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Abstract

Background This study evaluated the safety, effectiveness, and feasibility of indocyanine green (ICG) tracing in guiding
lymph-node (LN) dissection during laparoscopic D2 radical gastrectomy in patients with advanced gastric cancer (AGC)
after neoadjuvant chemotherapy (NAC).

Method We retrospectively analyzed data on 313 patients with clinical stage of cT1-4N0-3MO0 who underwent laparoscopic
radical gastrectomy after NAC between February 2010 and October 2020 from two hospitals in China. Grouped according
to whether ICG was injected. For the ICG group (n=102) and non-ICG group (n=211), 1:1 propensity matching analysis
was used.

Results After matching, there was no significant difference in the general clinical pathological data between the two groups
(ICG vs. non-ICG: 94 vs. 94). The average number of total LN dissections was significantly higher in the ICG group and
lower LN non-compliance rate than in the non-ICG group. Subgroup analysis showed that among patients with LN and tumor
did not shrink after NAC, the number of LN dissections was significantly more and LN non-compliance rate was lower in
the ICG group than in the non-ICG group. Intraoperative blood loss was significantly lesser in the ICG group than in the
non-ICG group, while the recovery and complications of the two groups were similar.

Conclusion For patients with poor NAC outcomes, ICG tracing can increase the number of LN dissections during laparo-
scopic radical gastrectomy, reduce the rate of LN non-compliance, and reduce intraoperative bleeding. Patients with AGC
should routinely undergo ICG-guided laparoscopic radical gastrectomy.

Keywords Indocyanine green (ICG) - Lymph-node (LN) dissection - Advanced gastric cancer (AGC) - Neoadjuvant
chemotherapy (NAC)
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Introduction

Gastric cancer is the fifth most common malignant tumor
worldwide and the third highest cause of cancer mortal-
ity. Although the 5-year survival rate of patients with
early gastric cancer exceeds 90%, for patients with locally
advanced gastric cancer (AGC), the 5-year survival rate is
low even with radical surgery [1-4]. In 1994, Kitano et al.
[5] reported laparoscopic radical gastrectomy, with the
development of minimally invasive equipment and tech-
nology, the safety and effectiveness of laparoscopic radical
gastrectomy are gradually being recognized [6]. Since the
MAGIC trial in 2006, which proved for the first time that
preoperative neoadjuvant chemotherapy (NAC) combined
with surgery can significantly improve the 5-year overall
survival rate of patients with AGC [7], NAC has gradu-
ally become an indispensable part of treatment for AGC
patients. However, for patients receiving NAC, fibrosis
of lymphatic tissue caused by NAC and loss of normal
anatomical planes caused by cytotoxicity are technical
challenges for laparoscopic lymph-node (LN) dissection
[8—10]. Although studies have confirmed the safety and
feasibility of laparoscopic distal gastrectomy for patients
with neoadjuvant gastric cancer, for more technically dif-
ficult whole-stomach resections and for inexperienced sur-
geons, neoadjuvant standard gastric cancer radical resec-
tion after chemotherapy is a challenge. In contrast, Taylor
et al. [11] found that, due to reasons including tumor
downgrading, patients receiving NAC require more LN
dissections to truly reflect the prognosis of patients. There-
fore, for patients with gastric cancer who have undergone
NAC and plan to undergo laparoscopic surgery, surgeons
should focus on how to safely complete the operation and
complete the standardized and precise LN dissection.
Indocyanine green (ICG) near-infrared light imaging
technology, as a new surgical navigation technology, has
achieved relatively positive results in sentinel LN dissec-
tion and in detecting the location of tumors such as breast
cancer and non-small cell lung cancer [11-14]. Further-
more, in gastric cancer research, prospective studies have
reported that ICG can significantly increase the number of
LN dissections during laparoscopic radical gastrectomy
[15]. However, there is no research to confirm whether
ICG technology can also increase the number of LN dis-
sections for patients with AGC who have undergone NAC.
To this end, the study is based on a large sample of clinical
data from multiple centers, and explores the feasibility
of using laparoscopic ICG tracing for LN dissection in
patients with AGC receiving NAC, and provides a refer-
ence for applying ICG imaging technology in other cavity
organs (such as the esophagus and colorectal) after NAC.
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Methods
Study design and patient data

We enrolled 329 patients from two hospitals (Fujian Medical
University Union Hospital and Qinghai University Affili-
ated Hospital) with facilities for the electronic storage of
clinical data, including medical records, images, and labo-
ratory data, for all consecutive patients with gastric cancer
who underwent NAC before gastrectomy between February
2010 and October 2020. Eligible participants were histologi-
cally proven to have gastric adenocarcinoma with clinical
stageT,_,,N(, .M, after NAC by a preoperative evaluation
according to the 8th staging system of the American Joint
Committee on Cancer. The detailed inclusion and exclusion
criteria are described in Fig. S1. Preoperative staging was
evaluated using computed tomography, optional laparos-
copy, or endoscopic ultrasound. The study was approved by
the Ethics Committee of Union Hospital affiliated to Fujian
Medical University (approval number: 2020WSJK034).

Indocyanine green fluorescence imaging

We used Huang’s subserosal hexa-points maneuver to inject
ICG [15]. After preoperative exploration, ICG powder was
dissolved in 0.5 mg/mL of sterile water, and the prepared
solution (1.5 mL for each point) was injected along the sub-
serosa of the stomach at six specific points along the lesser
and greater curvatures of the stomach.

The NOVADAQ fluorescence surgical system (Stryker
Corp., Kalamazoo, MI, USA) was used to obtain near-infra-
red fluorescent images. A simple finger click converted vis-
ible light into near-infrared fluorescent images (near-infra-
red, green fluorescence, and color-segmented fluorescence
imaging) without changing equipment. Intraoperatively, the
fluorescent mode was switched according to the situation.

Neoadjuvant chemotherapy

The indication for NAC in this study was cT2-4NxMO0. NAC
was administered to all eligible patients with 2—5 cycles
(3 weeks per cycle) of intravenous oxaliplatin (130 mg/m?
on day 1 of each cycle) plus oral S-1 (40-60 mg/m? twice
daily on days 1-14 of each cycle) before surgery. Dose
reductions or interruptions were allowed to help patients
cope with serious or life-threatening adverse events. Each
participant was allowed a maximum of two-dose adjustment.
The cumulative time of drug discontinuation of each cycle
was not allowed to exceed 2 weeks; drug discontinuance of
each cycle should not be more than two times. The prema-
ture termination criteria were as follows: disease progression
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or death; grade 3/4 adverse events still not complete treat-
ment according to the protocol after dose adjustment; patient
decision; and researcher decision based on the best interests
of the participants. No patients received other forms of peri-
operative treatment, such as radiotherapy, immunotherapy,
or targeted therapy. Response Evaluation Criteria in Solid
Tumors (RECIST) [16] guidelines were used to assess the
degree of tumor or LN regression after NAC [16].

Standardization of surgical operations

Gastrectomy was performed by a surgeon with experience
of > 100 cases of laparoscopic gastrectomy. The abdominal
cavity was explored during the operation to check whether
the liver, peritoneum, mesenteric, pelvic, and other meta-
static gastric serous membranes were invaded. According
to the Japanese Gastric Cancer Treatment Guidelines, Sth
Edition [17], on the premise that the principles of oncol-
ogy can guarantee, perform distal gastric or total gastrec-
tomy. The sequence of laparoscopic LN dissection was as
follows [18, 19]: (1) total gastrectomy: No. 4d, 6 — No.
7,9, 11p—No. 8a, 12a, 5— No. 1 — No. 4sb, 4sa— No.
11d — No. 2; (2) distal gastrectomy: No. 4d, 6 — No. 7, 9,
11p—No. 3, 1 - No. 8a, 12a, 5— No. 4sb. After LN dis-
section, a fluorescent mode was used to check for missing
LNs within the prescribed range of dissection. If there were
missing LNs, remedial dissections were performed. Regard-
ing the regulation of LN dissection outside the scope of D2,
the 10th group of LNs underwent selective laparoscopic
spleen-preserving splenic hilar LN dissection [20-22] when
the tumor was located in the greater curvature of the stom-
ach or preoperative imaging assessment showed that splenic
hilar LNs were enlarged or during intraoperative imaging
of the NO.10 group of LNs. LNs in group 14v were also
selectively dissected during intraoperative imaging. The
intraoperative images of ICG tracing for the well regression
and poor regression groups are shown in Fig. S2.

Definition

Based on the definition of each group of LNs in the Japa-
nese gastric cancer classification [23], the study group’s
LN processing method was as follows: after the specimen
was isolated, under the fluorescent irradiation produced
by the ICG system, the LNs of each group were searched
by hand, and the fluorescent and non-fluorescent LNs in
each group were collected. After the fluorescent LNs were
aliquoted, they were fixed with 10% formalin solution and
sent for pathological examination. LN stations with fluo-
rescent LNs were classified as fluorescent stations, and
fluorescent LN in the fluorescent stations were classified
as visible LNs. The surgeon checked all specimens and

sent them to the pathology department immediately. All
pathological examinations were performed in a standard
manner.

The LN dissection rate of each group of LNs was
defined as the number of patients in whom LNs were
detected in each group divided by the total number of
patients. In each group of LNs, within the scope of D2
dissection defined by the Japanese gastric cancer protocol,
if more than one group of LNs was not detected, the LNs
were considered non-compliant [24, 25].

Complications within 30 days after surgery were
recorded through hospitalization and discharge summaries,
and the severity of the complications was graded accord-
ing to the Clavien—Dindo scoring system [26]. Estimated
blood loss was estimated by calculating the number of
gauze pieces and the amount of suction. The operation
time definition the time from the start of the skin incision
and trocar to the end of abdominal closure.

Statistical analysis

All data were statistically processed using SPSS Statis-
tics for Windows (version 22.0. Chicago, IL, USA) and
R language software (version 3.5.3). Continuous vari-
ables are represented as means and standard deviations,
and categorical variables are presented as numbers and
percentages. Continuous variables were analyzed using
the ¢ test, while categorical variables were analyzed using
the Chi-square test or Fisher’s exact test according to the
situation. All tests were two sided, and the significance
level was set at P < 0.05. Logistic regression analysis was
used to assess the influence of ICG on the number of LN
dissections. The propensity scores were calculated using a
logistic regression model with the following preoperative
factors as covariates: body mass index (BMI), cT, and cN,
and a 1:1 (ICG to non-ICG) matching (matched without
replacement) with a caliper of 0.01 standard deviation of
the estimated logit was performed. The cut-off value of
an absolute standardized mean difference above which a
meaningful imbalance is indicated is 0.200 [27].

Ethical approval

This study was conducted with the approval of the institu-
tional review boards of all participating hospital.
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Results

General information of the study population
before and after matching

Before matching, there were 313 patients with AGC who
underwent laparoscopic-assisted radical gastrectomy after
NAC, and grouped according to whether ICG was injected
(ICG group vs. non-ICG group=102 vs. 211). The two
groups of patients differed significantly in terms of body
mass index (BMI) and tumor staging (including pT and
pN staging and AJCC staging; P <0.05), but they were
comparable in terms of age, gender, Eastern Cooperative
Oncology Group score, Body mass index, tumor resection
margin, location, surgical procedure, digestive tract recon-
struction, tumor size, histological type, and preoperative
clinical stage (P > 0.05). According to the 1:1 matching,
there were 94 patients in each groups, and the general
data between the groups were comparable (P> 0.05,
SMD < 0.200, Table 1).

Effect of ICG on the number of LN dissections in all
patients

After matching, the total number of LN dissections was
significantly higher in the ICG group than in the non-ICG
group (40.8+13.7 vs. 31.8 +13.5 P <0.001). In the sub-
group analysis, compared with non-ICG group, patients in
the ICG group had more D2 LN dissection (39.6 +13.2),
perigastric LN dissection (21.7 £ 10.7), and extraper-
igastric LN (19.1 +6.7) dissection number (all P <0.05).
The number of LN dissections in the 5-12a subgroup
(26.5 +10.6) was also significantly higher in ICG group
(all P<0.05), while the number of LN dissections in the
1-4 subgroup was comparable (15.9+7.7 vs. 14.7 +8.4,
P =0.308). Furthermore, the number of each subgroup
LN dissections in the ICG group was higher than that in
the non-ICG group, especially in subgroups 5, 8a, 9, and
12a, were significantly higher than non-ICG group (all
P <0.05, Table 2).

Effect of ICG on the number of LN dissections
in patients with different responses to different NAC

After matching, the stratified analysis of NAC according
to the RECIST standards showed in patients with non-
remission of tumor or LN, including progressive disease
(PD) and stable disease (SD), the number of LN dis-
section in the ICG group was significantly higher than
non-ICG group (41.5+12.9 vs. 28.4+12.4, P <0.001
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and 44.9+16.4 vs. 30.4+11.4, P<0.001, respectively),
while in complete response(CR) and partial response(PR)
patients, was comparable in two groups (Fig. 1).

Impact of ICG on the non-compliance rate of LNs

The LN dissection rates of subgroup No.12a in total gastrec-
tomy and No.9 in distal gastrectomy in the ICG group were
significantly higher than non-ICG group (P <0.05). However,
other subgroup LNs were similar in two groups (all P> 0.05,
Supplemental Fig. 3).

The LN non-compliance rate after matching was signifi-
cantly lower in the ICG group than in the non-ICG group
(35.1% vs. 51.1%, P=0.027). Stratified analysis according to
the RECIST standards showed that among patients with non-
remission of tumors or LNs after NAC (SD +PD), the LN
non-compliance rate was significantly lower in the ICG group
than in the non-ICG group (22.4% vs. 56.2%; 23.3% vs. 55.0%,
P all<0.001; Table 3).

Analysis of risk factors for the number of LN
dissections

Univariate analysis showed that in patients without ICG injec-
tion, cT stage, Tumor remission, LN remission, and Margin
affecting the number of LN dissections. Further multivariate
analysis showed that non-remission of tumors or LN affected
the number of LN dissections (both P <0.05; Supplemental
Table 1). However, the number of LN dissections in patients
who injected ICG was not affected by any factors (P> 0.05;
Supplemental Table 2).

Surgery and postoperative recovery

Supplemental Table 3 shows the short-term outcomes after
matching. Intraoperative blood loss in the ICG group was sig-
nificantly lesser than that in the non-ICG group (45.6+19.1
vs. 89.6+89.3 ml, P<0.001). There were no significant dif-
ferences in the first exhaust, liquid diet, and postoperative hos-
pital stay (all P>0.05). After matching, there were 10 com-
plications within 30 days after surgery in the ICG group and
12 in non-ICG group. Overall, there was no difference in the
incidence of postoperative complications and Clavien—Dindo
grades between the two groups (P> 0.05, Supplemental
Table 3). No patients underwent second operations in either
group, and no deaths occurred within 30 days after surgery.

Discussion

With the gradual development of laparoscopic technology,
further improvement of the accuracy of laparoscopic sur-
gery to efficiently and safely increase the number of LN
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Table 1 General information before and after propensity score matching
Before propensity score matching SMD  After propensity score matching SMD
ICG (n=102) Non-ICG (n=211) P value ICG (n=94) Non-ICG (n=94) P value
Age, y 60.1+10.6 60.7+£10.1 0.667 60.04+10.51  60.47+9.92 0.776 0.092
Gender 0.529  0.109 0.494 0.125

Male 74 (73.7%) 163 (77.3%) 69 (73.4%) 74 (78.7%)

Female 28 (26.3%) 48 (22.7%) 25 (26.6%) 20 (21.3%)

ECOG 1.000  0.060 1 0.066

<2 98 (98.0%) 205 (97.2%) 92 (97.9%) 91 (96.8%)

>2 4 (2.0%) 6 (2.8%) 2(2.1%) 3(3.2%)

BMI, kg/m? <0.001* 0.467 1 <0.001

<25 71 (71.0%) 186 (88.2%) 72 (76.6%) 72 (76.6%)

>25 31 (29.0%) 25 (11.8%) 22 (23.4%) 22 (23.4%)

Margin 0.083  0.226 0.678 0.121

Negative 99 (97.1%) 194 (91.9%) 92(97.9%) 90 (95.7%)

Positive 3(2.9%) 17 (8.1%) 2 (2.1%) 4 (4.3%)

Tumor location 0.077 0.341 0.617 0.196

Upper 45 (42.0%) 75 (35.5%) 41 (43.6%) 38 (40.4%)

Mid 23 (23.0%) 76 (36.0%) 22 (23.4%) 30 (31.9%)

Lower 19 (19.0%) 25 (11.8%) 17 (18.1%) 14 (14.9%)

Whole 16 (16.0%) 35 (16.6%) 14(14.9%) 12(12.8%)

Reconstruction 0274  0.204 0.605 0.147

BI 0 (0.0%) 2 (0.9%) 0 (0.0%) 1(1.1%)

BII 17 (16.7%) 24 (11.4%) 15 (16.0%) 15 (16.0%)

RY 85 (83.3%) 185 (87.7%) 79 (84.0%) 78 (83.0%)

Surgical procedure 0.941 0.028 0.677 0.091

Total 84 (82.4%) 176 (83.4%) 79 (84%) 82 (87.2%)

Distal 18 (17.6%) 35 (16.6%) 15 (16%) 12 (12.8%)

Tumor size, mm 43.1£20.5 44.8+24.1 0542 0.289 43.6+18.4 46.3+22.8 0.386 0.092
Histological type 0.225 0.146 0.659 0.086
Undifferentiated 57 (55.9%) 133 (63.0%) 51 (54.3%) 55 (58.5%)

Differentiated 45 (44.1%) 78 (37.0%) 43 (45.7%) 39 (41.5%)
cT after NAC 0.426  0.205 0.865 0.125

cT1 12 (11.8%) 22 (10.4%) 11 (11.7%) 11 (11.7%)

cT2 34 (33.3%) 61 (28.9%) 33 (35.1%) 28 (29.8%)

cT3 28 (27.5%) 50 (23.7%) 26 (27.7%) 27 (28.7%)

cT4 28 (27.5%) 78 (37.0%) 24 (25.5%) 28 (29.8%)
cN after NAC 0.207  0.153 1 <0.001

cNO 59 (57.8%) 106 (50.2%) 57 (60.6%) 57 (60.6%)
veN+ 43 (42.2%) 105 (49.8%) 37 (39.4%) 37 (39.4%)
ypT <0.001* 0.674 0.86 0.167

ypTO 7 (4.3%) 12 (5.7%) 7 (7.4%) 9 (9.6%)

ypT1 9 (9.8%) 10 (4.8%) 9(9.6%) 10 (10.6%)

ypT2 31 (33.7%) 17 (8.1%) 23 (24.5%) 17 (18.1%)

ypT3 34 (29.3%) 96 (45.9%) 34 (36.2%) 35 (37.2%)

ypT4 21 (22.9%) 74 (35.4%) 21 (22.3%) 23 (24.5%)
ypN <0.001* 0.581 0.978 0.099

ypNO 51 (54.3%) 65 (31.0%) 48 (51.1%) 46 (48.9%)

ypN1 24 (26.1%) 37 (17.6%) 24 (25.5%) 25 (26.6%)

ypN2 13 (8.7%) 52 (24.8%) 11 (11.7%) 11 (11.7%)

ypN3a 7 (7.6%) 42 (20.0%) 7 (7.4%) 9 (9.6%)
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Table 1 (continued)

Before propensity score matching SMD  After propensity score matching SMD
ICG (n=102) Non-ICG (n=211) P value ICG (n=94) Non-ICG (n=94) P value
ypN3b 7 (3.3%) 14 (6.7%) 4 (4.3%) 3(3.2%)
AJCC stage <0.001* 0.556 0.628 0.141
I 26 (14.1%) 28(8.2%) 26 (27.7%) 27 (28.7%)
II 46 (36.9%) 66 (21.1%) 44 (46.8%) 38 (40.4%)
I 33 (59.0%) 128 (71.7%) 24 (25.5%) 29 (30.9%)

Abbreviation: BMI body mass index, ¢7 clinical T staging, ¢N clinical N staging, pT pathological T staging, pN pathological N staging, SMD

standardized mean difference
*Values are standard deviation

Values in parentheses are percentages unless indicated otherwise

Table 2 Effect of ICG on the number of lymph-node dissections

Dissection LNs All patients
ICG Non-ICG P value

Total (n=94,94) 40.8+13.7 31.8+13.5 <0.001
D2 (n=94,94) 39.6+132 30.8+11.8 <0.001
Perigastric (n=94,94) 21.7+10.7 18.6+10.4 0.045
Extraperigastric (n=94,94)  19.1+6.7 132+59 <0.001
NO.1-4 (n=94,94) 159+7.7 14.7+8.4 0.308
NO.5-12 (n=94,94) 26.5+10.6 17.4+9.2 <0.001
NO.1 (n=55,64) 2.1+24 1.7£22 0.345
NO.2 (n=65,60) 22422 1.8+£2.0 0.290
NO.3 (n=85,85) 7.0+5.6 72+59 0.821
NO.4 (n=59,59) 4.6+5.5 40+54 0.551
NO.4sa (n=46,40) 1.0+2.0 0.8+2.0 0.645
NO.4sb (n=38,42) 1.8+2.0 1.7£32 0.869
NO.4d (n=22,18) 1.9+3.6 1.5+4.38 0.765
NO.5 (n=56,41) 1.8+1.9 08+14 0.005
NO.6 (n=85,78) 4.0+3.0 31+3.0 0.058
NO.7 (n=77,83) 4.5+3.0 40+£25 0.253
NO.8a (n="71,73) 4.1+29 25420 <0.001
NO.9 (n=86,63) 44+25 23422 <0.001
NO.10 (n=28,38) 1.1+2.1 09+1.6 0.662
NO.11d (n=46,60) 1.0+2.1 1.0+£2.4 1.000
NO.11p (n=28,19) 1.6+2.6 1.0+£1.7 0.381
NO.12a (n=53,31) 23+2.7 1.2+09 0.031
NO.14v (n=6,4) 0.1+0.7 0.140.7 1.000

dissections is a hot topic. In line with this, the safety and
effectiveness of the ICG technology used in laparoscopic
radical gastrectomy are gradually being recognized [28-31].
However, in neoadjuvant patients with AGC, fibrosis reac-
tion or cytotoxicity caused by chemotherapy can cause loss
of the normal tissue plane. However, evidence regarding
whether it will affect LN visualization or tissue discrimina-
tion by ICG in these patients is lacking. This study included
patients with AGC who underwent laparoscopic radical
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resection after NAC in two centers in China and analyzed
the relationship between ICG injection and the number of
LNs dissected and LN non-compliance in detail. Our study
shows that ICG can reduce intraoperative blood loss without
increasing the operation time and number of complications,
and it can guide the surgeon to dissected more LNs during
laparoscopic radical gastrectomy after neoadjuvant therapy
and reduce the LN non-compliance rate. In particular, for
surgical patients with poor chemotherapy effects, the effect
is obvious.

The total number of LNs dissected and the LN non-
compliance rate are of great significance in radical gas-
trectomy. Previous studies have confirmed that, regard-
less of whether the dissected LNs are metastasized, the
perigastric LNs are thoroughly dissected during surgery,
the number of LNs is detected, and the rate of LN non-
conformance is reduced. Accurate staging, selection of
appropriate subsequent treatment options, and improve-
ment in prognoses are of great significance. Studies have
proven that patients with NAC need more LN dissections
to truly reflect the tumor stage and prognosis of patients
[11]. Among patients with gastric cancer who did not
receive NAC, our center concluded through randomized-
controlled trial research that, in the early stage of disease,
ICG can guide the surgeon to dissect more LNs and LNs
during laparoscopic radical gastrectomy without increas-
ing the operation time and complications, effectively
reducing LN inconsistencies in patients undergoing total
gastrectomy [15]. However, in patients with AGC receiv-
ing NAC, tumor cell metabolism disorder caused by chem-
otherapy drugs can cause eosinophilic cytoplasm, nuclear
enlargement, condensation, cell necrosis, cell dissection
and destruction of ducts, neutrophils, and other inflamma-
tory cells. Infiltration and aggregation of monocytes can
eventually replace tumor cells with interstitial fibrosis, that
is, primary tumors and metastatic LNs shrink due to fibro-
sis. This phenomenon may block lymphatic drainage [32],
and it is inconclusive whether ICG can be used to fully
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Fig. 1 Effect of ICG on the number of LN dissections in patients with different responses to different NAC

Table 3 Impact of ICG on the non-compliance rate of lymph node

Dissection LNs ICG non-ICG P value

Whole cohort (94,94)
Compliance 61 (64.9%) 46 (48.9%) 0.027
Non-compliance 33(35.1%) 48 (51.1%)

Tumor, CR +PR (45,30)
Compliance 23 (51.1%) 17 (56.7%) 0.637
Non-compliance 22 (48.9%) 13 (33.3%)

Tumor, SD +PD(49,64)
Compliance 38 (77.6%) 28 (43.8%) <0.001
Non-compliance 11 (22.4%) 36 (56.2%)

Lymph node, CR/PR (34,34)
Compliance 15 (44.1%) 19 (55.9%) 0.332
Non-compliance 19 (55.9%) 15 (44.1%)

Lymph node, PD/SD (60,60)
Compliance 46 (76.7%) 27 (45.0%) <0.001
Non-compliance 14 (23.3%) 33 (55.0%)

Abbreviation: CR complete response, PR partial response, PD pro-
gressive disease, SD stable disease

*Values are standard deviation
Values in parentheses are percentages unless indicated otherwise

drain lymph fluid in patients with AGC undergoing chemo-
therapy by visualizing the LNs. We are the first to report
this study internationally. The results showed that the aver-
age number of LN dissections in patients with AGC who
were not injected with ICG and who underwent laparo-
scopic radical gastrectomy was 31.8, which is equivalent
to that reported in international reports [8], but in patients
with AGC injected with ICG, this number can reach 40.8;
that is, ICG significantly improves the total number of LN
dissections in laparoscopic radical gastrectomy. The strati-
fied analysis also showed that the total number of LNs
dissected in the ICG group was significantly higher than in
the non-ICG group, regardless of the number of LNs in the
D2, perigastric, or extragastric ranges. Similarly, the LN
non-compliance rate in the ICG group was 35.1%, which
was significantly lower than that in the non-ICG group
(51.1%). Single- and multi-factor analysis also showed that
ICG technology can help surgeons achieve more thorough
LN dissection in patients with AGC receiving NAC. We
believe this is because the surgeon can clearly visualize
blood vessels under the guidance of ICG, which help them
confidently and calmly dissect perigastric LNs, ensuring as
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many LNs as possible are dissected and reducing bleeding
caused by vascular damage caused by misjudgment, sig-
nificantly reducing intraoperative blood loss. We further
divided the LNs into subgroups No. 1-4 and No. 5-12a.
Intraoperative cleaning of the No. 1-4 subgroups of LNs
does not require naked blood vessels, and the removal of
subgroups No. 5—12a LNs requires ICG guidance to dis-
sect the perigastric complex blood vessels. The results
showed that the number of LN dissections in the No. 1-4
subgroups in the ICG group was comparable to that in the
non-ICG group, while the number of LN dissections in the
No. 5-12a subgroups was significantly higher than that
in the non-ICG group, which confirmed that ICG-guided
laparoscopic radical gastric cancer treatment, more LNs
are removed during surgery, not because ICG is benefi-
cial to the specimen-sorting LNs, but because ICG helps
the surgeon to perform more accurate and effective LN
dissection.

This study further showed that the number of LN dis-
sections in the ICG group did not increase in patients
with significant tumor or LN regression after NAC, and
the LN non-compliance rate was equivalent to that in the
non-ICG group. However, ICG can significantly increase
the number of LN dissections and reduce the rate of LN
non-compliance in patients with tumors or LNs that have
not been resolved after chemotherapy. The analysis of risk
factors for the number of LN dissections also confirms
this result; that is, in patients with tumors and LN remis-
sion, ICG was not a factor influencing the increase in the
number of LN dissections, but in patients whose tumors
and LNs did not shrink, ICG significantly increased the
number of LN dissections. Conversely, our analysis also
showed that for patients receiving NAC who underwent
radical gastrectomy without ICG injection, the number of
LN dissections was affected by factors such as cT4, non-
remission of tumors after chemotherapy, and LN remission
after chemotherapy. In other words, in patients with AGC
whose tumors are in the advanced stages after chemo-
therapy, it is more difficult to clean a sufficient number
of LNs during surgery, but after ICG injection, the tumor
stage no longer affects the number of LNs dissection. This
phenomenon suggests that for patients receiving NAC that
has significant effects, fibrosis in the peripheral gastric
LNs means that the lymphatic vessels may be blocked,
causing poor ICG inflow, resulting in poor intraoperative
imaging effects. However, when the tumor or LNs are
enlarged after chemotherapy, it is not easy to distinguish
the boundary between enlarged LNs and the surrounding
tissues, while ICG near-infrared light imaging has good
tissue penetration and can effectively identify fatty LNs in
the tissues [33, 34]. Because of the different ICG uptake
rates, a high-definition laparoscope can collect different
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signals from different tissues, helping the surgeon to effec-
tively and accurately distinguish between the contours of
lymphatic tissue and perigastric blood vessels, fat, pan-
creas, and other organization to avoid missing LNs, but
also, the ICG can better locate the lymph nodes, leading
to an increase in the number of lymph nodes dissected in
patients with poor chemotherapy effects.

Although this is the first study to evaluate the applica-
tion of ICG to LN tracing in laparoscopic radical resection
after neoadjuvant treatment of malignant tumors, this study
has some shortcomings. First, even after very strict match-
ing of underlying factors, there is no guarantee that all
confounding factors have been adjusted for in our analysis.
To evaluate the accuracy of such studies, it is necessary to
perform randomized-controlled trials for further verifica-
tion. Second, there is currently a lack of long-term follow-
up results. In theory, LN dissection under ICG guidance
improves accuracy, reducing the spread of tumors in the
LNs during the dissection process, and it may increase
long-term patient survival. Therefore, further evaluation
of ICG imaging technology needs to be conducted in mul-
ticenter and long-term follow-up studies. Third, this study
was based on a database of Chinese hospitals and skilled
surgeons. There are significant differences in the number
of gastrectomy performed between the East and the West.
Therefore, study results should be further evaluated when
applied to other institutions or other regions worldwide.
However, we believe that the conclusions obtained in this
study provide certain reference values for clinical practice.
It is recommended that ICG tracing techniques are rou-
tinely performed during laparoscopic radical gastrectomy
in patients with ACG who have received NAC.

Overall, ICG tracer technology can increase the number
of LN dissections during laparoscopic radical gastrectomy
in patients with poor NAC outcomes, reduce the rate of
LN non-compliance, and reduce intraoperative bleeding.
It is recommended that surgeons should routinely perform
ICG-guided laparoscopic radical gastrectomy in patients
with AGC who have received NAC.
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