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Abstract
Objective  The aim of this study was to develop and validate prognostic models for predicting overall survival in 
individuals with gastric carcinoma, specifically focusing on both negative and positive lymphatic metastasis.

Methods  A total of 1650 patients who underwent radical gastric surgery at Shanxi Cancer Hospital between May 
2002 and December 2020 were included in the analysis. Multiple Cox Proportional Hazards analysis was performed 
to identify key variables associated with overall survival in both negative and positive lymphatic metastasis cases. 
Internal validation was conducted using bootstrapping to assess the prediction accuracy of the models. Calibration 
curves were used to demonstrate the accuracy and consistency of the predictions. The discriminative abilities of 
the prognostic models were evaluated and compared with the 8th edition of AJCC-TNM staging using Harrell’s 
Concordance index, decision curve analysis, and time-dependent receiver operating characteristic curves.

Results  The nomogram for node-negative lymphatic metastasis included variables such as age, pT stage, and 
maximum tumor diameter. The C-index for this model in internal validation was 0.719, indicating better performance 
compared to the AJCC 8th edition TNM staging. The nomogram for node-positive lymphatic metastasis included 
variables such as gender, age, maximum tumor diameter, neural invasion, Lauren classification, and expression of 
Her-2, CK7, and CD56. The C-index for this model was 0.674, also outperforming the AJCC 8th edition TNM staging. 
Calibration curves, time-dependent receiver operating characteristic curves, and decision curve analysis for both 
nomograms demonstrated excellent prediction ability. Furthermore, significant differences in prognosis between low- 
and high-risk groups supported the models’ strong risk stratification performance.

Conclusion  This study provides valuable risk stratification models for lymphatic metastasis in gastric carcinoma, 
encompassing both node-positive and negative cases. These models can help identify low-risk individuals who may 
not require further intervention, while high-risk individuals can benefit from targeted therapies aimed at addressing 
lymphatic metastasis.
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Introduction
Globally, gastric cancer remains a formidable force, rank-
ing as the fifth most prevalent cancer and the fourth lead-
ing cause of mortality [1]. With advancements in medical 
technologies, various effective treatments such as endos-
copy, surgical procedures, radiotherapy, chemotherapy, 
and immunotherapy have greatly improved the outlook 
for individuals diagnosed with gastric cancer [2–6]. To 
achieve the best possible outcomes in terms of both cure 
and survival, a radical resection stands out as the most 
productive approach, rendering it the preferred treat-
ment option for resettable, non-metastatic gastric cancer 
[7, 8]. The depth of tumor invasion and the involvement 
of lymph nodes, both of which are carefully assessed 
in almost all staging systems for gastric cancer, holds 
immense significance as independent prognostic factors 
for overall survival (OS) following a successful micro-
scopic margin-negative (R0) resection [9–11].

In our retrospective study, we discovered that the aver-
age overall survival (OS) for patients without lymphatic 
metastasis was 44.1 ± 24.05 months, while for those 
with lymphatic metastasis, it was 37.35 ± 21.64 months. 
Similarly, patients without lymphatic metastasis had an 
average progression-free survival (PFS) of 41.73 ± 23.83 
months, while those with lymphatic metastasis had a 
PFS of 31.17 ± 23.83 months. These findings empha-
size the significance of considering lymphatic metasta-
sis when predicting the prognosis of gastric carcinoma. 
The primary objective of this study was to develop pre-
cise nomograms capable of accurately predicting the 
outcome of patients with gastric carcinoma, specifically 
focusing on those with and without lymphatic metastasis. 
Additionally, we utilized risk stratification to differenti-
ate between patients who would benefit from appropriate 
chemotherapy, those who should avoid excessive treat-
ment, and those who could potentially benefit from com-
bined treatments. By incorporating the principles of 
precision medicine, these nomograms and risk stratifica-
tion will provide exact guidance for postoperative treat-
ment of gastric carcinoma. Ultimately, this approach will 
enable personalized treatment for individual patients, 
improving treatment outcomes.

Method
Data collection
For the research, data from 1650 individuals who had 
undergone radical gastric surgery for the treatment of 
gastric carcinoma at Shanxi Cancer Hospital between 
May 2002 and December 2020 were examined. Among 
these individuals, 557 gastric carcinoma patients without 
lymphatic metastasis were selected and randomly divided 

into two groups in a ratio of 7:3. The first group consisted 
of 386 cases and served as the training cohort, while the 
second group consisted of 171 cases and served as the 
validation cohort. Similarly, a total of 1093 gastric carci-
noma patients with lymphatic metastasis were selected 
and randomly divided into two groups in a ratio of 7:3. 
The training cohort comprised 778 cases, while the vali-
dation cohort comprised 315 cases.

Inclusion criteria for the study required patients to 
have histological confirmation of gastric adenocarci-
noma, complete clinicopathological and follow-up data, 
no severe organ damage post-surgery, and no other unre-
lated malignant tumors or causes of death. Patients with 
systemic tumors, incomplete clinical data, palliative or 
bypass surgery, or non-gastric cancer were excluded. 
Tumor staging was based on the AJCC 8th TNM clas-
sification. The study protocol was approved by the Eth-
ics Committee of Shanxi Cancer Hospital and ethical 
principles were followed and informed consent has been 
obtained from all patients involved, indicating that they 
have given voluntary and informed agreement to partici-
pate in the study. Patient data were anonymized and kept 
confidential. Figure  1 outlines the research process in a 
flowchart.

In order to be included in the study, patients had to 
meet specific criteria. These criteria consisted of a con-
firmed diagnosis of gastric cancer through histological 
examination and undergoing surgery with the aim of cur-
ing the disease (R0-R1). The researchers analyzed various 
factors that influenced the outcome of the surgery, such 
as gender, age at the time of surgery, presence of vascular 
and neural invasion, tumor stage (pT stage), number of 
positive lymph nodes, cancer stage (TNM stage accord-
ing to the American Joint Committee’s 8th edition), 
Lauren classification, maximum tumor diameter, type of 
gastrectomy performed, presence of omentum metasta-
sis, surgical margin status, degree of complications based 
on the Clavien-Dindo classification, expression of spe-
cific biomarkers (AE1/AE3, Ki67, CK20, CDX-2, SATB-
2, SYN, CGA, CD56, MLH1, PMS2, Her-2, MSH2, and 
MSH6), and overall survival (OS). The follow-up time 
was determined using electronic medical records of hos-
pital visits and communication with the oncologist. The 
follow-up period began with the last hospital visit and 
ended with the last contact with the surgeon. OS was cal-
culated as the time between surgery and death. This ret-
rospective research study utilized clinical data that had 
been collected and complied with institutional guidelines 
and regulations. All participants provided informed con-
sent, following the principles outlined in the Declaration 
of Helsinki [12, 13].
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Statistical analysis
Descriptive statistics were utilized to summarize the 
data, featuring categorical variables presented as absolute 
numerical counts and continuous variables represented 
by the medians of the interquartile range. Kaplan-Meier 
curves were employed to visually illustrate OS. The 
association between OS and various factors was exam-
ined through multivariate Cox regression analysis, with 
results reported as hazard ratios along with correspond-
ing 95% confidence intervals (CI) and p values. Statistical 
significance was defined as a p value less than 0.05. Data 
processing was conducted using a variety of software 
packages, including R software 4.3.2(The University of 
Auckland, Auckland, New Zealand) and SPSS 25.0( IBM 
Corp., Armonk, NY, USA).

Nomogram performance
The development of these nomograms involved conduct-
ing Cox regression analysis on several OS-related param-
eters, with internal validation being assessed through 
10,000 iterations, and external validation via a separate 
validation cohort. Risk factors from the stepwise model 
were categorized using clinical benchmarks or tertiles, 
which facilitated the creation of the prediabetes score 
model. These risk factors, treated as categorical variables, 
were input into a stepwise Cox proportional hazards 

model to derive a novel β coefficient. The scoring sys-
tem was then established by multiplying regression coef-
ficients by three and rounding to the nearest integer to 
determine the weights. This scoring system was imple-
mented in a user-friendly questionnaire format for pri-
mary care providers. The total score was divided into two 
risk categories: low and high risk. Furthermore, we evalu-
ated the efficacy of our risk score model for predicting 
OS in patients with gastric cancer, including those with 
lymphatic metastasis. Survival probabilities and time-to-
event variables were computed using the Kaplan-Meier 
method. The log-rank test was employed to compare OS 
probabilities between the low and high risk groups (quar-
tiles of risk score). Model performance was assessed via 
calibration and discrimination tests, which included Har-
rell’s concordance index (C-Index) and the area under the 
receiver operating characteristic curve (AUC). An AUC 
value ranging from 0.5 to 0.7 signifies poor discrimina-
tion, while values from 0.7 to 0.9 indicate moderate 
performance; an AUC above 0.9 reflects excellent per-
formance. Calibration curves were utilized to evaluate 
the consistency of the results, and decision curve analysis 
(DCA) was conducted to gauge the clinical utility of the 
nomograms.

Fig. 1  The flowchart illustrating the enrollment process of the study population in both the training and validation cohorts of gastric cancer

 



Page 4 of 16Qu et al. World Journal of Surgical Oncology          (2024) 22:196 

Results
Basic characteristics of training cohort of lymphatic 
metastasis (-) and lymphatic metastasis (+)
In the training cohort, we included 386 gastric cancer 
patients with negative lymphatic metastasis and posi-
tive lymphatic metastasis including 778 gastric cancer 
patients, each variable was balanced in the two groups 
(Table 1).

Development and validation of the prediction model of OS 
for negative lymphatic metastasis
A multivariate Cox regression analysis was conducted 
to identify independent prognostic factors for OS in 
patients without lymphatic metastasis. Significant factors 
including age, pT stage, and maximum tumor diameter 
were determined from the results presented in Table  2, 
which were obtained from a training cohort of 386 gas-
tric cancer patients. By integrating these variables into a 
nomogram model for lymphatic metastasis (-), we were 
able to predict the 3-year and 5-year OS probabilities for 
these patients as shown in Fig.  2. Based on the nomo-
gram, each variable was assigned a specific point, and the 
points were summed to determine the probability of OS 
onset at 3 and 5 years. This nomogram model takes into 
account various factors known to impact favorable out-
comes and offers a reliable forecast of a patient’s 3-year 
and 5-year OS. Figure 3 illustrates the nomogram mod-
el’s ability to predict a positive outcome for gastric can-
cer patients by considering the factors influencing 3-year 
and 5-year OS. In the training cohort, the C-index for the 
node-negative predictor (-) was calculated to be 0.719 
(95%CI: 0.653–0.786), indicating a relatively dependable 
predictive ability. Furthermore, in comparison to the dis-
crimination of the AJCC 8th edition TNM staging, the 
nomogram demonstrated superior performance with a 
C-index of 0.658 (95%CI: 0.586–0.731).

The calibration curves in Fig. 3A, B and C, and 3D illus-
trate the effectiveness of the nomogram in predicting OS 
at 3 and 5 years. The alignment between predicted and 
observed outcomes in both internal and external valida-
tion demonstrates the accuracy of the nomogram. The 
nomogram’s ability to distinguish between different out-
comes is further supported by the time-dependent ROC 
analysis in internal validation. The AUC values for 3-year 
and 5-year OS are 0.692 (95%CI: 0.564–0.780) and 0.758 
(95%CI: 0.702–0.852), respectively. External validation 
also shows promising results with AUC values of 0.719 
(95%CI: 0.503–0.830) for 3-year OS and 0.699 (95%CI : 
0.591–0.858) for 5-year OS (Fig. 4A and B). To assess the 
clinical utility of the nomogram, decision analysis curve 
(DCA) was utilized to compare the predictions of 5-year 
and 3-year OS between the nomogram and the AJCC 8th 
edition TNM staging. The internal validation C-index for 
the nomogram was 0.719 (95%CI: 0.653–0.786), higher 

than the C-index of 0.683 (95%CI: 0.658–0.731) for the 
AJCC 8th edition TNM staging. Similarly, the external 
validation C-index for the nomogram was 0.715 (95%CI: 
0.614–0.816), exceeding the C-index of 0.697 (95%CI: 
0.653–0.742) for the AJCC 8th edition TNM staging. The 
higher C-index values for the nomogram model in both 
internal and external validation indicate its superior pre-
dictive ability compared to the AJCC 8th edition TNM 
staging (Fig. 5A, B, C and D).

Risk scoring of stratification system of OS for negative 
lymphatic metastasis
Based on the final lymphatic metastasis nomogram 
model, each patient was assigned a score and placed 
into a category. The X-tile software was utilized to deter-
mine the cutoff value for OS scores in the training group, 
which consisted of 386 patients. Subsequently, the log-
rank test was employed to compare survival times among 
different risk groups. The prognostic nomogram was uti-
lized to calculate total scores. Utilizing a cutoff value of 
109.05, the entire cohort of 557 individuals was divided 
into two distinct groups with varying mortality risks, as 
depicted in Fig.  6. The low-risk group (score ≤ 109.05) 
comprised 193 patients from the training group (n = 386) 
and 74 patients from the validation group (n = 171). Con-
versely, the high-risk group (score > 109.05) comprised 
193 patients from the training group (n = 386) and 105 
patients from the validation group (n = 171). Figure  6 
showcases the OS curves for the overall and training 
groups, demonstrating highly significant p values of less 
than 0.001, along with a p value of 0.013 in the valida-
tion group. It is worth noting that the median OS for 
the entire cohort, encompassing both low and high-risk 
groups, has not been reached. The notable disparities in 
prognosis between the two risk groups further validate 
the exceptional performance of our model in risk strati-
fication. Figure  7A illustrates the association between 
risk score and overall survival rate. There is a downward 
trend in the 5-year overall survival rate as the risk score 
increases, particularly when the score exceeds 90 (90–
110: 93.6%, 180–210: 50%, 210–251: 41.7%). Similarly, 
the 3-year overall survival rate experiences a significant 
decrease when the risk score surpasses 180 (180–210: 
89.8%, 210–251: 41.7%).

These findings offer a concise visual representation of 
the relationship between risk scores and survival rates, 
aligning seamlessly with the risk stratification OS system.

Development and validation of the prediction model of OS 
for positive lymphatic metastasis
Table  3 presents the results of the multivariate Cox 
regression analysis on a training cohort of 778 patients 
with positive lymphatic metastasis in a nature-inspired 
style. The analysis identifies independent risk factors that 
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Variables Lymphatic metastasis (-) (n = 386)
Training cohort

Lymphatic metastasis (+) (n = 778)
Training cohort

Mean ± SD/No(%) Mean ± SD/No(%)
Gender
Male 313(81.1%) 609(78.3%)
Female 73(18.9%) 169(21.7%)
Age (years) 58.61 ± 9.88 58.68 ± 10.107
pT stage
T1 191(49.5%) 25(3.2%)
T2 34(8.8%) 21(2.7%)
T3 93(24.1%) 260(33.4%)
T4 68(17.6%) 472(60.7%)
pTNM stage
I 226(58.5%) 16(2.1%)
II 158(40.9%) 128(16.5%)
III 2(0.5%) 634(81.5%)
Vascular invasion
Negative 314(81.3%) 234(30.1%)
Positive 72(18.7%) 544(69.9%)
Neural invasion
Negative 313(81.1%) 311(40%)
Positive 73(18.9%) 467(60%)
Lauren classification
Intestinal 274(71.0%) 196(25.2%)
Diffuse 47(12.2%) 354(45.5%)
Mixed 65(16.8%) 228(29.3%)
Type of gastrectomy
Proximal 76(19.7%) 54(6.9%)
Distal 156(40.4%) 231(29.7%)
Total 152(39.4%) 493(63.4%)
Omentum metastasis
Negative 385(99.7%) 749(96.3%)
Positive 1(0.3%) 29(3.7%)
Surgical margin
Negative 377(97.7%) 730(93.8%)
Positive 9(2.3%) 48(6.2%)
Her-2
Negative 254(65.8%) 475(61.1%)
Positive 132(34.2%) 303(38.9%)
AE1/AE3
Negative 187(48.4%) 63(8.1%)
Positive 199(51.6%) 715(91.9%)
Ki167 33 ± 25.839 66.65 ± 19.184
CK7
Negative 198(51.3%) 387(49.7%)
Positive 188(48.7%) 391(50.3%)
CK20
Negative 277(71.8%) 571(73.4%)
Positive 109(28.2%) 207(26.6%)
CDX-2
Negative 257(66.6%) 393(50.5%)
Positive 129(33.4%) 385(49.5%)
SATB-2
Negative 337(87.3%) 610(78.4%)

Table 1  Demographics of study population
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impact OS, including gender, age, maximum tumor diam-
eter, neural invasion, Lauren classification, and expres-
sion of Her-2, CK7, and CD56. These nine variables are 
utilized to create a nomogram for estimating the 3-year 
and 5-year OS in gastric cancer patients with positive 
lymphatic metastasis. The nomogram serves as a valuable 
tool for identifying patients who are likely to have posi-
tive outcomes. Figure 8 showcases the nomogram model, 
incorporating the independent predictors mentioned 
above, to predict the 3-year and 5-year OS. In the train-
ing cohort, the C-index for predicting OS is 0.674, with 

a 95% confidence interval of 0.646–0.702. When com-
pared to the discriminatory ability of the AJCC 8th edi-
tion TNM staging, the nomogram demonstrates superior 
performance with a higher C-index of 0.595 and a 95% 
confidence interval of 0.575–0.615.

The results presented in Fig. 9A, B and C, and 9D dem-
onstrate the excellent calibration of the nomogram’s 
predictions, with both internal and external validations 
closely aligning with actual observations. Further assess-
ment of the nomogram’s accuracy through time-depen-
dent receiver operating characteristic (t-ROC) curve 

Table 2  Multivariate analysis of OS of training cohort of negative lymphatic metastasis and analyzed by Cox regression
B SE Wald df p Exp(B) EXP(95%CI)

age 0.034 0.016 4.756 1 0.029 1.035 1.003–1.068
pT stage 13.344 3 0.004 1.211–2.359
T1 Vs. T2 0.150 0.641 0.054 1 0.816 1.161 0.330–4.081
T1 Vs. T3 0.473 0.424 1.247 1 0.264 1.606 0.699–3.686
T1 Vs. T4 1.281 0.380 11.345 1 0.001 3.600 1.708–7.587
Maximum diameter of Tumor 0.118 0.059 4.026 1 0.045 1.125 1.003–1.263
Abbreviations: B: regression coefficient; SE: standard error; df: degree of freedom; HR: hazard ratio; CI: confidence interval

Variables Lymphatic metastasis (-) (n = 386)
Training cohort

Lymphatic metastasis (+) (n = 778)
Training cohort

Mean ± SD/No(%) Mean ± SD/No(%)
Positive 49(12.7%) 168(21.6%)
SYN
Negative 296(76.7%) 560(72.0%)
Positive 90(23.3%) 218(28.0%)
CGA
Negative 299(77.5%) 669(86.0%)
Positive 87(22.5%) 109(14.0%)
CD56
Negative 279(72.3%) 468(60.2%)
Positive 107(27.7%) 310(39.8%)
MLH1
Negative 99(25.6%) 50(6.4%)
Positive 287(74.4%) 728(93.6%)
PMS2
Negative 180(46.6%) 144(18.5%)
Positive 206(53.4%) 634(81.5%)
MSH2
Negative 100(25.9%) 54(6.9%)
Positive 286(74.1%) 724(93.1%)
MSH6
Negative 106(27.5%) 52(6.7%)
Positive 280(72.5%) 726(93.3%)
Maximum diameter of Tumor 3.634 ± 2.282 5.609 ± 2.459
Tumor location
upper 187(48.4%) 397(51.0%)
middle 60(15.5%) 134(17.2%)
lower 136(35.2%) 243(31.2%)
multiple 3(0.8%) 4(0.5%)
Abbreviations: SD: standard deviation; No: number

Table 1  (continued) 
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analysis revealed impressive area under the curve (AUC) 
values for the 3-year and 5-year overall survival (OS) 
models. The internal validation AUC for the 3-year OS 
was 0.702 (95%CI: 0.668–0.751), while the external vali-
dation AUC was 0.617 (95%CI: 0.548–0.694). Similarly, 
for the 5-year OS, the internal validation AUC was 0.752 
(95%CI: 0.726–0.824), and the external validation AUC 
was 0.673 (95%CI: 0.537–0.724), exceeding expectations 
and highlighting the model’s exceptional performance 
(see Fig.  4C and D). Decision analysis curves (DCA) 
depicted in Fig.  10A, B and C, and 10D further under-
score the clinical benefits of our nomogram, showcas-
ing its superiority over the AJCC TNM classification. In 
both the training and validation cohorts, the nomogram 
yielded a higher net benefit compared to the AJCC TNM 
staging system. The internal validation C-index of 0.674 
(95%CI: 0.646–0.702) outperformed the C-index of the 
AJCC 8th edition TNM staging, which stood at 0.595 
(95%CI: 0.575–0.615). External validation supported 

these findings, with a C-index of 0.63 (95%CI: 0.581–
0.68) for our nomogram compared to the AJCC 8th 
edition TNM staging’s C-index of 0.566 (95%CI: 0.535–
0.598). Overall, these results validate the robustness and 
effectiveness of our nomogram in predicting outcomes 
and guiding clinical decision-making.

Risk scoring of stratification system of OS for positive 
lymphatic metastasis
Based on the final nomogram model, each patient’s score 
was calculated, and a cutoff value for overall survival (OS) 
was established using the X-tile software in the training 
cohort of 778 patients. The log-rank test was then per-
formed to compare survival times among different risk 
groups. The prognostic nomogram was used to calculate 
the total scores, and a cutoff value of 173.091 was uti-
lized to divide the entire cohort of 1093 patients into two 
groups with distinct probabilities of disease progression 
risk (Fig. 6D, E and F). The low-risk group (0 ≤ 173.091) 

Fig. 2  Nomogram model designed to predict the 3-year and 5-year OS of patients with negative lymphatic metastasis
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comprised 380 patients from the training cohort and 157 
patients from the validation cohort. On the other hand, 
the high-risk group (> 173.091) contained 398 patients 
from the training cohort and 158 patients from the vali-
dation cohort. Figure  6 demonstrates the overall sur-
vival curves stratified by risk scores for all cohorts, with 
p-values less than 0.001 for each cohort. The median 
overall survival of the low-risk group in the entire cohort, 
training cohort, and validation cohort was 70, 72, and 
58 months, respectively. In contrast, the median overall 

survival of the high-risk group in the three cohorts was 
38, 37, and 40 months, respectively. These results indi-
cate that our model effectively stratifies patients based 
on their risk and demonstrates good prognostic perfor-
mance. Figure 7B illustrates the correlation between risk 
score and overall survival rate, showing a clear decline in 
the 5-year survival rate as the risk score increases. This 
trend is particularly evident when the score reaches 100 
or higher, with survival rates dropping to 61.2% in the 
100–130 range, 9.1% in the 220–250 range, and 19.3% 

Fig. 3  Calibration curves demonstrating the accuracy of the internal and external validation in predicting the 3-year and 5-year OS of patients with nega-
tive lymphatic metastasis. A. Internal validation of 3-year OS. B. External validation of 3-year OS. C. Internal validation of 5-year OS. D. External validation 
of 5-year OS
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in the 250–303 range. Similarly, the 3-year survival rate 
experiences a significant decrease when the risk score 
surpasses 130, decreasing from 86.7% in the 130–160 
range to 19.3% in the 250–303 range. These findings pro-
vide a visual representation of the relationship between 
risk score and survival outcomes, aligning with the risk 
scoring of the OS stratification system. This underscores 
the inherent connection between risk assessment and 
survival prediction in this study.

Discussion
Accurate lymph node staging plays a pivotal role in deter-
mining the most effective treatment strategy and pre-
dicting treatment outcomes for patients diagnosed with 
gastric cancer. This aspect holds significant importance, 
as lymph node metastasis serves as a crucial prognos-
tic factor. There has been substantial scholarly research 
investigating the intricate connection between lymph 
node metastasis and the prognosis of gastric carcinoma 
[14–17]. The precise determination of lymph node stag-
ing is affected by both the anatomical location of meta-
static lymph node metastasis and the extent of lymph 

Fig. 4  Time-dependent receiver operating characteristic (t-ROC) curves showcasing the performance of the internal and external validation in predicting 
the OS of both negative and positive lymphatic metastasis. (A) Internal validation of negative lymphatic metastasis. (B) External validation of negative 
lymphatic metastasis (C) Internal validation of positive lymphatic metastasis. (D) External validation of positive lymphatic metastasis
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node dissections [18, 19]. The expansion of lymph node 
dissection can gradually reduce or even prevent the 
migration of the lymph nodes stage, contributing to 
improved outcomes [20, 21]. The notion of lymph node 
ratios was introduced to encompass not only the number 
of metastatic lymph nodes but also the extent of lymph-
adenectomy, thus accounting for both aspects. Marchet 
A. et al. initially proposed a classification for gastric can-
cer based on the ratio of positive lymph nodes to the 
number of nodes examined [22]. In a retrospective anal-
ysis of 804 patients who underwent surgical resection 
for gastric cancer, Spolverato G. et al found that lymph 
node ratios were the most effective way to categorize 
patients based on lymph node status [14]. Kong SH. et al 

demonstrated that lymph node ratios system can account 
for the stage migration effect and effectively differentiate 
between lymph node stages when a sufficient number of 
nodes are examined [23]. It is worth noting that the spe-
cific boundary value for lymph node ratios may vary in 
different studies.

Our investigative study delved into the realm of gastric 
cancer, focusing on a group of patients diagnosed with 
this challenging disease. With meticulous attention to 
detail, we delved deep into their prognostic data over an 
extended period of time, seeking to uncover meaningful 
insights that could shape the way we approach treatment 
and care for these individuals. Utilizing a blend of COX 
regression and a variety of clinical, pathological, and 

Fig. 5  Decision curve analysis (DCA) results of the internal and external validation to predict the 3-year and 5-year OS of patients with negative lymphatic 
metastasis. A. Internal validation of 3-year OS. B. External validation of 3-year OS. C. Internal validation of 5-year OS. D. External validation of 5-year OS
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Fig. 7  The correlation between the risk score and the 3-year and 5-year OS rate of patients (A) Negative lymphatic metastasis. (B) Positive lymphatic 
metastasis

 

Fig. 6  Kaplan-Meier survival curves depicting the survival outcomes of patients with different scores of negative and positive lymphatic metastases 
in the overall cohort, training cohort, and validation cohort. (A) all cohort of negative lymphatic metastasis (B) training cohort of negative lymphatic 
metastasis (C) validation cohort of negative lymphatic metastasis (D) all cohort of positive lymphatic metastasis (E) training cohort of positive lymphatic 
metastasis (F) validation cohort of positive lymphatic metastasis
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Table 3  Multivariate analysis of OS of training cohort of positive lymphatic metastasis and analyzed by Cox regression
B SE Wald df p Exp(B) EXP(95%CI)

Gender 1
Male Vs. Female 0.282 0.120 5.504 1 0.019 1.326 1.048–1.679
age 0.020 0.005 14.022 1 < 0.001 1.020 1.010–1.031
Neural invasion 1
Negative Vs. Positive 0.244 0.119 4.227 1 0.040 1.276 1.011–1.610
Lauren classification 8.643 2 0.013
Intestinal Vs. Diffuse 0.387 0.148 6.858 1 0.009 1.473 1.102–1.968
Intestinal Vs. Mixed 0.103 0.162 0.407 1 0.524 1.109 0.807–1.522
Surgical margin 1
Negative Vs. Positive 0.437 0.185 5.583 1 0.018 1.547 1.077–2.223
Her-2 1
Negative Vs. Positive -0.248 0.106 5.445 1 0.020 0.780 0.633–0.961
Ki67 0.009 0.004 6.244 1 0.012 1.009 1.002–1.017
CK7 1
Negative Vs. Positive 0.351 0.123 8.173 1 0.004 1.420 1.117–1.806
CD56 1
Negative Vs. Positive -0.351 0.133 6.912 1 0.009 0.704 0.542–0.915
Maximum diameter of Tumor 0.072 0.020 12.557 1 < 0.001 1.075 1.033–1.118
Abbreviations: B: regression coefficient; SE: standard error; df: degree of freedom; HR: hazard ratio; CI: confidence interval

Fig. 8  Nomogram model designed to predict the 3-year and 5-year OS of patients with positive lymphatic metastasis
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molecular markers, we crafted a forest plot that serves 
as a powerful tool in predicting the overall survival of 
patients with and without lymph node metastasis. This 
intricate plot encompassed a range of variables, from 
gender and age to tumor characteristics and molecular 
expressions, painting a comprehensive picture of factors 
that could influence patient outcomes. In our quest for 
accuracy and reliability, we underwent rigorous internal 
and external validations, ensuring that our model stood 
up to the test of different medical settings and patient 

populations. The results of these validations were highly 
encouraging, affirming the strength of our predictive 
model in terms of accuracy, calibration, discrimination, 
and overall clinical utility. Going beyond mere validation, 
we delved into a population-based analysis, carving out 
distinct risk groups that further refined the predictive 
power of our forest plot. By segmenting patients based 
on their unique risk profiles, we empowered clinicians to 
make more informed and personalized treatment deci-
sions, ultimately enhancing the quality of care delivered 

Fig. 9  Calibration curves illustrating the accuracy of the internal and external validation in predicting the 3-year and 5-year OS of patients with positive 
lymphatic metastasis. A. Internal validation of 3-year OS. B. External validation of 3-year OS. C. Internal validation of 5-year OS. D. External validation of 
5-year OS
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to those battling gastric cancer. Our holistic approach not 
only benefits patients by offering a clearer roadmap for 
their treatment journey but also equips physicians with a 
valuable tool to aid in their decision-making process. By 
marrying the complexities of gastric cancer with the pre-
cision of predictive modeling, our study aims to elevate 
the standard of care for all individuals affected by this 
challenging disease.

The TNM staging system is currently the primary tool 
used for predicting the risk of cancer in clinical practice. 
However, its accuracy and reliability are limited, which 
reduces its effectiveness [24–26]. Studies have shown 

that incorporating column charts can improve the accu-
racy of assessment and reduce unnecessary examinations 
for patients with gastric cancer [27]. Numerous scientific 
studies have explored prognostic factors for gastric can-
cer, including age, gender, tumor size, number of positive 
lymph nodes, depth of invasion, tumor location, Lauren 
classification, histological classification, and biomarkers. 
As a result, several prognostic models have been devel-
oped [28–34].

We have designed a prognostic score plot with a 
nature-inspired aesthetic to create a predictive and risk 
stratification model. This model accurately distinguishes 

Fig. 10  Decision curve analysis (DCA) results of the internal and external validation to predict the 3-year and 5-year OS of patients with positive lymphatic 
metastasis. A. Internal validation of 3-year OS. B. External validation of 3-year OS. C. Internal validation of 5-year OS. D. External validation of 5-year OS
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between patients with and without lymphatic metastasis, 
allowing for personalized treatment plans. By identifying 
low-risk patients who may not require further therapy 
and high-risk patients who could benefit from targeted 
treatments, our model offers valuable insight for effective 
medical decision-making.

Nevertheless, it is important to highlight the limita-
tions of our current research. Firstly, the model was only 
developed and validated using data from a single medi-
cal center, which may impact the generalizability of the 
results. Therefore, it is necessary to replicate these find-
ings in other medical centers to ensure the reliability of 
the model. Moreover, there appears to be a discrepancy 
between the predictive ability of the line plot model for 
5-year overall survival (OS) and the actual data from the 
patient groups, indicating the need for further investiga-
tion to understand this inconsistency. Additionally, our 
study did not distinguish between early and late-stage 
gastric carcinoma patients, which could affect the accu-
racy of the model’s predictions for each stage. Future 
studies should consider stratifying patients based on 
disease stage to assess the model’s performance more 
accurately.

Conclusion
This study provides valuable risk stratification models for 
lymphatic metastasis in gastric carcinoma, encompass-
ing both node-positive and negative cases. These mod-
els can help identify low-risk individuals who may not 
require further intervention, while high-risk individuals 
can benefit from targeted therapies aimed at addressing 
lymphatic metastasis.

Abbreviations
AE1/AE3	� Pan Cytokeratin Monoclonal Antibody
CD 56	� Cluster of Differentiation 56
CDX-2	� Caudal-related homeobox transcription factor 2
CGA	� Chromogranin A
CK20	� Cytokeratin 20
CK7	� Cytokeratin 7
MLH 1	� MutL homologous gene 1
MSH2	� MutS homolog 2
MSH6	� MutS homolog 6
OS	� Overall survival
PFS	� Progression-free survival
PMS 2	� Postmitotic segregation increased 2
STAB-2	� Stabilin-2
SYN	� Synaptophysin

Acknowledgements
Special thanks were given to Suwen Ji, and Chenjie Fan for proofreading the 
patient follow-up information.

Author contributions
Wenqing Qu and Yifan Li wrote the main manuscript text, and Ling Li and 
Yifan Li prepared Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. All authors reviewed the 
manuscript.

Funding
Supported by the Science and Education Cultivation Fund of the National 
Cancer and Regional Medical center of Shanxi Provincial Cancer hospital 
(SD2023005).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This research study was conducted retrospectively from data obtained 
for clinical purposes. We consulted extensively with the Ethics Committee 
of Shanxi Cancer Hospital and granted ethical approval from the Ethics 
Committee of Shanxi Carcinoma Hospital(No:2022JC23). All methods 
were performed according to the relevant guidelines and regulations. All 
procedures performed in studies involving human participants were by 
the ethical standards of our institutional research committee. Additionally, 
informed consent has been obtained from all patients involved, indicating 
that they have given voluntary and informed agreement to participate in the 
study. Written informed consent was obtained from the patient for publication 
and any accompanying images.

Consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Registration of research
We registered our study on the Research Registry and the identifying 
number is Research Registry 9867 (https://researchregistry.knack.com/
research-registry#user-researchregistry/).

Author details
1Hepatobiliary, Pancreatic and Gastrointestinal Surgery, Shanxi Hospital 
Affiliated to Carcinoma Hospital, Chinese Academy of Medical Sciences, 
Shanxi Province Carcinoma Hospital, Carcinoma Hospital Affiliated to 
Shanxi Medical University, Taiyuan 030013, Shanxi, P.R. China
2Shanxi Medical University, 030013 Taiyuan, Shanxi, P.R. China

Received: 26 March 2024 / Accepted: 17 July 2024

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

2.	 Ajani JA, Lee J, Sano T, Janjigian YY, Fan D, Song S. Gastric adenocarcinoma. 
Nat Rev Dis Primers. 2017;3:17036.

3.	 Bourke MJ, Neuhaus H, Bergman JJ. Endoscopic submucosal dissection: 
indications and application in western endoscopy practice. Gastroenterology. 
2018;154(7):1887–e19005.

4.	 Salati M, Orsi G, Smyth E, Aprile G, Beretta G, De Vita F, Di Bartolomeo M, 
Fanotto V, Lonardi S, Morano F, Pietrantonio F, Pinto C, Rimassa L, Vasile E, 
Vivaldi C, Zaniboni A, Ziranu P, Cascinu S. Gastric cancer: translating novels 
concepts into clinical practice. Cancer Treat Rev. 2019;79:101889.

5.	 Karimi P, Islami F, Anandasabapathy S, Freedman ND, Kamangar F. Gastric can-
cer: descriptive epidemiology, risk factors, screening, and prevention. Cancer 
Epidemiol Biomarkers Prev. 2014;23(5):700–13.

6.	 Biagioni A, Skalamera I, Peri S, Schiavone N, Cianchi F, Giommoni E, Magnelli 
L, Papucci L. Update on gastric cancer treatments and gene therapies. Cancer 
Metastasis Rev. 2019;38(3):537–48.

https://researchregistry.knack.com/research-registry#user-researchregistry/
https://researchregistry.knack.com/research-registry#user-researchregistry/


Page 16 of 16Qu et al. World Journal of Surgical Oncology          (2024) 22:196 

7.	 In H, Solsky I, Palis B, Langdon-Embry M, Ajani J, Sano T. Validation of the 8th 
edition of the AJCC TNM staging system for gastric cancer using the national 
cancer database. Ann Surg Oncol. 2017;24(12):3683–91.

8.	 Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro I, Oda I, Tsujitani S, Ono H, 
Tanabe S, Fukagawa T, Nunobe S, Kakeji Y, Nashimoto A, Registration Com-
mittee of the Japanese Gastric Cancer Association. Five-year survival analysis 
of surgically resected gastric cancer cases in Japan: a retrospective analysis 
of more than 100,000 patients from the nationwide registry of the Japanese 
Gastric Cancer Association (2001–2007). Gastric Cancer. 2018;21(1):144–54.

9.	 Kattan MW, Karpeh MS, Mazumdar M, Brennan MF. Postoperative nomogram 
for disease-specific survival after an R0 resection for gastric carcinoma. J Clin 
Oncol. 2003;21(19):3647–50.

10.	 Li Z, Wu X, Gao X, Shan F, Ying X, Zhang Y, Ji J. Development and valida-
tion of an artificial neural network prognostic model after gastrectomy for 
gastric carcinoma: an international multicenter cohort study. Cancer Med. 
2020;9(17):6205–15.

11.	 Han DS, Suh YS, Kong SH, Lee HJ, Choi Y, Aikou S, Sano T, Park BJ, Kim WH, 
Yang HK. Nomogram predicting long-term survival after d2 gastrectomy for 
gastric cancer. J Clin Oncol. 2012;30(31):3834–40.

12.	 Li Y, Zhang X. Prognostic nomograms for gastric carcinoma after surgery 
to assist decision-making for postoperative treatment with chemotherapy 
cycles < 9 or chemotherapy cycles ≥ 9. Front Surg. 2022;9:916483.

13.	 Li Y, Bai M, Gao Y. Prognostic nomograms for gastric carcinoma after D2 + total 
gastrectomy to assist decision-making for postoperative treatment: based on 
Lasso regression. World J Surg Oncol. 2023;21(1):207.

14.	 Spolverato G, Ejaz A, Kim Y, Squires MH, Poultsides G, Fields RC, Bloomston 
M, Weber SM, Votanopoulos K, Acher AW, Jin LX, Hawkins WG, Schmidt C, 
Kooby DA, Worhunsky D, Saunders N, Cho CS, Levine EA, Maithel SK, Pawlik 
TM. Prognostic performance of different lymph node staging systems 
after curative intent resection for gastric adenocarcinoma. Ann Surg. 
2015;262(6):991–8.

15.	 Wang W, Xu DZ, Li YF, Guan YX, Sun XW, Chen YB, Kesari R, Huang CY, Li W, 
Zhan YQ, Zhou ZW. Tumor-ratio-metastasis staging system as an alternative 
to the 7th edition UICC TNM system in gastric cancer after D2 resection–
results of a single-institution study of 1343 Chinese patients. Ann Oncol. 
2011;22(9):2049–56.

16.	 Rawicz-Pruszyński K, Ciseł B, Mlak R, Mielko J, Skórzewska M, Kwietniewska 
M, Pikuła A, Gęca K, Sędłak K, Kurylcio A, Polkowski WP. The role of the lymph 
node ratio in advanced gastric cancer after neoadjuvant chemotherapy. 
Cancers (Basel). 2019;11(12):1914.

17.	 Dong D, Fang MJ, Tang L, Shan XH, Gao JB, Giganti F, Wang RP, Chen X, Wang 
XX, Palumbo D, Fu J, Li WC, Li J, Zhong LZ, De Cobelli F, Ji JF, Liu ZY, Tian J. 
Deep learning radiomic nomogram can predict the number of lymph node 
metastasis in locally advanced gastric cancer: an international multicenter 
study. Ann Oncol. 2020;31(7):912–20.

18.	 Gong Y, Pan S, Wang X, Zhu G, Xu H, Zhu Z. A novel lymph node staging sys-
tem for gastric cancer including modified union for cancer Control/American 
Joint Committee on cancer and Japanese Gastric Cancer Association criteria. 
Eur J Surg Oncol. 2020;46(10 Pt B):e27–32.

19.	 Gu P, Deng J, Wang W, Wang Z, Zhou Z, Xu H, Liang H. Impact of the number 
of examined lymph nodes on stage migration in node-negative gastric 
cancer patients: a Chinese multi-institutional analysis with propensity score 
matching. Ann Transl Med. 2020;8(15):938.

20.	 Kim YI. Does the retrieval of at least 15 lymph nodes confer an improved 
survival in patients with advanced gastric cancer? J Gastric Cancer. 
2014;14:111–6.

21.	 Volpe CM, Driscoll DL, Douglass HO Jr. Outcome of patients with proximal 
gastric cancer depends on the extent of resection and number of resected 
lymph nodes. Ann Surg Oncol. 2000;7:139–44.

22.	 Marchet A, Mocellin S, Ambrosi A, de Manzoni G, Di Leo A, Marrelli D, Roviello 
F, Morgagni P, Saragoni L, Natalini G, De Santis F, Baiocchi L, Coniglio A, Nitti D, 
Italian Research Group for Gastric Cancer Study (GIRCG). The prognostic value 

of N-ratio in patients with gastric cancer: validation in a large, multicenter 
series. Eur J Surg Oncol. 2008;34(2):159–65.

23.	 Kong SH, Lee HJ, Ahn HS, Kim JW, Kim WH, Lee KU, Yang HK. Stage migration 
effect on survival in gastric cancer surgery with extended lymphadenec-
tomy: the reappraisal of positive lymph node ratio as a proper N-staging. Ann 
Surg. 2012;255(1):50–8.

24.	 Wang F, Sun GP, Zou YF, Zhong F, Ma T, Li XQ, Wu D. Helicobacter pylori infec-
tion predicts favorable outcome in patients with gastric cancer. Curr Oncol. 
2013;20(5):e388–95.

25.	 Lu J, Zheng ZF, Wang W, Xie JW, Wang JB, Lin JX, Chen QY, Cao LL, Lin M, Tu 
RH, Zhou ZW, Huang CM, Zheng CH, Li P. A novel TNM staging system for 
gastric cancer based on the metro-ticket paradigm: a comparative study with 
the AJCC-TNM staging system. Gastric Cancer. 2019;22(4):759–68.

26.	 Zhou YY, Kang YT, Chen C, Xu FF, Wang HN, Jin R. Combination of TNM stag-
ing and pathway based risk score models in patients with gastric cancer. J 
Cell Biochem. 2018;119(4):3608–17.

27.	 Lu J, Zheng ZF, Xie JW, Wang JB, Lin JX, Chen QY, Cao LL, Lin M, Tu RH, 
Huang CM, Zheng CH, Li P. Is the 8th edition of the AJCC TNM stag-
ing system sufficiently reasonable for all patients with noncardia gastric 
cancer? A 12,549-patient international database study. Ann Surg Oncol. 
2018;25(7):2002–11.

28.	 Iasonos A, Schrag D, Raj GV, Panageas KS. How to build and interpret a nomo-
gram for cancer prognosis. J Clin Oncol. 2008;26(8):1364–70.

29.	 Necchi A, Sonpavde G, Lo Vullo S, Giardiello D, Bamias A, Crabb SJ, Harsh-
man LC, Bellmunt J, De Giorgi U, Sternberg CN, Cerbone L, Ladoire S, Wong 
YN, Yu EY, Chowdhury S, Niegisch G, Srinivas S, Vaishampayan UN, Pal SK, 
Agarwal N, Alva A, Baniel J, Golshayan AR, Morales-Barrera R, Bowles DW, 
Milowsky MI, Theodore C, Berthold DR, Daugaard G, Sridhar SS, Powles T, 
Rosenberg JE, Galsky MD, Mariani L. RISC investigators. Nomogram-based 
prediction of overall survival in patients with metastatic urothelial carcinoma 
receiving first-line platinum-based chemotherapy: retrospective interna-
tional study of invasive/advanced cancer of the urothelium (RISC). Eur Urol. 
2017;71(2):281–9.

30.	 Yip PL, Lee SF, Choi CH, Chan PS, Cheung KA, Chow CJ, Cheung KM, Lai WJ, 
Lee HV, Lam KO, Chiang CL, Wong CE, Poon MD, Tong M, Au KH, Ng WT, Ngan 
KR, Lee WA, Tung YS. External validation of a nomogram to predict survival 
and benefit of concurrent chemoradiation for stage II nasopharyngeal carci-
noma. Cancers (Basel). 2021;13(17):4286.

31.	 Raghav K, Hwang H, Jácome AA, Bhang E, Willett A, Huey RW, Dhillon NP, 
Modha J, Smaglo B, Matamoros A Jr, Estrella JS, Jao J, Overman MJ, Wang X, 
Greco FA, Loree JM, Varadhachary GR. Development and validation of a novel 
nomogram for individualized prediction of survival in cancer of unknown 
primary. Clin Cancer Res. 2021;27(12):3414–21.

32.	 Chang YR, Huang WK, Wang SY, Wu CE, Chen JS, Yeh CN. A nomogram 
predicting progression free survival in patients with gastrointestinal stromal 
tumor receiving sunitinib: incorporating pre-treatment and post-treatment 
parameters. Cancers (Basel). 2021;13(11):2587.

33.	 Liu H, Li Z, Zhang Q, Li Q, Zhong H, Wang Y, Yang H, Li H, Wang X, Li K, Wang 
D, Kong X, He Z, Wang W, Wang L, Zhang D, Xu H, Yang L, Chen Y, Zhou Y, 
Xu Z. Multi–institutional development and validation of a nomogram to 
predict prognosis of early-onset gastric cancer patients. Front Immunol. 
2022;13:1007176.

34.	 Li H, Lin D, Yu Z, Li H, Zhao S, Hainisayimu T, Liu L, Wang K. A nomogram 
model based on the number of examined lymph nodes-related signature to 
predict prognosis and guide clinical therapy in gastric cancer. Front Immunol. 
2022;13:947802.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Screening high-risk individuals for primary gastric carcinoma: evaluating overall survival probability score in the presence and absence of lymphatic metastasis post-gastrectomy
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Data collection
	﻿Statistical analysis
	﻿Nomogram performance

	﻿Results
	﻿Basic characteristics of training cohort of lymphatic metastasis (-) and lymphatic metastasis (+)
	﻿Development and validation of the prediction model of OS for negative lymphatic metastasis
	﻿Risk scoring of stratification system of OS for negative lymphatic metastasis
	﻿Development and validation of the prediction model of OS for positive lymphatic metastasis
	﻿Risk scoring of stratification system of OS for positive lymphatic metastasis

	﻿Discussion
	﻿Conclusion
	﻿References


