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Background: Gastric cancer (GC) is one of the most malignant diseases and threatens the health of
individuals across the globe. Hitherto, the identification of prognosis risk stratification on GC has mainly
depended on the TINM staging, but owing to its inaccuracy and incompleteness, the prognostic value it
offers remains controversial in the current clinical setting. Thus, an effective prognostic model for GC after
radical gastrectomy is still needed.

Methods: Patients with pathologically confirmed GC who underwent radical gastrectomy from 2 different
centers were retrospectively enrolled into a training and the validation cohort, respectively. The least
absolute shrinkage and selection operator (LASSO) algorithm was applied to select variables among multiple
factors, including clinical characteristics, pathological parameters, and surgery- and treatment-related
indicators. The multivariate Cox regression method was used to establish the model to predict 1-, 2-, and
3-year survival. Both internal and external validations of the nomogram were then completed in terms of
discrimination, calibration, and clinical utility. Finally, prognostic risk stratification of GC was conducted
with X-tile software.

Results: A total of 1,424 patients with GC were eligible in this study, including 1,010 in the training cohort
and 414 in the validation cohort. Seven indicators were selected by LASSO to develop the nomogram,
including the number of positive lymph nodes, tumor size, adjacent organ invasion, vascular invasion, the
level of carbohydrate antigen 125 (CA 125), depth of invasion, and human epidermal growth factor receptor
2 (HER2) status. The nomogram demonstrated a robust predictive capacity with favorable accuracy,
discrimination, and clinical utility both in the internal and external validations. Moreover, we divided the
population into 3 risk groups of survival according to the cutoff points generated by X-tile, and in this way,
the nomogram was further improved into a risk-stratified prognosis model.

Conclusions: We have developed a prognostic risk stratification nomogram for GC patients after radical
gastrectomy with 7 available indicators that may guide clinical practice and help facilitate tailored decision-
making, thus avoiding overtreatment or undertreatment and improving communication between clinicians

and patients.
Keywords: Gastric cancer (GC); nomogram; prognosis; external validation; human epidermal growth factor

receptor 2 (HER?2)

Submitted Nov 16, 2021. Accepted for publication Dec 06, 2021.
doi: 10.21037/atm-21-6359
View this article at: https://dx.doi.org/10.21037/atm-21-6359

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(23):1742 | https://dx.doi.org/10.21037/atm-21-6359


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-6359

Page 2 of 14

Introduction

Gastric cancer (GC) is a significant health problem and
one of the major causes of death worldwide. According to
a report by Global Cancer Statistics, over 1 million new
cases of GC were diagnosed throughout the world and
about 783,000 people died of this disease in 2018 (1). In
China, the incidence rate of GC was 679 per million in
2015, and Chinese cases accounted for more than 60% of
all global GC cases, making it the second most common
malignant tumor and the third leading cause of tumor death
worldwide (2). Although recent decades have witnessed
the development of a diversity of innovations and novel
intervention strategies, the outlook for GC in China is not
good, with GC incurring a heavy burden on the Chinese
health care system.

GC can be divided into many pathological types,
including adenocarcinoma, squamous cell carcinoma,
carcinoid, and others, but the vast majority of cases are
gastric adenocarcinoma (3,4). GC is usually diagnosed
histologically following endoscopic biopsy and is staging
by laparoscopy and imaging examinations, such as
computed tomography (CT), endoscopic ultrasound,
magnetic resonance imaging (MRI), and positron emission
tomography (PET) (5). Over the years, numerous
clinical studies have been carried to further optimize the
treatment mode of GC, including preoperative neoadjuvant
therapy (NAT), surgical modality selection, postoperative
chemoradiotherapy, biologically targeted therapy, and
immunotherapy. The most effective curative therapeutic
option for early GC (EGC) is endoscopic resection (6),
and patients with non-EGC are mainly treated by surgical
resection with lymphadenectomy to achieve local radical
resection (7). Adjuvant or perioperative chemotherapy can
improve survival in those who are at stage 1B GC or higher
(8-10), and the 5-year overall survival (OS) rate of patients
with GC can reach more than 90% after early diagnosis
with subsequent standardized treatment. However, due
to the lack of the specific early symptoms, numerous GC
patients are diagnosed late and thus have a poor 5-year OS
rate of less than 29% (4,11). Consequently, the treatment
of GC needs to be based on a reliable risk stratification
system of prognosis that can help predict the survival of the
patients and allow for radical interventions to be avoided or
implemented at an appropriate time.

Thus far, the identification of prognosis for patients
with GC has mainly depended on TNM staging, but

owing to its inaccuracy and incompleteness, its prognostic
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value remains controversial. Therefore, the requirement
for effective prognostic criteria has prompted researchers
to explore new prognostic models for GC from multiple
perspectives to help in the diagnosis of high-risk patients
with poor prognoses (12-22). Identifying this proportion of
patients would allow clinicians to adjust treatment strategies
at an appropriate time, achieve effective intervention to
control the progression of tumor, and extend patients’
survival as far as possible. However, most of the previous
prognostic nomograms ignored the inclusion of clinical
symptoms and procedure-related parameters, and thus the
correlations between these accessible factors in the clinic
and the prognosis of GC remain to be examined. Moreover,
the previous prognostic models were tailored for specific
populations and lacked of the risk stratification prediction
for prognosis, thus restricting their more widespread
application in clinical practice.

We therefore conducted this retrospective follow-up
study to develop and validate a new prognostic nomogram
of GC, incorporating general demographic characteristics,
clinical symptoms, serological markers, surgery-related
indicators, and other clinicopathological parameters.
We hope to explore the clinically accessible GC-related
prognostic factors and provide corresponding clinical
evidence for improving postoperative survival in patients
with GC. We present the following article in accordance
with the TRIPOD reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-6359).

Methods
Patients

This study retrospectively included patients with
pathologically confirmed GC who underwent radical
gastrectomy (curative RO resection). The training cohort
consisted of GC patients from Tangdu Hospital (the
Second Affiliated Hospital of Air Force Medical University)
who were diagnosed from January 1, 2010, to January
1, 2014. The validation cohort included GC patients
from Xijing Hospital (the First Affiliated Hospital of Air
Force Medical University) between January 1, 2015, to
January 1, 2016. The basic demographic characteristics,
clinical symptoms, serological markers, treatment-related
indicators, pathological parameters, and other clinical data
were obtained from clinical medical records of the database
in the hospital. The exclusion criteria were the following:
(I) patients with remnant GC; (IT) patients who refused
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follow-up or whose death or survival data was missing;
and (III) patients from whom the clinical symptoms,
complete clinicopathological data, or surgery-related
information could not be obtained. Multiple imputations
were performed by Stata 15.0 (StataCorp., College Station,
TX, USA). All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
Ethics Committee of Tangdu Hospital (No. K202011-18).
Individual consent for this retrospective analysis was waived.

According to the Japanese guidelines for GC treatment,
all patients in our study received standard follow-up
after radical gastrectomy: every 3 to 6 months for the
first 2 years postoperatively; every 6 to 12 months from
the third to fifth years, and annually thereafter (23). The
evaluation of follow-up comprised the patient’s history
(especially the detailed symptoms), physical examination,
and laboratory biochemical test results including the level
of carcinoembryonic antigen (CEA), carbohydrate antigen
125 (CA 125) and carbohydrate antigen 19-9 (CA 19-9),
tumor metastasis evaluated by chest radiography, CT,
bone scintigraphy, and endoscopy. A retrospective review
of medical records collected the patient’s demographic
characteristics, including age and gender, treatment
process (including various surgery-related information),
and pathological features of the tumor. The final follow-
up of the disease condition was based on medical records
or telephone interviews. In this paper, the survival referred
to the OS of patients from the time of diagnosis of GC to
death.

Nomogram development

Various indicators, including the demographic
characteristics, clinical symptom-related parameters,
laboratory analysis results, and treatment process (including
surgery-related information) were considered as candidate
variables of the prognostic model. Except for CEA, CA19-
9, and CA125, which were continuous variables, all the
other variables were considered to be categorical variables
(Table S1). The least absolute shrinkage and selection
operator (LASSO) algorithm method was applied to select
the most significant predictive features from these variables
in the training cohort (24,25). In the LASSO algorithm,
the negative log-likelihood was applied to represent
the residual sum of the square for the Cox proportional
hazards regression model (Cox regression). If lambda (X)
becomes smaller, it does not affect the estimated regression
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parameters, but as A becomes larger, some coefficients
might shrink to zero (24,25). Therefore, we chose A with
the minor cross-validation error to develop the model. We
then used all available variables and selected A to refit the
model. As a result, most of the covariate coefficients shrank
to zero; and the nonzero coefficients remaining, which were
considered as the favorable parameters of the model, were
screened out by LASSO. Next, we applied the multivariate
Cox regression method to establish the prognostic model
with these indicators. R version 4.0.3 software (The R
Foundation for Statistical Computing, Vienna, Austria) was
used for model visualization.

Internal validation

The predictive performance was quantified from the
3 perspectives of accuracy (calibration), discrimination,
and clinical utility. Accuracy was evaluated by plotting the
calibration curve of 1,000 bootstrap samples and calculating
the concordance index (C-index). We plotted the calibration
curves for 1-, 2-, and 3-year survival to compare the
concordance between the predicted survival probability
calculated by the nomogram and the patients’ actual
survival probability. Time-dependent receiver operating
characteristic curve (ROC) analysis was applied to assess
the discrimination of the model. Finally, the decision curve
analysis (DCA) method was used to estimate the potential
clinical value of the nomogram with quantitative analysis
of the net benefits being applied at different threshold
probabilities. This method is used to evaluate the benefits of
a model and incorporate the series of patients’ preferences
for the risks of undertreatment and overtreatment to
promote more appropriate model selection and inform
decision usage (26,27).

External validation

The external validation of the model was conducted in
patients from a different center (the validation cohort) in
terms of calibration, discrimination, and clinical usefulness,
with the same methods as those applied in the internal
validation.

Prognostic risk stratification

We used X-tile software (version 3.6.1, http://www.
tissuearray.org) to determine the prognostic risk cutoff
points for low-, moderate-, and high-risk cancer-related
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Archived data of patients with histologically
confirmed GC from Tangdu Hospital between
January 2010 and January 2014 (n=1,465)

Missed data (n=455):
® The patients refused follow-up (n=98)
¢ Patients with remnant GC (n=103)
¢ Detailed data of clinical
characteristics or tumor pathology
information was missed (n=254)

Y

Patients eligible in the training cohort
(n=1,010)
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Archived data of patients with histologically
confirmed GC from Xijing Hospital between
January 2015 and January 2016 (n=572)

Missed data (n=158):
® The patients refused follow-up (n=44)
— e Patients with remnant GC (n=53)
 Detailed data of clinical
characteristics or tumor pathology
information was missed (n=61)

Y

Patients eligible in the validation cohort
(n=414)

Developed

Y

Prognostic nomogram of GC <

Validated

Figure 1 The flowchart of study population enrolment in the training and validation cohort. GC, gastric cancer.

death (28). X-tile software provides a convenient and
comprehensive evaluation method that can stratify the
population according to prognosis risk stratifications.

Statistical analysis

Descriptive statistics were applied to describe the basic
demographic and clinicopathological characteristics of the
study population. If the continuous variable conformed
to the normal distribution, it is described by the mean =
standard deviation (SD); otherwise, it is expressed by the
median and interquartile range (IQR). The categorical
variables are presented as counts and percentages. Our
research data were processed in Stata version 15.0 (RRID:
SCR_012763; StataCorp) and R version 4.0.3 (RRID:
SCR_001905; http://www.r-project.org). A 2-sided P value
<0.05 was considered to be statistically significant.

Results
Demographic and clinicopathologic characteristics

According to the inclusion and exclusion criteria,
1,424 patients with GC were eligible in this study, including
1,010 in the training cohort and 414 in the validation
cohort. The sample size of this study met the criterion
of 10 outcome events for each predictor variable (29,30).
A flowchart of the detailed research process is shown in
Figure 1. The patients were middle-aged and older adult
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individuals, and ranged from 51 to 66 years of age in the
training set and 50 to 65 years in the validation set. The
ratio of males to females in the patients was approximately
4:1. In both the training and validation cohorts, many
patients had a history of smoking and drinking. Most
patients received gastrectomy were negative for human
epidermal growth factor receptor 2 (HER2), and were
at the T3 stage. Only a few patients (2.0% and 2.7% in
the training and the validation set, respectively) received
NAT. The detailed demographic and clinicopathologic

characteristics are summarized in Table S1.

Nomogram development

We applied the LASSO method to select the reliable
variables of the model. As a result, most of the covariate
coefficients shrank to zero; and only 7 remaining nonzero
parameters were selected (Figure 2) as independent
prognostic factors of the model. These included the number
of positive lymph nodes [P=0.001; hazard ratio (HR) 1.03;
95% CI: 1.01-1.04, tumor size (P=0.004; HR 1.07; 95%
CI: 1.02-1.11)], adjacent organs invaded (P=0.011; HR
1.34; 95% CI: 1.07-1.74), vascular invasion (P=0.007; HR
1.40; 95% CI: 1.10-1.78), CA 125 (P<0.001; HR 1.00;
95% CI: 1.00-1.01), depth of invasion (T stage) (P<0.001;
HR 1.84; 95% CI: 1.54-2.19), and HER?2 status (P<0.001;
HR 1.28; 95% CI: 1.11-1.47), as depicted in Zable 1. Based
on these indicators, we developed a prognostic predictive
nomogram of GC (Figure 3). In the nomogram plot, each
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Figure 2 The least absolute shrinkage and selection operator (LASSO) algorithm to select the reliable variables of the model. (A) Partial

likelihood deviation of LASSO coefficient distribution. Selection process of tuning parameter (lambda) by cross-verification via minimum

criteria. The x-axis represents the log (lambda); the y-axis represents the partial likelihood deviance. Two dotted vertical lines were drawn

at the minimum lambda (lambda.min) and the 1 standard error of the minimum lambda (lambda.l1se). (B) The shrinkage curves of multiple

variables representing the dynamic process of screening variables by LASSO. The curves of different colors represent the shrinking process

of the coefficients of different variables. The parameter with the earliest coefficient shrinking to zero was excluded first, and the remaining

7 variables with non-zero coefficients (positive LNs, tumor size, adjacent organs invasion, vascular invasion, CA 125, the depth of invasion,

and HER? status) were the variables that were finally screened and included in the model.

variable was assigned a corresponding point according to
its HR; then, by adding up the total points for each variable
and positioning the points on the total point scale, we could
obtain the probabilities of 1-, 2-, and 3-year OS.

Nomogram validation

The calibration of the nomogram
The internal calibrations of the nomogram demonstrated

© Annals of Translational Medicine. All rights reserved.

good agreement with the actual survival in the predictions
of 1-, 2- and 3-year survival, with a C-index of 0.76 (95%
CL: 0.74-0.79), 0.79 (95% CI: 0.77-0.81), and 0.82 (95%
CI: 0.76-0.88), respectively (Figure 44-4C). Similarly, the
calibration plot in the external cohort graphically also
showed good agreement between the prediction by the
nomogram and the actual survival in 1-, 2-, and 3-year
survival with a C-index of 0.76 (95% CI: 0.68-0.82),
0.78 (95% CI: 0.73-0.83), and 0.75 (95% CI: 0.65-0.85),
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Table 1 Predictive factors of the prognostic nomogram of patients with gastric cancer after surgery

Prognostic predictors P value HR 95% ClI

Positive LN (for each additional LN involved) 0.001 1.03 1.01-1.04
Tumor size (per increase in 0.1 cm) 0.004 1.07 1.02-1.11
Adjacent organs invasion (yes vs. no) 0.011 1.34 1.07-1.74
Vascular invasion (yes vs. no) 0.007 1.40 1.10-1.78
CA 125 (per increase in 0.1 IU/mL) <0.001 1.01 1.00-1.01
Depth of invasion (T stage®) <0.001 1.84 1.54-2.19
HER? status” <0.001 1.28 1.11-1.47

*, T stage was confirmed by postoperative pathological diagnosis; *, HER2 status was examined by immunohistochemistry. LN, lymph
node; CA 125, carbohydrate antigen 125. HR, hazard ratio; HER2, human epidermal growth factor receptor 2.
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Figure 3 Individualized prognostic nomogram and risk stratification for patients with gastric cancer after radical gastrectomy. The cutoff

values of low-, medium-, and high-risk were: 187 and 223 in 1-year survival, 93 and 153 in 2-year survival, and 30 and 98 in 3-year survival,

respectively (via X-tile).

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2021;9(23):1742 | https://dx.doi.org/10.21037/atm-21-6359



Annals of Translational Medicine, Vol 9, No 23 December 2021

A 1.0

——Training set

—*— Validation set

0.9 4

Actual 1-year survival

. //

A

Nomogram-predicted 1-year survival

=

LARARN N LAY RN AR IR ||‘

ﬁ74

0.8 1.0

Nomogram-predicted 2-year survival

0.4
T T T
0.4 0.5 0.6
B 1.0 7 —— Training set
—e— Validation set
0.8
©
2
£ 0.6 -
2
5]
(]
>
& 0.4
©
3
3
<02+
0.0
T T
0.0 0.2
CiofT ™
—e— Training set
—e— Validation set
0.8
©
2
£ 0.6 4
2
&
(]
>
o 0.4
©
35
3
<02
0.0 ,/

0.0 0.2

0.8 1.0

Nomogram-predicted 3-year survival

Page 7 of 14

Figure 4 Calibration curves comparing the predicted and actual survival of (A) 1-year, (B) 2-year, and (C) 3-year in the training set and

validation set. The curve describes the calibration of the model according to the consistency between the predicted survival rate by the

nomogram (the x-axis) and the observed survival rate (the y-axis). The gray solid line represents the perfect prediction of the ideal fit.

The black line represents the calibration cure in the training set; the blue line represents the calibration cure in the validation set; circles

represent nomogram-predicted probabilities; cross-wires represent the bootstrap-corrected estimates, and error bars represent the 95% Cls

of these estimates. A well-calibrated curve of a nomogram would be near the ideal line.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2021;9(23):1742 | https://dx.doi.org/10.21037/atm-21-6359



Page 8 of 14 Hu et al. Individualized prognostic nomogram for GC
A 104 —
0.8
0.6
2
=
:‘é
o 0.4 -
(%]
0.2
1-year AUC (95%Cl) =0.75 (0.72-0.79)
2-year AUC (95%Cl) =0.80 (0.77-0.83)
0.0 3-year AUC (95%Cl) =0.82 (0.74-0.89)
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
B 1 0 -
08 | I—_’»_/——/JJH
0.6
2
2
:'é
o 0.4 -
[0
0.2 4
1-year AUC (95%Cl) =0.75 (0.69-0.80)
2-year AUC (95%Cl) =0.79 (0.74-0.84)
0.0 - 3-year AUC (95%Cl) =0.76 (0.67-0.85)
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 5 Time-dependent receiver operating characteristics (ROC) curves of the nomogram in (A) the training set and (B) the validation set

in 1-year (red), 2-year (gray blue), and 3-year (yellow) survival. AUC, area under ROC curve; CI, confidence interval.

respectively (Figure 44-4C).

The accuracy of the nomogram

The time-dependent ROC (Figure 5A4) in the internal
validation showed favorable discriminations; and the
area under the curve (AUC) of these were 0.75 (95% CI:
0.72-0.79), 0.80 (95% CI: 0.77-0.83), and 0.82 (95% CI:
0.74-0.89), respectively. In addition, that in 1-, 2-, and
3-year survival were 0.75 (95% CI: 0.69-0.80), 0.79 (95%
CI: 0.74-0.84), and 0.76 (95% CI: 0.67-0.85), respectively
(Figure 5B), which revealed a good discrimination of the
nomogram.

The clinical utility of the nomogram

The DCA was also applied to validate the clinical utility of
the model by evaluating the net benefit. DCA plotting had

© Annals of Translational Medicine. All rights reserved.

demonstrated that the nomogram used in the current study
was effective in the training cohort when the threshold
probability was less than 72.0% (Figure 6A), greater than
9.9% (Figure 6B), and greater than 18.5% (Figure 6C)
in the 1-, 2- and 3-year survival prediction, respectively.
Additionally, the DCA curve showed that the nomogram
was also useful in clinic when the threshold probability
was 4.8-62.2% (Figure 6D), greater than 4.9% (Figure 6E),
and greater than 8.8% (Figure 6F) in the 1-, 2- and 3-year
survival predictions, respectively.

Prognostic risk stratification

We use the 2 best cutoff points of the total score of 1-, 2-,
and 3-year survival in the training set was generated by the
X-tile software. According to these 2 cutoff points, the study
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Figure 6 Decision curve analysis (DCA) of the nomogram. (A-C) The DCA curves of the training set in 1-, 2-, and 3-year survival
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according to the nomogram. The black dashed line is above the 2 solid lines, indicating that the nomogram provides clinical benefit.

population was divided into 3 groups with entirely different
risks of survival probability (Figure 3): the low-risk group
(1-year survival: total points <187, 496 cases in the training
set and 380 cases in the verification set; 2-year survival:
total points <93, 502 cases in the training set and 101 cases
in the verification set; 3-year survival: total points <30, 491
cases in the training set and 276 cases in the verification
set), the moderate-risk group (1-year survival: 187< total
points <223, 370 patients in the training set and 24 cases in
the verification set; 2-year survival: 93< total points <153,
365 cases in the training set and 215 cases in the verification
set; 3-year survival: 30< total points <98, 306 cases in
training set and 129 cases in verification set), and the high-
risk group (1-year survival: total points >223, 144 patients
in the training set and 4 cases in the verification set; 2-year
survival: total points >153, 143 patients in the training set
and 92 cases in the verification set; 3-year survival: total
points >98, 213 patients in the training set and 3 cases in the
verification set). Figure 7 shows the survival curves before
and after risk stratifications in the population of the training
and validation set, respectively; the HR is 2.88 for high-
vs. low-risk and 4.42 for moderate- vs. low-risk with both
P values <0.0001. The statistical differences in the prognosis
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among the 3 risk stratification groups further showed that
our model had an excellent risk stratification performance.

Discussion

In recent years, researchers have spared no effort in
developing the individualized treatment of GC, and new
targeted therapies have been administered to patients
(31,32); however, the overall survival of GC patients is still
not satisfactory. As clinical symptoms appear, the lesions
often progress into an advanced stage; thus, a considerable
portion of GC patients lose the opportunity for surgery and
have an unfavorable outcome (33). Accordingly, it is worth
exploring prognostic factors to facilitate a more feasible and
reliable prognostic tool for risk stratification and further
clinical decision-making.

In this study, we incorporated various factors, including
clinical characteristics, pathological parameters, and
surgery- and treatment-related indicators, and applied the
LASSO method to select variables among them. We finally
established a reliable prognosis nomogram to predict 1-, 2-
and 3-year survival, which contained 7 indicators: lymph
node involvement, tumor size, adjacent organs invaded,
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(A,B) The survival curves of the overall population in the training set and the validation set, respectively. (C,D) The survival curves of the

population in the training set and validation set, respectively, after risk stratification of the prognosis according to the model. Dotted lines

indicate the range of the confidence intervals.

vascular invasion, CA 125, depth of tumor invasion (T
stage), and HER2 status. Considering that some factors
(such as the differences of the medical equipment, surgical
skills and postoperative patient care strategies) might
cause differences in the prognosis of patients after radical
GC surgery in different centers, therefore, we decided to
conduct both internal and external validations to evaluate
the performance of our model more comprehensively. After
internal and external validations, the model demonstrated
a robust predictive capacity with satisfying calibration,
discrimination, and clinical utility. Furthermore, we divided
the population into 3 risk groups of survival used the cutoff
points generated by X-tile; in this way, the nomogram was
further improved into a risk-stratified prognosis model.
We hope the prognostic risk stratification nomogram can
provide guidance for clinical practice and help facilitate
tailored decision-making, thus avoiding overtreatment
or undertreatment in GC patients and improving
communication between clinicians and patients.

At present, the most commonly accepted prognostic
risk prediction system in clinical practice is TNM staging,
but the accuracy and stability it offers are limited, and thus
its value in precision medicine has increasingly declined

© Annals of Translational Medicine. All rights reserved.

(34-37). Several studies of prognostic nomograms have
emphasized their potential advantages to patients and
a reliable risk-based predictive tool that can be used
widely in cancer-related research (38). Researchers have
investigated a number of prognostic factors for GC, such as
age, sex, tumor size, node status, depth of invasion, tumor
site, Lauren type, histologic type, distant metastasis, and
biological markers, with various prognostic models being
established accordingly (12-21,37,39-42); however, none
of these involved the value of clinical symptoms, HER2
status, and adjacent organ invasion. Additionally, only
a few of these nomogram studies conducted validation
in an external center, and some only focused on specific
subgroups of patients (18); consequently, it remains elusive
for the application of nomograms for a large population
of GC patients. To address this, we established a model in
this study that was validated externally, and it demonstrated
its applicability for a wider range of populations with GC.
Moreover, as has been done in only a few other studies, we
also investigated the relevant clinical symptoms and tumor
molecular markers.

Clinical symptoms are often the earliest and most
significant reasons for patients to seek medical treatment.
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Therefore, if certain symptoms are demonstrated to
be associated with GC prognosis, this may prove to be
considerably valuable in guiding clinicians to provide
timely clinical interventions for patients and may allow for
appropriate treatment intensification and the prolonging
of survival as much as possible. Based on this concept,
we incorporated multiple possible symptoms of stomach
diseases into this study, including pain, flatulence,
deglutition disorders, vomiting, acid regurgitation, and
weight loss (Table S1). In order to better quantify the
degree of the performance of these symptoms, we designed
a symptom score table. Regarding the index of pain, we
converted values from light to heavy into a scale from 0 to
10, with 0-5 being mild pain and 6-10 being severe pain.
For weight loss, we measure the exact value. The other
factors were measured according their presence or absence.
However, unfortunately, we did not find these symptoms
to be indicative of survival outcomes in GC. We surmised
that this may be related to the subjectivity of the actual
symptoms of the individuals and the inaccuracy of the
retrospective data to a certain extent. Although the result
was negative, as far as we know, this is the first report to
explore the prognostic value of clinical symptoms in GC
and may potentially provide guidance for other related
future research.

HER?2 is a member of the epidermal growth factor
receptor family. It is a type I receptor tyrosine kinase,
located on human chromosome 17q21, encodes
transmembrane protein p185, and exerts tyrosine protein
kinase activity (43). Its abnormal amplification and
overexpression can lead to malignant transformation in
cells (44). It has also been reported that the detection rates
of HER2-positive cases varies greatly across different
countries, from 2% to 45% (45), which may be influenced
not only by the heterogeneity of GC, but also by the
differences in other factors, such as histological type,
primary site, scoring system, specimen samplings fixation
solutions, and HER?2 antibodies. Retrospective studies have
suggested that HER2-positive expression is related to older
age, male gender, intestinal subtype in Lauren classification,
and tumors located in the upper third of the stomach
(46-48), but the relationship between the expression
of HER2 and the prognosis of GC patients remains
controversial. A meta-analysis that evaluated 41 studies
with a total of 17,494 patients demonstrated HER2
overexpression to be associated with poor prognosis in
GC (49). However, in a study by Uprak ez a/. (50),
no significant relationship of HER2 status with
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clinicopathological parameters and the prognosis of GC
patients was found. Hence, more research into this issue
is still required, and perhaps, the combination of HER2
levels and other clinical indicators could potentially have
predictive value for the prognosis of GC. For instance,
Qiu er al. (47) showed that patients with HER2-negative
intestinal GC had a better prognosis than did those with
HER2-positive GC, suggesting that HER2 combined
with Lauren type could better predict the prognosis in
patients with GC. In the current study, we retrospectively
investigated the various clinical characteristics of more than
1,400 patients and applied reasonable statistical methods,
which indicated HER2 to be an independent factor
associated with the prognosis of G; specifically, we found
that patients with HER2-positive expression had a 1.28-
fold higher risk of death compared to patients with HER2-
negative expression (P<0.001). This was combined with
other factors to establish the model examined in this study,
revealing that targeted therapy could improve outcomes in
HER2-positive patients.

A large number of studies have focused on the
importance of lymph node metastasis on the prognosis
of GC, but few have analyzed the prognostic value of
adjacent organ involvement in GC (51,52). It is well-
known that the local infiltration and lymphatic metastasis
are the main diffusion routes of GC. In this study, we
investigated the prognostic value of the involvement of
adjacent organs in GC patients. We found that 21.6% and
17.9% patients in the training and the validation cohort,
respectively, had surrounding organ invasion, including of
the liver, pancreas, spleen, diaphragm, transverse colon, and
mesocolon. Compared with patients without invasion of
adjacent organs, these patients had a 1.34-time lower risk of
survival. This study is the first to quantify the significance
of adjacent organ invasion on the prognosis of GC, laying
the foundation for future clinical research in this area.

CA 125 is one of the more well-known serum tumor
markers and is commonly used in cancer diagnosis,
treatment monitoring, and prognosis evaluation (53).
Previous studies have suggested serum CA 125 to be more
reliable in the diagnosis of peritoneal metastases in GC than
other are imaging examines, such as ultrasound, computed
tomography, and other tumor serum markers. Additionally,
CA 125 level has been shown to be significantly related
to the degree of peritoneal spread and survival of patients
(39,54-56). However, most research into CA 125 has treated
it as a categorical variable (negative or positive), and thus
an examination of its more subtle impacts on GC prognosis
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is lacking. In this study, we evaluated the effect of each
0.1 IU/mL increase of CA 125 on the prognosis of patients
with GC, which revealed it to be independent risk factor
(HR =1.01; 95% CI: 1.00-1.01; P<0.001).

Despite the promising findings, the current study has
several limitations that should be noted. First , it was based
on a retrospective analysis, and 17.34% (254/1,465) and
10.66% (61/572) of patients who lacked clinicopathological
information in the training and validation sets, respectively,
were not included in the study; thus, selection bias could
not be avoided. Second, despite the importance of the
clinical symptoms, patient’s understanding of symptoms
might affect their contributions to the prediction model,
resulting in a negative conclusion; thus, the accurate
quantitative description of subjective symptoms, as well as
the strengthening of training and education for patients
on symptom awareness, needs to be improved in further
clinical research. Third, we excluded patients with remnant
GG, so these patients may not be applicable for our model.
Therefore, a well-designed multisampling, multicenter
cohort study is still required.

In summary, we constructed a postoperative risk
stratification nomogram of OS for GC patients, which has
the potential to identify those patients at high-risk of short
survival after operation. Application of this nomogram
may allow for more radical interventions to be avoided and
only implemented at the appropriate time. Moreover, this
nomogram may also be used to screen comparable study
groups for related clinical trials. We hope it can provide
a reference for the prognostic prediction and clinical
treatment for GC and further facilitate the individualization
of the clinic process.
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Supplementary

Table S1 Clinicopathologic characteristics of the training and the validation set of gastric cancer patients

Clinicopathologic features

Training set (n=1010) n (%)

Validation set (n=414) n (%)

Gender
Male
Female
Age (years), median (IQR)
Pain*
Mild
Severe
Flatulence
No
Yes
Deglutition disorders
No
Yes
Vomiting
No
Yes
Acid regurgitation
No
Yes
Weight loss (kg)
0
0-5
>5
Smoking
No
Yes
Drinking
No
Yes
Operation history
No
Yes
Family tumor history
No
Yes
Other diseases
No
Yes
CEA (IU/ml), median (IQR)
CA 19-9 (IlU/mL), median (IQR)
CA 125 (lU/mL), median (IQR)
Surgery
Open surgery
Endoscopic surgery
Gastrectomy
Proximal
Distal
Localized
Total
Gastrointestinal anastomosis
Mechanical
Hand-sewn
Lymphadenectomy
D1 or D1+
D2 or D2+

Tumor size (cm), median (IQR)

795 (78.7%)
215 (21.3%)
58.0 (51.0, 66.0)

329 (32.6%)
681 (67.4%)

601 (59.5%)
409 (40.5%)

852 (84.4%)
158 (15.6%)

933 (92.4%)
77 (7.6%)

836 (82.8%)
174 (17.2%)

530 (52.5%)
333 (33.0%)
147 (14.6%)

719 (71.2%)
291 (28.8%)

909 (90.0%)
101 (10.0%)

791 (78.3%)
219 (21.7%)

980 (97.0%)
30 (3.0%)

770 (76.2%)
240 (23.8%)
1.8(0.8, 3.6)
7.2(2.4,17.4)
8.4 (4.2,14.0)

638 (63.2%)
372 (36.9%)

139 (13.8%)
369 (36.5%)
6 (0.6%)
496 (49.1%)

829 (82.1%)
181 (17.9%)

435 (43.1%)
575 (56.9%)
5.0 (3.0, 6.0)

319 (77.1%)
95 (22.9%)
57.0 (50.0, 65.0)

147 (35.5%)
267 (64.5%)

242 (58.5%)
172 (41.5%)

349 (84.3%)
65 (15.7%)

375 (90.6%)
39 (9.4%)

356 (86.0%)
58 (14.0%)

223 (53.9%)
142 (34.3%)
49 (11.8%)

292 (70.5%)
122 (29.5%)

365 (88.2%)
49 (11.8%)

330 (79.7%)
84 (20.3%)

404 (97.6%)
10 (2.4%)

322 (77.8%)
92 (22.2%)
1.6 (0.7, 3.1)

7.2(2.2,17.9)

9.0 2.1, 14.1)

239 (57.7%)
175 (42.2%)

45 (10.9%)
168 (40.6%)
3(0.7%)
198 (47.8%)

324 (78.3%)
90 (21.7%)

221 (53.4%)
193 (46.6%)
5.0 (3.0, 6.0)

Table S1 (continued)
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Table S1 (continued)

Clinicopathologic features

Training set (n=1010) n (%)

Validation set (n=414) n (%)

Borrmann
EGC
1
2
3
4
Unknown
Prime site
Cardia
Body
Pylorus
Antrum
Whole
Mixed
Grade
Poorly or undifferentiated
Well or moderately
HER2
0
1+/2+/3+
Adjacent organs invasion
No
Yes
Distant metastasis
No
Yes
Intra-abdominal planting
No
Yes
Positive LN, median (IQR)
Examined LN, median (IQR)
T stage’
Tis
T
T2
T3
T4
N stage’
NO
N1
N2
N3
Perineural invasion
No
Yes
Vascular invasion
No
Yes
NAC
No
Yes
Chemotherapy
No

Yes

61 (6.0%)
63 (6.2%)
473 (46.8%)
213 (21.1%)
156 (15.4%)
44 (4.4%)

320 (31.7%)
338 (33.5%)
36 (3.6%)
294 (29.1%)
2 (0.2%)
20 (2.0%)

542 (53.7%)
468 (46.3%)

578 (57.230%)
432 (42.77%)

792 (78.4%)
218 (21.6%)

985 (97.5%)
25 (2.5%)

1001 (99.1%)
9 (0.9%)
3.0 (0.0, 8.0)

22.0 (17.0, 29.0)

7 (0.7%)
131 (13.0%)
161 (15.9%)
514 (50.9%)
197 (19.5%)

309 (30.6%)
253 (25.0%)
178 (17.6%)
270 (26.7%)

586 (58.0%)
424 (42.0%)

648 (64.2%)
362 (35.8%)

990 (98.0%)
20 (2.0%)

625 (61.9%)
385 (38.1%)

17 (4.1%)
27 (6.5%)
188 (45.4%)
89 (21.5%)
72 (17.4%)
21 (5.1%)

122 (29.5%)
136 (32.9%)
14 (3.4%)
133 (32.1%)
0 (0.0%)
9 (2.2%)

220 (53.1%)
194 (46.9%)

248 (59.90%)
166 (40.10%)

340 (82.1%)
74 (17.9%)

401 (96.9%)
13 (3.1%)

409 (98.8%)
5 (1.2%)
2.0 (0.0, 9.0)
23.0 (17.0, 29.0)

3(0.7%)
48 (11.6%)
69 (16.7%)

216 (52.2%)
78 (18.8%)

139 (33.6%)
97 (23.4%)
72 (17.4%)
106 (25.6%)

239 (57.7%)
175 (42.3%)

265 (64.0%)
149 (36.0%)

403 (97.3%)
11 (2.7%)

250 (60.4%)
164 (39.6%)

IQR, interquartile range; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 199; CA 125, carbohydrate antigen 125; HER2,
human epidermal growth factor receptor-2; LN, lymph node; NAC, neoadjuvant chemotherapy. *: The index of pain was converted
from light to heavy into a scale from 0 to 10, with 0-5 indicating mild pain and 6-10 indicating severe pain. *: T stage and N stage were
confirmed by postoperative pathological diagnosis.
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