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Gastric cancer (GC) is the third-leading cause of cancer mortality worldwide.

The aim of this study was to develop a nomogram that estimates 1-year, 3-year,

and 5-year survival probability of GC patients after D2 gastrectomy combined

with adjuvant chemotherapy. The results showed that median age is 58 (range:

18-85) years in the training cohort and 59 (range: 32-85) years in the validation

cohort. On multivariate analysis, four factors were found to be significantly

associated with worse overall survival (OS): late TNM stage, positive resection

margin, preoperative carcinoembryonic antigen (CEA) level, and single

chemotherapy regimens compared with multiple chemotherapy regimens.

All of these findings were validated in the validation cohort. Furthermore, the

four factors were included in the final nomogram for the prediction of 1-year,

3-year, and 5-year survival probability, with accurate calibration and reasonable

discrimination (C-index = 0.676 for training cohort, and C-index = 0.664 for

validation cohort). The AUC values analyzed by the ROC analysis demonstrated

a good predictive accuracy of the nomogram for OS (1-year, 3-year, and 5-year

OS were 94.43%, 77.42%, and 73.03% in the training cohort, respectively;
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96.95%, 81.54%, and 73.41% in the validation cohort, respectively). In

conclusion, the proposed nomogram may be used to objectively and

accurately predict survival probability of GC patients in a multi-institutional

clinical setting.
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Introduction

Gastric cancer (GC), with an estimated mortality rate of

8.2% in 2018, is the third-leading cause of cancer mortality

worldwide (1). GC is also the third most common cause of

cancer-related deaths among males ranked after lung cancer and

liver cancer. Radical surgery remains the only potential curative

treatment in resectable GC. However, the 5-year overall survival

(OS) rates of GC patients undergoing surgical resection vary a

lot (2, 3). A retrospective analysis in Japan showed the 5-year OS

rates of patients with surgically resected GC for pathological

stage IA, IB, II, IIIA, IIIB, and IV disease as 91.5%, 83.6%, 70.6%,

53.6%, 34.8%, and 16.4%, respectively (2). In spite of novel

chemotherapy regimens and targeted therapies (4), the 5-year

survival for patients with advanced GC has not shown much

improvements (5). Thus, further studies are required to

determine better prognostic factors and treatment regimens.

Different kinds of predictive models for predicting survival

probability of GC patients have been reported. Complex

statistical predictive models containing large quantity of

factors can be simplified to a single brief numerical estimate

model via nomograms to predict the probability of GC patients.

Previous researches have reported the predictive models of

nomograms for disease-specific survival (DFS), relapse-free

survival (RFS), or long-term survival after an R0 resection, or

Gastrectomy with D2 lymphadenectomy (D2 gastrectomy) for

GC (6–8). To predict the survival benefit from the addition of

adjuvant chemotherapy for patients with stage II or stage III GC,

Jiang et al. developed a survival prediction model using a

nomogram (9). However, few nomograms are available for all

the factors concerning patient characteristics, tumor

characteristics, preoperative serum markers, and chemotherapy

regimens. In addition, D2 gastrectomy is the recommended

surgical approach for patients with resectable GC in Europe,

United States and East Asia (10–13). Therefore, we planned to

develop a novel nomogram which would help to accurately

predict the survival probability of GC patients based on patient

and tumor characteristics, laboratory data, and chemotherapy

regimens using a nomogram to predict survival probability of

GC patients after D2 gastrectomy in a multi-institutional clinical
02
setting with a long-term follow-up. We expected the proposed

nomogram to help in objectively and accurately predicting

survival probability of GC patients after D2 gastrectomy with

adjuvant chemotherapy.
Materials and methods

Study population

Patients who had undergone D2 gastrectomy from the First

Affiliated Hospital of Nanjing Medical University from January

2008 to August 2012 (cohort 1) and the First Affiliated Hospital

of Soochow University from May 2016 to November 2016

(cohort 2) were included in our study. Inclusion criteria:

pathologically verified locoregional GC without distant

metastasis (Stage I, II, or III, except T1a); at least two cycles of

chemotherapy within 2 months after surgery. Exclusion criteria:

neoadjuvant treatment; adjuvant radiochemotherapy;

gastrointestinal stromal tumor; synchronous malignancies;

incomplete clinicopathological data.

In total, 639 GC patients were found to be suitable for the

study and they were randomly divided into the training cohort

(n = 426) and the validation cohort (n = 213). The median

follow-up time was 63.7 (95 CI%: 58.2-67.4) months in all the

patients, 63.6 (95 CI%: 57.9-71.7) months in the training cohort,

and 62.3 (95 CI%: 54.3-74.3) months in the validation

cohort, respectively.
Data collection

In this study, the evaluated variables included age, gender,

tumor location (cardia/fundus, corpus, antrum, or whole), tumor

size, depth of tumor invasion, lymph node status, metastatic lymph

node ratio, stage, grading, resection margin status, type of

gastrectomy (total vs subtotal), platelet, hemoglobin, white blood

cell, CEA, CA19-9, and chemotherapy regimens. GC patients were

stratified into 2 age groups of younger or older than 60 years of age

(14, 15). According to the drugs used in the chemotherapies, the
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chemotherapy regimens were divided into single chemotherapy

regimens (5-FU related drugs), and multiple chemotherapy

regimens (paclitaxel-based, oxaliplatin-based therapy, or 5-FU

related drugs). The continuous values of CEA level and CA 19-9

level were used for analyses. The seventh edition of the American

Joint Committee on Cancer (AJCC) tumor- node- metastasis

(TNM) system was used for stage classification. The TNM stage

is pathological.
Statistics

The period of time from the first day of surgery till death or

the last date of follow up was used to define OS. Kaplan–Meier

curves were used to estimate survival distribution, and the log-

rank test was used to evaluate the differences. The Cox

proportional hazards model was performed with a 95% CI for

the univariate and multivariate analyses to study the risk factors.

P value ≤ 0.05 was applied to select variables into multivariate

analysis. We established a nomogram incorporating the

identified potential risk factors to predict survival probability

in SPSS software for Windows (version 19; IBM SPSS, Somers,

NY, USA) and R Statistical Language (version 2.9; Vienna,

Austria). P value ≤ 0.05 is the condition for selecting variables

into the nomogram after multivariate analysis. The nomogram

based on the Cox regression model was used to compute the 1, 3,

and 5 year predicted survival probability of GC for each patient.

The prognostic performance of a nomogram was measured by

the concordance index (c-index), a calibration curve, and area

under the receiver operating characteristic (ROC) curve (AUC).

Statistical significance was defined as P <0.05 in a two-tailed test.

Results

Patients

A total of 639 GC patients from the First Affiliated Hospital of

Nanjing Medical University and the First Affiliated Hospital of

Soochow University were available for our analysis. Demographics

for cohort 1 and cohort 2 are presented in Supplementary Table S1.

The patients were randomly divided into the training cohort (n =

426) and the validation cohort (n = 213). The median age is 58

(range: 18-85) years in the training cohort and 59 (range: 32-85)

years in the validation cohort. There were 308 (72.3%) male in the

training cohort, and 142 (66.67%) male in the validation cohort.

Demographics for training cohort and validation cohort of patients

with operable GC are presented in Table 1.
Univariate and multivariate analyses

Univariate and multivariate analyses were carried out to

determine whether the patient’s baseline characteristics,
Frontiers in Oncology 03
laboratory factors and chemotherapy regimens were

significantly associated with survival of GC patients

undergoing D2 gastrectomy. The univariate analysis showed

that depth of tumor invasion, larger tumor size, positive lymph

node status, late TNM stage, positive surgical margin, CEA level,

CA19-9 level, and single chemotherapy regimens compared with

multiple chemotherapy regimens (Table 2) were the factors

associated with worse survival.

Furthermore, these variables with a P value ≤ 0.05 in the

univariate analysis were analyzed in a multivariate analysis using

a Cox proportional hazards regression model with a forward

stepwise procedure. Considering the information regarding the

variables of depth of tumor invasion and lymph node status were

included in TNM stage, we used TNM stage for the multivariate

analysis. Collinearity diagnostics were carried out before the

multivariate analysis (Supplementary Table S2). The variance

inflation factor (VIF) of each variable with statistical significance

in the univariate analysis is less than 5, with a mean value of 1.36.

Therefore, there is no multi-collinearity among the variable. Late

TNM stage, positive resection margin, CEA level, and single

chemotherapy regimens compared with multiple chemotherapy

regimens with a P value ≤ 0.05 were the four factors linked with

worse OS on the multivariate analysis. We also used the stepwise

method based on AIC criteria to select variables into the

nomogram. The results showed that the AIC-value is the

smallest when these four variables are selected (Supplementary

Table S3). All of these findings were validated in the validation

cohort. In addition, the survival analyses for these factors using

the Kaplan–Meier method are presented in Figure 1.
Nomogram for survival probability

Next, a nomogram incorporating the four clinical predictors

was built up based on the Cox model. We used TNM stage,

resection margin status, CEA level, and chemotherapy regimens

to establish the nomogram, as shown in Figure 2.

For an individual patient, the 1st line shows the number of

points received for each variable value which is loaded on each

variable axis (the 2nd-5th lines). With the sum of these numbers

(the 6th line), we could determine the likelihood of the 1-year, 3-

year, and 5-year survival probability showing in the survival axes

(the 8th -10th line, separately).
Validation of predictive accuracy of the
nomogram for OS

Next, we examined the predictive accuracy and discriminative

ability of the nomogram by concordance index (C-index) and

calibration curve. For predicting OS, the C-index of the

nomogram was 0.676 (95% CI, 0.643–0.709) in the training

cohort, and 0.664 (95% CI, 0.609–0.719) in the validation
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TABLE 1 Demographics for training cohort and validation cohort of patients with gastric cancer (N = 639).

Variable Training cohort (N = 426) N (%) Validation cohort (N = 213) N (%) P value

Age

<60 years 231 (54.23) 110 (51.64) 0.537

≥60 years 195 (45.77) 103 (48.36)

Gender

Male 308 (72.3) 142 (66.67) 0.141

Female 118 (27.70) 71 (33.33)

Primary tumor site

Cardia/fundus 120 (28.17) 51 (23.94) 0.256

Corpus 168 (39.44) 76 (35.68)

Antrum 127 (29.81) 79 (37.09)

Whole 11 (2.58) 7 (3.29)

Depth of tumor invasion

T1 33 (7.75) 17 (7.98) 0.247

T2 61 (14.32) 21 (9.86)

T3 117 (27.46) 52 (24.41)

T4 215 (50.47) 123 (57.75)

Tumor size 0.333

<6 cm 321 (75.35) 167 (78.4)

≥6 cm 103 (24.18) 44 (20.66)

NA 2 (0.47) 2 (0.94)

Lymph node status

N0+N1 186 (43.66) 93 (43.66) 1.000

N2+N3 240 (56.34) 120 (56.34)

Seventh AJCC TNM Stage

I 54 (12.68) 23 (10.80) 0.771

II 109 (25.59) 54 (25.35)

III 263 (61.74) 136 (63.85)

Grading

Well and Moderately differentiated 91 (21.36) 43 (20.19) 0.731

Poorly differentiated 335 (78.64) 170 (79.81)

Resection margin

Negative 322 (75.59) 149 (69.95) 0.127

Positive 104 (24.41) 64 (30.05)

Type of gastrectomy

Total 162 (38.03) 77 (36.15) 0.644

Subtotal 264 (61.97) 136 (63.85)

Hemoglobin g/L [median (IQ values)] 126 (115,141) 126 (115,142) 0.855

White blood cell, ×109/L

<4 39 (9.15) 21 (9.86) 0.774

≥4 387 (90.85) 192 (90.14)

Platelet, ×109/L

<300 379 (88.97) 193 (90.61) 0.523

≥300 47 (11.03) 20 (9.39)

CEA ng/mL [median (IQ values)] 4 (2, 90) 4 (2, 14) 0.455

CA19-9 U/mL [median (IQ values)] 10 (5, 21) 11 (6, 28) 0.143

Chemotherapy regimens

Single 25 (5.87) 11 (5.16) 0.716

Multiple 401 (94.13) 202 (94.84)
Frontiers in Oncology
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NA, not available; metastatic node number: N0, 0; N1, 1-2; N2, 3-6; N3, >6; AJCC, American Joint Committee Cancer; TNM, tumor-node-metastasis; IQ values, interquartile values; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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cohort. In addition, the calibration curves in the training cohort

(Figures 3A–C) and the validation cohort (Figures 3D–F) showed

good agreement between prediction and observation in the

probability of 1-year, 3-year, and 5-year, separately.

The AUC values are analyzed by the ROC analysis for

assessing predictive accuracy of the nomogram for OS

(Figure 4). In the training cohort, the AUC values of the ROC

projected the 1-year, 3-year, and 5-year OS were 94.43% (95%

CI, 90.41%-98.45%), 77.42% (95% CI, 72.83%-82.01%), and

73.03% (95% CI, 67.21%-78.85%), respectively. In the

validation cohort, the AUC values of the ROC projected the 1-

year, 3-year, and 5-year OS were 96.95% (95% CI, 93.70%-

100.00%), 81.54% (95% CI, 75.46%-87.62%), and 73.41% (95%

CI, 64.88%-81.94%), respectively. Therefore, the nomogram

combined of four predictors, showed powerful prognostic

ability in the training cohort and validation cohort.
Discussion

Gastric cancer (GC) is the third-leading cause of cancer

mortality in the world (1). Radical surgery may be the only

potential curative treatment for early GC patients. Despite

radical surgery, the 5-year survival of GC patients with
Frontiers in Oncology 05
different stages varies a lot (2, 16). In addition, tumor

biomarkers (17–22) and adjunctive therapies (23, 24) are

related to the survival time of patients with operable GC.

Therefore, further studies are needed to identify a prognostic

scoring system and select effective treatments for patients

with GC. In this study, we established a nomogram that

estimates 1-year, 3-year, and 5-year survival probability of

GC pat ients af ter D2 gastrectomy combined with

adjuvant chemotherapy.

Herein, we included 639 GC patients undergoing D2

gastrectomy and adjuvant chemotherapy from two institutions

in China. The patients were randomly divided into the training

cohort and the validation cohort. On multivariate analysis, four

factors were associated with significantly worse overall survival

(OS): late TNM stage, positive resection margin, preoperative

CEA level, and single chemotherapy regimens compared with

multiple chemotherapy regimens. Furthermore, the four factors

were used in the final nomogram for the prediction of 1-year, 3-

year, and 5-year survival probability, with accurate calibration

and reasonable discrimination (C-index = 0.676 for training

cohort, and C-index = 0.664 for validation cohort). In addition,

the calibration curve for probability of survival showed good

agreement between predic t ion by nomogram and

actual observation.
TABLE 2 Univariate and multivariate analyses of patients with gastric cancer (training cohort, N = 426).

Variable Univariate analysis Multivariate analysis

HR 95%CI P-value HR 95%CI P-value

Age ≥60 years vs <60 years 1.24 0.95-1.61 0.113 1.04 0.78-1.40 0.758

Female vs Male 1.07 0.80-1.43 0.638

Location (corpus/cardia/fundus vs whole) 1.91 0.84-4.30 0.120

Depth of tumor invasion

T2 vs T1 1.28 0.52-3.14 0.588

T3 vs T1 4.16 1.92-9.04 <0.001

T4 vs T1 4.33 2.02-9.27 <0.001

Tumor size (≥6 cm vs <6 cm) 1.60 1.20-2.13 0.001 1.23 0.89-1.69 0.208

Lymph node status (positive vs negative) 2.79 2.08-3.75 <0.001

Stage II vs I 2.51 1.22-5.16 0.013 1.94 0.89-4.24 0.095

Stage III vs I 6.43 3.28-12.58 <0.001 5.11 2.47-10.54 <0.001

Grading (poorly vs well and moderately differentiated) 0.92 0.67-1.25 0.586

Resection margin (positive vs negative) 1.96 1.48-2.61 <0.001 1.78 1.31-2.43 <0.001

Type of gastrectomy (total vs subtotal) 1.25 0.96-1.64 0.096

Hemoglobin (<110 g/L vs ≥110 g/L) 1.00 0.99-1.00 0.685

White blood cell (<4×109/L vs ≥4×109/L) 1.20 0.75-1.92 0.452

Platelet (≥300×109/L vs <300×109/L) 1.31 0.88-1.97 0.183

CEA (ng/mL) 1.01 1.00-1.01 0.022 1.01 1.00-1.01 0.024

CA19-9 (U/mL) 1.00 1.00-1.00 0.002 1.00 0.99-1.00 0.247

Chemotherapy regimens (Multiple vs single) 0.49 0.31-0.79 0.003 0.48 0.30-0.78 0.003
front
Data in bold indicates P < 0.05.
HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee Cancer; TNM, tumor-node-metastasis; IQ values, interquartile values; CEA, carcinoembryonic antigen; CA19-
9, carbohydrate antigen 19-9; LDH, lactic dehydrogenase.
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Some studies have reported different models of nomogram for

resectable or advanced GC patients (6, 25, 26). However, these

published studies have not established a prognostic nomogram

including all the factors concerning patient characteristics, tumor

characteristics, preoperative serum markers, and chemotherapy

regimens. Kattan et al. developed a postoperative nomogram,

which included number of positive/negative lymph nodes

resected and depth of invasion to predict 5-year disease-free

survival (DFS) after an R0 resection for GC (6). Muneoka et al.

reported a nomogram for 5-year relapse-free survival (RFS) of

advanced GC patients who had undergone curative resection for

stage II or III GC and never received any adjuvant chemotherapy

(8).The study of Muneoka et al. revealed that depth of invasion and
Frontiers in Oncology 06
number of metastasized lymph nodes were significant prognostic

factors affecting RFS. In our present study, we established a

nomogram that estimates 1-year, 3-year, and 5-year survival

probability of GC patients after D2 gastrectomy combined with

adjuvant chemotherapy. In accordance with the reported studies,

we also found that depth of tumor invasion, positive lymph node

status, higher metastatic lymph node ratio, late TNM stage were

linked with worse survival in univariate Cox analysis. In addition,

the late TNM stage retained a significant prognostic factor

associated with worse OS of GC patients undergoing D2

gastrectomy combined with chemotherapy in multivariate

analysis. Moreover, the TNM stage is considered as one of the

predictors incorporated in our proposed nomogram for operable
B CA

FIGURE 1

Kaplan–Meier curves of overall survival (OS) in gastric cancer patients according to TNM stage (A), resection margin (B), and chemotherapy
regimens (C).
FIGURE 2

A nomogram for gastric cancer patients undergoing radical surgery and adjuvant chemotherapy. (To use the nomogram, for an individual
patient, the value is loaded on each variable axis (the 2nd-5th lines), and a line is drawn upward to determine the number of points received for
each variable value (the 1st line). The sum of these numbers is located on the total points axis (the 6th line), and a line is drawn downward to the
survival axes (the 8th-10th line, separately) to determine the likelihood of the 1-year, 3-year, and 5-year survival probability.
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B C

D E F

A

FIGURE 3

Calibration Curve for training group and validation group. The calibration curve for predicting the 1-year, 3-year, and 5-year survival probability
of GC patients in the training cohort (A–C) and the validation cohort (D–F). Nomogram-predicted probability of overall survival is plotted on the
x-axis; actual overall survival is plotted on the y-axis.
FIGURE 4

Area under the receiver operating characteristic (ROC) curve (AUC) for assessing predictive accuracy of the nomogram for OS. Red, training
cohort; blue, validation cohort.
Frontiers in Oncology frontiersin.org07
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GC patients undergoing chemotherapy treatment. Kattan and

Muneoka et al. focused on studying the prognostic factors of

patient and tumor characteristics. However, in our study, along

with patient and tumor characteristics, we also took preoperative

serum markers and chemotherapy regimens into consideration.

Many large trials have demonstrated that a perioperative

chemotherapy and postoperative chemotherapy regimen

significantly improved PFS or OS in patients with resectable GC

(27–30). It was found that the OS and RFS were improved among

those Asian patients who had received postoperative adjuvant

therapy with S-1 (an oral Fluoropyrimidine) after a D2 dissection

for locally advanced GC (29, 31). The CLASSIC trial showed that

adjuvant capecitabine plus oxaliplatin significantly improved 3-year

DFS, 5-year DFS, and 5-year OS after D2 gastrectomy for patients

with stage II or III GC, compared with observation (32, 33).

Kawamoto et al. reported the SNOW regimen (a combination of

S-1, nab-paclitaxel and oxaliplatin) as a promising new triplet

therapy for advanced GC (34). Han et al. established a

nomogram for GC patients after D2 gastrectomy to predict long-

term survival (7). In Han’s study, adjuvant chemotherapy failed to

demonstrate significance in the Cox regression model and was

excluded from the nomogram. Han et al. claimed that adjuvant

chemotherapy was not a significant variable in their study because

of two main reasons: a) no standard regimens had been established

after gastrectomy with D2 lymphadenectomy before 2007; b) in

their institution, adjuvant chemotherapy based on fluorouracil and

platinum was omitted only in patients with stage II or III GC with

poor functional status and reluctant to receive chemotherapy. In

our study, all the patients were treated with standard D2

gastrectomy after January 2008 and followed by adjuvant

chemotherapy. We compared the treatment effects among single

chemotherapy regimens (5-FU related drugs), and multiple

chemotherapy regimens (paclitaxel, oxaliplatin, or 5-FU related

drugs). Our results showed that multiple chemotherapy regimens

were associated with significantly better OS as compared with single

chemotherapy regimens on univariate and multivariate analyses. In

addition, chemotherapy regimens were used in the nomogram to

predict 1-year, 3-year, and 5-year OS of GC patients undergoing D2

gastrectomy combined with adjuvant chemotherapy.

Serum markers have been considered as significant diagnostic

and prognostic factors for cancer patients (7, 35, 36). Duraker et al.

documented that OS was significantly poorer in CEA positive

patients (log-rank test, P = 0.003) (35). In a prospective study,

Takahashi et al. depicted the role of serum CEA level in monitoring

GC recurrence postoperatively, especially in patients with high

preoperative levels (36). Our study also demonstrated elevated

CEA level as a prognostic indicator for poorer OS in GC patients

undergoing radical surgery and chemotherapy.

As no standard targeted therapy regimens had been

established in 2008, we did not include the targeted therapy

regimens. With the success of phase 3 trials like ToGA (37),

REGARD (38), RAINBOW (39) and others in advanced GC

patients, the targeted therapies have to be taken into
Frontiers in Oncology 08
investigation in future studies. A limitation of this study is a

retrospective study at two institutions. Therefore, the proposed

nomogram still needs to be examined to objectively and

accurately predict survival probability of GC patients in a

prospective multi-institutional clinical setting.

In conclusion, we established a nomogram for the prediction

of 1-year, 3-year, and 5-year survival probability of GC patients

after D2 gastrectomy combined with adjuvant chemotherapy.

The nomogram incorporates TNM stage, resection margin,

preoperative CEA level, and chemotherapy regimens based on

the Cox model with accurate calibration and reasonable

discrimination. These findings might shed light on prospective

multi-institutional trials in operable GC toward clinical

applications of the proposed nomogram.
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