat principle.
For bias reduction in the comparison of a treatment to a
non-randomized control group, propensity score meth-
ods (PSM) were used to further evaluate the surgical
outcome and postoperative recovery between D2 group
and D2 + No. 10 group [40]. The propensity scores were
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calculated using a logistic regression model with the fol-
lowing covariates: age, sex, body mass index (BMI), East-
ern Cooperative Oncology performance status, cT cat-
egory, and cN category. We imposed a calliper of 0.005 of
the standard deviation of the logit of the propensity score.
The cut off value of an absolute standardized mean dif-
ference above which a meaningful imbalance is indicated
was 0.100 [41, 42].

Continuous variables were expressed as mean + stand-
ard deviation (SD) and categorical variables as numbers.
The differences between the groups were assessed using
a t test or y” test, as appropriate. Survival was calculated
using the Kaplan—-Meier method, and differences between
groups were compared using a log-rank test. A Cox pro-
portional hazards regression model was used to determine
the independent prognostic factors associated with OS.
Variables with a value of P <0.05 in the univariate analy-
sis were subsequently included in a multivariate Cox pro-
portional hazards regression. Stepwise backward variable
removal was applied to the multivariate model. All tests
were two-sided with the significance level set at P < 0.05.
All data were analyzed using R software (version 3.6.1).

Results
Baseline characteristics

Of the 1491 original patients, 1068 were eligible for inclu-
sion in this pooled analysis (Fig. 1). A total of 409 patients
were assigned to the D2 group, and 659 patients were
assigned to the D2 +No. 10 group. The general character-
istics of the two groups before PSM are shown in Table 1.
The total mean (SD) number of retrieved LNs (RLNSs) in the
D2 +No. 10 group was 43.8 (16.2), which was significantly
higher than that in the D2 group [40.5 (13.6); P <0.001].
After subtracting the number of No. 10 RLNs, the number
of RLNs was comparable between the D2 + No. 10 and D2
groups (40.9 vs. 40.5; P=0.708). Before matching, there
were significant difference in the distribution of BMI, tumor
size, histology, pN category, and AJCC 8th staging. After
matching, the remaining 562 patients, 281 in the D2 group
and 281 in the D2+ No. 10 group, were matched (Table 1).
The preoperative clinicopathological features were compa-
rable between the two groups (SMD all <0.100). The total
mean number of RLNs in the D2+ No. 10 group was sig-
nificantly more than that in the D2 group (43.8 vs. 40.4;
P =0.005). The mean number of No. 10 RLNs was 2.7 in
the D2+ No. 10 group after matching.

FUGES-001 FUGES-002 FUGES-012 CLASS-04
NCT02327481 NCT02333721 NCT03050879 NCT02845986
(n=438) (n=536) (n=266) (n=251)
/ Withdrew consent "\ / N\ / AN
(mn=1) Withdrew consent
Unresected (n=2)
(n=28) Withdrew consent Unresected Withdre\_v consent
Peritoneal metastasis (n=2) (n=2) Un(:e:e(l':ed
(n=10) Unresected Peritoneal metastasis _ 1
- Partial gastrectomy — (n=35) — (n=3) - Pel‘iton?;l metastasis
(n =170) Peritoneal metastasis Icg staining pollution o
Lower third/ >2 areas (n=1) (n=1) (@=1) _
_ DT . Failure to LN
(n=75) Palliative surgery Partial gastrectomy . .
Esophageal invasion n=2 T dissection as protocol
phag ( ) (n =114) _
(n=6) Lower third (@=2)
Lost follow up (n=12)
N\ (n=4) / AN / N / AN /
Proximal GC Proximal GC Proximal GC Proximal GC
(n=164) (n =526) (n=132) (n =246)
Pooled Analysis
(n =1068)

Laparoscopic Total Gastrectomy with No. 10 LN Dissection (n = 659)
Laparoscopic Total Gastrectomy without No. 10 LN Dissection (n = 409)

Fig. 1 The trial flow chart
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Table 1 The basic characteristics of the D2 and D2+ No. 10 groups before and after propensity score matching

Variable Before matching After matching
D2 group (n=409) D2 +No. 10 group SMD  P-Value D2 group (n=281) D2 +No. 10 group SMD  P-Value
(n=659) (n=281)
Mean + SD/N (%) Mean + SD/N (%) Mean + SD/N (%) Mean + SD/N (%)
BMI, kg/m 22.8+3.3 22.3+29 0.182 0.004 22.6+3.0 22.6+2.7 0.018 0.827
Size, cm 51+24 4.6+23 0226 <0.001 44+1.8 43420 0.047  0.575
Examined LN, no. 40.5+13.6 43.8+16.2 0.218 <0.001 404+13.7 43.8+14.1 0.240  0.005
Age, years 0.066 0.298 0.082 0.331
<60 152 (37.2%) 266 (40.4%) 104 (37.0%) 93 (33.1%)
>60 257 (62.8%) 393 (59.6%) 177 (63.0%) 188 (66.9%)
Sex 0.048 0.444 0.070 0.407
Male 309 (75.6%) 484 (73.4%) 218 (77.6%) 226 (80.4%)
Female 100 (24.4%) 175 (26.6%) 63 (22.4%) 55 (19.6%)
ECOG PS 0.032 0.608 0.052  0.541
0 259 (63.3%) 407 (61.8%) 173 (61.6%) 180 (64.1%)
1 150 (36.7%) 252 (38.2%) 108 (38.4%) 101 (35.9%)
Tumor location 0.112 0.073 0.061 0.473
U/UM 306 (74.8%) 524 (79.5%) 217 (77.2%) 224 (79.7%)
M/MU 103 (25.2%) 135 (20.5%) 64 (22.8%) 57 (20.3%)
Lymphovascular invasion 0.107 0.089 0.058 0.493
Negative 221 (54.0%) 391 (59.3%) 162 (57.7%) 170 (60.5%)
Positive 188 (46.0%) 268 (40.7%) 119 (42.3%) 111 (39.5%)
Perineural invasion 0.008 0.894 0.036  0.669
Negative 227 (55.5%) 363 (55.1%) 162 (57.7%) 167 (59.4%)
Positive 182 (44.5%) 296 (44.9%) 119 (42.3%) 114 (40.6%)
Histology 0.176 0.005 0.095 0.262
Differentiated 183 (44.7%) 238 (36.1%) 117 (41.6%) 104 (37.0%)
Undifferentiated 226 (55.3%) 421 (63.9%) 164 (58.4%) 177 (63.0%)
Cross-sectional part 0.087 0.174 0.023 0.782
Non-greater curvature 367 (89.7%) 573 (86.9%) 251 (89.3%) 253 (90.0%)
Greater curvature 42 (10.3%) 86 (13.1%) 30 (10.7%) 28 (10.0%)
cT category 0.137 0.096 0.081 0.632
<cT2 90 (22.0%) 132 (20.0%) 71 (25.3%) 78 (27.8%)
cT3 200 (48.9%) 293 (44.5%) 135 (48.0%) 137 (48.8%)
cT4a 119 (29.1%) 234 (35.5%) 75 (26.7%) 66 (23.5%)
cN category 0.086 0.173 0.074 0.379
cNO 116 (28.4%) 213 (32.3%) 96 (34.2%) 106 (37.7%)
cN+ 293 (71.6%) 446 (67.7%) 185 (65.8%) 175 (62.3%)
pT category 0.119 0.316 0.081 0.820
pT1 41 (10.0%) 84 (12.7%) 45 (16.0%) 52 (18.5%)
pT2 39 (9.5%) 63 (9.6%) 33 (11.7%) 36 (12.8%)
pT3 205 (50.1%) 296 (44.9%) 126 (44.8%) 118 (42.0%)
pT4 124 (30.3%) 216 (32.8%) 77 (27.4%) 75 (26.7%)
pN category 0.174 0.006 0.055 0.517
pNO 99 (24.2%) 211 (32.0%) 79 (28.1%) 86 (30.6%)
pNI1-N3 310 (75.8%) 448 (68.0%) 202 (71.9%) 195 (69.4%)
AJCC 8th staging 0.031 0.623 0.034 0.684
I 63 (15.4%) 109 (16.5%) 60 (21.4%) 64 (22.8%)
II-111 346 (84.6%) 550 (83.5%) 221 (78.6%) 217 (77.2%)

P-value <0.05 are shown in bold

SD standard deviation, SMD standardized mean difference, BMI body MASS index, LN lymph node, ECOG PS Eastern Cooperative Oncology
performance status, U upper third of stomach, M middle third of stomach, UM upper and middle third of stomach, MU Middle and upper third of
stomach, AJCC American Joint Committee on Cancer
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Surgical outcome and postoperative recovery

Before matching, compared with the D2 group, the
D2+ No. 10 group had a longer surgical time (183.1 min
vs. 215.9 min; P <0.001) and the trend of more intraop-
erative blood loss (63.3 mL vs. 76.9 mL; P =0.055). The
postoperative recovery process was comparable (Table 2),
except the D2 + No. 10 group had a longer time to first
liquid intake than the D2 group (4.6 days vs. 5.3 days;
P=0.019). No significant difference was found between
the two groups in the incidence of intraoperative compli-
cation (2.0% vs. 2.9%, P=0.348). However, seven cases
of splenic injury occurred in the D2 + No. 10 group,
which was significantly more than occurred in the D2
group (P =0.037). There was no significant difference in
the incidence (16.9% vs. 16.4%; P =0.837) and severity
(P =0.395) of postoperative complication between the
two groups. An analysis of risk factors for postopera-
tive complication (Table S2) found that older age, higher
BMLI, and poor performance status were independent risk
factors for complication, and that D2 + No. 10 dissection
was not associated with complication (P =0.837).

After matching, the mean surgical time of the D2 + No.
10 group was 35 min longer than that of the D2 group
(217.7 v 183.0 min; P <0.001). The time to first liquid
intake was significantly shorter in the D2 group than in
the D2 + No. 10 group (P =0.023). There was no sig-
nificant difference in the incidence (14.9% vs. 17.8%;
P =0.362) and severity (P =0.160) of postoperative com-
plication between the two groups (Table 2).

No. 10 LN metastasis

Of 659 patients undergoing SHL, the mean number of
No. 10 RLNs was 2.9, with a mean of 0.2 determined to
be metastatic LNs. We then estimated the LN metastasis
rate for all patients (n = 1068) at each station and the No.
10 LN metastasis rate in the D2 + No. 10 group (Table S3
and Figure S3). The metastasis rate of No. 10 LNs was
10.3% (68/659) in patients undergoing SHL. Subgroup
analysis according to disease stage showed that the No. 10
LN metastasis rate was 4.8% (4/84) and 11.1% (64/575)
in early GC and advanced GC, respectively. Subgroup
analysis according to each cross-sectional part showed
that the metastasis rate was 19.8% (17/86) if the tumor
invading the Gre.

Comparing the metastasis rates of the No. 10 station
and other stations (Figure S4), we found that the metas-
tasis rate of No. 10 was similar to those of Nos. 6, 8a,
and lower than those of Nos. 1, 2, 3,4, 7,9, and 11p, but
exceeded those of Nos. 5, 11d, and 12a.
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Risk factors for No. 10 LN metastasis

Univariate analysis of No. 10 LN metastasis (Table S4) using
preoperative factors showed that tumor size, cross-sectional
part, cT category, and cN category were related to No. 10
LN metastasis (all P <0.05). Multivariate analysis showed
that tumor size>5 cm (P <0.001), Gre (P=0.019), and
cN+ (P=0.003) were risk factors for No. 10 LN metastasis.

Based on the decision tree (Fig. 2), we found that the
metastasis rate of No. 10 LNs was 3.7% (6/162) for patients
with tumors located in the non-Gre of the stomach, <5 cm,
and cNO, which were classified as category-3 nodes. The
metastasis rate of No. 10 LNs for patients with tumors in
the non-Gre, <5 cm, and cN+ was 7.4% (19/258), which
were category-2 nodes. And the metastasis rate of No. 10
LNs for patients with tumors in the non-Gre, > 5 cm, and
cNO was 7.1% (2/28), which were category-2 nodes. And
the metastasis rate of No. 10 LNs for patients with tumors
in the non-Gre, > 5 cm, and cN+ was 19.2% (24/125), which
were category-1 nodes.

Based on the above results, patients with non-Gre-invad-
ing LAPGC with a tumor size <5 cm and patients with non-
Gre-invading LAPGC with a tumor size >5 cm and cNO
were defined as the low-priority No. 10 dissection group.
Patients with LAPGC with tumor invading the Gre and
patients with non-Gre-invading LAPGC (tumor size > 5 cm
and cN+) were defined as the high-priority No. 10 dissection
group. Figure 3 shows the metastasis rates of each station
according to the No. 10 dissection priority. The No. 10 LN
metastasis rate in the low-priority group was 6.0% (27/448),
considered category-2 nodes, whereas Nos. 5, 6, 11d and
12a LNs were classified as nodes not recommended for dis-
section. The No. 10 LN metastasis rate in the high-priority
group was 19.4% (41/211), classified as category-1 nodes,
which were strongly recommended for dissection.

Regardless of whether low-priority or high-priority, no
significant difference was found in the rates of intraoperative
complication or postoperative complication (Table S5) in the
D2+ No. 10 and D2 groups (all P> 0.05).

Survival benefit analysis of LSPSHL
in the FUGES-001 trial

For 164 eligibility patients in the FUGES-001 trial, the
median follow-up time was 52 months. The baseline char-
acteristics of participants were balanced between the D2
and D2 +No. 10 groups, regardless of being low-priority
or high-priority (Table S6). For patients in the low-priority
group, the 3-year OS of the D2 and D2+ No. 10 groups
were similar (82.9% vs. 85.1%; P=0.801; Fig. 4). Univari-
ate and multivariate Cox regression analysis of patients in
the low-priority group showed that LSPSHL was not asso-
ciated with OS [D2+ No. 10 vs. D2, hazard ratio (HR):



Reappraise role of No. 10 lymphadenectomy for proximal gastric cancer in the era of minimal... 251

Table 2 The surgical outcomes, morbidity, and mortality for the D2 and D2+ No. 10 groups before and after propensity score matching

Characteristic Before matching After matching
D2 group (n=409) D2+ No. 10 group SMD  P-Value D2 group (n=281) D2+ No. 10 group SMD  P-Value
(n=659) (n=281)
Mean + SD/N (%) Mean + SD/N (%) Mean + SD/N (%) Mean + SD/N (%)

Surgical outcome

Estimated blood loss ~ 63.3+119.1 76.9+107.0 0.120 0.055 62.8+130.5 73.6+77.4 0.100 0.237
(mL)
Surgical time (min) 183.1+44.4 215.9+66.6 0.579 <0.001 183.0+46.4 217.7+67.9 0.598 <0.001
Time to ambulation 22+1.0 22+1.0 0.044 0485 22+09 2.1+09 0.046  0.585
(days)
Time to first flatus 3.5+09 34+1.0 0.103 0.106 3.5+0.9 34+1.1 0.065 0.439
(days)
Time to first liquid 4.6+1.7 53+64 0.162 0019 46+19 6.0+9.6 0.192  0.023
intake (days)
Time to first semifluid 7.6+4.9 83+72 0.109 0.097 7.6+5.0 8.6+8.8 0.138 0.102
intake (days)
Postoperative hospital 11.2+8.0 11.7+8.6 0.058 0.362 11.0+7.9 12.1+£9.8 0.124  0.143
stays (days)
Morbidity type
Intraoperative compli- 8 (2.0%) 19 (2.9%) 0.060 0.348 6 (2.1%) 7(2.5%) 0.024 0.779
cation
Vascular injury 7 (1.7%) 13 (2.0%) 0.019 0.760 5 (1.8%) 4 (1.4%) 0.028 0.737
Adjacent organs 1(0.2%) 0 (0.0%) 0.070 0204 1(0.4%) 0 (0.0%) 0.085 0.317
injury
Spleen injury 0 (0.0%) 7(1.1%) 0.147 0.037 0 (0.0%) 3(1.1%) 0.147  0.082
Splenectomy 0 (0.0%) 2 (0.3%) 0.078 0.265 0(0.0%) 1(0.4%) 0.085 0.317
Postoperative compli- 69 (16.9%) 108 (16.4%) 0.013 0.837 42 (14.9%) 50 (17.8%) 0.077 0.362
cation
Anastomotic leak- 7 (1.7%) 20 (3.0%) 0.087 0.180 5 (1.8%) 12 (4.3%) 0.146  0.085
age
‘Wound problem 3(0.7%) 4 (0.6%) 0.016 0.803 2(0.7%) 2 (0.7%) 0.000 1.000
Intra-abdominal 3(0.7%) 7(1.1%) 0.035 0.588 2(0.7%) 3(1.1%) 0.038 0.653
bleeding
Intraluminal bleed- 1 (0.2%) 4 (0.6%) 0.056 0.399  0(0.0%) 3(1.1%) 0.147  0.082
ing
Ileus 4 (1.0%) 6 (0.9%) 0.007 0911 1(0.4%) 5(1.8%) 0.139 0.101
Abdominal infection 14 (3.4%) 25 (3.8%) 0.020 0.754 10 (3.6%) 9 (3.2%) 0.020 0.815
Lymphatic leakage 11 (2.7%) 13 (2.0%) 0.059 0442 7(2.5%) 4 (1.4%) 0.077 0.361
Pulmonary 38 (9.3%) 60 (9.1%) 0.006 0.918 24 (8.5%) 25 (8.9%) 0.013 0.881
Cerebrovascular 3(0.7%) 4 (0.6%) 0.016 0.803 0 (0.0%) 2 (0.7%) 0.120 0.157
Deep vein throm- 3(0.7%) 3 (0.5%) 0.036 0.554  1(0.4%) 1(0.4%) 0.000 1.000
bosis
Hepatic 4 (1.0%) 8 (1.2%) 0.023 0.722 3 (1.1%) 4 (1.4%) 0.032  0.704
Others 9 (2.2%) 15 (2.3%) 0.005 0.935 6(2.1%) 7 (2.5%) 0.024 0.779
Mortality 1(0.2%) 0 (0.0%) 0.070 0.204 0 (0.0%) 0 (0.0%) 0.000 NA
Clavien—Dindo clas- 0.162 0.395 0.239  0.160
sification
I 2 (0.5%) 5(0.8%) 2 (0.7%) 2 (0.7%)
I 49 (12.0%) 79 (12.0%) 29 (10.3%) 39 (13.9%)
Illa 13 (3.2%) 14 (2.1%) 8 (2.8%) 4 (1.4%)
IIIb 0 (0.0%) 5(0.8%) 0 (0.0%) 4 (1.4%)
v 4 (1.0%) 5(0.8%) 3(1.1%) 1 (0.4%)
\% 1(0.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

P-value <0.05 are shown in bold
SD standard deviation, SMD standardized mean difference
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Fig.2 a Metastasis rates of the A ¢T2/T3/T4a Proximal Gastric carcinoma @ Rate<5%
No. 10 LNs of the 659 patients () Rate 5%-10%
who underwent spleen-pre-

. . . D Rate >10%
serving No. 10 LN dissection Non-Greater curvature Greater curvature
during total gastrectomy, and b

the recommended flow chart for
lymph node dissection

<5.0cm > 5.0cm

cNO cN+ cNO cN+

7.4% 71% 19.2% 19.8%
n=258 n=28 n=125 n=86
B
Cross-sectional part
Locally advanced proximal gastric cancer Non-Gre Gre Current criteria for SPSHL
(cT2-T4a)
<Scm >5cm |Any size Candidates for new criteria
for SPSHL
cN category eNO No require SHL
cN+

Fig.3 Metastasis rates of each A Low priority
station in patients according to
the No. 10 dissection priority a
in the low-priority group; b in
the high-priority group

Category-1 stations

Q Category-2 stations

Category-3 stations

No.10 Dissection

Station Low priority High priority
No.1 16.8% (114/680)  30.7% (119/388)
No.2 18.5% (126/680) 38.7% (150/388)
No.3 47.9% (326/680) 73.2% (284/388)
No.4 11.2% (76/680) 29.6% (115/388)
No.5 2.9% (20/680) 9.5% (37/388)
No.6 4.4% (30/680) 17.0% (66/388)
B High priority No.7 15.6% (106/680)  38.4% (149/388)
No.8a 7.8% (53/680) 20.1% (78/388)
No.9 10.9% (74/680) 29.1% (113/388)
No.10 6.0% (27/448) 19.4% (41/211)
No.11p 11.5% (78/680) 28.1% (109/388)
No.11d 2.8% (19/680) 8.0% (31/388)
No.12a 2.4% (16/680) 7.5% (29/388)

Metastasis rates given in boldface are greater than 10%,
whereas those given in italic are between 5% and 10%.

O Category-1 stations

C) Category-2 stations

1.12; P=0.801] (Table S7). For patients in the high-pri- (P =0.005). Multivariate Cox regression analysis of patients
ority group, the 3-year OS of the D2+ No. 10 group was  in the high-priority group showed that advanced pT category
74.4%, significantly greater than the 42.1% of the D2 group  (pT4 vs.<pT3, HR: 4.62; P<0.001) was a risk factor for
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Fig.4 Kaplan-Meier survival A B
curves of the D2 and D2 + No. 1.0
10 groups for patients in the _Hu
low-priority (a) and high-prior- < 0.8 5
ity (b) groups in the FUGES- 2 oo H
001 trial @ a
€ 049 Log Rank: P = 0.801 g - Log Rank: P = 0.005
6 024 =~ D2 group 3-year OS: 82.9% °> 0.2 == D2 group 3-year OS: 42.1%
== D2+No.10 group 3-year OS: 85.1% == D2+No.10 group 3-year OS: 74.4%
0.0 T T T 1 0.0 T T T T 1
0 12 24 48 60 0 12 24 36 48 60
No. at risk Time(months) No. at risk Time (months)
D2 35 35 31 19 2 D2 19 17 10 8 7 1
D2+No.10 67 65 60 45 3 D2+No.10 43 41 37 32 25 1

OS, and LSPSHL (D2 + No. 10 vs. D2, HR: 0.43; P=0.026)
was a protective factor for OS. Subgroup analysis of patients
in the high-priority group (Figure S5) showed that the OS
was comparable for patients with stage [-II disease, and the
OS of patients with stage III disease who underwent SHL
was better than that of patients without SHL (3-year OS:
64.5% vs. 38.9%; P=0.055), although it did not reach sta-
tistical significance.

For patients who underwent SHL (n=110), there was
no significant difference in the 3-year OS of patients with
positive No. 10 LN and that of patients negative No. 10
LN (75.0% vs. 81.4%; P=0.877) (Figure S6). Univari-
ate and multivariate Cox regression analysis revealed that
advanced stage and perineural invasion were independent

factors of OS, and that No. 10 LN metastasis was not the
influencing factor (Table S8). Univariate Cox regression
analysis of patients in the high-priority group that under-
went SHL identified that the No. 10 LN metastasis was not
the influencing factor for OS (Table S9).

For patients who underwent SHL, the therapeutic value
index (Table 3) of the No. 10 was 1.5 in low-priority group
and 11.6 in high-priority group, respectively. The index
of station No. 10 in high-priority group ranked fifth, just
below those of peri-gastric stations (Nos. 1, 2, 3, 4) and
station No. 7. Remarkably, the index of station No. 10
was higher than the indices of the other suprapancreatic
stations (Nos. 8a, 9, 11p, 11d, 12a). However, the index
of station No. 10 in the low-priority group was just higher
than those of Nos. 5 and 11d.

Table 3 Details of metastatic

. Station no.  Low priority (n=67) High priority (n=43)

rate, 5-year overall survival, and
therapeutic value index within Metastatic ~ 5-year OS (%)  Therapeutic =~ Metastatic  5-year OS (%)  Therapeutic
the regional lymph nodes of the rate (%) value index  rate (%) value index
low priority and high priority
groups in the FUGES-001 trial No. 1 224 44.0 9.9 34.9 35.0 12.2

No. 2 19.4 352 6.8 279 43.8 12.2

No. 3* 44.8 58.4 26.2 69.8 52.5 36.6

No. 4* 11.9 337 4.0 32.6 429 14.0

No. 5 1.5 0.0 0.0 9.3 25.0 2.3

No. 6* 1.5 100.0 1.5 14.0 16.7 2.3

No. 7* 13.4 55.6 7.5 37.2 34.0 12.7

No. 8a* 3.0 100.0 3.0 14.0 333 4.7

No .9* 9.0 66.7 6.0 30.2 34.6 10.5

No. 10* 1.5 100.0 1.5 16.3 71.4 11.6

No. 11p 13.4 30.3 4.1 16.3 343 5.6

No. 11d* 45 0.0 0.0 16.3 28.6 4.7

No. 12a 3.0 50.0 1.5 7.0 333 2.3

OS overall survival

* The incidence of lymph node metastasis was significantly different between the low priority and high

priority groups: P value <0.05
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Discussion

In patients with GC, the metastasis rate of a specific LN
station is an important index to evaluate the necessity of
lymphadenectomy for this station [11, 38]. In this study,
the metastasis rate of the No. 10 LN in clinical LAPGC
(cT2—cT4a) was 10.3%. The metastasis rate of LN in the
splenic hilar area is higher than that in the suprapyloric area
nodes and as high as those in the infrapyloric area nodes and
partial suprapancreatic area nodes. It is suggested that SHL
may be suitable for some patients with LAPGC. Decision
tree analysis showed whether the tumor invaded the Gre,
whether the tumor size was> 5 cm, and whether preoperative
locoregional LNs are suspicious for tumor involvement can
be used in combination to evaluate the metastasis of No. 10
LN. Maezawa et al. [13] reviewed 82 patients with LAPGC
that invaded the Gre. The metastatic rate of No. 10 LN was
relatively high at 13%, and the therapeutic index was as high
as that of other suprapancreatic nodes. Previous studies have
shown that tumor size can affect metastasis of the splenic
hilar LN [43, 44]. Patients should be considered to have a
high metastasis rate of splenic hilar LN for larger LAPGC.
Studies have also shown that LN metastasis in other stations
can affect the metastasis of No. 10 LNs [17, 43]. The No.
10 LN metastasis rate of high-priority patients in the current
study was 19.4%, which is much higher than 10%, indicating
that they are strongly recommended for dissection.

The survival benefit analysis of No. 10 dissection
showed that SPSHL was a protective factor for the OS of
patients considered high-priority. For other patients with
LAPGC, SHL did not improve the prognosis. In the high-
priority group, the therapeutic value index of No. 10 came
next to the perigastric nodes and was substantially higher
than those of most suprapancreatic stations, all of which
had been essential components of D2 dissection. This
finding suggests that the priority of No. 10 is next to that
of perigastric nodes and is higher than that of the lymph
nodes along the splenic artery. Meantime, exploratory
analysis showed that for patients in the high-priority group
with LSPSHL, whether or not they had No. 10 LN metas-
tasis did not affect the prognosis, which proved the effec-
tiveness of LSPSHL for patients considered high-priority.

Regarding the safety of LSPSHL, the combined effort
of more than 20 surgeons showed that on the premise of
mastering the skills of LSPSHL, compared with D2 lym-
phadenectomy, although LSPSHL increases the operative
time and potentially increases the intraoperative blood loss
and the possibility of spleen injury, it does not increase
the incidence of postoperative complication and postop-
erative mortality. Thus, experienced surgeons could carry
out LSPSHL more safely and effectively according to their
own operative characteristics [45-47].

@ Springer

We created the LSPSHL recommended flow chart for
LAPGC (Fig. 2). SHL is not recommended for patients
with non-Gre-invading LAPGC with a tumor size <5 cm
and patients with non-Gre-invading LAPGC with a tumor
size>5 cm and cNO to avoid unnecessary trauma and extend
the lymphadenectomy. However, for patients with Gre
tumors without infiltration of the spleen and splenic vessels,
and some non-Gre tumors (size > 5 cm and cN+), LSPSHL
could prove effective. And our evidence showed that LSP-
SHL is also safe and feasible for such patients. Therefore, we
recommend that for patients with LAPGC with high-priority
SHL, No. 10 LNs should be included in the routine range of
D2 lymphadenectomy for TG.

This study collected data from four independent prospec-
tive trials with similar inclusion criteria, treatment meth-
ods, and postoperative management schedule, which greatly
enhanced the level of evidence-based medicine. To the best
of our knowledge, this study is the largest study investigating
LSPSHL. However, there are still some limitations. First,
although the pooled study provides us with a significant
amount of real-world data to evaluate the feasibility and
selectivity of LSPSHL, the four independent clinical stud-
ies of laparoscopic gastric surgery have their own research
focus. For instance, in the FUGES-001 trial using 2D or
3D laparoscopic equipment and ICG-guided lymphadenec-
tomy was used in the FUGES-012 trial. However, accord-
ing to the stratified analysis of these factors that may affect
the LSPSHL, there was no difference in the rate of No. 10
LN metastasis and postoperative complication between the
experiment group and control group in both trials (Figure
S7). Second, the surgeons enrolled in these studies were sur-
geons with rich experience in laparoscopic surgery. Because
of the deep location of the splenic hilar area, the variability
of the splenic vessels, and the complicated adjacent rela-
tionship, it is difficult for newly trained surgeons to per-
form LSPSHL. However, with the gradual development of
medical specialization, more and more gastric surgeons have
performed an exploration of LSPSHL. After surmounting
the learning curve, we believe that this surgery, previously
thought to be a sophisticated surgery, can also be popular-
ized [48, 49]. Patients considered to be high-priority will
therefore not lose the opportunity for radical treatment due
to technical difficulties. Third, it is undeniable that not all
patients have an actual 5-year follow-up, which will have an
impact on the calculation of the therapeutic value index, as
previous studies [13, 50]. Fourth, our exploratory analysis
showed that LSPSHL could improve the OS of patients in
the high-priority group without increasing the incidence of
postoperative complication. However, due to the relatively
limited number of cases, the long-term oncological effect of
LSPSHL requires further follow-up.

In conclusion, this pooled analysis of four prospective
trials showed that it is safe and feasible for experienced
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surgeons to perform LSPSHL. Similar to the guidelines, the
current study does not recommend LSPSHL for all patients
with proximal gastric cancer. We recommend LSPSHL for
patients with LAPGC that are considered high-priority,
including all patients with invasion into the Gre, and some
patients with non-Gre-invading LAPGC (tumor size > 5 cm
and with preoperative positive locoregional LNs).
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