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A B S T R A C T

Background: The prognosis of advanced gastric adenocarcinoma (GAC) after radical gastrectomy varies greatly.
We aimed to build and validate a novel individualized nomogram based on inflammation index and tumor
markers for patients with stage II/III GAC.
Methods: A total of 755 individuals with stage II/III GAC who had undergone radical gastrectomy at the First
Affiliated Hospital of Zhengzhou University between 2012 and 2017 were included in this retrospective study.
The patients were randomly divided into a training cohort (n ¼ 503) and a validation cohort (n ¼ 252). Univariate
and multivariate analyses were used to determine independent prognostic factors of overall survival (OS) and
disease-free survival (DFS). A nomogram was developed based on these independent factors. The concordance
index (C-index) and calibration curves were used to evaluate the predictive accuracy of the nomogram.
Results: Univariate and multivariate analyses demonstrated that older age, poor differentiation, advanced stage,
elevated neutrophil-to-lymphocyte ratio (NLR), lower hemoglobin, and high carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) levels were significantly associated with lower OS and DFS and were in-
dependent prognostic factors in stage II/III GAC. The nomogram developed based on these factors in the training
cohort showed excellent calibration and discrimination (OS: C-index ¼ 0.739, 95% CI ¼ 0.706–0.772; DFS: C-
index ¼ 0.735, 95% CI ¼ 0.702–0.769). In the internal validation cohort, the nomogram was also well-calibrated
for the prediction of OS and DFS; it was superior to the 8th edition UICC/AJCC TNM staging system (for OS: C-
index ¼ 0.746 vs. 0.679, respectively; for DFS: C-index ¼ 0.736 vs. 0.675, respectively; P < 0.001).
Conclusion: The nomogram model could reliably predict OS and DFS in stage II/III gastric cancer patients with
radical gastrectomy. It may help physicians make better treatment decisions.
1. Introduction

In spite of its declining morbidity and mortality in recent decades,
gastric adenocarcinoma (GAC) remains an aggressive cancer with a large
number of new cases and deaths worldwide annually [1,2]. In China,
GAC, as the most common histological type of gastric cancer (GC), is the
second most commonly cancer and the third cause of mortality among
all cancer types [3,4]. Currently, gastrectomy with regional lymphade-
nectomy is the most effective treatment for resectable GAC [5]. How-
ever, most patients receive the diagnosis at an advanced stage, and
prognosis is dismal, with about 20% patients experiencing early recur-
rence [6,7].
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The tumor–node–metastasis (TNM) staging system by the Union for
International Cancer Control (UICC) and the American Joint Committee
on Cancer (AJCC) is the global standard used for GAC staging. The 8th
edition of the staging manual was published in 2016; although the new
version has been superior to the 7th edition of the TNM staging system
for GAC patients in China, it still has some limitations [8,9]. For example,
clinical reality shows that the prognosis may be different even among
patients with the same TNM stage. Therefore, it is necessary to integrate
multiple prognostic factors to help clinicians with prognostic prediction
and individualized treatment decisions [10].

In recent years, the use of nomogram-based clinical models has
become increasingly widespread in oncology investigations [11-13].
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Figure 1. Flow diagram of the selected stage II/III GAC patients. GAC, gastric adenocarcinoma.
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Owing to its visual and mathematical advantages, this statistical method
promotes the probability calculation based on predictor variables and
other risk factors. Most previous nomogram models have incorporated
tumor depth, histology, differentiation, lymph nodemetastasis, and other
pathologic features [15], but few studies have focused on the combina-
tion of pathologic factors, inflammatory indexes, and tumor markers to
predict the prognosis and relapse in patients with GAC.

In this study, we developed and validated a novel nomogram that
merged multiple risk factors to facilitate the prognosis prediction in stage
II/III GAC patients with radical surgical treatment.

2. Methods

2.1. Patients

In this study, we retrospectively collected information of 876 GAC
patients treated with standard curative surgery (R0 resection plus D2
lymphadenectomy) at the First Affiliated Hospital of Zhengzhou Uni-
versity from January 2012 to December 2017. Although 5-fluorouracil-
based (5-FU) adjuvant chemotherapy had been routinely recommended
by multidisciplinary discussion, some of the patients refused post-
operative chemotherapy for various reasons. Staging in all of the patients
was performed in accordance with the 8th edition of the UICC/AJCC
TNM classification system. The inclusion criteria were as follows: (1)
stage II/III gastric adenocarcinoma confirmed by histopathology; (2) R0
resection with D2 lymphadenectomy; (3) no preoperative anticancer
treatments; (4) complete clinicopathologic data; (5) no parenteral
nutrition, acute inflammation, or significant organ injury within 1 week
before surgery. We excluded 58 patients with missing clinicopathologic
data, 41 patients undergoing other antitumor treatments, and 22 patients
that could not be followed up. Eventually, 755 patients were included in
this study and randomly divided into a training cohort and a validation
cohort (Figure 1).
2

All patients provided written informed consent. This study has been
reviewed and approved by the Ethics Committee of the First Affiliated
Hospital of Zhengzhou University, which is guided by the international
and national ethical requirements for biomedical research.

2.2. Hematology examination

In this study, all patients received 1–2 times of hematological exam-
ination within one week before surgery. These patients' venous blood
under fasting state was collected to detect hematological indicators, such
as inflammatory indicators and tumor markers. We collected this data as
the baseline data of this study and converted the inflammatory indicators
into ratios.

2.3. Follow-up

Follow-up data were obtained from inpatient medical records, tele-
phone inquiries, and outpatient visits. The patients were followed up
every 3 months during the first 2 years and every 6 months thereafter, or
until death. The last follow-up date for all the available patients was
October 15, 2020. Local recurrence or distant metastases was diagnosed
based on contrast-enhanced computed tomography (CT) scan, gastro-
fiberscopy with biopsy, bone scan, magnetic response imaging (MRI), or
positron emission tomography-computed tomography (PET-CT).

2.4. Statistical analysis

Statistical analyses were performed using SPSS Statistics 26.0 (IBM
Corporation, USA) and R 4.0.2 (R Core Team, Austria) software. The
following end points were assessed: overall survival (OS) and disease-free
survival (DFS). OS was defined as the time from the diagnosis to the date
of death from any cause or date of the last follow-up. DFS was defined as
the time between the date of diagnosis and the date of recorded events of



Table 2. Univariate and multivariate analyses of prognostic factors for OS.

Variables Univariate analysis P-value Multivariate analysis P-value

HR (95% CI) HR (95% CI)

Age (years)

�60 reference reference

＞60 1.676 (1.241–2.263) 0.001 1.346 (0.985–1.838) 0.048

Gender

Female reference

Male 0.879 (0.635–1.217) 0.438

Tumor size (cm)

�4.0 reference reference

＞4.0 1.446 (1.082–1.932) 0.013 1.072 (0.787–1.460) 0.658

Grade

G1-2 reference reference

G3 2.452 (1.649–3.648) <0.001 2.497 (1.670–3.734) <0.001

T stage

T1-2 reference reference

T2-3 3.948 (1.623–9.603) 0.002 4.043 (1.653–9.890) 0.002

N stage

N0-1 reference reference

N2-3 2.816 (2.066–3.839) <0.001 2.544 (1.850–3.497) <0.001

Adjuvant chemotherapy

Yes reference

No 1.095 (0.805–1.490) 0.564

Hemoglobin (g/L)

�146.5 reference reference

＞146.5 0.326 (0.153–0.694) 0.004 0.370 (0.173–0.791) 0.010

MLR

�0.26 reference

＞0.26 0.883 (0.661–1.180) 0.401

NLR

�3.1 reference reference

＞3.1 1.687 (1.205–2.363) 0.002 1.458 (1.034–2.056) 0.032

WLR

�4.4 reference reference

＞4.4 1.494 (1.084–2.060) 0.014 0.740 (0.341–1.609) 0.448

PLR

�106.3 reference

＞106.3 1.276 (0.933–1.7 0.127

CA12-5 (U/mL)

�13.3 reference reference

＞13.3 1.687 (1.255–2.267) 0.001 1.212 (0.884–1.661) 0.233

CA 19-9 (U/mL)

�13.9 reference reference

＞13.9 1.665 (1.246–2.224) 0.001 1.362 (1.012–1.833) 0.041

CEA (ng/mL)

�5.1 reference reference

＞5.1 2.041 (1.498–2.779) <0.001 1.678 (1.208–2.330) 0.002

HR Hazard ratio, CI Confidence interval.

Table 1. Characteristics of the training cohort and validation cohort.

Variables Training cohort
(n ¼ 503)

Validation cohort
(n ¼ 252)

P-value

No. of patients (%) No. of patients (%)

Age (years) 0.815

�60 233 (46.3%) 119 (47.2%)

＞60 270 (53.7%) 133 (52.3%)

Gender 0.458

Female 129 (25.6%) 71 (28.2%)

Male 374 (74.4%) 181 (71.8%)

Tumor size (cm) 0.290

�4.0 270 (53.7%) 125 (49.6%)

＞4.0 233 (46.3%) 127 (50.4%)

Tumor location 0.606

Upper 256 (50.9%) 129 (51.2%)

Middle 101 (20.1%) 57 (22.6%)

Lower 146 (29.0%) 66 (26.2%)

Grade 0.342

G1–2 138 (27.4%) 61 (24.2%)

G3 365 (72.6%) 191 (75.8%)

T stage 0.255

T1–2 42 (8.4%) 29 (11.5%)

T3–4 461 (91.6%) 223 (88.5%)

N stage 0.939

N0–1 260 (51.7%) 138 (54.8%)

N2–3 243 (48.3%) 114 (45.2%)

TNM stage (AJCC, 8th) 0.259

II (IIA, IIB) 200 (39.8%) 111 (44.0%)

III (IIIA, IIIB, IIIC) 303 (60.2%) 141 (56.0%)

Adjuvant chemotherapy 0.421

Yes 344 (68.4%) 165 (65.5%)

No 159 (31.6%) 87 (34.5%)

Leucocytes ( � 109/L) 5.8 (4.7, 6.9) 5.6 (4.6, 6.8) 0.968

Monocytes ( � 109/L) 0.48 (0.37, 0.58) 0.46 (0.36, 0.58) 0.280

Neutrophils ( � 109/L) 3.4 (2.7, 4.3) 3.3 (2.5, 4.2) 0.499

Lymphocytes ( � 109/L) 1.6 (1.3, 2.0) 1.6 (1.2, 2.0) 0.167

Platelets ( � 109/L) 205 (164, 259) 198 (154, 243) 0.097

Hemoglobin (g/L) 124 (104, 137) 125 (105, 136) 0.529

Variables are expressed as n (%) or median (upper quartile, lower quartile).
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loco-regional recurrence and/or metastasis or the date of the last follow-
up. Receiver operating characteristic (ROC) curves were created to show
the nomograms' clinical utility. Variables between two groups were
compared using chi-square test or Mann-Whitney U test. The end points
were analyzed and compared using the Kaplan–Meier method and the
log-rank test. Prognostic factors were analyzed by univariate and multi-
variate Cox proportional-hazards regression analysis. All variables with
statistical significance in the univariate analysis by enter method were
included in the multivariate analysis and selected by forward stepwise
procedure. Nomograms were established based on the selected inde-
pendent prognostic factors. Discrimination and calibration were evalu-
ated by calibration curves and Harrell's concordance index (C-index). A
two-tailed P-value <0.05 was considered statistically significant.

3. Results

3.1. Baseline clinicopathological characteristics and follow-up data

The patients’ characteristics in the training cohort and validation
cohort are summarized in Table 1. The median age of the patients in
both the training and validation cohorts was 60 years (range: 23–80
years), and there were 74.4% and 71.8% men in the training and
3

validation cohorts, respectively. According to the 8th edition of the
UICC/AJCC staging system, in the training cohort, 303 patients were at
stage III and 200 patients were at stage II; in the validation cohort, 141
patients were at stage III and 111 patients were at stage II. Most of the
patients had poorly differentiated GC (n ¼ 365, 72.6% in the training
cohort; n ¼ 191, 75.8% in the validation cohort). A total of 344 (68.4%)
patients in the training cohort and 165 (65.5%) patients in the vali-
dation cohort received 5-FU-based chemotherapy. The median follow-
up duration was 40.0 months (range: 2–100 months). By the last
follow-up, 289 patients died, 39 patients developed loco-regional
recurrence, 275 patients developed distant metastases, and 19 pa-
tients developed both distant metastases and loco-regional recurrence.



Table 3. Univariate and multivariate analyses of prognostic factors for DFS.

Variables Univariate analysis P-value Multivariate analysis P-value

HR (95% CI) HR (95% CI)

Age (years)

�60 reference reference

＞60 1.568 (1.167–2.106) 0.003 1.206 (0.886–1.642) 0.235

Gender

Female reference

Male 0.791 (0.579–1.082) 0.142

Tumor size (cm)

�4.0 reference reference

＞4.0 1.512 (1.134–2.015) 0.005 1.182 (0.871–1.603) 0.283

Grade

G1-2 reference reference

G3 2.876 (1.900–4.352) ＜0.001 2.993 (1.967–4.555) ＜0.001

T stage

T1-2 reference reference

T2-3 5.103 (1.895–13.743) 0.001 5.668 (2.101–15.289) 0.001

N stage

N0-1 reference reference

N2-3 2.789 (2.054–3.788) ＜0.001 2.500 (1.827–3.420) ＜0.001

Adjuvant chemotherapy

Yes reference

No 1.003 (0.737–1.365) 0.984

Hemoglobin (g/L)

�146.5 reference reference

＞146.5 0.370 (0.182–0.752) 0.006 0.395 (0.194–0.803) 0.010

MLR

�0.26 reference

＞0.26 0.866 (0.650–1.153) 0.324

NLR

�3.1 reference reference

＞3.1 1.703 (1.224–2.369) 0.002 1.502 (1.075–2.100) 0.017

WLR

�4.4 reference reference

＞4.4 1.461 (1.063–2.007) 0.019 0.605 (0.263–1.393) 0.238

PLR

�106.3 reference

＞106.3 1.178 (0.868–1.599) 0.293

CA12-5 (U/mL)

�13.3 reference reference

＞13.3 1.678 (1.252–2.248) 0.001 1.211 (0.885–1.657) 0.232

CA19-9 (U/mL)

�13.9 reference reference

＞13.9 1.666 (1.251–2.218) ＜0.001 1.399 (1.045–1.872) 0.024

CEA (ng/mL)

�5.1 reference reference

＞5.1 2.026 (1.490–2.754) ＜0.001 1.832 (1.328–2.527) ＜0.001

HR Hazard ratio, CI Confidence interval.
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The 1-, 2-, and 3-year OS rates in the training cohort were
89.5%,74.6%, and 67.6%, respectively, while the 1-, 2-, and 3-year DFS
rates were 86.9%, 72.0%, and 64.2%, respectively. In the validation
cohort, the 1-, 2- and 3-year OS rates were 85.7%, 71.8%, and 61.9%,
respectively; the 1-, 2-, and 3-year DFS rates were 81.7%, 67.1%, and
59.1%, respectively.

3.2. The optimal thresholds for hemoglobin, WLR, MLR, NLR, PLR, CA12-
5, CA19-9 and CEA

The most appropriate cut-off values in the ROC curves and the
maximum Youden's index were determined in the training cohort. The
4

optimal cut-off values of variables for predicting the OS and DFS were as
follows: 146.5 g/L for hemoglobin, 4.4 for leukocyte-to-lymphocyte ratio
(WLR), 0.26 for monocyte-to-lymphocyte ratio (MLR), 3.1 for NLR, 106.3
for platelet-to-lymphocyte ratio (PLR), 13.3 U/mL for cancer antigen 12-
5 (CA12-5), 13.9 U/mL for CA19-9, and 5.1 ng/mL for CEA.
3.3. Hemoglobin, NLR, CA19-9 and CEA were independent prognostic
factors for OS and DFS

Univariate analysis revealed that older age, large tumor size, poor
differentiation, advanced T stage, N stage, and overall stage, elevated
NLR, lower hemoglobin, and high levels of CA12-5, CA19-9, and CEA
were significantly associated with poor survival (Tables 2 and 3).
Consistently, the Kaplan–Meier survival analysis revealed that GAC pa-
tients with higher NLR, CA19-9, and CEA levels and lower hemoglobin
level had poor prognosis (Figure 2).

All the predictors with P-value <0.05 in the univariate analysis were
included in the multivariate analysis. As shown in Table 2, age, grade, T
stage, N stage, hemoglobin, NLR, CA19-9 and CEA were independent
indicators of OS. As shown in Table 3, grade, T stage, N stage, hemo-
globin, NLR, CA19-9 and CEA were independent indicators of DFS.
Although age was associated with DFS in univariate analysis, it lost its
significance in the multivariate analysis.
3.4. Prognostic nomograms for 1-,2- and 3-year OS and DFS

Based on the results of univariate and multivariate analyses, inde-
pendent prognostic factors were integrated into the nomograms to pre-
dict the 1-, 2-, and 3-year OS and DFS of the training cohort (Figure 3).
The C-index of the nomogram for OS was 0.739, which was superior to
that of the 8th UICC/AJCC TNM staging system (0.650, P < 0.001).
Similarly, the C-index of the nomogram for DFS was 0.735, which was
superior to that of the TNM staging system (0.652, P < 0.001). The areas
under the time-dependent ROC curves of the nomograms were larger
than those of the TNM staging system (Figures 4 and 5). In addition, the
1-, 2-, and 3-year survival probability calibration curves showed that the
predicted survival rates of the models were highly consistent with the
actual observations (Figure 6A and B). The results indicated an excellent
performance of the nomograms in predicting the OS and DFS of the
training cohort.

Moreover, the predictive effects of the nomogram models were
verified in the internal validation cohort. The C-index of the validation
cohort for OS was 0.746, and it was superior to that of the TNM staging
system (0.679, P < 0.001). Similarly, the C-index of the nomogram for
DFS in the validation cohort was 0.736, which was superior to that of the
TNM staging system (0.675, P < 0.001). The calibration curves of the
validation cohort showed that the predicted 1-, 2-, and 3-year survival
rates of the nomogram models were consistent with the actual observa-
tions (Figure 6C and D). Thus, the novel nomogram models constructed
in this study were superior to the 8th UICC/AJCC TNM staging system in
predicting the 1-, 2-, and 3-year OS and DFS in patients with stage II/III
GAC patients undergoing radical surgery.

4. Discussion

In this study, we combined the clinicopathologic features, baseline
inflammatory parameters, and tumor markers to construct a novel model
to predict the prognosis in patients with stage II/III GAC. Our results
confirmed the previous findings that age, grade, tumor stage, hemoglo-
bin, NLR, and tumor markers were independent prognostic factors in GC
patients. More importantly, we found that the created nomogram prog-
nostic models were superior to the 8th UICC/AJCC TNM staging system
in predicting the OS and DFS (OS: C-index ¼ 0.739, 95% CI ¼
0.706–0.772; DFS: C-index ¼ 0.735, 95% CI ¼ 0.702–0.769) in patients
with stage II/III GAC undergoing radical surgery.



Figure 2. Kaplan-Meier survival plots comparing with high and low level of each indicator in the training cohort. (A–D) Survival curves of OS between high and low
level of Hemoglobin, NLR, CA19-9 and CEA in stage II/III GAC patients. (E–F) Survival curves of DFS between high and low level of Hemoglobin, NLR, CA19-9 and
CEA in stage II/III GAC patients. OS, overall survival; NLR, neutrophil-to-lymphocyte ratio; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; GAC,
gastric adenocarcinoma; DFS, disease-free survival.
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Previous studies have revealed a strong link between inflamma-
tion and cancer, where the systemic inflammatory response plays an
important role in carcinogenesis and tumor revascularization [16].
In recent years, it has been recognized that the tumor microenvi-
ronment in which inflammatory cells are involved can facilitate
tumor initiation, promotion, and progression [17]. Numerous studies
have demonstrated that pretreatment counts of peripheral blood
neutrophils, lymphocytes, and monocytes were significantly associ-
ated with prognosis in different kinds of cancer, including GC
[17-19]. The NLR is a highly reproducible, cost-effective, and easily
available biomarker, reflecting the systemic chronic inflammatory
response. A series of studies have elucidated that high NLR level is
associated with poor outcomes in GC and other solid tumors [20]. In
the present study, we confirmed the previous findings, showing that
the elevated NLR was significantly associated with the shorter OS
and DFS in stage II/III GAC patients and that it was also an inde-
pendent prognostic predictor of GAC.

Anemia is a common symptom inmultiple solid tumors [21–23]; bone
marrow involvement, tumor-associated blood loss, cytokine-mediated
disorder, and iron or folic acid deficiency are the most common causes
[24]. Numerous studies have demonstrated that anemia may aggravate
tumor hypoxia and reduce tumor oxygenation; thereby, it induces the
expression of hypoxia-inducible factor (HIF) family, contributing to
5

carcinogenesis, tumor progression, and chemo- or radio-resistance via
activating target genes, such as vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), and erythropoietin [22]. Pre-
operative anemia has been linked to poor survival in various carcinomas
[25-27]. Our results also showed that the lower hemoglobin level was
significantly associated with shorter OS and DFS in stage II/III GAC, and
it was an independent prognostic factor.

Tumor markers are important tumor-monitoring indicators, and they
have widely been used in diagnosis, efficacy evaluation, and tumor moni-
toring [28-30]. CA12-5, CA19-9, and CEA are frequently used tumor
markers, and they are highly expressed in various solid tumors, including
GC. A series of studies have explored the prognostic value of the tumor
markers and confirmed their important function in prognosis prediction
[31-33]. Indeed, high levels of these three tumormarkerswere significantly
associated with peritoneal metastasis and poor survival, and they inde-
pendently predicted prognosis in GC patients [34-37]. Our results
confirmed those from the previous studies and showed that CA12-5,
CA19-9, and CEA were independent factors predicting death and progres-
sion, and theynegatively correlatedwith survival in stage II/III GCpatients.

In the training cohort, age (OS), hemoglobin (OS/DFS), NLR (OS/
DFS), and CA19-9 (OS/DFS) and CEA (OS/DFS) were significant inde-
pendent prognostic indicators. In addition, older age, poor differentiation
and advanced tumor stage were also significantly associated with poor



Figure 3. Nomogram models constructed based on the training cohort. (A) The momogram for predicting the OS rate at the 1, 2 and 3 year in stage II/III GAC patients.
(B) The momogram for predicting the DFS rate at the 1, 2 and 3 year in stage II/III GAC patients. OS, overall survival; DFS, disease-free survival; GAC, gastric
adenocarcinoma.
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survival and were independent prognostic factors in patients with GC.
Thus, we systematically combined these inflammatory indicators, tumor
markers, and clinicopathologic features to construct a novel prognostic
model. The performance of the nomogram was proven to be excellent,
with a good discrimination power and predictive performance (C-index
¼ 0.739). In the internal validation cohort, the nomogram was also well-
calibrated for the prediction of OS and DFS, and it was superior to the 8th
edition UICC/AJCC TNM staging system (OS: C-index ¼ 0.746 vs. 0.679,
DFS: C-index ¼ 0.736 vs. 0.675, P < 0.001).

Some limitations need to be considered when interpreting the re-
sults of this study. For example, because this was a retrospective and
6

single-center study, there may be some bias, and there is a lack of
external data validation. In addition, all significant variables were
included in the multivariate analysis to screen independent factors to
build a multi-parameter and multi-dimensional model. Some of these
variables have certain commonalities, such as similar clinical values, so
there may be collinearity between these variables. And the possible
collinearity can affect the P-values and the coefficient estimates.
Therefore, further multicenter and prospective studies are needed in
the future to validate the clinical usage of the nomogram as a prognostic
model for GAC patients, and the possible collinearity should be
considered and avoided.



Figure 4. Time-dependent ROC curves demonstrated the ability of nomogram and TNM stage to predict 1-, 2- and 3-year OS in stage II/III GAC patients. (A–C) Time-
dependent ROC curves for 1-, 2- and 3-year OS in the training cohort, (D–F) Time-dependent ROC curves for 1-, 2- and 3-year OS in the validation cohort. ROC,
receiver operating characteristic curve; AUC, area under the curve; OS, overall survival; GAC, gastric adenocarcinoma.

Figure 5. Time-dependent ROC curves demonstrated the ability of nomogram and TNM stage to predict 1-,2-and 3-year DFS in stage II/III GAC patients. (A–C) Time-
dependent ROC curves for 1-,2-and 3-year DFS in the training cohort, (D–F) Time-dependent ROC curves for 1-,2-and 3-year DFS in the validation cohort. ROC,
receiver operating characteristic curve; AUC, area under the curve; DFS, disease-free survival; GAC, gastric adenocarcinoma.

J. Li et al. Heliyon 8 (2023) e12403
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Figure 6. Calibration plots of nomograms in both training and validation cohorts. (A) and (B) Calibration plots of 1-, 2- and 3-year OS/DFS associated nomogram in
training cohort. (C) and (D) Calibration plots of 1-, 2- and 3-year OS/DFS associated nomogram in validation cohort. OS, overall survival; DFS, disease-free survival.

J. Li et al. Heliyon 8 (2023) e12403
In conclusion, we established and validated a novel model to predict
the OS and DFS in stage II/III GAC patients with radical gastrectomy. This
model may help physicians to make better treatment decisions in clinical
practice.

Declarations

Author contribution statement

Jing Li and Hejun Liang: Analyzed and interpreted the data; Wrote the
paper. Xiaonan Xue: Performed the experiments; Analyzed and inter-
preted the data. Can Guo and Pengfei Jiao: Contributed reagents, mate-
rials, analysis tools or data. Haifeng Qiu: Conceived and designed the
experiments.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data will be made available on request.

Declaration of interest’s statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.
8

Acknowledgements

We thank Let Pub (www.letpub.com) for its linguistic assistance
during the preparation of this manuscript.

References

[1] H. Sung, J. Ferlay, R.L. Siegel, et al., Global cancer Statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries, CA
A Cancer J. Clin. 71 (3) (2021) 209–249.

[2] M. Arnold, C.C. Abnet, R.E. Neale, et al., Global burden of 5 major types of
gastrointestinal cancer, Gastroenterology 159 (1) (2020) 335–349.

[3] M. Cao, H. Li, D. Sun, et al., Cancer burden of major cancers in China: a need for
sustainable actions, Cancer Commun. 40 (5) (2020) 205–210.

[4] J.A. Ajani, J. Lee, T. Sano, et al., Gastric adenocarcinoma, Nat. Rev. Dis. Prim. 3
(2017), 17036.

[5] Z. Tan, Recent advances in the surgical treatment of advanced gastric cancer: a
review, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 25 (2019) 3537–3541.

[6] M. Ma, H. Xiao, L. Li, et al., Development and validation of a prognostic nomogram
for predicting early recurrence after curative resection of stage II/III gastric cancer,
World J. Surg. Oncol. 17 (1) (2019) 223.

[7] J. Ferlay, M. Colombet, I. Soerjomataram, et al., Estimating the global cancer
incidence and mortality in 2018: GLOBOCAN sources and methods, Int. J. Cancer
144 (8) (2019) 1941–1953.

[8] S.B. Edge, C.C. Compton, The American Joint Committee on Cancer: the 7th edition
of the AJCC cancer staging manual and the future of TNM, Ann. Surg Oncol. 17 (6)
(2010) 1471–1474.

[9] X. Ji, Z.D. Bu, Y. Yan, et al., The 8th edition of the American Joint Committee on
Cancer tumor-node-metastasis staging system for gastric cancer is superior to the
7th edition: results from a Chinese mono-institutional study of 1663 patients,
Gastric Cancer 21 (4) (2018) 643–652.

[10] Z. Gao, J. Ni, H. Ding, et al., A nomogram for prediction of stage III/IV gastric
cancer outcome after surgery: a multicenter population-based study, Cancer Med. 9
(15) (2020) 5490–5499.

[11] S.Y. Park, Nomogram: an analogue tool to deliver digital knowledge, J. Thorac.
Cardiovasc. Surg. 155 (4) (2018) 1793.

[12] W. Wang, Z. Sun, J.Y. Deng, et al., A novel nomogram individually predicting
disease-specific survival after D2 gastrectomy for advanced gastric cancer, Cancer
Commun. 38 (1) (2018) 23.

http://www.letpub.com
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref1
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref1
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref1
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref1
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref2
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref2
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref2
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref3
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref3
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref3
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref4
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref4
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref5
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref5
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref5
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref6
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref6
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref6
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref7
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref7
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref7
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref7
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref8
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref8
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref8
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref8
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref9
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref9
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref9
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref9
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref9
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref10
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref10
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref10
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref10
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref11
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref11
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref12
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref12
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref12


J. Li et al. Heliyon 8 (2023) e12403
[13] M. Mao, A. Zhang, Y. He, et al., Development and validation of a novel nomogram
to predict overall survival in gastric cancer with lymph node metastasis, Int. J. Biol.
Sci. 16 (7) (2020) 1230–1237.

[15] W.Q. Liang, K.C. Zhang, J.X. Cui, et al., Nomogram to predict prolonged
postoperative ileus after gastrectomy in gastric cancer, World J. Gastroenterol. 25
(38) (2019) 5838–5849.

[16] J. Candido, T. Hagemann, Cancer-related inflammation, J. Clin. Immunol. 33 (Suppl
1) (2013) S79–S84.

[17] J. Li, R. Jiang, W.S. Liu, et al., A large cohort study reveals the association of
elevated peripheral blood lymphocyte-to-monocyte ratio with favorable prognosis
in nasopharyngeal carcinoma, PLoS One 8 (12) (2013), e83069.

[18] F. Feng, G. Zheng, Q. Wang, et al., Low lymphocyte count and high monocyte count
predicts poor prognosis of gastric cancer, BMC Gastroenterol. 18 (1) (2018) 148.

[19] R.A. Wilcox, K. Ristow, T.M. Habermann, et al., The absolute monocyte count is
associated with overall survival in patients newly diagnosed with follicular
lymphoma, Leuk. Lymphoma 53 (4) (2012) 575–580.

[20] H. Luo, L. He, G. Zhang, et al., Normal reference intervals of neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, and
systemic immune inflammation index in healthy adults: a large multi-center study
from Western China, Clin. Lab. 65 (3) (2019).

[21] C.M. Hoff, Importance of hemoglobin concentration and its modification for the
outcome of head and neck cancer patients treated with radiotherapy, Acta Oncol.
51 (4) (2012) 419–432.

[22] Y.S. Wei, Y.G. Zhou, G.Y. Wang, et al., The impact of chemotherapy-associated
hemoglobin on prognosis of colorectal cancer patients receiving adjuvant
chemotherapy, Cancer Biomarkers 20 (4) (2017) 627–635.

[23] H. Bi, Y. Huang, G. Wang, et al., Impact of body mass index and pretreatment
hemoglobin level on prognosis following radical cystectomy for bladder cancer in
males and females, Urol. Int. 104 (1–2) (2020) 28–35.

[24] X.Z. Huang, Y.C. Yang, Y. Chen, et al., Preoperative Anemia or Low Hemoglobin
Predicts Poor Prognosis in Gastric Cancer Patients: A Meta-Analysis, Dis. Marker.
vol. 2019 (2019), 7606128.

[25] P. Baumeister, M. Canis, M. Reiter, Preoperative anemia and perioperative blood
transfusion in head and neck squamous cell carcinoma, PLoS One 13 (10) (2018),
e205712.
9

[26] H.Y. Kwon, B.R. Kim, Y.W. Kim, Association of preoperative anemia and
perioperative allogenic red blood cell transfusion with oncologic outcomes in
patients with nonmetastatic colorectal cancer, Curr. Oncol. 26 (3) (2019)
e357–e366.

[27] A. Kouyoumdjian, M. Trepanier, S.R. Al, et al., The effect of preoperative anemia
and perioperative transfusion on surgical outcomes after gastrectomy for gastric
cancer, J. Surg. Res. 259 (2021) 523–531.

[28] H. Wu, Q. Wang, Q. Liu, et al., The serum tumor markers in combination for clinical
diagnosis of lung cancer, Clin. Lab. 66 (3) (2020).

[29] J.X. Jing, Y. Wang, X.Q. Xu, et al., Tumor markers for diagnosis, monitoring of
recurrence and prognosis in patients with upper gastrointestinal tract cancer, Asian
Pac. J. Cancer Prev. APJCP 15 (23) (2014) 10267–10272.

[30] H. Saito, Y. Kono, Y. Murakami, et al., Influence of prognostic nutritional index and
tumor markers on survival in gastric cancer surgery patients, Langenbeck's Arch.
Surg. 402 (3) (2017) 501–507.

[31] W. Wang, X.L. Chen, S.Y. Zhao, et al., Prognostic significance of preoperative serum
CA125, CA19-9 and CEA in gastric carcinoma, Oncotarget 7 (23) (2016)
35423–35436.

[32] F. Feng, Y. Tian, G. Xu, et al., Diagnostic and prognostic value of CEA, CA19-9, AFP
and CA125 for early gastric cancer, BMC Cancer 17 (1) (2017) 737.

[33] J.P. Lin, J.X. Lin, Y.B. Ma, et al., Prognostic significance of pre- and post-operative
tumour markers for patients with gastric cancer, Br. J. Cancer 123 (3) (2020)
418–425.

[34] A.P. Yang, J. Liu, H.Y. Lei, et al., CA72-4 combined with CEA, CA125 and CAl9-9
improves the sensitivity for the early diagnosis of gastric cancer, Clin. Chim. Acta
437 (2014) 183–186.

[35] T. Namikawa, Y. Kawanishi, K. Fujisawa, et al., Serum carbohydrate antigen 125 is
a significant prognostic marker in patients with unresectable advanced or recurrent
gastric cancer, Surg. Today 48 (4) (2018) 388–394.

[36] C. Huang, Z. Liu, L. Xiao, et al., Clinical significance of serum CA125, CA19-9,
CA72-4, and fibrinogen-to-lymphocyte ratio in gastric cancer with peritoneal
dissemination, Front. Oncol. 9 (2019) 1159.

[37] Y. Tong, Y. Zhao, Z. Shan, et al., CA724 predicts overall survival in locally
advanced gastric cancer patients with neoadjuvant chemotherapy, BMC Cancer
21 (1) (2021) 4.

http://refhub.elsevier.com/S2405-8440(22)03691-X/sref13
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref13
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref13
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref13
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref15
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref15
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref15
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref15
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref16
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref16
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref16
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref17
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref17
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref17
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref18
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref18
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref19
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref19
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref19
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref19
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref20
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref20
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref20
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref20
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref21
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref21
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref21
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref21
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref22
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref22
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref22
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref22
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref23
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref23
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref23
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref23
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref23
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref24
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref24
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref24
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref25
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref25
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref25
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref26
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref26
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref26
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref26
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref26
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref27
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref27
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref27
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref27
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref28
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref28
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref29
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref29
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref29
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref29
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref30
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref30
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref30
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref30
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref31
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref31
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref31
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref31
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref32
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref32
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref33
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref33
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref33
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref33
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref34
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref34
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref34
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref34
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref35
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref35
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref35
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref35
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref36
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref36
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref36
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref37
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref37
http://refhub.elsevier.com/S2405-8440(22)03691-X/sref37

	A novel prognostic model to predict OS and DFS of stage II/III gastric adenocarcinoma patients in China
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Hematology examination
	2.3. Follow-up
	2.4. Statistical analysis

	3. Results
	3.1. Baseline clinicopathological characteristics and follow-up data
	3.2. The optimal thresholds for hemoglobin, WLR, MLR, NLR, PLR, CA12-5, CA19-9 and CEA
	3.3. Hemoglobin, NLR, CA19-9 and CEA were independent prognostic factors for OS and DFS
	3.4. Prognostic nomograms for 1-,2- and 3-year OS and DFS

	4. Discussion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Additional information

	Acknowledgements
	References


