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Abstract
Objectives The Node Reporting and Data System (Node-RADS) offers a reliable framework for lymph node 
assessment, but its prognostic significance remains unexplored. This study aims to investigate the added prognostic 
value of Node-RADS in patients with locally advanced gastric cancer (LAGC) undergoing neoadjuvant chemotherapy 
(NAC) followed by gastrectomy.

Materials and methods This single-center retrospective study included 118 patients with LAGC underwent NAC 
and gastrectomy. The maximum Node-RADS score and the number of metastatic lymph node stations (defined as 
LNM-Station) were evaluated on pretreatment CT. The pretreatment Node-RADS-CT and Node-RADS-integrated 
models were developed using Cox regression to predict overall survival (OS) and disease-free survival (DFS). The 
pretreatment cN-CT models, cN-integrated models, as well as post-NAC pathological models were also developed 
in comparison. The performance of the models was assessed in terms of discrimination, calibration and clinical 
applicability.

Results The LNM-Station was significantly associated with OS and DFS (all p < 0.05). The Node-RADS-CT model 
showed higher Harrell’s consistency index (C-index) than cN-CT model (0.755 vs. 0.693 for OS, p = 0.017; 0.759 vs. 
0.706 for DFS, p = 0.018). The Node-RADS-integrated model also achieved higher C-index than cN-integrated model 
(0.771 vs. 0.731 for OS, p = 0.091; 0.773 vs. 0.733 for DFS, p = 0.053). The net reclassification improvement (NRI) of the 
Node-RADS-integrated model at 5 years was 0.379 for OS and 0.364 for DFS (all p < 0.05). The integrated discrimination 
improvement (IDI) of the Node-RADS-integrated model was 0.103 for OS and 0.107 for DFS (all p < 0.05). The C-indices 
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Introduction
Gastric cancer is the fifth most commonly diagnosed can-
cer and the fifth leading cause of cancer-related mortal-
ity worldwide [1]. The majority of patients are diagnosed 
with locally advanced gastric cancer (LAGC), and the 
neoadjuvant chemotherapy (NAC) combined with radical 
surgery has brought survival benefit for LAGC patients 
[2–4]. Nonetheless, the survival outcome remains poor 
with a dismal 5-year overall survival (OS) rate of 31% and 
a high recurrence rate exceeding 60% [5, 6]. Recent stud-
ies proved that new kinds of adjuvant treatments, such as 
immunotherapy, heated intraperitoneal chemotherapy 
and radiotherapy, brought promising prognostic results 
[7–10]. Therefore, early and accurate survival predic-
tion is crucial for identifying LAGC patients with poor 
outcomes, allowing for additional adjuvant therapy and 
more frequent follow-up.

The TNM staging system of American Joint Com-
mittee on Cancer is widely used for treatment selection 
and prognosis of LAGC [11, 12]. However, studies have 
shown that LAGC patients with same TNM stage and 
similar treatment regimens exhibit different survival out-
comes [13, 14], suggesting that traditional TNM staging 
system is insufficient for providing personalized prognos-
tic information.

The clinical N (cN) stage, based on the number of 
suspicious positive lymph nodes (LNs), has been dem-
onstrated to be associated with survival outcome of 
LAGC [12, 15]. The current CT criteria for determining 
LNs metastasis include LN size, local convergence, and 
enhancement consistency with the primary lesion, with 
size being the primary basis [12]. However, both meta-
static LNs and reactive hyperplastic LNs can present as 
enlarged nodes, with size criteria varying widely from 6 
to 20  mm [16]. That is to say, one major factor encum-
bering cN staging is that it doesn’t consider the prognos-
tic value of the LN morphologic characteristics (such as 
enlargement, capsule invasion, necrosis). Studies have 
shown that the enlarged size, necrosis, spherical shape 
and irregular borders of LNs are related to worse survival 
outcomes in various malignancies [17–20]. Additionally, 
the number of LN stations involved has been repeat-
edly proven to be a supplementary stratification factor to 
N stage for prognosis in malignant tumor such as non-
small cell lung cancer [21, 22]. However, the prognostic 

significance of these LN-related factors has not yet been 
well explored in gastric cancer patients.

Baseline contrast-enhanced CT scan is the recom-
mended imaging method for the staging of LAGC prior 
to anti-tumor therapy, offering high spatial resolution at 
a relatively low cost. In 2021, the Node Reporting and 
Data System (Node-RADS) was developed to standard-
ize the assessment of LNs in malignancies of any organ, 
based on CT/MRI imaging [23]. Node-RADS assigns a 
grading-score to evaluate the probable involvement of 
LNs, with scores ranging from 1 to 5, indicating malig-
nancy likelihood from very low to very high. This sys-
tem has enhanced diagnostic accuracy for assessing LNs 
in various cancers, including those of stomach, bladder, 
prostate, lung, colon, and cervix [16, 24–28]. Neverthe-
less, the relationship between Node-RADS and prognosis 
has not been well discussed.

Therefore, the present study aimed to investigate the 
prognostic value of pretreatment CT-based Node-RADS 
score in locally advanced gastric cancer, compared to the 
cN stage.

Materials and methods
This retrospective study was approved by the Eth-
ics Committee of Hunan Cancer Hospital and written 
informed consent was waived.

Participants
A total of 155 consecutive patients with histopathologi-
cally confirmed gastric cancer who underwent NAC fol-
lowed by radical gastrectomy at Hunan Cancer Hospital 
between April 2015 and June 2020 were initially consid-
ered for this study.

The inclusion criteria were: (a) pathologically proven 
LAGC; (b) classified as LAGC (cT2-4NxM0) accord-
ing to the TNM staging system of AJCC; (c) underwent 
standard NAC followed by radical gastrectomy and D2 
regional lymphadenectomy; and(d) underwent baseline 
contrast-enhanced abdominal CT within 1 week before 
NAC. The exclusion criteria are listed in the study flow-
chart in Fig. 1.

All the included patients (cT2-4NxM0) received stan-
dard NAC regimens recommended by National Com-
prehensive Cancer Network (NCCN) / Chinese Society 
of Clinical Oncology (CSCO) guidelines [29, 30], with 

(OS: 0.745; DFS: 0.746) of pathological models were slightly lower than those of Node-RADS-based models (all 
p > 0.05).

Conclusion The baseline Node-RADS score and LNM-Station were effective prognostic indicators for LAGC. The 
pretreatment CT Node-RADS-based models can offer added prognostic value for LAGC, compared with clinical N 
stage.
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details in ESM (1). Clinical-pathologic and outcome data 
are shown in ESM (2). The lymph node ratio (LNR) was 
defined as the proportion of metastatic LNs to the total 
number of harvested LNs. The primary survival endpoint 
was OS, defined as the time from surgery to death from 
any cause. The secondary endpoint was disease-free sur-
vival (DFS), defined as the time from surgery to tumor 
recurrence or death from any cause.

CT examination and Node-RADS assessment
CT scanning scheme is introduced in ESM (3). Two radi-
ologists experienced in abdominal CT imaging, Reader A 
(Y.S., 11 years) and Reader B (L.C., 23 years), separately 
assessed regional LNs on venous phase CT images before 
NAC, blinded to pathology and outcome data. Consensus 
was reached in the event of disagreement. The regional 
LNs were scored according to the Node-RADS system 
guided by the three-level flowchart (Fig.A.1). The Node-
RADS defined LNs on size and configuration criteria with 
an overall score from 1 to 5 to indicate the likelihood of a 
nodal metastasis [23]. Examples of Node-RADS assess-
ment are displayed in Fig. 2. LNs from regional stations 
(No.1–12) were evaluated separately and the highest 
score of all LNs was defined as the Node-RADS score at 
the patient level.

According to the Node-RADS reporting rules, scores 
of 4 and 5 should be reported as positive LN [23]. More-
over, Node-RADS scores of ≥ 4 and ≥ 3 exhibited similarly 
excellent performance in a previous study assessing LNs 
in gastric cancer, whereas a score of ≥ 4 demonstrated a 
higher specificity of 98.1% [16]. Therefore, we classified 

a score of ≥ 4 as indicative of a positive LN on CT, and 
accordingly LNM-Station was defined as the number of 
LN stations with at least one positive LN.

Statistical analysis
All data statistics were performed using SPSS 25.0 and 
R software (version 4.3.0) with a significance level of 
p < 0.05. Intraclass correlation coefficient (ICC) was 
employed to evaluate both intra-observer and inter-
observer reliability of Node-RADS score.

Cutoff values for Node-RADS score, LNM-Station and 
cN stage to predict OS/DFS were determined using the 
receiver-operator characteristic (ROC) curve and maxi-
mum Youden’s index. Kaplan-Meier curves and Cox pro-
portional hazards regression were employed for survival 
analyses. Harrell’s consistency index (C-index) was gen-
erated to assess the discriminative performance of the 
models. The p-value of C-index between different mod-
els was calculated, using the Z testing with R package 
‘CsChange’. Time-dependent ROC (Time-ROC) curves 
evaluated the accuracy of prognostic models at differ-
ent time points. Net reclassification improvement (NRI) 
and integrated discrimination improvement (IDI) indices 
quantified the added prognostic value. Calibration curves 
assessed model calibration ability, and decision curve 
analysis (DCA) assessed clinical utility.

Results
Study demographics
A total of 118 patients (82 men and 36 women) were 
eventually included in the cohort, with the median 

Fig. 1 Study flowchart
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age of 54 ± 11 years (Fig.  1). In terms of Lauren type, 
most LAGC tumors were classified as diffuse type 
(72[61.02%]), followed by mixed type (28[23.72%]) and 
intestinal type (18[15.25%]). 99(83.90%) patients were 
poorly differentiated or undifferentiated, 17(14.41%) were 
moderate differentiated and 2(1.69%) were well differen-
tiated. There were 81(68.64%) patients in cT4, 25(21.19%) 
in cT3 and 12(10.17%) in cT2 stage.

The median follow-up time was 54 months (95%CI:49–
65), with a median survival of 31 months. The clinico-
pathological characteristics of all included patients are 
detailed in Table 1.

Observer agreement for Node-RADS score
The inter-observer ICC of Node-RADS score for LNs at 
patient level was 0.796 (95%CI:0.737–0.854). Reader A 
reassessed the Node-RADS scores of all included patients 
three months after the initial assessment to obtain the 
intra-observer ICC. The intra-observer ICC of Node-
RADS scores was 0.844(95%CI:0.775–0.891), reflecting a 
good consistency. The inter-observer and intra-observer 
ICC values of the Node-RADS score for LNs in stations 
No. 1–12 exceeded 0.717, as detailed in Table A.1.

Pretreatment Node-RADS Score and LNM-Station 
Associated with OS and DFS
In predicting OS/DFS, the cut-off value of LNM-Sta-
tion was 2, Node-RADS score was 5, and cN stage was 
3. Patients with fewer metastatic lymph node stations 
(0–1) exhibited significantly higher 5-year OS and DFS 
rates compared to those with multiple affected stations 
(> 2) (OS, 55.7% vs. 20.1%; DFS, 54.5% vs. 15.1%, both 
p < 0.001, Fig.  3a-b). The lower Node-RADS score (OS, 

52.1% vs. 22.4%, p = 0.002; DFS, 57.0% vs. 20.3%, p < 0.001) 
and earlier cN stage (OS, 53.8% vs. 27.7%, p = 0.004; DFS, 
55.4% vs. 16.8%, p = 0.002) were also related with higher 
5-year OS and DFS rates (Fig. 3c-f ).

The results of the univariate Cox regression showed 
that both the Node-RADS score and the LNM-Station 
were significantly associated with OS and DFS (Table 2). 
Multivariate Cox regression analysis, incorporating 
all CT and clinical variables, demonstrated that LNM-
Station was an independent prognostic factor for both 
OS (HR 1.31[95%CI:1.04–1.64], p = 0.021) and DFS 
(HR 1.29[95%CI:1.02–1.64], p = 0.036) (Table  2). The 
cN stage was also an independent prognostic factor for 
OS (HR2.70[95%CI:1.11–6.59], p = 0.029) and DFS (HR 
2.88[95%CI:1.12–7.36], p = 0.028) (Table A.2).

The proportional effect of LNM-Station on OS was 
consistent across subgroup cN1 and cN2 predefined by 
cN stage (interaction p > 0.05, shown in Fig.A.2). Spe-
cifically, among patients in the cN1 stage (p = 0.040) and 
cN2 stage (p = 0.016), those with multiple metastatic sta-
tions demonstrated significantly worse OS compared to 
those with fewer involved stations. A similar trend was 
observed in cN3 patients, although the difference did not 
reach statistical significance (p = 0.449).

Performance of pretreatment CT-based prognostic models
The pretreatment CT variables (Node-RADS score, 
LNM-Station, cT, tumor location and size) were uti-
lized to build the Node-RADS-CT model for predict-
ing OS/DFS (Table A.3). According to multivariate Cox 
regression, cT4 (OS: HR, 5.03, p = 0.027; DFS: HR, 4.36, 
p = 0.046) and multiple LNM-Station (OS: HR, 1.32, 

Fig. 2 Examples of Node-RADS scoring. Arrows point to the selected LNs. (a, b) Node-RADS 1. A 67-year-old male with cT4N0 GC. The selected LN in sta-
tion No. 6 measures 12 × 5 mm with homogeneous texture, smooth border and oval shape. (c, d) Node-RADS 2. A 51-year-old male with cT2N0 GC. The 
selected LN in station No. 3 measures 7 × 7 mm with homogeneous texture, smooth border and spherical shape. (e, f) Node-RADS 3. A 53-year-old male 
with cT4N3 GC. The selected LN in station No. 6 measures 19 × 18 mm with homogeneous texture, smooth border and spherical shape. (g, h) Node-RADS 
4. A 47-year-old female with cT2N2 GC. The selected LN in station No. 3 measures 17 × 13 mm with heterogeneous texture, irregular border and oval 
shape. (i, j) Node-RADS 5. A 45-year-old female with cT4N3 GC. The selected LN in station No. 4 measures 9 × 9 mm with gross necrosis, irregular border 
and spherical shape. LN, lymph node; Node-RADS, Node Reporting and Data System; GC, gastric cancer
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Table 1 Clinicopathological characteristics
Variables Total (n = 118)
Age at diagnosis, Mean ± SD 54.41 ± 11.25 Lauren type, n (%)
BMI (kg/m2), M (Q₁, Q₃) 21.72 (19.44, 23.43) Intestinal 18 (15.25)
Sex, n (%) Diffuse 72 (61.02)
 Male 82 (69.49) mixed 28(23.72)
 Female 36 (30.51) Differentiation, n (%)
Smoking, n (%) Well 2 (1.69)
 No 66 (55.93) Moderate 17 (14.41)
 Yes 52 (44.07) Poor and undifferentiated 99 (83.90)
Diabetes, n (%) TRG, n(%)
 No 109 (92.37) 0–1 22(18.64)
 Yes 9 (7.63) 2–3 96(81.36)
CEA (ng/mL), M (Q₁, Q₃) 2.16 (1.23, 3.37) ypT stage, n (%)
CA19-9 (U/mL), M (Q₁, Q₃) 9.48 (3.99, 19.95) 0 9 (7.63)
Tumor location, n (%) 1 11 (9.32)
 Cardia 15 (12.71) 2 20 (16.95)
 Body 41 (34.75) 3 66 (55.93)
 Antrum 59 (50.00) 4 12 (10.17)
 Whole 3 (2.54) ypN stage, n (%)
Clinical T stage, n (%) 0 39 (33.05)
 2 12 (10.17) 1 26 (22.03)
 3 25 (21.19) 2 19 (16.10)
 4 81 (68.64) 3 34 (28.81)
Clinical N stage, n (%) Recurrence, n (%)
 0 16 (13.56) No 57 (48.31)
 1 20 (16.95) Yes 61 (51.69)
 2 43 (36.44) Death, n(%)
 3 39 (33.05) No 55 (46.61)

Yes 63 (53.39)
SD: standard deviation, BMI: body mass index, M: median, Q₁: 1st quartile, Q₃: 3st quartile, TRG: tumor regression grade

Fig. 3 Kaplan-Meier survival curves. Kaplan-Meier survival curves stratified by LNM-Station (≥ 2 vs. 0–1) for OS (a) and DFS (b), Node-RADS score (5 vs. 
1–4) for OS (c) and DFS (d), cN (3 vs. 0–2) for OS (e) and DFS (f). Node-RADS, Node Reporting and Data System; LNM-Station, number of positive lymph 
node stations; OS, overall survival; DFS, disease-free survival
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p = 0.013; DFS: HR, 1.32, p = 0.020) were independent 
predictors for poor prognosis.

As a control, the cN-CT models were also constructed 
for predicting OS/DFS, based on the traditional CT vari-
ables (cN, cT, tumor location and size). The cT4 (OS: HR, 
6.04, p = 0.015; DFS: HR, 5.11, p = 0.029) and cN3 (OS: 
HR, 2.52, p = 0.042; DFS: HR, 2.62, p = 0.042) were proved 
independent predictors for poor prognosis, according to 
multivariate Cox regression (Table A.4).

The C-index of the Node-RADS-CT model for 
OS exhibited a significant increase compared to the 
cN-CT model for OS (0.755[95%CI:0.702–0.808] 
vs. 0.693[95%CI:0.632–0.754], p = 0.017), so did the 

Node-RADS-CT model for DFS compared to the 
cN-CT model for DFS (0.759[95%CI:0.705–0.814 vs. 
0.706[95%CI:0.646–0.766], p = 0.018). Furthermore, in 
terms of the Time-ROC curves for 1-, 3-, 5-year OS and 
DFS, the Node-RADS-CT model exhibited superior 
AUC values compared to the cN-CT model (Fig.  4a-b). 
In addition, the AUC values of the Time-ROC increased 
over time, suggesting that the Node-RADS-CT model 
showed better predictive value for the long-term survival 
outcomes of LAGC.

Table 2 Univariate and multivariate Cox regression analyses for overall survival and disease-free survival
Variables Overall survival Disease-free survival

Univariate cox regression Multivariate cox regression Univariate cox regression Multivariate cox 
regression

HR (95%CI) P HR (95%CI) P HR (95%CI) P HR (95%CI) P
Tumor Size 1.13 (0.99 ~ 1.28) 0.071 1.20 (1.06 ~ 1.36) 0.004 1.11 (0.94 ~ 1.30) 0.214
Tumor Location
 Cardia 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
 Body 1.11 (0.50 ~ 2.46) 0.806 1.14 (0.52 ~ 2.52) 0.742 1.18 (0.50 ~ 2.83) 0.705
 Antrum 0.66 (0.30 ~ 1.45) 0.302 0.62 (0.28 ~ 1.37) 0.239 0.96 (0.40 ~ 2.29) 0.921
 Whole 3.14 (0.82 ~ 12.00) 0.094 4.43 (1.15 ~ 17.09) 0.031 3.01 (0.65 ~ 13.95) 0.160
LNM-Station 1.51 (1.28 ~ 1.77) < 0.001 1.31 (1.04 ~ 1.64) 0.021 1.45 (1.22 ~ 1.71) < 0.001 1.29 (1.02 ~ 1.64) 0.036
Node-RADS Score
 1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
 2 2.27 (0.28 ~ 18.51) 0.442 1.46 (0.17 ~ 12.31) 0.730 1.98 (0.24 ~ 16.45) 0.528 1.22 (0.14 ~ 10.72) 0.860
 3 2.67 (0.33 ~ 21.36) 0.355 1.46 (0.18 ~ 12.15) 0.726 3.64 (0.47 ~ 28.49) 0.218 1.69 (0.20 ~ 14.27) 0.630
 4 4.05 (0.53 ~ 30.88) 0.177 1.57 (0.19 ~ 12.69) 0.671 3.85 (0.50 ~ 29.51) 0.194 1.33 (0.16 ~ 11.24) 0.791
 5 9.04 (1.23 ~ 66.68) 0.031 2.53 (0.31 ~ 20.78) 0.386 8.95 (1.21 ~ 66.06) 0.032 2.26 (0.27 ~ 19.08) 0.454
Clinical T stage
 2 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
 3 1.26 (0.24 ~ 6.51) 0.782 1.11 (0.21 ~ 5.86) 0.902 1.22 (0.24 ~ 6.27) 0.815 1.02 (0.19 ~ 5.44) 0.985
 4 6.40 (1.55 ~ 26.32) 0.010 4.62 (1.10 ~ 19.38) 0.036 6.35 (1.54 ~ 26.11) 0.010 4.01 (0.94 ~ 17.15) 0.061
CEA 0.86 (0.74 ~ 1.00) 0.057 0.91 (0.80 ~ 1.03) 0.142
CA19-9 1.01 (1.01 ~ 1.01) < 0.001 1.01 (1.01 ~ 1.01) < 0.001 1.01 (1.01 ~ 1.01) < 0.001 1.01 (1.01 ~ 1.01) 0.001
Age at diagnosis 1.00 (0.97 ~ 1.02) 0.821 1.00 (0.98 ~ 1.02) 0.956
Sex
 Male 1.00 (Reference) 1.00 (Reference)
 Female 1.62 (0.97 ~ 2.70) 0.065 1.55 (0.92 ~ 2.61) 0.096
BMI 0.95 (0.88 ~ 1.03) 0.250 0.95 (0.88 ~ 1.03) 0.236
Smoking
 No 1.00 (Reference) 1.00 (Reference)
 Yes 0.68 (0.41 ~ 1.13) 0.133 0.88 (0.53 ~ 1.46) 0.622
Diabetes
No 1.00 (Reference) 1.00 (Reference)
Yes 0.81 (0.30 ~ 2.24) 0.690 0.57 (0.18 ~ 1.82) 0.341
WBC 0.94 (0.80 ~ 1.09) 0.384 0.94 (0.81 ~ 1.09) 0.433
Lymphocyte 0.96 (0.71 ~ 1.31) 0.797 1.01 (0.78 ~ 1.32) 0.939
Platelet 1.00 (1.00 ~ 1.00) 0.901 1.00 (1.00 ~ 1.00) 0.963
Hemoglobin 0.99 (0.98 ~ 0.99) 0.050 0.99 (0.98 ~ 1.00) 0.093
HR: hazards ratio, CI: confidence interval, LNM-Station: number of positive lymph node stations, Node-RADS: Node Reporting and Data System, BMI: body mass 
index, WBC: white blood cell
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Fig. 4 Time-ROC curves. Time-ROC curves of the Node-RADS-CT and cN-CT models for 1-, 3-, 5-year OS (a) and DFS (b), Node-RADS-integrated and cN-
integrated models for 1-, 3-, 5-year OS (c) and DFS (d). Time-ROC, Time-dependent receiver-operator characteristic; Node-RADS, Node Reporting and Data 
System; OS, overall survival; DFS, disease-free survival
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Performance of prognostic models integrating 
pretreatment CT and clinical data
The Node-RADS-integrated models were constructed 
to predict the OS/DFS, which incorporated the above 
Node-Rads-CT models and clinical variables before 
NAC. Multivariate Cox regression revealed that the 
independent predictors for both OS and DFS were 
LNM-Station (OS: HR, 1.31[95%CI:1.04–1.64], p = 0.021; 
DFS: HR, 1.29[95%CI:1.02–1.64], p = 0.036) and CA19-9 
(OS: HR, 1.01[95%CI:1.01–1.01], p < 0.001; DFS: HR, 
1.01[95%CI:1.01–1.01], p = 0.001)(Table  2). In addition, 
cT4 (HR: 4.62[CI:1.10-19.38], p = 0.036) was significantly 
related with worse OS (Table 2).

As a contrast, the cN-integrated models were estab-
lished, which incorporated the above cN-CT models and 
clinical variables before NAC. The tumor location was 
associated with DFS (p = 0.048). The cT4, cN3 stage and 
high CA19-9 were significantly associated with worse OS 
and DFS (all p < 0.05) (Table A.2).

Notably, the C-index values of the Node-RADS-inte-
grated models were also higher than those of the cN-
integrated models for OS (0.771[95%CI:0.718–0.824] 
vs. 0.731[95%CI:0.670–0.791], p = 0.091) and DFS 
(0.773[95%CI:0.720–0.826] vs. 0.733[95%CI:0.674–
0.793], p = 0.053), which nearly reached statistical sig-
nificance. The AUC values of 1-, 3-, 5-year Time-ROC of 
the Node-RADS-integrated models were all higher than 
those of the cN models. The AUC values also increased 
over time (Fig. 4c-d).

The nomograms of the Node-RADS based models 
for OS and DFS are depicted in Fig.  5a-d. The calibra-
tion curves demonstrated a high degree of concordance 
between the Node-RADS based models and actual obser-
vations at 1, 3 and 5 years (Fig.  5e-h). The DCA curves 
suggested that Node-RADS-based model for OS can 
obtain a greater net benefit than the cN model (Fig. 5i-l).

Moreover, we quantified the improvement in survival 
prediction accuracy for the Node-RADS-integrated 
models versus the cN-integrated models. The NRI for OS 
was 0.379 (95%CI:0.051–0.581, p = 0.04) and the NRI for 
DFS was 0.364 (95%CI:0.014–0.633, p = 0.04). The IDI for 
OS was 0.103 (95%CI:0.008–0.206, p = 0.02) and IDI for 
DFS was 0.107 (95%CI:0.016–0.221, p = 0.01).

Relations of Post-NAC pathological status to pretreatment 
LN characteristics in CT and prognosis
The detailed pathological conditions after NAC are 
shown in Table A.5–7. The pretreatment Node-RADS 
score, LNM-Station and cN stage were significantly asso-
ciated with ypN and ypLNR (all p < 0.001). The Node-
RADS score also showed a positive correlation with 
tumor regression grade (TRG) (p = 0.035). The ypN, ypT 
stage, ypLNR and TRG were significantly associated with 

both OS and DFS (all p < 0.05), according to the results of 
univariate Cox regression (Table A.8).

Performance of Post-NAC pathological prognostic models
The pathological prognostic models were constructed 
based on the post-NAC pathological characteristics. 
After NAC, 22 patients (18.6%) achieved TRG 0–2 and 
96 patients (81.36%) achieved TRG 3. Univariate cox 
regression demonstrated that ypT, ypN, ypLNR and TRG 
were significantly associated with both OS and DFS. 
Multivariate Cox regression revealed TRG 3 and ypN 
2–3 stage were independent predictors for poor OS and 
DFS (all p < 0.05, Table A.8). The C-index values (OS: 
0.745[95%CI:0.683–0.807], DFS: 0.746[95%CI:0.688–
0.805]) of pathological prognostic models were slightly 
higher than those of two cN based models, whereas 
slightly lower than those of two Node-RADS-based mod-
els, without significant statistical differences (all p > 0.05).

Discussion
Gastric cancer has high mortality and recurrence rate, 
even with the survival benefit brought by NAC [1]. LN 
metastasis significantly contributes to a poor progno-
sis in LAGC [11, 12]. We retrospectively assessed the 
correlations of pretreatment Node-RADS-related CT 
characteristics with post-NAC pathological, OS and 
DFS status of LAGC. Subsequently, we developed Node-
RADS-CT prognostic models based on pre-NAC CT to 
compare with conventional cN-CT models. Additionally, 
Node-RADS-integrated prognostic models incorporat-
ing imaging and clinical variables were also developed in 
comparison with the conventional cN-integrated mod-
els. Our results revealed that the baseline Node-RADS-
related CT characteristics were significantly correlated 
with post-NAC pathological and prognosis of LAGC. The 
Node-RADS-CT models exhibited better discriminative 
performance compared to the cN-CT model. After incor-
porating clinical variables, the Node-RADS-integrated 
models still showed better prognostic performance than 
the cN-integrated models.

The Reporting and Data Systems have been success-
fully applied in the staging and predicting prognosis for 
malignancies [31–33]. The Node-RADS was proposed to 
standardize the assessment of LNs, which has brought 
improved diagnostic performance for LNs assessment 
in different cancers [16, 23–28, 34]. To the best of our 
knowledge, there are currently no reports on utiliz-
ing Node-RADS to predict the prognosis of malignant 
tumors, and the present study might be the first one. In 
this study, Kaplan-Meier curves and Cox survival analy-
sis revealed that pretreatment Node-RADS-related CT 
indicators (Node-RADS score and LNM-Station) were 
associated with OS and DFS in LAGC patients. Lower 
Node-RADS score and LNM-Station indicate better 
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survival outcomes. This finding could offer novel per-
spectives for extending the application of Node-RADS 
in prognostic studies of malignant tumors, including 
LAGC.

In the present study, a Node-RADS score of 5 was 
associated with poorer prognosis in LAGC. The Node-
RADS system combines LN size and morphological 
abnormalities (texture, border, shape), with their con-
tributions being cumulative. In other words, the larger 
the LN and the greater the number of morphological 

abnormalities, the higher the score, indicating a greater 
likelihood of malignancy. A score of 5 is the highest in the 
Node-RADS, indicating that the LN has the most mor-
phological abnormalities and/or a larger size. Reportedly, 
the larger size, necrosis, spherical shape and irregular 
border of LN typically indicated worse tumor progres-
sion and result in poorer survival outcomes [17–20]. 
In terms of LAGC, these factors may partially reflect 
higher aggressiveness or a more advanced stage, which 
correspondingly suggests a poorer NAC therapeutic 

Fig. 5 Nomogram, calibration curves and DCA curves for Node-RADS based models. The nomogram of the Node-RADS-CT model for OS (a) and DFS 
(b), and of the Node-RADS-integrated model for OS (c) and DFS (d). The calibration curves at 1, 3 and 5 years of the Node-RADS-CT model for OS (e) and 
DFS (f), and of the Node-RADS-integrated model for OS (g) and DFS (h). The DCA curves of the Node-RADS-CT model for OS (i) and DFS (j), and of the 
Node-RADS-integrated model for OS (k) and DFS (l). DCA, decision curve analysis; Node-RADS, Node Reporting and Data System; OS, overall survival; DFS, 
disease-free survival
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effect and subsequent poorer prognosis. This interpre-
tation can be partially confirmed by our observations 
that the Node-RADS score is positively correlated with 
ypN, ypLNR, and TRG, indicating more tumor residue 
after NAC. Meanwhile, ypN, ypLNR and TRG were sig-
nificantly associated with both OS and DFS, which is 
in line with previous findings that these factors act as 
important prognostic indicators for gastric cancer [11, 
35–37]. Consequently, it is reasonable and feasible for 
the pretreatment Node-RADS score to serve as an effec-
tive prognostic indicator. Radiologists could incorporate 
Node-RADS scoring alongside traditional staging meth-
ods to provide a more nuanced assessment of lymph 
node involvement.

Similar to Node-RADS score, LNM-Station of ≥ 2, indi-
cating multiple positive LN stations, was also associated 
with poor survival outcome for LAGC patients in this 
study. The presence of multiple positive stations suggests 
that metastatic LNs have spread more extensively, which 
typically signifies advanced tumor progression. Previ-
ous studies have shown that the number of LN stations 
involved is linked to prognosis in non-small cell lung can-
cer [21, 22], which is similar to our study. Unfortunately, 
few studies have focused on the prognostic value of the 
number of LN stations involved in LAGC. In this study, 
LNM-Station was strongly associated with ypN and 
ypLNR, which indicates more tumor residue after NAC. 
As demonstrated above, both ypLNR and ypN have been 
established as prognostic indicators in our study, consis-
tent with previous reports [11, 35, 37]. In light of these 
findings, it is reasonable to conclude that pretreatment 
LNM-Station can sever as a potential prognostic indica-
tor for LAGC.

Interestingly, regarding the two Node-RADS-related 
indicators in our study, only LNM-Station was ultimately 
included as an independent predictor in both the CT-
based model and the model that integrated clinical and 
CT data, regardless of whether predicting OS or DFS, 
whereas Node-RADS score was not. This finding sug-
gests that LNM-Station might be a better CT indicator 
for LAGC prognosis than the Node-RADS score.

The AJCC cN staging system which classifies gastric 
cancer based on the number of suspicious metastatic 
LNs, serves as an important prognostic factor. However, 
clinical observations reveal substantial survival hetero-
geneity among patients within the same cN stage. Our 
analysis demonstrated that cN1 and cN2 patients with 
multiple metastatic stations had significantly worse 
OS than those with fewer involved stations. This find-
ing suggests that the LNM-Station parameter serves as 
a valuable indicator for differentiating prognostic out-
comes among patients within the same cN1/2 staging 
category. These results indicate that LNM-Station may 
represent a clinically valuable supplementary prognostic 

stratification tool for gastric cancer patients in cN1 or 
cN2 stage, potentially enhancing the precision of current 
staging systems. However, the current evidence remains 
preliminary and warrants further validation through rig-
orously designed multicenter studies with larger patient 
cohorts, prospective and multicenter data collection.

In this study, cN stage was also an independent predic-
tor for OS/DFS in LAGC, consistent with previous report 
[12]. Therefore, we constructed two CT-based prediction 
models based on pretreatment CT characteristics: the 
Node-RADS-CT and cN-CT models. The only differ-
ence between the two models in terms of incorporated 
predictive variables was that the former included Node-
RADS-related CT indicators, while the latter included 
cN. The same situation also applied to the two integrated 
models combining clinical and CT data, namely the 
Node-RADS-integrated and cN-integrated models. In 
this study, both the CT-based and the integrated mod-
els, those containing Node-RADS-related CT indicators 
exhibited higher predictive efficiency than those incorpo-
rating cN data.

Considering the near-significant differences in C-index 
between Node-RADS-integrated and cN-integrated 
prognostic models (p = 0.091 and 0.053), we subsequently 
conducted NRI and IDI analyses. Although C-index 
is commonly used to measure model discrimination, 
it is not sensitive to slight changes in absolute risk esti-
mates, particularly when the initial C-index is already 
high [38]. In this study, the initial C-index was 0.731 for 
OS and 0.733 for DFS, so replacing only one predictor 
(cN) might not substantially affect C-index. To address 
this, we introduced two additional metrics, NRI and IDI, 
which are rapidly adopted to quantify the added value 
of a new biomarker to an existing test [39]. The NRI and 
IDI comparisons between Node-RADS-integrated and 
cN-integrated models showed excellent performance 
in predicting OS and DFS (all p < 0.05), indicating that 
Node-RADS-related indicators significantly enhanced 
the prognostic and discriminatory capabilities of the ini-
tial model.

Notably, compared to pathological models, the Node-
RADS-integrated models exhibited a slightly higher 
C-index, suggesting that for predicting prognosis in 
LAGC, the baseline Node-RADS–integrated models 
offer predictive performance that is at least comparable 
to, possibly better than, the pathological models. There-
fore, it is expected to help us identify LAGC patients with 
a poor prognosis before the initiation of NAC and pro-
vide them with more appropriate and aggressive inter-
ventions, such as radiotherapy or immunotherapy, to 
improve their survival rate.

This study has several limitations that should be 
acknowledged. First, the retrospective design may intro-
duce inherent biases in the findings. To address this 



Page 11 of 12Sun et al. BMC Cancer          (2025) 25:598 

limitation, we plan to conduct future prospective studies 
with an expanded cohort and implement propensity score 
matching to reduce potential selection bias. Second, the 
single-center design may limit the generalizability and 
statistical power of our findings. Future multicenter stud-
ies with expanded cohorts and external validation are 
needed to enhance the robustness and clinical applica-
bility of these results. Third, unresectable gastric cancer 
patients with only chemotherapy or palliative treatment 
were not included, which may limit the generalizability 
of this study’s findings. Survival in unresectable gastric 
cancer patients should be investigated in the future study. 
Finally, our study did not explore the correlation between 
Node-RADS and signet ring cell (SRC) proportion in G). 
Recent evidence indicates that SRC percentage may sig-
nificantly impact prognosis [40]. In our next prospective 
study, we will evaluate SRC percentage to further assess 
the prognostic value of Node-RADS.

In conclusion, the Node-RADS score and number of 
positive LNs stations were effective prognostic indicators 
for LAGC. In prognosis prediction of LAGC, the baseline 
Node-RADS-based models can offer superior predictive 
performance compared to the cN-based models. These 
Node-RADS-based models show potential for identify-
ing patients at high risk for poor outcomes, allowing for 
timely intervention and more focused monitoring in clin-
ical practice.
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