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Preoperative ICG fluorescence
marking improves lymph node
retrieval and survival in
laparoscopic gastrectomy for
gastric cancer

Weijun Yang, Wubin Zheng, Jianning Dong, Xuesong Shi
and Yongjun Nai*

Department of general surgery, Nanjing First Hospital, Nanjing Medical University, Nanjing, China

Background: While prior studies have suggested the potential benefits of
preoperative indocyanine green (ICG) fluorescence marking in laparoscopic
gastrectomy, few have evaluated its long-term oncologic impact in large real-
world cohorts. This study aimed to validate the clinical utility of preoperative ICG
marking by assessing its effects on lymph node retrieval and 3-year survival
outcomes in gastric cancer patients.

Methods: We retrospectively analyzed resectable gastric cancer patients who
underwent laparoscopic gastrectomy at Nanjing First Hospital between January
2020 and December 2021. Patients were allocated to an ICG or non-ICG group.
In the ICG group, 1.25 mg/mL ICG was endoscopically injected around the tumor
12 to 24 hours prior to surgery, with near-infrared imaging guiding tumor
resection and lymph node (LN) dissection. Propensity score matching yielded
168 matched pairs. Primary outcomes were LN yield and tumor localization
accuracy; secondary outcomes included operation time, blood loss, and 3-year
disease-free survival (DFS) and overall survival (OS). Multivariable Cox regression
analysis was used to identify independent prognostic factors.

Results: The ICG group demonstrated a significantly higher mean LN yield (46.4
+ 85 vs. 42.6 + 115, P<0.01), lower noncompliance (31.0% vs. 49.4%, P<0.01),
shorter operation time (200.0 + 11.4 vs. 210.4 + 11.6 minutes, P<0.01), and lower
intraoperative blood loss (26.9 + 8.7 vs. 31.3 + 9.2 mL, P<0.01). The 3-year DFS
and OS rates were significantly improved in the ICG group (DFS: 74% vs. 60%; OS:
80% vs. 66%; log-rank P<0.01). Multivariable Cox regression confirmed that ICG
use was independently associated with improved DFS (HR=0.44, 95% Cl. 0.28-
0.71, P<0.01) and OS (HR=0.44, 95% CI: 0.25-0.76, P<0.01).
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Conclusions: Preoperative ICG fluorescence marking is a safe and effective
adjunct in laparoscopic gastrectomy for gastric cancer, enhancing surgical
efficiency and long-term outcomes.

indocyanine green, fluorescence imaging, laparoscopic gastrectomy, gastric cancer,
tumor localization, lymphadenectomy

1 Introduction

Gastric cancer is the fifth most common malignancy and the
fourth leading cause of cancer-related deaths worldwide, with
approximately 1 million new cases and over 768,000 deaths in
2020 (1). Notably, its incidence varies significantly across regions,
with East Asia—especially China, Japan, and South Korea—bearing
the highest disease burden (2). In China alone, gastric cancer
accounts for roughly 40% of global cases, underscoring the urgent
need for effective treatment strategies (3).

Surgical resection remains the primary curative treatment for
gastric cancer, and laparoscopic gastrectomy has gained widespread
acceptance due to its minimally invasive nature, lower postoperative
complication rates, and faster recovery times (4). However,
ensuring precise tumor localization and performing adequate
lymphadenectomy—particularly achieving the diagnostic
threshold of 230 retrieved lymph nodes—continue to pose
significant challenges in laparoscopic procedures, directly
impacting staging accuracy and oncologic outcomes. (5, 6).

Indocyanine green (ICG) fluorescence imaging has emerged as
a valuable tool in gastrointestinal surgery, providing real-time
visualization of tumors and lymphatic pathways (7). Preoperative
endoscopic injection of ICG enables precise intraoperative
identification of tumor margins and enhanced lymph node
mapping, potentially improving surgical accuracy and reducing
complications (8). Despite these promising advantages, the
clinical utility of ICG fluorescence imaging for preoperative
tumor marking in laparoscopic gastrectomy remains under
investigation. While prior studies have suggested potential
improvements in surgical quality, data on survival benefits—
particularly in real-world Chinese populations—are limited.

Therefore, this study aims to confirm the efficacy and safety of
preoperative ICG fluorescence marking in laparoscopic gastrectomy
for gastric cancer, focusing on its impact on surgical precision,
lymph node retrieval, and long-term survival outcomes. By
employing propensity score matching (PSM) and reporting
longer-term oncologic outcomes in a large Chinese patient
cohort, this study seeks to validate and expand upon prior
findings, providing robust evidence for the clinical utility of ICG
in real-world surgical settings.

Frontiers in Oncology

2 Materials and methods

2.1 Patients

This retrospective study included adult patients (=18 years)
with histologically confirmed, resectable gastric adenocarcinoma
(T1-T4a) who underwent laparoscopic gastrectomy at Nanjing First
Hospital between January 2020 and December 2021. Patients were
eligible if preoperative staging indicated resectable disease, they
were scheduled for laparoscopic radical gastrectomy with D2
lymphadenectomy, and had received no prior neoadjuvant
chemotherapy or radiotherapy. Exclusion criteria were: (1) distant
metastases, (2) severe comorbidities precluding surgery, and (3)
allergy to ICG.

Preoperative assessment included enhanced computed
tomography (CT) for tumor staging and localization. All patients
also underwent diagnostic upper gastrointestinal endoscopy with
biopsy to confirm histopathological diagnosis and guide
surgical planning.

2.2 ICG fluorescence marking protocol

In the ICG group, a solution of 1.25 mg/mL ICG (Dandong
Yichuang Pharmaceutical Co) was prepared using sterile water, and
0.5 mL was endoscopically injected into the submucosal layer at
four quadrants around the tumor, totaling 2.5 mg, 12 to 24 hours
before surgery. The submucosal injection was confirmed in real
time by observing mucosal elevation during the slow injection. All
injections were performed under direct endoscopic visualization
using a standard 23G endoscopic needle, which allowed precise
control of the injection depth and location around the tumor
margins. Near-infrared (NIR) fluorescence imaging was utilized
intraoperatively to guide tumor resection and LN dissection. The
imaging system (NOVADAQ, Stryker, US) enabled seamless
switching between visible light and NIR fluorescence to optimize
tumor localization and lymphadenectomy. Fluorescence imaging
was also used post-dissection to verify the completeness of
LN dissection.
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2.3 Surgical procedure

All surgeries were performed by a dedicated gastrointestinal
oncology team composed of three senior surgeons, each with over
10 years of experience in laparoscopic gastrectomy. All patients
underwent laparoscopic gastrectomy with D2 lymphadenectomy
following standard oncological principles. The extent of resection
(total or subtotal gastrectomy) was determined based on tumor
location and size. In the ICG group, the fluorescence signal was used
to guide both tumor localization and LN dissection, whereas the
non-ICG group relied on conventional intraoperative techniques,
including palpation and preoperative imaging. In the non-ICG
group, intraoperative tumor localization and lymph node
dissection were guided primarily by systematic palpation of the
gastric wall and regional lymph node basins. Experienced surgeons
palpated the stomach to identify the tumor margins and assessed
the consistency and enlargement of lymph nodes manually. This
tactile feedback was used to determine the extent of resection and
the lymph node stations requiring dissection. Palpation was
performed according to a standardized protocol to ensure
thorough examination of all relevant anatomical regions.

Postoperative adjuvant chemotherapy was administered
according to national clinical guidelines based on the final
pathological stage and patient condition (9).

2.4 Outcome measures

The primary outcomes were the number of LNs retrieved and
tumor localization accuracy. The current American Joint
Committee on Cancer (AJCC) Staging manual recommends that
the removal of =30 regional LNs is desirable (10). LN dissection
noncompliance was defined as the absence of LNs from more than 1
LN station that should have been excised.

Secondary outcomes included disease-free survival (DFS) and
overall survival (OS) at three years. In addition, total operation time
and intraoperative blood loss were analyzed. Postoperative follow-
up was conducted every 3 months. At each visit, patients underwent
clinical examination, routine blood tests including tumor markers,
and contrast-enhanced abdominal CT. Upper gastrointestinal
endoscopy was performed annually. Any suspected recurrence
was confirmed through imaging, histopathological biopsy, or
multidisciplinary team (MDT) evaluation. Survival status and
recurrence events were collected from the hospital’s database.
Patients who were alive at the time of the last follow-up or lost to
follow-up before death were considered censored in the
survival analysis.

2.5 Statistical analysis

To minimize selection bias, a PSM analysis was performed to
balance baseline characteristics between the ICG and non-ICG
groups. Propensity scores were calculated using a multivariable
logistic regression model based on key covariates, including age, sex,
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body mass index (BMI), ECOG performance statues, tumor
location, lymph vascular invasion, tumor size, tumor stages, and
AJCC stage. Nearest-neighbor matching without replacement was
conducted using a caliper width of 0.2 standard deviations of the
logit of the propensity score.

Continuous variables were compared using the Student’s t-test
or Mann-Whitney U test, while categorical variables were analyzed
using the chi-square test or Fisher’s exact test. Kaplan-Meier
survival analysis with the log-rank test was used to compare DFS
and OS between the ICG and control groups. Multivariate Cox
proportional hazards regression analysis was performed to identify
independent prognostic factors for DFS and OS, adjusting for
potential confounders, including age, sex, tumor stage, and lymph
node involvement. A P value < 0.05 was considered statistically
significant. Data were analyzed using SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA).

3 Results
3.1 Baseline characteristics

A total of 847 patients diagnosed with gastric cancer were
initially enrolled. After excluding 129 cases, 718 patients
remained, with 256 (35.7%) receiving ICG. Propensity score
matching yielded 168 matched pairs (336 patients) for subsequent
analysis (Figure 1). The baseline characteristics of the matched
cohorts are summarized in Table 1, and no significant differences
were observed in age, sex, BMI, ECOG performance status, tumor
location, lymphovascular invasion, tumor size, tumor stage, or
AJCC stage (all P>0.05).

3.2 Surgical outcomes

As shown in Table 2, the ICG group had a significantly higher
mean LN yield (46.4 + 8.5) compared to the non-ICG group (42.6 +
11.5, P<0.01). Notably, all patients (100%) in the ICG group
achieved the recommended LN yield (230 nodes), whereas only
87.5% (n=147) of the non-ICG group met this threshold (P<0.01).
When stratified by anatomical region, the number of LNs retrieved
was significantly higher in both the D1 (25.5 + 4.7 vs. 23.5 * 6.3,
P<0.01) and D2 (20.8 + 3.8 vs. 19.1 + 5.1, P<0.01) stations in the
ICG group. In terms of lymph node dissection accuracy, the ICG
group showed a significantly lower noncompliance rate than the
non-ICG group (31.0% vs. 49.4%, P<0.01). These results suggest
that preoperative ICG marking contributes not only to a higher
total lymph node yield, but also to a more standardized and
comprehensive lymphadenectomy.

Operative efficiency was also improved: the total operation time
was significantly shorter in the ICG group (200.0 * 11.4 minutes vs.
210.4 + 11.6 minutes, P<0.01) and intraoperative blood loss was
reduced (26.9 + 8.7 mL vs. 31.3 + 9.2 mL, P<0.01). Postoperative
complication rates were similar between the groups (22.0% vs.
19.0%, P=0.50).
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Adult patients (>18 years) diagnosed with resectable gastric cancer who underwent laparoscopic
gastrectomy at Nanjing First Hospital between January 2020 and December 2021 (N=847)
Excluded patients (N=129)
» ® Distant metastases (N=68)
®  Severe comorbidities (N=61)
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Patients eligible for study (N=718)
ICG group Non-ICG group
(N=256) (N=462)
Propensity-score matching
A
ICG group Non-ICG group
(N=168) (N=168)
FIGURE 1

Patients’ selection flow.

3.3 Survival outcomes

ICG fluorescence marking was associated with significantly
better long-term outcomes. The 3-year recurrence rate was lower
in the ICG group (13.7% vs. 25.0%, P<0.01), and mortality was
reduced (19.0% vs. 32.7%, P<0.01). Kaplan-Meier curves (Figure 2)
demonstrated significantly better three-year DFS (HR=0.53, 95%
CI: 0.34-0.80; log-rank P<0.01) and OS (HR=0.51, 95% CI: 0.31-
0.84; log-rank P<0.01) in the ICG group. Multivariable Cox
regression analysis (Table 3) confirmed that ICG use was
independently associated with improved DFS (HR=0.44, 95% CI:
0.28-0.71, P<0.01) and OS (HR=0.44, 95% CI: 0.25-0.76, P<0.01)
after controlling for potential confounding factors (Table 3).
Additionally, advanced AJCC stage (II and III) was a significant
negative prognostic factor for both DFS and OS (both P<0.01).

4 Discussion

This study demonstrates that preoperative ICG fluorescence
marking offers significant clinical benefits in laparoscopic
gastrectomy for gastric cancer. In our cohort, the use of ICG
improved intraoperative tumor localization, enhanced the extent
of LN dissection, and was associated with favorable long-term
outcomes. These findings add to the growing evidence supporting
the integration of fluorescence imaging technologies in minimally
invasive oncologic surgery.

Frontiers in Oncology

4.1 Improved tumor localization and
operative efficiency

Accurate intraoperative tumor localization remains a challenge
in totally laparoscopic procedures, particularly for early-stage or
non-palpable lesions. Our results show that preoperative
submucosal ICG injection significantly enhanced visualization of
tumor margins, facilitating precise proximal margin determination
and surgical planning. This aligns with the retrospective study by
Yoon and Lee (11), which demonstrated that ICG marking not only
secured an oncologically safe proximal resection margin during
totally laparoscopic distal gastrectomy but also reduced operative
time by approximately 34 minutes. However, several challenges
persist regarding tumor localization accuracy. These include
variability in the depth and volume of ICG injection, timing of
administration relative to surgery, and heterogeneity in fluorescence
signal intensity due to factors such as tissue thickness and tumor
characteristics (12, 13). Moreover, subjective interpretation of
fluorescence images may contribute to inconsistency in surgical
decision-making. Previous studies have highlighted these issues as
significant barriers to widespread clinical adoption (14). To address
these challenges, future research should focus on developing
standardized protocols for ICG administration, including precise
injection techniques, optimal dosing, and timing schedules. In
addition, the integration of objective quantification methods for
fluorescence intensity and real-time imaging guidance could
improve localization accuracy and reproducibility. Multicenter
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TABLE 1 Continued

Variables ICG Non-ICG  Pvalue Variables ICG Non-ICG  Pvalue
group group group group
(n=168) (n=168) (n=168) (n=168)
Age, years 58.1 £ 5.7 585+ 5.8 0.48 AJCC stage 0.35
BMI, kg/m? 229+ 17 23.1+22 026 I 75 (44.6%) 84 (50.0%)
Gender 0.65 11 45 (26.8%) 34 (20.2%)
Male 106 (63.1%) 102 (60.7%) 111 48 (28.6%) 50 (29.8%)
Female 62 (36.9%) 66 (39.3%)
ECOG 0.57 TABLE 2 Primary and secondary outcomes.
performance
statues Variables
0 140 (83.3%) 136 (81.0%)
1 28 (16.7% 32 (19.0% .
(16.7%) (19.0%) Primary outcomes
Tumor Location g Total LN retrieved 46.4 + 8.5 42.6 £11.5 <0.01
o 0
Upper 39 @3.2%) 34 202%) >30 168 (100.0%) 147 (87.5%) <001
1 o 0,
Middle 34 (20.2%) 31 (18.5%) 30 0 21 (12.5%)
00 . 00
Lower %5 (56:5%) 103 (61.3%) D1 station LN retrieved 255447 235463 <001
!.ymphvascular 0.37 D2 station LN retrieved 20.8 + 3.8 19.1 £ 5.1 <0.01
invasion
LNs dissection <0.01
Negative 106 (63.1%) 98 (58.3%) .
compliance
Positive 62 (36.9%) 70 (41.7%) Compliance 116 (69.0%) 83 (49.4%)
Size, cm 0.44 Noncompliance 52 (31.0%) 85 (50.6%)
<3 78 (46.4%) 71 (42.3%) Secondary outcomes
>3 90 (53.6%) 97 (57.7%) Operation times, 2000 + 11.4 2104 + 11.6 <0.01
cT stage 0.99 minutes
T1 46 (27.4%) 45 (26.8%) Blood loss, ml 269 + 8.7 313+92 <0.01
CT2-CT3 92 (54.8%) 92 (54.8%) With I.-)ost.operative 37 (22.0%) 32 (19.0%) 0.50
complication
T4 30 (17.9%) 31 (18.5%)
Recurrence rate 23 (13.7%) 42 (25.0%) <0.01
cN stage 0.44 )
Mortality 32 (19.0%) 55 (32.7%) <0.01
cNO 73 (43.5%) 80 (47.6%)
N+ 95 (56.5%) 88 (52.4%) studies employing such standardized approaches would help
pT stage 0.74 validate the clinical utility of ICG fluorescence marking and
facilitate its broader implementation in clinical practice.
pT1 62 (36.9%) 65 (38.7%)
T2-T4, 106 (63.1% 103 (61.3%
pr2T4a (631%) (©61.3%) 4.2 Enhanced lymphadenectomy and
pN stage 0.40 long-term oncologic outcomes
pNO 79 (47.0%) 72 (42.9%)
Adequate LN dissection is critical for accurate staging and
N1 18 (10.7% 27 (16.1% . . . . .
P (10.7%) (16.1%) improved disease control in gastric cancer. In our analysis, the ICG
pN2 30 (17.9%) 24 (14.3%) group yielded a significantly higher number of retrieved LNs compared
N3 41 (24.4%) 45 (26.8%) to the non-ICG group. Notably, this increase in LN yield was observed
uniformly across both D1 and D2 nodal stations, indicating that ICG
A t . . . . .
JCC stage 0.35 fluorescence guidance enhances retrieval from anatomically diverse
(Continued)  and potentially challenging regions. This observation aligns with the
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Survival analysis of the indocyanine green (ICG) group and non-ICG group. (A) comparing disease-free survival (DFS) between the ICG group and
non-ICG group. (B) comparing overall survival (OS) between the ICG group and non-ICG group.

findings of a phase III randomized clinical trial by Chen et al. (15),
where the mean LN count was substantially higher in the ICG group
(50.5 vs. 42.0, P<0.001). Moreover, their study reported superior three-
year overall survival (OS) and disease-free survival (DFS) in the ICG
group, along with a lower recurrence rate (17.8% vs. 31.0%). These
results strongly support the prognostic value of ICG-guided
lymphadenectomy, suggesting that a more extensive and precise LN
dissection can contribute to improved long-term outcomes. It is noted
that the more comprehensive LN retrieval in the ICG group may
contribute to potential “upstaging” by detecting additional metastatic
nodes. Such upstaging could partly explain the improved survival
outcomes observed, as more accurate staging facilitates tailored
postoperative treatment and surveillance. Importantly, the addition
of ICG did not alter the predefined anatomical clearance range. All
patients in both groups underwent D2 lymphadenectomy according to
standardized oncologic guidelines. ICG fluorescence imaging served as
an intraoperative navigational aid, improving visualization and
identification of lymphatic tissue, but did not expand or reduce the
intended dissection field. Therefore, the observed increase in lymph
node yield in the ICG group likely reflects enhanced precision and
completeness of dissection rather than a modification of surgical extent.

In addition, a prospective cohort study by Wei et al. (16) further
validated the oncologic safety and feasibility of ICG fluorescence
imaging in laparoscopic radical gastrectomy. Patients in the ICG-
assisted group not only exhibited a higher LN yield but also
benefited from shorter operation and dissection times and
reduced intraoperative blood loss. Although the 2-year OS and
DFS did not differ significantly between groups in Wei et al.’s study,
the observed procedural improvements mirror our findings and
suggest that ICG guidance enhances surgical quality without
compromising oncologic safety.

4.3 Mechanisms and implications for future
practice

The potential mechanism behind the improved outcomes with

ICG may be twofold. First, real-time fluorescence imaging allows for
more accurate identification of tumor margins and lymphatic
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drainage pathways, facilitating a more comprehensive resection.
Second, a more thorough LN dissection may reduce the residual
micrometastatic burden, thus contributing to a lower recurrence rate
and improved survival. Our findings that LN yield increased
uniformly across nodal stations and the potential for upstaging
underscore that ICG fluorescence imaging not only enhances
surgical precision but also may improve pathological staging
accuracy, which in turn guides optimal postoperative management.
Although these mechanisms remain to be fully elucidated, our results,
in conjunction with previous studies, support the notion that ICG
fluorescence imaging can translate into meaningful oncologic benefits
beyond technical facilitation.

4.4 Limitations and future directions

Despite the promising results, this study has several limitations.
As a single-center retrospective analysis, our findings may be
influenced by selection bias and center-specific surgical expertise.
Although propensity score matching was employed to mitigate
confounding, unmeasured variables might still affect the
outcomes. Additionally, as detailed earlier, variability in injection
depth, volume, timing, and subjective interpretation of fluorescence
signals remains a major challenge. Future work should prioritize
developing standardized ICG administration protocols and
objective imaging quantification, supported by multicenter
validation studies to facilitate clinical adoption. Finally, while our
follow-up duration was sufficient to detect early recurrences,
longer-term survival outcomes require further evaluation.

5 Conclusion

This study demonstrates that preoperative ICG fluorescence
marking significantly improves operative efficiency, evidenced by
shorter operation time and reduced intraoperative blood loss,
without increasing postoperative complications, thus confirming
its safety. Multivariable Cox regression further identified ICG use as
an independent predictor of improved disease-free and overall
survival, highlighting its oncological benefit. Notably, 100% of
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TABLE 3 Multivariable Cox regression analyses for exploring the association of indocyanine green fluorescence (ICG) with disease-free survival (DFS)
and overall survival (OS).

Variables DFS (O}
95% ClI 95% CI
ICG vs. non-ICG 0.44 0.28-0.71 <0.01 0.44 0.25-0.76 <0.01
Age 0.99 0.95-1.03 0.57 0.98 0.94-1.02 0.33
BMI 0.92 0.83-1.03 0.14 0.95 0.83-1.08 0.39
‘ Gender
Male Ref. Ref.
Female 117 0.74-1.83 0.51 123 0.73-2.07 0.45

ECOG performance statues

0 Ref. Ref.

1 1.11 0.63-1.95 0.72 1.03 0.54-1.96 0.93

Tumor Location

Upper Ref. Ref.
Middle 1.09 0.54-2.21 0.80 0.58 0.25-1.33 0.20
Lower 1.14 0.69-1.88 0.62 0.69 0.40-1.19 0.18

Lymphvascular invasion

Negative Ref. Ref.

Positive 0.86 0.58-1.27 0.46 1.05 0.68-1.64 0.82
‘ Size, cm

<3 Ref. Ref.

>3 1.44 0.90-2.30 0.13 1.55 0.90-2.67 0.11
‘ cT stage

cT1 Ref. Ref.

cT2-cT3 1.01 0.59-1.73 0.96 1.14 0.62-2.09 0.67

cT4 0.81 0.40-1.63 0.55 0.98 0.45-2.15 0.96
‘ cN stage

cNO Ref. Ref.

cN+ 1.05 0.67-1.65 0.82 1.04 0.62-1.74 0.90
‘ pT stage

pT1 Ref. Ref.

pT2-T4a 0.79 0.50-1.26 0.33 1.03 0.60-1.75 0.92
‘ pN stage

pNO Ref. Ref.

pN1 0.87 0.44-1.74 0.70 0.86 0.39-1.93 0.72

pN2 0.52 0.24-1.11 0.09 0.53 0.21-1.30 0.16

pN3 1.48 0.89-2.46 0.14 1.54 0.85-2.78 0.15

AJCC stage
1 Ref. Ref.

(Continued)
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TABLE 3 Continued

10.3389/fonc.2025.1606893

Variables DFS (O}
95% ClI 95% CI
AJCC stage
il ‘ 6.65 2.98-14.84 <0.01 4.80 2.08-11.08 <0.01
Juis ‘ 14.84 7.18-30.65 <0.01 8.28 3.91-17.55 <0.01

patients in the ICG group achieved the recommended lymph node
yield (230 nodes), compared to 87.5% in the non-ICG group,
underscoring its role in enhancing lymphadenectomy quality.
These findings align with previous randomized and retrospective
studies, reinforcing the value of ICG in improving both
intraoperative decision-making and oncological outcomes. As
ICG imaging becomes more widely accessible, future prospective
multicenter trials are warranted to standardize its use and clarify its
long-term impact on survival.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethical
Committee of Nanjing First Hospital. The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.

Author contributions

WY: Conceptualization, Formal analysis, Investigation,
Methodology, Writing - original draft. WZ: Data curation,
Investigation, Writing - review & editing. JD: Investigation,
Methodology, Writing - review & editing. XS: Investigation,

References

1. Conti CB, Agnesi S, Scaravaglio M, Masseria P, Dinelli ME, Oldani M, et al. Early
gastric cancer: update on prevention, diagnosis and treatment. Int ] Environ Res Public
Health. (2023) 20:2149. doi: 10.3390/ijerph20032149

2. Shin WS, Xie F, Chen B, Yu P, Yu J, To KF, et al. Updated epidemiology of gastric
cancer in Asia: decreased incidence but still a big challenge. Cancers (Basel). (2023)
15:2639. doi: 10.3390/cancers15092639

3. Lewis D, Jimenez L, Mansour MH, Horton S, Wong WWL. A systematic review of
cost-effectiveness studies on gastric cancer screening. Cancers (Basel). (2024) 16:2353.
doi: 10.3390/cancers16132353

4. Lou§, Yin X, Wang Y, Zhang Y, Xue Y. Laparoscopic versus open gastrectomy for
gastric cancer: A systematic review and meta-analysis of randomized controlled trials.
Int J Surg. (2022) 102:106678. doi: 10.1016/j.ijsu.2022.106678

Frontiers in Oncology

Methodology, Project administration, Writing - review & editing.
YN: Conceptualization, Methodology, Supervision, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Tsekrekos A, Okumura Y, Rouvelas I, Nilsson M. Gastric cancer surgery:
balancing oncological efficacy against postoperative morbidity and function
detriment. Cancers (Basel). (2024) 16:1741. doi: 10.3390/cancers16091741

6. HsuJT, Lin YN, Chen YF, Kou HW, Wang SY, Chou WC, et al. A comprehensive
overview of gastric cancer management from a surgical point of view. BioMed J. (2024),
100817. doi: 10.1016/j.bj.2024.100817

7. Kalayarasan R, Chandrasekar M, Sai Krishna P, Shanmugam D. Indocyanine
green fluorescence in gastrointestinal surgery: Appraisal of current evidence. World ]
Gastrointest Surg. (2023) 15:2693-708. doi: 10.4240/wjgs.v15.i12.2693

8. LiH, Xie X, DuF, Zhu X, Ren H, Ye C, et al. A narrative review of intraoperative
use of indocyanine green fluorescence imaging in gastrointestinal cancer: situation and
future directions. ] Gastrointest Oncol. (2023) 14:1095-113. doi: 10.21037/jgo-23-230

frontiersin.org


https://doi.org/10.3390/ijerph20032149
https://doi.org/10.3390/cancers15092639
https://doi.org/10.3390/cancers16132353
https://doi.org/10.1016/j.ijsu.2022.106678
https://doi.org/10.3390/cancers16091741
https://doi.org/10.1016/j.bj.2024.100817
https://doi.org/10.4240/wjgs.v15.i12.2693
https://doi.org/10.21037/jgo-23-230
https://doi.org/10.3389/fonc.2025.1606893
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

9. Wang FH, Zhang XT, Tang L, Wu Q, Cai MY, Li YF, et al. The Chinese Society of
Clinical Oncology (CSCO): Clinical guidelines for the diagnosis and treatment of
gastric cance. Cancer Commun (Lond). (2024) 44:127-72. doi: 10.1002/cac2.12516

10. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge
from a population-based to a more “personalized” approach to cancer staging. CA
Cancer ] Clin. (2017) 67:93-9. doi: 10.3322/caac.21388

11. Yoon BW, Lee WY. The oncologic safety and accuracy of indocyanine green
fluorescent dye marking in securing the proximal resection margin during totally
laparoscopic distal gastrectomy for gastric cancer: a retrospective comparative study.
World ] Surg Oncol. (2022) 20:26. doi: 10.1186/s12957-022-02494-5

12. Satoyoshi T, Okita K, Ishii M, Hamabe A, Usui A, Akizuki E, et al. Timing of
indocyanine green injection prior to laparoscopic colorectal surgery for tumor
localization: a prospective case series. Surg Endosc. (2021) 35:763-9. doi: 10.1007/
s00464-020-07443-5

Frontiers in Oncology

09

10.3389/fonc.2025.1606893

13. Dong B, Zhang A, Zhang Y, Ye W, Liao L, Li Z. Efficacy of indocyanine green
fluorescence imaging-guided lymphadenectomy in radical gastrectomy for gastric
cancer: A systematic review and meta-analysis. Front Oncol. (2022) 12:998159.
doi: 10.3389/fonc.2022.998159

14. Zhang QJ, Cao ZC, Zhu Q, Sun Y, Li RD, Tong JL, et al. Application value of
indocyanine green fluorescence imaging in guiding sentinel lymph node biopsy
diagnosis of gastric cancer: Meta-analysis. World ] Gastrointest Surg. (2024)
16:1883-93. doi: 10.4240/wjgs.v16.16.1883

15. Chen QY, Zhong Q, Liu ZY, Li P, Lin GT, Zheng QL, et al. Indocyanine green
fluorescence imaging-guided versus conventional laparoscopic lymphadenectomy for
gastric cancer: long-term outcomes of a phase 3 randomised clinical trial. Nat
Commun. (2023) 14:7413. doi: 10.1038/s41467-023-42712-6

16. Wei M, Liang Y, Wang L, Li Z, Chen Y, Yan Z, et al. Clinical application of
indocyanine green fluorescence technology in laparoscopic radical gastrectomy. Front
Oncol. (2022) 12:847341. doi: 10.3389/fonc.2022.847341

frontiersin.org


https://doi.org/10.1002/cac2.12516
https://doi.org/10.3322/caac.21388
https://doi.org/10.1186/s12957-022-02494-5
https://doi.org/10.1007/s00464-020-07443-5
https://doi.org/10.1007/s00464-020-07443-5
https://doi.org/10.3389/fonc.2022.998159
https://doi.org/10.4240/wjgs.v16.i6.1883
https://doi.org/10.1038/s41467-023-42712-6
https://doi.org/10.3389/fonc.2022.847341
https://doi.org/10.3389/fonc.2025.1606893
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Preoperative ICG fluorescence marking improves lymph node retrieval and survival in laparoscopic gastrectomy for gastric cancer
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 ICG fluorescence marking protocol
	2.3 Surgical procedure
	2.4 Outcome measures
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Surgical outcomes
	3.3 Survival outcomes

	4 Discussion
	4.1 Improved tumor localization and operative efficiency
	4.2 Enhanced lymphadenectomy and long-term oncologic outcomes
	4.3 Mechanisms and implications for future practice
	4.4 Limitations and future directions

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


