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Abstract

BACKGROUND

Patients with pathological stages TIN2-3 (pT1N2-3) and pT3NO gastric cancer
(GC) have not been routinely included in the target population for postoperative
chemotherapy according to the Japanese Gastric Cancer Treatment Guideline, and
their prognosis is significantly different.

AIM
To identify the high-risk patients after radical surgery by analyzing biomarkers
and clinicopathological features and construct prognostic models for them.

METHODS

A total of 459 patients with pT1N2-3/pT3N0 GC were retrospectively selected for
the study. The Chi-square test was used to analyze the differences in the
clinicopathological features between the pT1IN2-3 and pT3NO groups. The
Kaplan-Meier analysis and log-rank test were used to analyze overall survival
(OS). The independent risk factors for patient prognosis were analyzed by
univariate and multivariate analyses based on the Cox proportional hazards
regression model. The cutoff values of continuous variables were identified by
receiver operating characteristic curve. The nomogram models were constructed
with R studio.

RESULTS

There was no statistically significant difference in OS between the pT1N2-3 and
pT3NO groups (P = 0.374). Prealbumin (P = 0.040), carcino-embryonic antigen
(CEA) (P = 0.021), and metastatic lymph node ratio (mLNR) (P = 0.035) were
independent risk factors for prognosis in the pT1N2-3 group. Age (P = 0.039),
body mass index (BMI) (P = 0.002), and gastrectomy (P < 0.001) were independent
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risk factors for prognosis in the pT3NO group. The area under the curve values of the nomogram
models for predicting the 5-year prognosis of the pT1N2-3 group and pT3NO group were 0.765
and 0.699, respectively.

CONCLUSION

Nomogram model combining prealbumin, CEA, and mLNR levels can be used to predict the
prognosis of pT1N2-3 GC. Nomogram model combining age, BMI, and gastrectomy can be used to
predict the prognosis of pT3N0 GC.

Key Words: Gastric cancer; Biomarker; Clinicopathological feature; Adjuvant chemotherapy; Prognosis;
Nomogram

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with pathological stage TIN2-3 (pT1N2-3) and pT3NO gastric cancer (GC) have not
been routinely included in the target population for postoperative chemotherapy, and their prognosis is
significantly different. The study aimed to identify the high-risk patients after radical surgery by analyzing
biomarkers and clinicopathological features and construct prognostic models for them. Our results showed
that the predictive models constructed by peripheral blood biomarkers and clinicopathological features can
evaluate the prognosis of patients with pT1N2-3 and pT3NO GC, which is worthy of further validation and
promotion in clinical practice.

Citation: Wang YF, Yin X, Fang TY, Wang YM, Zhang DX, Zhang Y, Wang XB, Wang H, Xue YW. Nomograms
predicting prognosis of patients with pathological stages TIN2-3 and T3NO gastric cancer. World J Gastrointest
Surg 2022; 14(2): 143-160

URL: https://www.wjgnet.com/1948-9366/full/v14/i2/143.htm
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INTRODUCTION

Gastric cancer (GC) is the sixth most common cancer and the third leading cause of cancer-related
death, with more than 860000 deaths annually[1]. The TNM staging system based on tumor infiltration,
regional lymph node metastasis, and distant metastasis is considered as the conventional criterion for
predicting prognosis and guiding treatment[2]. Adjuvant chemotherapy is recommended for patients
with pathological stage II or III GC after radical resection to reduce recurrence probability. However,
based on the results of the Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC)[3], the
Japanese Gastric Cancer Treatment Guidelines[4] recommend stage II/III disease as the standard target
of adjuvant chemotherapy after surgery, with the exception of pathological stage TIN2-3 (pT1N2-3) and
pT3NO. But, in these two groups, there is still a portion of high-risk patients with a poor prognosis.
Therefore, the research of pT1N2-3 and pT3NO GC patients with a poor prognosis may help clinicians
carry out targeted and individualized treatment.

Although previous studies have discussed independent prognostic factors among patients with
pTIN2-3 and pT3NO GC, relevant results have not been consistent. Yura et al[5] suggested that pT1N2-3
patients with stage N3 or tumor diameter < 30 mm had a relatively poor prognosis, while pT3NO
patients had a good prognosis. Terada et al[6] suggested that patients with pT3NO/pT1N2-3
complicated with vascular infiltration might be at a high risk for disease recurrence and might be
candidates for adjuvant chemotherapy. Other relevant studies have shown that lymphatic infiltration is
an independent risk factor for poor prognosis in pT3NO GC patients[7,8]. The above studies showed that
the high heterogeneity of the same stage GC patients leads to significant differences in the risk for
recurrence and death. Therefore, the search for effective diagnostic and monitoring tools for GC patients
is a critical clinical goal. Many studies have shown that peripheral blood biomarkers and clinicopatho-
logical features can play an effective complementary role and have been widely used for the early
diagnosis, therapeutic effect monitoring, and prognostic prediction of GC patients[9-11]. However,
previous studies evaluated the prognostic value of only a limited number of clinicopathological
features, and the results of these studies inevitably have some limitations. Therefore, this study aimed to
determine peripheral blood biomarkers and clinicopathological features that influence the prognosis of
patients with pTIN2-3 and pT3NO GC, thereby more comprehensively identifying patients who may
benefit from adjuvant chemotherapy.
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Figure 1 Survival curve analyses for patients with pTIN2-3 and pT3N0 GC. A: Overall survival curves for all patients; B: Overall survival curves for pT1N2-3 patients with and without postoperative chemotherapy; C: Overall survival
curves for pT3NO patients with and without postoperative chemotherapy.
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In this study, we retrospectively analyzed patients who underwent radical gastrectomy at the Harbin
Medical University Cancer Hospital between January 2000 and April 2016. The predictive models were
constructed by combining the peripheral blood biomarkers and clinicopathological features which

influence the prognosis of pT1N2-3b and pT3NO GC patients.

MATERIALS AND METHODS

Patients

A total of 459 patients with pT1N2-3/pT3NO GC were continuously selected for the study. All GC
patients underwent radical gastrectomy according to the respective conditions[4]. The diagnosis of GC
was based on tissue samples obtained during gastroscopy and further confirmed by pathologists
through examination of postoperative pathological tissue. During hospitalization, the patients
underwent routine preoperative examinations, including magnetic resonance imaging/gastric
computed tomography (CT), abdominal ultrasonography, chest radiography, electrocardiography,
hematological examination, and tumor marker examination. Some patients underwent positron
emission tomography (PET)/CT if necessary. The patients were followed until the date of death or for 5
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years, whichever came first.

The exclusion criteria were as follows: (1) Preoperative chemotherapy; (2) severe heart disease; (3)
remnant gastric cancer; (4) postoperative confirmation of stage IV disease; (5) history of partial
resection; (6) history of other malignant tumors; (7) esophagogastric junction tumor; and (8) endocrine
carcinoma.

Postoperative chemotherapy regimens were based on the National Comprehensive Cancer Network
Clinical Practice Guidelines in Oncology[12]. Oxaliplatin + capecitabine (XELOX) or oxaliplatin + S-1
(SOX) are the main treatment options for patients with stage II or III GC. To ensure the accuracy of the
study, we included 166 patients who received complete postoperative chemotherapy at our institution.
We did not include patients who did not undergo treatment at our institution or who returned to the
local hospital after surgery and had incomplete chemotherapy records.

Clinicopathological data

Clinicopathological data of the patients were saved in the Gastric Cancer Information Management
System v1.2 of the Harbin Medical University Cancer Hospital (Copyright No. 20135R087424,
http:/ /www.sgihmu.com), including sex, age, body mass index (BMI), tumor diameter, tumor location,
gastrectomy, histological type, metastatic lymph node ratio (mLNR), pT stage, pN stage, Borrmann
type, vascular infiltration, nerve infiltration, postoperative chemotherapy, and laboratory examination.
pTNM stage was consistent with the eighth edition of the American Joint Commission on Cancer
(AJCQC). Tumor marker or radiographic examinations (ultrasound, CT, and gastroscopy) were
performed on all patients every 3-6 mo postoperatively. In addition, PET/CT examinations were
performed as needed.

Blood sample collection

Blood samples were taken on an empty stomach the day after admission. Venous blood (2 mL) was
collected from the cubital vein and sent to the blood laboratory to separate the serum and calculate the
corresponding blood indexes.

Statistical analysis

The chi-square test was used to analyze the differences in clinicopathological factors between the two
groups. Overall survival (OS) was defined as the date from surgery to death or the date of the last
follow-up. The OS was shown as the mean and 95% confidence interval (CI). According to the receiver
operating characteristic curve (ROC), the "Youden index" was calculated by sensitivity- (1-specificity).
The maximum value of the Youden index was the optimal cutoff value for continuous variables. The
log-rank test and Kaplan-Meier method were used to analyze survival curves. Univariate and
multivariate analyses based on the Cox proportional hazards regression model were used to analyze the
independent risk factors for prognosis. Hazard ratios (HRs) and 95%Cls were estimated for each factor.
The nomogram models were drawn through R studio using the “SvyNom” and “rms” packages.
Calibration plots were used to show the relationship between predicted probabilities and the actual
outcome by using the Hosmer goodness-of-fit test. SPSS version 25.0 (SPSS Inc., Chicago, IL, United
States) was used for statistical analyses, and P < 0.05 was considered statistically significant.

RESULTS

Clinicopathological characteristics

According to the postoperative pathology report, there were 89 and 370 patients in the pT1N2-3 group
and pT3NO group, respectively. In the pT1N2-3 group, the age range was 28-81 years (median, 55 years),
and the male:female ratio was 44:45. In the pT3NO group, the age range was 24-87 years (median, 58
years), and the male:female ratio was 269:101. There were statistically significant differences in the
clinicopathological features between the two groups, including sex (P < 0.001), tumor diameter (P =
0.002), tumor location (P = 0.007), gastrectomy (P = 0.001), histological type (P = 0.043), vascular infilt-
ration (P = 0.021), nerve infiltration (P < 0.001), and postoperative chemotherapy (P < 0.001). Table 1
shows the clinicopathological features of the two groups.

Comparison of prognosis between the two groups

The OS of patients with pTIN2-3 GC was 53.34 (95%CI: 50.369-56.317) mo, and the 5-year OS rate was
73.7%. The OS of patients with pT3N0 GC was 53.66 (95%CI: 52.179-55.149) mo, and the 5-year OS rate
was 79.7%. There was no statistically significant difference in OS between the two groups (P=0.374)
(Figure 1A). In the pT1N2-3 group, there was no significant difference in OS between patients with and
without postoperative chemotherapy (OS: 53.20 mo vs 53.40 mo, P = 0.527; HR: 0.744, 95%CI: 0.297-
1.865) (Figure 1B). Similarly, in the pT3NO group, there was no significant difference in OS between
patients with and without postoperative chemotherapy (OS: 55.08 mo vs 53.03 mo, P = 0.236; HR: 0.774,
95%CI: 0.430-1.393) (Figure 1C).
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Table 1 Baseline characteristics of patients with pT1N2-3 and pT3N0 GC, n (%)

Characteristic pT1N2-3b (n = 89) pT3NO (n = 370) P value
Sex <0.001
Male 44 (49.4) 269 (72.7)

Female 45 (50.6) 101 (27.3)

Age (yr) 0.071
<60 58 (65.2) 219 (59.2)

> 60 25 (34.8) 151 (40.8)

BMI (kg/m?) 0.964
<24 63 (70.8) 261 (70.5)

>24 26 (29.2) 109 (29.5)

Borrmann type <0.001
0 89 (100.0) 0(0.0)

1 0(0.0) 23 (6.2)

2 0(0.0) 126 (34.1)

B 0(0.0) 195 (52.7)

4or5 0(0.0) 26 (7.0)

Tumor diameter (mm) 0.002
<50 74 (83.1) 245 (66.2)

> 50 15 (16.9) 125 (33.8)

Tumor location 0.007
Upper 4 (4.5) 53 (14.3)

Middle 11 (12.4) 66 (17.8)

Lower 74 (83.1) 243 (65.7)

Total 0(0.0) 8(22)

Gastrectomy 0.001
Partial gastrectomy 83 (93.3) 289 (78.1)

Total gastrectomy 6 (6.7) 81 (21.9)

Histological type 0.043
Differentiated 32 (36.0) 177 (47.8)

Undifferentiated 57 (64.0) 193 (52.2)

pT stage <0.001
Tla 18 (20.2) 0(0.0)

T1b 71 (79.8) 0(0.0)

T3 0(0.0) 370 (100.0)

PN stage <0.001
NO 0(0.0) 370 (100.0)

N2 70 (78.7) 0(0.0)

N3a 18 (20.2) 0(0.0)

N3b 1(1.1) 0(0.0)

Vascular infiltration 0.021
No 64 (71.9) 306 (82.7)

Yes 25 (28.1) 64 (17.3)

JBaishideng®
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Nerve infiltration <0.001
No 82 (92.1) 224 (60.5)
Yes 7(7.9) 146 (39.5)
Postoperative chemotherapy <0.001
Yes 52 (58.4) 114 (30.8)
No 37 (41.6) 256 (69.2)

Tumor location, histological type, pT stage, pN stage, pTNM stage, vascular infiltration, and nerve infiltration were according to the postoperative

pathology report. Statistically significant P values are in bold (P < 0.05). BMI: Body mass index.

Jaishideng®

Prognosis of the pT1N2-3 group

Univariate and multivariate analyses based on the Cox proportional hazards regression model were
performed to identify independent risk factors associated with the prognosis of patients with pT1N2-3
GC. Univariate analysis showed that age (P = 0.044), prealbumin (P = 0.003), carcino-embryonic antigen
(CEA) (P = 0.004), and mLNR (P < 0.001) were statistically significant. Multivariate analysis showed that
prealbumin (P = 0.040), CEA (P = 0.021), and mLNR (P = 0.035) were independent risk factors associated
with prognosis (Table 2).

Subgroup analysis of independent risk factors associated with the prognosis of pT1N2-3 patients was
performed. According to the Youden index, 222.35, 3.17, and 0.28 were the optimal cutoff values for
prealbumin, CEA, and mLNR to evaluate the prognosis of patients with pT1N2-3 disease (Figure 2A).
Subgroup analysis showed that there was a statistically significant difference in OS between patients
with prealbumin > 222.35 mg/L and those with prealbumin < 222.35 mg/L (OS: 57.11 mo vs 42.82 mo, P
<0.001; HR: 5.972, 95%Cl: 2.430-14.681), between patients with CEA <3.17 ng/mL and those with CEA
>3.17 ng/mL (OS: 55.34 mo vs 43.19 mo, P = 0.008; HR: 3.497, 95%Cl: 1.391-8.792), and between patients
with mLNR < 0.28 and those with mLNR > 0.28 (OS: 55.07 mo vs 45.72 mo, P = 0.001; HR: 4.430, 95%ClI:
1.825-10.750). In addition, the combination of independent risk factors associated with the prognosis of
pT1N2-3 patients was analyzed for survival. Patients with 0, 1, and 2-3 risk factors were defined as the
low-risk group, moderate-risk group, and high-risk group, respectively, and there were statistically
significant differences in OS among these groups (OS: 58.95 mo vs 48.91 mo vs 38.36 mo, respectively, P
<0.001) (Figure 3A-D).

Prognosis of the pT3NO group

Univariate and multivariate analyses based on the Cox proportional hazards regression model were
performed to identify independent risk factors associated with the prognosis of patients with pT3NO
disease. Univariate analysis showed that age (P = 0.019), BMI (P = 0.004), tumor diameter (P = 0.003),
Borrmann type (P = 0.018), and gastrectomy (P < 0.001) were statistically significant. Multivariate
analysis showed that age (P = 0.039), BMI (P = 0.002), and gastrectomy (P < 0.001) were independent
risk factors associated with prognosis (Table 3).

Subgroup analysis of independent risk factors associated with pT3NO patient prognosis was
performed. According to the Youden index, 60.5 and 22.48 were the optimal cutoff values for age and
BMI to evaluate the prognosis of patients with pTIN2-3 (Figure 2B). Subgroup analysis showed that
there was a statistically significant difference in OS between patients aged < 60 years and those aged >
60 years (OS: 55.07 mo vs 51.66 mo, P = 0.003; HR: 2.010, 95%CI: 1.252-3.228), between patients with BMI
> 22.48 kg/m?and those with BMI < 22.48 kg/m? (OS: 55.80 mo vs 51.81 mo, P = 0.002; HR: 2.165, 95%CI:
1.299-3.611), and between patients who underwent partial gastrectomy and those who underwent total
gastrectomy (OS: 55.19 mo vs 47.92 mo, P < 0.001; HR: 3.378, 95%CI: 2.105-5.421). In addition, the
combination of independent risk factors associated with the prognosis of pT3NO patients was analyzed
for survival. Patients with 0, 1, and 2-3 risk factors were defined as the low-risk group, moderate-risk
group, and high-risk group, respectively, and there were statistically significant differences in OS
among these groups (OS: 57.42 mo vs 55.02 mo vs 49.45 mo, respectively, P < 0.001) (Figure 3E-H).

Nomogram models

We combined the independent risk factors associated with prognosis to construct nomograms that were
used to evaluate the prognosis of patients in the pTIN2-3 and pT3NO groups (Figure 4A and D). The
area under the curve (AUC) of the nomogram model in predicting the 3-year and 5-year prognosis of
pT1IN2-3 patients was 0.772 (95%CI: 0.617-0.926) and 0.765 (95%CI: 0.639-0.891), respectively; the
sensitivity was 81.8% and 75.0%, respectively, and the specificity was 73.1% and 73.9%, respectively
(Figure 4B and C). The AUC of the nomogram model for predicting the 3-year and 5-year prognosis of
pT3NO patients was 0.632 (95%CI: 0.547-0.837) and 0.699 (95%Cl: 0.629-0.768), respectively; the
sensitivity was 52.9% and 64.3%, respectively, and the specificity was 69.9% and 67.3%, respectively
(Figure 4E and F). In addition, the calibration plots showed that the nomogram performed well for
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pTIN2-3b
Characteristic Univariate analysis Multivariate analysis

HR (95%Cl) P value HR (95%Cl) P value
Sex 0.870 - -
Male 1.000
Female 0.929 (0.387-2.233)
Age (yr) 1.044 (1.001-1.089) 0.044 1.022 (0.978-1.069) 0.335
BMI (kg/m?) 0.924 (0.815-1.047) 0.216 - -
Neutrophils (10°/L) 1.034 (0.795-1.345) 0.802 - -
Lymphocytes (10%/L) 0.616 (0.297-1.278) 0.193 - =
Platelets (10°/L) 0.999 (0.992-1.006) 0.692 - -
Fibrinogen (g/L) 1.277 (0.723-2.256) 0.399 - -
ALT (U/L) 1.000 (0.973-1.029) 0.972 - -
AST (U/L) 1.016 (0.968-1.067) 0.521 - -
Albumin (g/L) 0.926 (0.833-1.028) 0.150 - -
Prealbumin (mg/L) 0.986 (0.977-0.995) 0.003 0.990 (0.981-1.000) 0.040
CEA (ng/mL) 1.254 (1.074-1.464) 0.004 1.199 (1.028-1.399) 0.021
CA19-9 (U/mL) 1.000 (0.972-1.028) 0.992 - -
Tumor diameter (mm) 0.986 (0.961-1.013) 0.307 - -
Gastrectomy 0.683 - -
Partial gastrectomy 1.000
Total gastrectomy 1.356 (0.314-5.851)
Histological type 0.324 - -
Differentiated 1.000
Undifferentiated 1.665 (0.605-4.581)
pN stage 0.251 - -
N2 1.000
N3 1.752 (0.673-4.562)
mLNR 47.797 (5.421-421.417) <0.001 17.488 (1.215-251.748) 0.035
Vascular infiltration 0.187 = -
No 1.000
Yes 1.865 (0.738-4.708)
Nerve infiltration 0.989 - -
No 1.000
Yes 1.010 (0.234-4.359)
Postoperative chemotherapy 0.528 - -

Yes

No

1.000

0.744 (0.297-1.865)

CEA and CA19-9 were according to the tumor marker examination. Tumor location, histological type, mLNR, pTstage, pNstage, vascular infiltration, and

nerve infiltration were according to the postoperative pathology report. Statistically significant P values are in bold (P < 0.05). HR: Hazard ratio; CI:
Confidence interval; BMI: Body mass index; ALT: Alanine transaminase; AST: A CEA: Carcino-embryonic antigen; CA19-9: Carbohydrate antigen 19-9;

mLNR: Metastatic lymph node ratio.
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Table 3 Univariate and multivariate analyses of clinicopathological factors of patients with pT3N0 GC

pT3NO
Characteristic Univariate analysis Multivariate analysis

HR (95%Cl) P value HR (95%Cl) P value
Sex 0.087 - -
Male 1.000
Female 1.533 (0940-2.500)
Age (yr) 1.029 (1.005-1.054) 0.019 1.025 (1.001-1.049) 0.039
BMI (kg/m?) 0.890 (0.822-0.964) 0.004 0.881 (0.812-0.955) 0.002
Neutrophils (10°/L) 0.947 (0.829-1.082) 0.421 - -
Lymphocytes (10°/L) 0.966 (0.719-1.298) 0.819 - -
Platelets (10°/L) 1.000 (0.997-1.003) 0.914 - -
Fibrinogen (g/L) 1.048 (0.974-1.129) 0.210 - -
ALT (U/L) 0.992 (0.969-1.015) 0.469 - -
AST (U/L) 1.012 (0.986-1.037) 0.369 - -
Albumin (g/L) 0.991 (0.949-1.034) 0.670 - -
Prealbumin (mg/L) 1.657 (0.954-2.005) 0.087 - -
CEA (ng/mL) 1.007 (0.985-1.030) 0.535 - -
CA19-9 (U/mL) 1.002 (0.999-1.004) 0.214 - -
Tumor diameter (mm) 1.011 (1.004-1.019) 0.003 1.000 (0.990-1.010) 0.981
Borrmann type 0.018 0.282
1 1.000 1.000
2 0.368 (0.159-0.853) 0.020 0.473 (0.195-1.150) 0.099
3 0.520 (0.242-1.119) 0.095 0.620 (0.279-1.377) 0.240
4or5 1.110 (0.428-2.879) 0.830 1.051 (0.379-2.911) 0.924
Gastrectomy <0.001 <0.001
Partial gastrectomy 1.000 1.000
Total gastrectomy 3.378 (2.105-5.421) 3.222 (1.945-5.338)
Histological type 0.380 = =
Differentiated 1.000
Undifferentiated 1.236 (0.771-1.980)
Vascular infiltration 0.237 - -
No 1.000
Yes 1.142 (0.798-2.499)
Nerve infiltration 0.373 - -
No 1.000
Yes 1.240 (0772-1.991)
Postoperative chemotherapy 0.238 = =
Yes 1.000
No 0.774 (0.430-1.393)

CEA and CA19-9 were according to the tumor marker examination. Tumor location, histological type, mLNR, pTstage, pNstage, vascular infiltration, and
nerve infiltration were according to the postoperative pathology report. Statistically significant P values are in bold (P < 0.05). HR: Hazard ratio; CI:
Confidence interval; BMI: Body mass index; ALT: Alanine transaminase; AST: A CEA: Carcino-embryonic antigen; CA19-9: Carbohydrate antigen 19-9;

WIJGS | https://www.wjgnet.com 150 February 27,2022 | Volume14 | Issue2 |

JBaishideng®



Wang YF ef al. Nomograms of pT1N2-3 and pT3N0 GC

mLNR: Metastatic lymph node ratio.
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Figure 2 Receiver operating characteristic curves of clinicopathological factors of patients with pT1N2-3 and pT3NO GC. A: Assessing the
prognosis of patients with pT1N2-3 GC; B: Assessing the prognosis of patients with pT3NO GC. CEA: Carcino-embryonic antigen; mLNR: Metastatic lymph node
ratio; BMI: Body mass index.
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predicting the 3-year OS of the pT1N2-3 group and the 3- and 5-year OS of the pT3NO group but did not
perform well for predicting the 5-year OS of the pT1N2-3 group (Figure 5).

DISCUSSION

To date, much evidence has been found indicating that appropriate postoperative adjuvant
chemotherapy can improve the survival probability after radical resection[3,13-15]. According to the
results of the ACTS-GC trial[3], the indications for postoperative chemotherapy excluded pT1N2-3
patients who were classified as stage II/IIl due to pT1 and pT3NO patients who were classified as stage
IB based on the 13" edition of the Japanese Classification of Gastric Carcinoma[16]. And in the current
14* edition, pT3NO patients were classified as stage IIA[6]. However, there are still patients with pTIN2-
3 and pT3NO GC who have a poor prognosis, and identifying them through a clinical retrospective
study is of substantial value.

Based on the Cox hazards regression model, our study identified prealbumin, CEA, and mLNR as
independent prognostic factors for pT1IN2-3 patients, while age, BMI, and gastrectomy were
independent prognostic factors for pT3NO patients. Some studies have shown that, as an important
indicator of nutritional assessment, prealbumin plays a key role in the complicated link among systemic
inflammation, malnutrition, and the tumor immune microenvironment[17,18]. Our study showed that
low preoperative prealbumin levels may cause immunodeficiency in patients with stage T1 disease
accompanied by extensive lymph node metastasis, leading to tumor progression[19]. Consistent with
the results of Qiao et al[20], we found that high preoperative CEA level was associated with positive
lymph node metastasis in patients with pT1 disease and predicted a poor prognosis. This is related to
the function of CEA as an isotype of intercellular adhesion molecule that can promote the aggregation
and distant metastasis of tumor cells[21]. In addition, we found that advanced age, low preoperative
BMI, and total gastrectomy, as independent prognostic risk factors for pT3NO patients, were closely
related to postoperative malnutrition, which was consistent with the results of the previous studies[22,
23]. Short- to medium-term postoperative malnutrition might weaken immune function throughout the
body, resulting in an increased risk for cancer recurrence, infectious disease, and death[19]. The
mechanism by which immune function is weakened in malnourished individuals involves cytoplasmic
nutrient sensors affecting T lymphocyte metabolism and intestinal dysfunction changing the pathway of
nutrient sensing[24,25]. Additionally, surgical stress compromises the activity of natural killer (NK) cells
and causes immune dysfunction, which is associated with high cancer recurrence and mortality rates[26,
27]. Therefore, immune dysfunction due to surgical stress and malnutrition may increase the risk for
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early cancer recurrence after surgery.

However, contrary to the findings of Yura et al[5], our findings suggested that mLNR is an
independent prognostic factor for patients with pT1N2-3, rather than N stage. Schwarz et al[28] found
that the prediction of survival based on N stage depended on the total number of lymph nodes resected
and the quantity of negative nodes. However, there is considerable heterogeneity in the number of
recovered lymph nodes due to differences in the skill level of the surgeons and the experience of the
pathologists. Some researchers suggested that variability due to the difference in the number of
recovered lymph nodes might be eliminated by mLNR, and they also found that mLNR was an
independent prognostic factor[29,30]. Therefore, we believe that for evaluating the prognosis of pT1N2-
3 GC patients, mLNR is more suitable than N stage. Furthermore, we found that tumor diameter was
not an independent prognostic factor for pT1N2-3 patients. Tumor diameter was included by Yura et al
[5] as a categorical variable, and the P value became significant only when the optimal cutoff value of
tumor diameter was 30 mm. We included the tumor diameter as a continuous variable, which improved
the reliability of the results. Previous studies have revealed that pT3NO GC patients with vascular infilt-
ration have a higher risk of tumor recurrence[6-8], indicating a poor prognosis, which was not consistent
with our findings. In fact, determination of the presence or absence of postoperative vascular infiltration
may vary due to different staining methods and diagnostic criteria between single centers[31].
Therefore, in the future, a multicenter study that uses unified methods and standards is needed to more
accurately determine the prognostic value of vascular infiltration in pT3NO patients.

Our study showed that whether patients with pT1N2-3b and pT3NO receive postoperative adjuvant
chemotherapy has no significant effect on the OS, which was consistent with the results of previous
studies[3,32]. The JCOG8801 phase III trial compared adjuvant chemotherapy with mitomycin and
fluorouracil to surgery alone. They found that for patients with pT1N+ or pT2-3N0 GC, adjuvant
chemotherapy did not provide additional survival benefits compared with surgery alone and excluded
pTIN2-3 and pT3NO from the indications for postoperative adjuvant chemotherapy. In that trial, the
subgroups of pT1IN2-3 and pT3NO were not examined. It was not known whether all patients with
pT1IN2-3 and pT3NO who receive surgical treatment alone have a good prognosis. In this study, we
evaluated the independent risk factors that affected the prognosis of patients in both groups and
attempted to identify patients who would potentially benefit from adjuvant chemotherapy based on
peripheral blood biomarkers and clinicopathological features. Our study found that pT1N2-3 patients
with high-risk factors, such as low preoperative prealbumin level, high preoperative CEA level, and
high mLNR, would potentially benefit from postoperative adjuvant chemotherapy, while surgical
treatment alone was not guaranteed to improve prognosis. Therefore, appropriate use of adjuvant
chemotherapy after surgery, as well as regular reexamination and close follow-up, is recommended.
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Figure 4 Nomogram models for predicting the survival of patients with pT1N2-3 and pT3NO GC. A: Nomogram model predicting the 3- and 5-year
survival of patients with pT1N2-3 GC; B: Receiver operating characteristic curve (ROC) of the nomogram model for predicting the 3-year survival of patients with
pT1N2-3 GC; C: ROC of the nomogram model for predicting the 5-year survival of patients with pT1N2-3 GC; D: Nomogram model for predicting the 3- and 5-year
survival of patients with pT3NO GC; E: ROC of the nomogram model for predicting the 3-year survival of patients with pT3NO GC; F: ROC of the nomogram model for
predicting the 5-year survival of patients with pT3NO GC. CEA: Carcino-embryonic antigen; mLNR: Metastatic lymph node ratio; BMI: Body mass index.
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However, considering that independent risk factors for prognosis in pT3NO patients, such as advanced
age, preoperative low BMI, and total gastrectomy, are strongly associated with postoperative
malnutrition, we recommend pT3NO patients whose indicators mentioned above indicate a poor
prognosis as candidates for active nutritional intervention. Furthermore, their tolerance to postoperative
adjuvant chemotherapy is poor, and postoperative adjuvant chemotherapy may increase the risk for
malnutrition among these patients[23]. Therefore, postoperative adjuvant chemotherapy is not a
preferred treatment strategy. Clinicians should pay more attention to the postoperative nutritional
condition, complications, and infections of these patients, and select the appropriate time for
postoperative adjuvant chemotherapy based on these factors.

Clinically, some experts have found that pTNM stage based on postoperative pathology can provide
effective but incomplete information for treatment. Patients at the same stage show significant
individual differences in prognosis. Many studies have shown that peripheral blood biomarkers and
clinicopathological features can play effective complementary roles and are widely used in the early
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detection, clinical staging, treatment response monitoring, and prognosis prediction of GC. For example,
Liu et al[33] constructed a nomogram based on inflammatory biomarkers and mLNR to predict the
survival of patients with radical gastrectomy. Therefore, the predictive models constructed by
combining peripheral blood biomarkers with clinicopathological features have the advantages of more
accurate and individualized evaluation of patient prognosis and reducing the differences caused by
heterogeneity. Based on the Cox hazards regression model, we found that prealbumin, CEA, and mLNR
were independent risk factors associated with the prognosis of pT1N2-3 GC patients, and age, BMI, and
gastrectomy were independent risk factors associated with the prognosis of pT3NO GC patients. Then,
we constructed nomogram models to predict the prognosis of patients with pT1N2-3 and pT3N0. ROC
analysis showed that the AUC of the nomogram model in predicting the 3-year and 5-year prognosis of
pT1IN2-3 patients was 0.772 (95%CI: 0.617-0.926) and 0.765 (95%CI: 0.639-0.891), respectively; the
sensitivity was 81.8% and 75.0%, respectively, and the specificity was 73.1% and 73.9%, respectively.
The AUC of the nomogram model in predicting the 3-year and 5-year prognosis of pT3NO patients was
0.632 (95%CI: 0.547-0.837) and 0.699 (95%ClI: 0.629-0.768), respectively; the sensitivity was 52.9% and
64.3%, respectively, and the specificity was 69.9% and 67.3%, respectively. The lower AUC may be
related to the fact that patients with pT3NO tend to have a good prognosis and fewer significant
clinicopathological factors. In addition, the calibration plots showed that the nomogram performed well
for predicting the 3-year OS of the pT1N2-3 group and the 3- and 5-year OS of the pT3NO group but did
not perform well in predicting the 5-year OS of the pT1N2-3 group. This may be due to the small
number of patients in the pT1N2-3 group included in our study. Our results showed that the predictive
model constructed by peripheral blood biomarkers and clinicopathological features can evaluate the
prognosis of patients with pT1N2-3 and pT3NO0, which is worthy of further validation and promotion in
clinical practice.

There were some limitations in this study. First, this was a retrospective study, and the sample size in
the pT1N2-3 group was small. The results of this study need to be verified by more prospective studies.
Second, this was a single-center study, focusing only on Asian populations. Whether these results are
widely applicable to both White and Black populations needs to be further studied by enlarging the
sample size. Third, because pT1N2-3 and pT3NO GC patients are too rare, there is a lack of sufficient
sample size for internal and external validation of nomogram model, which is also the direction of our
further study in the future.

CONCLUSION

The nomogram model based on prealbumin, CEA, and mLNR can be used to predict the prognosis of
pTIN2-3 GC patients. The nomogram model based on age, BMI, and gastrectomy can be used to predict
the prognosis of pT3NO GC patients.

ARTICLE HIGHLIGHTS

Research background

Gastric cancer (GC) is an important public health burden worldwide. The TNM staging system based on
tumor infiltration, regional lymph node metastasis, and distant metastasis is considered as the conven-
tional criterion for evaluating prognosis and guiding treatment after surgery. Adjuvant chemotherapy
can effectively reduce the disease recurrence. Based on the results of the Adjuvant Chemotherapy Trial
of TS-1 for Gastric Cancer (ACTS-GC), stage II/III disease as the standard target of adjuvant
chemotherapy after surgery, with the exception of pathological stages TIN2-3 (pT1N2-3) and pT3NO.
However, in these two groups, there is still a portion of high-risk patients with a poor prognosis.

Research motivation
Analyzing the independent risk factors for the prognosis of pTIN2-3 and pT3NO GC patients will
provide a basis for clinicians to treat and predict the prognosis of these patients in the future.

Research objectives
To identify the high-risk group among these patients after radical surgery by analyzing biomarkers and
clinicopathological features and construct prognostic models for them.

Research methods

This retrospective study analyzed the clinicopathological characteristics and long-term survival data of
459 patients with pT1IN2-3/pT3NO GC, all of whom underwent radical gastrectomy at the Harbin
Medical University Cancer Hospital between January 2000 and April 2016. The chi-square test was used
to analyze the differences in the clinicopathological features between the pT1N2-3 and pT3NO groups.
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The Kaplan-Meier analysis and log-rank test were used to analyze overall survival (OS). The
independent risk factors for patient prognosis were analyzed by univariate and multivariate analyses
based on the Cox proportional hazards regression model. The cutoff values of continuous variables
were analyzed by receiver operating characteristic curve. The nomogram models were constructed with
R studio.

Research results

According to the postoperative pathology report, there were 89 and 370 patients in the pT1N2-3 group
and pT3NO group, respectively. There was no statistically significant difference in OS between the
pTIN2-3 and pT3NO groups (P = 0.374). Prealbumin (P = 0.040), carcino-embryonic antigen (CEA) (P =
0.021), and metastatic lymph node ratio (mLNR) (P = 0.035) were independent risk factors for prognosis
in the pT1N2-3b group. Age (P = 0.039), body mass index (BMI) (P = 0.002), and gastrectomy (P < 0.001)
were independent risk factors for prognosis in the pT3NO group. The area under the curve values of the
nomogram models predicting the 5-year prognosis of the pT1N2-3 group and pT3NO group were 0.765
and 0.699, respectively.

Research conclusions

The nomogram model based on peripheral blood biomarkers and clinicopathological features, including
prealbumin, CEA, and mLNR, can be used to predict the prognosis of pT1N2-3 GC patients. Age, BMI,
and gastrectomy can be used to predict the prognosis of pT3NO GC patients.

Research perspectives
Further multicentric studies are needed to expand the sample size and external validation of the
nomogram models will be performed to determine their predictive ability.
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