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Background: Patients with stage I-III gastric cancer (GC) undergoing R0 radical resection
display extremely different prognoses. How to discriminate high-risk patients with poor
survival conveniently is a clinical conundrum to be solved urgently.

Methods: Patients with stage I-III GC from 2010 to 2016 were included in our study. The
associations of clinicopathological features with disease-free survival (DFS) and overall
survival (OS) were examined via Cox proportional hazard model. Nomograms were
developed which systematically integrated prognosis-related features. Kaplan–Meier
survival analysis was performed to compare DFS and OS among groups. The results
were then externally validated by The Sixth Affiliated Hospital, Sun Yat-sen University.

Results: A total of 585 and 410 patients were included in the discovery cohort and the
validation cohort, respectively. T stage, N stage, lymphatic/vascular/nerve infiltration,
preoperative CEA, and CA19-9 were independent prognostic factors (P < 0.05). Two
prognostic signatures with a concordance index (C-index) of 0.7502 for DFS and 0.7341
for OS were developed based on the nomograms. The 3-year and 5-year calibration
curves showed a perfect correlation between predicted and observed outcomes. Patients
were divided into three risk groups (low, intermediate, high), and distinct differences were
noticed (p < 0.001). Similar results were achieved in the validation cohort. Notably, a free
website was constructed based on our signatures to predict the recurrence risk and
survival time of patients with stage I-III GC.

Conclusions: The signatures demonstrate the powerful ability to conveniently identify
distinct subpopulations, which may provide significant suggestions for individual follow-up
and adjuvant therapy.
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BACKGROUND

Gastric cancer (GC) is a major burden on global health, with the
fifth morbidity and fourth mortality, especially in China (1, 2).
R0 radical resection is the golden standard therapy for non-
metastatic GC. However, even after R0 resection, 70% of patients
die from recurrence or metastasis, and the 5-year survival rate is
only 40%-58% (3). Recurrence and metastasis after R0 surgery
are the significant factors affecting the survival of stage I-III
GC patients.

At present, the tumor–node–metastasis (TNM) stage
according to the 8th AJCC staging system is recognized as a
reliable standard prognosticator for adjuvant therapy and
prognosis (4, 5). Generally, a higher stage predicts a worse
prognosis. However, due to differences in tumor biology and
individuals, the prognosis of GC with the same stage is
heterogeneous. It suggests that judging the prognosis only
based on the TNM stage is incomplete. Several indicators, such
as pathological features, preoperative serum tumor markers, and
adjuvant therapy, are also meaningful for the prognosis of GC.
For example, in node-negative GC, lymphatic and vascular
invasion heralded poor prognosis and short survival (6). CEA
and CA19-9 are the most common markers used for the early
diagnosis and prognosis of GC. Many studies reported that the
perioperative levels of CEA and CA19-9 have crucial
significances and can be used to monitor recurrence and
predict postoperative survival and surgical outcomes (7–13).

Therefore, it is a complex and multidimensional problem to
accurately evaluate the prognosis of patients with stage I-III GC
after radical surgery. In this study, we attempted to construct
clinicopathologic signatures that integrated these prognostic
factors to evaluate the prognosis of stage I-III GC accurately.
METHODS

Data Collection
This study was a double-center retrospective clinical study
registered in the Chinese Clinical Trial Registry (Approval No.
ChiCTR1900024346). It was approved by the ethics committee
of Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital (Approval No. 2019-KY-032K). The training cohort
from Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital was used to construct the signatures, and then the
external cohort from the Sixth Affiliated Hospital of Sun Yat-sen
University to validate. All the patients underwent R0 radical
resection and were pathologically diagnosed with stage I-III GC
from January 2009 to December 2016. Written informed consent
was waived because of the study design. The exclusion criteria
were as follows: (1) stage IV GC; (2) non-adenocarcinoma; (3) no
Abbreviations: GC, gastric cancer; DFS, disease-free survival; OS, overall survival;
TNM, tumor–node–metastasis; CEA, carcinoembryonic antigen; CIs, confidence
intervals; AIC, Akaike information criterion; HRs, hazard ratios; CSA, tumor
cross-sectional area; NLR, neutrophil to lymphocyte ratio; PLR, platelet to
lymphocyte ratio; VIMP, variable importance; ROC, receiver operating
characteristic curve; AUC, area under curve.
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available preoperative serum tumor markers; (4) younger than
18 years old.

Clinical data was mainly provided by medical histories and
the electronic medical record department. The pathological stage
was accessed by the 8th AJCC criterion for GC. Preoperative
serum tumor markers were examined within one week before R0
surgery (including subtotal gastrectomy or total gastrectomy).
Gastric tumor sites include cardia, gastric body, and antrum
carcinoma. Adjuvant therapy and follow-up were according to
National Comprehensive Cancer Network (NCCN) guidelines.
Disease-free survival (DFS) was defined as the time from surgery
to tumor metastasis or recurrence. Overall survival (OS) was
defined as the time from surgery to death.

Statistical Analysis
Data processing and data analysis were performed in the R
language (version 3.4.4). For prognostic signatures, we firstly
performed a univariate analysis of all variables by Cox
proportional hazards regression. Then, the significant
covariates (score test p <0.05) were included in the
multivariate Cox proportional hazards regression. Stepwise and
backward selection processes were performed to achieve the final
signatures according to the Akaike information criterion (AIC).
Signature discrimination was examined by the concordance
index (C-index) and corrected 1,000 times by bootstrapping.
Furthermore, we classified the patients into three groups (high,
intermediate, and low risk) based on the risk score. The Kaplan-
Meier (K-M) curves were used to compare survival time among
groups. The log-rank test was performed to calculate the
significant differences. Nomograms were established to predict
the survival rates. P values were two-sided, with statistically
significant differences at p < 0.05.
RESULTS

Patient Characteristics
From January 2009 to December 2016, a total of 995 patients
were enrolled from two cohorts according to our inclusion and
exclusion criteria. 585 patients with stage I-III GC from Shanghai
Jiao Tong University Affiliated Sixth People’s Hospital were
screened for the internal cohort to construct the signatures.
The external cohort including 410 cases from the Sixth
Affiliated Hospital of Sun Yat-sen University was used to
validate the signatures (Supplementary Figure 1).

Patients’ clinical information and follow-up data from the
training cohort were shown in Supplementary Table 1. The
median age at the time of diagnosis was 63 years. 154 patients
were diagnosed with stage I, 165 patients with stage II, and 266
cases with stage III. 557 patients had the pathological type of
adenocarcinoma (95.2%), and 28 patients had the worse
pathological type. LN metastasis occurred in 324 patients
(55.4%). 103 patients had well and moderate tumor
differentiation, while the others had poor differentiation.
Lymphatic infiltration, vascular infiltration, and nerve
infiltration occurred in 386, 141, and 461 patients, respectively.
The median Ki67 was 55% (range: 5%-95%). The mean NLR and
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PLR were 2.92 and 158.12, respectively. The mean levels of CEA,
CA19-9, and CA125 were 8.83 ng/ml, 17.47 U/ml, and 6.69 U/
ml, respectively. The median follow-up time was 45 months.
Recurrence occurred in 203 patients (34.7%). A total of 230
patients (39.3%) died during the follow-up.

Construction and Internal Validation of
Prognosis Signatures
To select the variables that were suitable for inclusion in our
signatures, we performed univariate analyses. Our results
suggested that 10 variables, including T stage, N stage, tumor
CSA, differentiation, lymphatic infi ltration, vascular
infiltration, nerve infiltration, PLR, CEA, and CA19-9, were
significantly associated with DFS and OS in GC patients
(Figures 1A, B; p < 0.05). Pathological type affected DFS
(Figures 1A, B; p < 0.05) but not OS, whereas NLR had the
opposite effect. Therefore, there were 11 variables closely
related to DFS or OS in GC.

Then, we used these variables as potential prognostic factors to
construct prognostic signatures with the Cox proportional hazards
model. AIC, stepwise, and backward analyses were performed as
variable selection methods. Finally, 6 indicators were selected for
the DFS signature in GC: T stage, N stage, vascular infiltration,
nerve infiltration, CEA, and CA19-9. Our multivariate analysis
results showed that they were all independent prognostic factors
except nerve infiltration (Figure 2A; p < 0.05). The discriminative
power, shown by the C index (concordance index), was 0.75,
corrected with 1,000 permutations, for DFS in GC in the
training cohort (Supplementary Table 2). Our OS signature in
GC also included 6 indicators, namely, T stage, N stage,
lymphatic infiltration, vascular infiltration, CEA, and CA19-9.
These variables were all independent factors for OS in GC
(Figure 2B; p < 0.05). The C-index of our OS signature was
0.73, corrected with 1,000 permutations (Supplementary Table
3). Overall, we constructed predictive prognostic signatures for
DFS and OS in GC.
Frontiers in Oncology | www.frontiersin.org 3
Evaluation and Determination of the
Accuracy and Predictive Power
of the Signatures
To evaluate the prognosis of patients more intuitively, we
developed nomograms with Cox regression models. All the
variables in the nomogram had a weighted score, and we could
predict the 3-year or 5-year survival outcome by the sum of the
scores (Figure 3). To further verify the importance of these
variables and calculate the risk score, we developed a
nonparametric approach in our signature using random
survival forest. Our results showed that the T stage had the
largest influence on DFS and OS with a VIMP of positive value
0.6983 and 0.518, followed by vascular infiltration, N stage, CEA,
and CA19-9 (Supplementary Figure 2). The predictive accuracy
of the signatures using time-dependent ROC analysis was
relatively high. The AUC of the DFS signature based on the
risk score was 0.808 at 3 years and was 0.799 at 5 years
(Figures 4A, C), higher than the other single indicator.
Similarly, the AUC of the OS signature was 0.785 at 3 years
and was 0.793 at 5 years (Figures 4B, D). The calibration curves
for GC based on our signatures showed an excellent correlation
between predicted and observed outcomes for DFS and OS
prediction at 3 years and 5 years (Figure 5). All these results
illustrated that the DFS and OS signatures had good accuracy
and prediction ability.
Prognosis Among Risk Groups With
Different Scores
We assessed patients according to the risk score achieved from
the signatures using these different variables. Kaplan-Meier
curves were applied to compare survival differences. In the
DFS signature, compared with the low-risk group, the
medium-risk group (HR 3.56; 95% CI, 2.30-5.49) and the high-
risk group (HR 6.95; 95% CI, 4.95-9.75) had shorter survival
times (Figure 6A, p < 0.001). We found similar results for OS
A B

FIGURE 1 | Univariate Cox regression analyses of stage I-III GC patients in the training cohort. (A) Univariate Cox regression analyses for DFS. (B) Univariate Cox
regression analyses for OS.
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signature. Compared with the low-risk group, the intermediate-
and high-risk groups had hazard ratios of 3.74 (95% CI, 2.65-
5.28) and 8.18 (95% CI, 5.76-11.60), respectively (Figure 6B, p <
0.001). Furthermore, the 5-year rate of the low-risk group was
84.0% for DFS and 83.0% for OS, much higher than the
intermediate group (53.0% for DFS and 50.0% for OS) and
high-risk group (35.0% for DFS and 24.0% for OS).

Validation of the Signatures in an
External Cohort
To examine whether the signatures were suitable for other
centers, we collected data from an external cohort for
validation. 410 patients with stage I-III GC were collected.
Univariate analysis results showed that the variables included
in the predictive DFS and OS signatures were all prognostic
factors (Supplementary Table 4, p < 0.05) except CA19-9. The
calibration curves suggested a perfect correlation between
predicted and observed outcomes for DFS and OS prediction
at 3 years and 5 years (Figures 7A–D). In addition, according to
the scoring criteria, we divided the patients from the external
Frontiers in Oncology | www.frontiersin.org 4
cohort into three groups (high, intermediate, and low risk), and
similar results were obtained. The DFS and OS curves in the
validation cohort among the three groups were significantly
different (Supplementary Figures 3A, B, p < 0.001).

Website for Predicting the Prognosis of
Stage I-III GC
Based on the signatures, we developed a free website for
predicting the prognosis of stage I-III GC (http://115.28.66.83/
liuyuan/stad.php).
DISCUSSION

The postoperative surveillance after R0 resection of stage I-III
GC remains pessimistic. Relapse and metastasis always lead to a
poor prognosis. At present, postoperative adjuvant treatment
and patients’ follow-up are based on the TNM staging system
(14, 15). However, to determine the prognosis of GC only by
TNM staging system is partial because of the heterogeneity of the
A B

FIGURE 3 | Nomograms for variables from the internal training cohort included in the signatures. (A) Nomogram for variables included in the model for DFS in GC.
(B) Nomogram for variables included in the model for OS in GC. Lymphatic infiltration, vascular infiltration, nerve infiltration: 0-absent, 1-present. Differentiation: 1-
high, 2-moderate, 3-low, 4-undifferentiation.
A B

FIGURE 2 | Multivariate Cox regression analyses of stage I-III GC patients in the training cohort. (A) Multivariate Cox regression analyses for DFS. (B) Multivariate
Cox regression analyses for OS.
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tumors at different stages. Many other indicators are also
extremely meaningful. Preoperative CEA and CA19-9 have
been reported to correlate with the prognosis, and elevated
tumor markers indicate metastasis and short survival (8, 10,
12, 13, 16, 17). Besides, the combination of multiple serum tumor
markers can improve the accuracy of the prediction compared
with a single marker (18). Considering this, we designed this
study to construct Nomogram scales and prognostic signatures
incorporating these prognostic factors, which could evaluate the
risk of postoperative relapse and overall survival effectively. In
our study, 995 patients with stage I-III GC from two cohorts were
enrolled. Then, we systematically analyzed the significance of
different variables on the prognosis and constructed
clinicopathologic signatures that predicted postoperative DFS
and OS. Our results indicated that the prediction signatures had
promising accuracy and predictive ability. Besides, our validation
cohort demonstrated that the signatures were widely applicable
in clinical.

Currently, many studies have attempted to construct models to
accurately evaluate the prognosis of GC. A risk classification
model based on the immunohistochemical expression of three
proteins (APC, FHIT, and HER2) and five pathological
Frontiers in Oncology | www.frontiersin.org 5
parameters (tumor stage, resected nodes, margins, location, and
sex) accurately separates the patients with GC into three groups
(19). Using clinically practical information, Jun Lu et al. developed
a model incorporating T stage, number of metastatic LNs, M stage,
and operative time for accurately determining the 5-year overall
survival of remnant GC (20). Sufficient evidence has shown that
systemic inflammatory response (SIR) was significant in the
occurrence and development of multiple tumors (21, 22).
Several studies have found that various inflammatory cells and
immune system signaling molecules, such as NLR, PLR, and LMR,
is related to GC progression (23, 24). In our study, although
univariate analysis found that NLR and PLR affected the prognosis
of stage I-III GC, multivariate analysis revealed that they were not
independent prognostic indicators. Thus, NLR and PLR were not
included in our signatures, which may be due to their insufficient
importance. Abnormal DNA methylation plays an important role
in the early development of tumors (25). A related study revealed
that four DNAmethylation signatures could serve as an important
tool to predict the prognosis of GC patients (26). Stenholm et al.
genotyped seven microRNA polymorphisms and found that these
selected miRNAs had a significant impact on the prognosis of
advanced GC (27). Tumor immune microenvironment is one of
A B

DC

FIGURE 4 | Time-dependent receiver operating characteristic curves show the predictive accuracy of the signatures. (A) AUC curves at 3 years for DFS. (B) AUC
curves at 3 years for OS. (C) AUC curves at 5 years for DFS. (D) AUC curves at 5 years for OS.
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A B

DC

FIGURE 5 | The 3-year and 5-year calibration curves are based on the internal cohort nomograms between predicted and observed DFS and OS outcomes.
(A) The 3-year calibration curve for DFS. (B) The 5-year calibration curve for DFS. (C) The 3-year calibration curve for OS. (D) The 5-year calibration curve for OS.
A B

FIGURE 6 | Kaplan-Meier curves for differences in patient survival in the high-, intermediate-, and low-risk groups from the internal cohort. (A) Kaplan-Meier curves
for DFS. (B) Kaplan-Meier curves for OS.
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the research hotspots in recent years (28, 29). The concept of
Immunoscore provides a new direction and a strong guarantee for
the evaluation of various tumors (30–33). Increasing studies have
shown that the density of CD3+ and CD8+ lymphocyte
populations in the tumor microenvironment could effectively
predict the recurrence and metastasis of GC and complement
the TNM staging system (34, 35).

From this point of view, these signatures respectively used
different indicators to predict the prognosis of GC. If clinicians
want to use these signatures, relevant variables must be
examined, which is not only technically demanding but also
financially burdensome. Our signatures are convenient without
additional testing. These characteristics determine that our
signatures have a better application prospect in clinical
practice. Patients with stage I-III GC could be evaluated by our
signatures before they received postoperative adjuvant treatment
and follow-up. Our signatures could help the clinicians to
identify patients with high-risk signatures and adequate
adjuvant therapy and intensive follow-up recommendations are
Frontiers in Oncology | www.frontiersin.org 7
necessary. However, our research also has several shortcomings.
Firstly, it is a retrospective study, and our signatures may need to
be verified by prospective studies. Secondly, our signatures do
not include the latest markers, such as gene status and
Immunoscore. In addition, perioperative adjuvant therapy were
not included in our signatures, because not all patients in this
study received adjuvant therapy. At last, the sample size included
in this study is limited, so our results need to be verified in a
larger population. Further studies will be carried out to include
biomarkers reflecting the immune microenvironment and
indicators such as Immunoscore and microsatellite status to
optimize our signatures.
CONCLUSIONS

The signatures including T stage, N stage, lymphatic/vascular/
nerve infiltration, CEA and CA19-9 based on nomogram scales
could distinguish the prognosis of stage I-III GC patients with
A B

DC

FIGURE 7 | The calibration curves for external cohort validation between predicted and observed DFS and OS outcomes. (A) The 3-year calibration curve for DFS.
(B) The 5-year calibration curve for DFS. (C) The 3-year calibration curve for OS. (D) The 5-year calibration curve for OS.
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different risk scores accurately and have broad clinical
application prospects.
DATA AVAILABILITY STATEMENT

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

The studies involving human participants were reviewed
and approved by The ethics committee of Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.
AUTHOR CONTRIBUTIONS

ZW conceived the project. WY, LY, and NS collected the clinical
and follow-up data from Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. XW and ZC collected the
clinical and follow-up data from the Sixth Affiliated Hospital
of Sun Yat-sen University. LX, HW, JO, and YW analyzed all
Frontiers in Oncology | www.frontiersin.org 8
data using the R language. WY wrote the manuscript. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was supported by National Key Clinical Discipline,
Shanghai Municipal Education Commission-Gaofeng Clinical
Medicine Grant Support (no.20172023), Shanghai Science and
Technology Commission Medical Project (no.16411953200),
Shanghai Pujiang Program (no.16PJ1408200), Natural Science
Foundation of Shanghai (no.16ZR1449600), National Natural
Science Foundation of China (no.81602689).
ACKNOWLEDGMENTS

We sincerely thank the ethics committee and the electronic
patients’ record department. The authors would like to
appreciate the language editing service provided by American
Journal Experts.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
848783/full#supplementary-material
REFERENCES
1. Global Burden of Disease Cancer C, Fitzmaurice C, Dicker D, Pain A,

Hamavid H, Moradi-Lakeh M, et al. The Global Burden of Cancer 2013.
JAMA Oncol (2015) 1(4):505–27. doi: 10.1001/jamaoncol.2015.0735

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
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. doi: 10.3322/caac.21660

3. Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang X-S, et al.
Global Surveillance of Cancer Survival 1995–2009: Analysis of Individual
Data for 25 676 887 Patients From 279 Population-Based Registries in 67
Countries (CONCORD-2). Lancet (2015) 385(9972):977–1010. doi: 10.1016/
S0140-6736(14)62038-9

4. Nishida T. Adjuvant Therapy for Gastric Cancer After D2 Gastrectomy.
Lancet (2012) 379(9813):291–2. doi: 10.1016/S0140-6736(11)61928-4

5. Noh SH, Park SR, Yang H-K, Chung HC, Chung I-J, Kim S-W, et al. Adjuvant
Capecitabine Plus Oxaliplatin for Gastric Cancer After D2 Gastrectomy
(CLASSIC): 5-Year Follow-Up of an Open-Label, Randomised Phase 3
Trial. Lancet Oncol (2014) 15(12):1389–96. doi: 10.1016/S1470-2045(14)
70473-5

6. Lee JH, Kim MG, Jung MS, Kwon SJ. Prognostic Significance of
Lymphovascular Invasion in Node-Negative Gastric Cancer. World J Surg
(2015) 39(3):732–9. doi: 10.1007/s00268-014-2846-y

7. Lin JP, Lin JX, Ma YB, Xie JW, Yan S, Wang JB, et al. Prognostic Significance
of Pre- and Post-Operative Tumour Markers for Patients With Gastric
Cancer. Br J Cancer (2020) 123(3):418–25. doi: 10.1038/s41416-020-0901-z

8. Suenaga Y, Kanda M, Ito S, Mochizuki Y, Teramoto H, Ishigure K, et al.
Prognostic Significance of Perioperative Tumor Marker Levels in Stage II/III
Gastric Cancer. World J Gastrointest Oncol (2019) 11(1):17–27. doi: 10.4251/
wjgo.v11.i1.17
9. Uda H, Kanda M, Tanaka C, Kobayashi D, Inaoka K, Tanaka Y, et al.
Perioperative Serum Carcinoembryonic Antigen Levels Predict Recurrence
and Survival of Patients With Pathological T2-4 Gastric Cancer Treated With
Curative Gastrectomy. Dig Surg (2018) 35(1):55–63. doi: 10.1159/000471931

10. Lin JX, Wang W, Lin JP, Xie JW, Wang JB, Lu J, et al. Preoperative Tumor
Markers Independently Predict Survival in Stage III Gastric Cancer Patients:
Should We Include Tumor Markers in AJCC Staging? Ann Surg Oncol (2018)
25(9):2703–12. doi: 10.1245/s10434-018-6634-z

11. Wang W, Seeruttun SR, Fang C, Chen J, Li Y, Liu Z, et al. Prognostic
Significance of Carcinoembryonic Antigen Staining in Cancer Tissues of
Gastric Cancer Patients. Ann Surg Oncol (2016) 23(4):1244–51. doi:
10.1245/s10434-015-4981-6

12. Shimada H, Noie T, Ohashi M, Oba K, Takahashi Y. Clinical Significance of
Serum Tumor Markers for Gastric Cancer: A Systematic Review of Literature
by the Task Force of the Japanese Gastric Cancer Association. Gastric Cancer
(2014) 17(1):26–33. doi: 10.1007/s10120-013-0259-5

13. Choi AR, Park JC, Kim JH, Shin SK, Lee SK, Lee YC, et al. High Level of
Preoperative Carbohydrate Antigen 19-9 Is a Poor Survival Predictor in
Gastric Cancer. World J Gastroenterol (2013) 19(32):5302–8. doi: 10.3748/
wjg.v19.i32.5302

14. Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, Chao J, Das P, et al. Gastric
Cancer, Version 3.2016, NCCN Clinical Practice Guidelines in Oncology.
J Natl Compr Canc Netw (2016) 14(10):1286–312. doi: 10.6004/
jnccn.2016.0137

15. Duffy MJ, Lamerz R, Haglund C, Nicolini A, Kalousova M, Holubec L, et al.
Tumor Markers in Colorectal Cancer, Gastric Cancer and Gastrointestinal
Stromal Cancers: European Group on Tumor Markers 2014 Guidelines
Update. Int J Cancer (2014) 134(11):2513–22. doi: 10.1002/ijc.28384

16. Feng F, Tian Y, Xu G, Liu Z, Liu S, Zheng G, et al. Diagnostic and Prognostic
Value of CEA, CA19-9, AFP and CA125 for Early Gastric Cancer. BMC
Cancer (2017) 17(1):737. doi: 10.1186/s12885-017-3738-y
March 2022 | Volume 12 | Article 848783

https://www.frontiersin.org/articles/10.3389/fonc.2022.848783/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.848783/full#supplementary-material
https://doi.org/10.1001/jamaoncol.2015.0735
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(14)62038-9
https://doi.org/10.1016/S0140-6736(14)62038-9
https://doi.org/10.1016/S0140-6736(11)61928-4
https://doi.org/10.1016/S1470-2045(14)70473-5
https://doi.org/10.1016/S1470-2045(14)70473-5
https://doi.org/10.1007/s00268-014-2846-y
https://doi.org/10.1038/s41416-020-0901-z
https://doi.org/10.4251/wjgo.v11.i1.17
https://doi.org/10.4251/wjgo.v11.i1.17
https://doi.org/10.1159/000471931
https://doi.org/10.1245/s10434-018-6634-z
https://doi.org/10.1245/s10434-015-4981-6
https://doi.org/10.1007/s10120-013-0259-5
https://doi.org/10.3748/wjg.v19.i32.5302
https://doi.org/10.3748/wjg.v19.i32.5302
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.1002/ijc.28384
https://doi.org/10.1186/s12885-017-3738-y
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


You et al. Prognostic Signatures of Gastric Cancer
17. Thomsen M, Skovlund E, Sorbye H, Bolstad N, Nustad KJ, Glimelius B, et al.
Prognostic Role of Carcinoembryonic Antigen and Carbohydrate Antigen 19-9 in
MetastaticColorectalCancer:ABRAF-Mutant SubsetWithHighCA19-9 Level and
PoorOutcome.Br JCancer (2018)118(12):1609–16.doi: 10.1038/s41416-018-0115-9

18. Toyoda H, Kumada T, Tada T, Niinomi T, Ito T, Kaneoka Y, et al. Prognostic
Significance of a Combination of Pre- and Post-Treatment Tumor Markers
for Hepatocellular Carcinoma Curatively Treated With Hepatectomy.
J Hepatol (2012) 57(6):1251–7. doi: 10.1016/j.jhep.2012.07.018

19. Bria E, DeManzoni G, Beghelli S, Tomezzoli A, Barbi S, Di Gregorio C, et al. A
Clinical-Biological Risk Stratification Model for Resected Gastric Cancer:
Prognostic Impact of Her2, Fhit, and APC Expression Status. Ann Oncol
(2013) 24(3):693–701. doi: 10.1093/annonc/mds506

20. Lu J, Zheng ZF, Zhou JF, Xu BB, Zheng CH, Li P, et al. A Novel Prognosis
Prediction Model After Completion Gastrectomy for Remnant Gastric
Cancer: Development and Validation Using International Multicenter
Databases. Surgery (2019) 166(3):314–21. doi: 10.1016/j.surg.2019.05.004

21. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-Related Inflammation.
Nature (2008) 454(7203):436–44. doi: 10.1038/nature07205

22. Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA. Inflammation-
Induced Cancer: Crosstalk Between Tumours, Immune Cells and
Microorganisms. Nat Rev Cancer (2013) 13(11):759–71. doi: 10.1038/nrc3611

23. Shi H, Jiang Y, Cao H, Zhu H, Chen B, Ji W. Nomogram Based on Systemic
Immune-Inflammation Index to Predict Overall Survival in Gastric Cancer
Patients. Dis Markers (2018) 2018:1787424. doi: 10.1155/2018/1787424

24. Ma Y, Lin J, Lin J, Hou J, Xiao Q, Yu F, et al. A Novel Prognosis Marker Based
on Combined Preoperative Carcinoembryonic Antigen and Systemic
Inflammatory Response for Resectable Gastric Cancer. J Cancer (2021) 12
(3):927–35. doi: 10.7150/jca.52299

25. Aran D, Hellman A. DNA Methylation of Transcriptional Enhancers and
Cancer Predisposition. Cell (2013) 154(1):11–3. doi: 10.1016/j.cell.2013.06.018

26. Li C, Zheng Y, Pu K, Zhao D, Wang Y, Guan Q, et al. A Four-DNA
Methylation Signature as a Novel Prognostic Biomarker for Survival of
Patients With Gastric Cancer. Cancer Cell Int (2020) 20:88. doi: 10.1186/
s12935-020-1156-8

27. Stenholm L, Stoehlmacher-Williams J, Al-Batran SE, Heussen N, Akin S,
Pauligk C, et al. Prognostic Role of microRNA Polymorphisms in Advanced
Gastric Cancer: A Translational Study of the Arbeitsgemeinschaft
Internistische Onkologie (AIO). Ann Oncol (2013) 24(10):2581–8. doi:
10.1093/annonc/mdt330

28. Fridman WH, Pages F, Sautes-Fridman C, Galon J. The Immune Contexture
in Human Tumours: Impact on Clinical Outcome. Nat Rev Cancer (2012) 12
(4):298–306. doi: 10.1038/nrc3245
Frontiers in Oncology | www.frontiersin.org 9
29. Schreiber RD, Old LJ, Smyth MJ. Cancer Immunoediting: Integrating
Immunity’s Roles in Cancer Suppression and Promotion. Science (2011)
331(6024):1565–70. doi: 10.1126/science.1203486

30. Angell H, Galon J. From the Immune Contexture to the Immunoscore:
The Role of Prognostic and Predictive Immune Markers in Cancer. Curr
Opin Immunol (2013) 25(2):261–7. doi: 10.1016/j.coi.2013.03.004

31. Mlecnik B, Bindea G, Kirilovsky A, Angell HK, Obenauf AC, Tosolini M, et al.
The Tumor Microenvironment and Immunoscore Are Critical Determinants
of Dissemination to Distant Metastasis. Sci Transl Med (2016) 8(327):327ra26.
doi: 10.1126/scitranslmed.aad6352

32. Bruni D, Angell HK, Galon J. The Immune Contexture and Immunoscore in
Cancer Prognosis and Therapeutic Efficacy. Nat Rev Cancer (2020) 20
(11):662–80. doi: 10.1038/s41568-020-0285-7

33. Marliot F, Pages F, Galon J. Usefulness and Robustness of Immunoscore for
Personalized Management of Cancer Patients. Oncoimmunology (2020) 9
(1):1832324. doi: 10.1080/2162402X.2020.1832324

34. Jiang Y, Xie J, Han Z, Liu W, Xi S, Huang L, et al. Immunomarker Support
Vector Machine Classifier for Prediction of Gastric Cancer Survival and
Adjuvant Chemotherapeutic Benefit. Clin Cancer Res (2018) 24(22):5574–84.
doi: 10.1158/1078-0432.CCR-18-0848

35. Jiang Y, Zhang Q, Hu Y, Li T, Yu J, Zhao L, et al. ImmunoScore Signature: A
Prognostic and Predictive Tool in Gastric Cancer. Ann Surg (2018) 267
(3):504–13. doi: 10.1097/SLA.0000000000002116
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

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

Copyright © 2022 You, Cai, Sheng, Yan, Wan, Wang, Ouyang, Xie, Wu and Wang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
March 2022 | Volume 12 | Article 848783

https://doi.org/10.1038/s41416-018-0115-9
https://doi.org/10.1016/j.jhep.2012.07.018
https://doi.org/10.1093/annonc/mds506
https://doi.org/10.1016/j.surg.2019.05.004
https://doi.org/10.1038/nature07205
https://doi.org/10.1038/nrc3611
https://doi.org/10.1155/2018/1787424
https://doi.org/10.7150/jca.52299
https://doi.org/10.1016/j.cell.2013.06.018
https://doi.org/10.1186/s12935-020-1156-8
https://doi.org/10.1186/s12935-020-1156-8
https://doi.org/10.1093/annonc/mdt330
https://doi.org/10.1038/nrc3245
https://doi.org/10.1126/science.1203486
https://doi.org/10.1016/j.coi.2013.03.004
https://doi.org/10.1126/scitranslmed.aad6352
https://doi.org/10.1038/s41568-020-0285-7
https://doi.org/10.1080/2162402X.2020.1832324
https://doi.org/10.1158/1078-0432.CCR-18-0848
https://doi.org/10.1097/SLA.0000000000002116
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Construction and Validation of Convenient Clinicopathologic Signatures for Predicting the Prognosis of Stage I-III Gastric Cancer
	Background
	Methods
	Data Collection
	Statistical Analysis

	Results
	Patient Characteristics
	Construction and Internal Validation of Prognosis Signatures
	Evaluation and Determination of the Accuracy and Predictive Power of the Signatures
	Prognosis Among Risk Groups With Different Scores
	Validation of the Signatures in an External Cohort
	Website for Predicting the Prognosis of Stage I-III GC

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


