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Abstract

BACKGROUND

The incidence of proximal gastric cancer (GC) is increasing, and methods for the
prediction of the long-term survival of proximal GC patients have not been well
established.

AIM
To develop nomograms for the prediction of long-term survival among proximal
GC patients.

METHODS
Between January 2007 and June 2013, we prospectively collected and
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retrospectively analyzed the medical records of 746 patients with proximal GC,
who were divided into a training set (n = 560, 75%) and a validation set (n = 186,
25%). A Cox regression analysis was used to identify the preoperative and
postoperative risk factors for overall survival (OS).

RESULTS

Among the 746 patients examined, the 3- and 5-year OS rates were 66.1% and
58.4%, respectively. In the training set, preoperative T stage (cT), N stage (cN),
CA19-9, tumor size, ASA core, and 3- to 6-mo weight loss were incorporated into
the preoperative nomogram to predict the OS. In addition to these variables,
lymphatic vascular infiltration (LVI), postoperative tumor size, T stage, N stage,
blood transfusions, and complications were incorporated into the postoperative
nomogram. All calibration curves used to determine the OS probability fit well.
In the training set, the preoperative nomogram achieved a C-index of 0.751 [95%
confidence interval (CI): 0.732-0.770] in predicting OS and accurately stratified
the patients into four prognostic subgroups (5-year OS rates: 86.8%, 73.0%,
43.72%, and 20.9%, P < 0.001). The postoperative nomogram had a C-index of
0.758 in predicting OS and accurately stratified the patients into four prognostic
subgroups (5-year OS rates: 82.6%, 74.3%, 45.9%, and 18.9%, P < 0.001).

CONCLUSION
The nomograms accurately predicted the pre- and postoperative long-term
survival of proximal GC patients.

Key words: Proximal gastric cancer; Preoperative; Nomogram; Prediction; Prognosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The prognosis of patients with proximal gastric cancer (GC) is not ideal. The
purpose of this study was to investigate the preoperative and postoperative factors
associated with survival among proximal GC patients to establish a corresponding
predictive model.

Citation: Chen QY, Hong ZL, Zhong Q, Liu ZY, Huang XB, Que SJ, Li P, Xie JW, Wang JB,
Lin JX, Lu J, Cao LL, Lin M, Tu RH, Zheng CH, Huang CM. Nomograms for pre- and
postoperative prediction of long-term survival among proximal gastric cancer patients: A
large-scale, single-center retrospective study. World J Clin Cases 2019; 7(21): 3419-3435
URL: https://www.wjgnet.com/2307-8960/full/v7/i21/3419.htm

DOI: https://dx.doi.org/10.12998/wjcc.v7.i21.3419

INTRODUCTION

Gastric cancer (GC) is the fourth most common malignant tumor worldwide and
currently ranks second among the causes of cancer-related deaths!'. In recent years,
the incidence of proximal GC has been increasing. The biological behaviors of
proximal GC and cancer in the lower portion of the stomach exhibit certain
differences; most studies suggest that the effect of treating proximal GC is lower than
that of treating cancer in the lower portion of the stomach. Currently, although there
has been great progress in the early diagnosis of and radical surgery and
chemotherapy for proximal GC, the postoperative prognosis of patients with this type
of cancer is still not ideal®. According to the relevant provisions of the Union for
International Cancer Control (UICC), the TNM staging system, which includes
infiltration depth, lymph node metastasis, and distant metastasis, is among the most
important indexes used to evaluate the prognosis of patients with GCF. However,
certain differences in the prognosis of patients still exist, even among patients with the
same stage of the disease. Determining how to individualize treatment according to
the characteristics of cancer patients and the features of the tumor is still a main
problem in the treatment of proximal GC.

Nomograms have been used for the construction of several common tumor
prognosis prediction modelst”l. The performance of such nomogram-based models is
superior to that of the traditional staging system!’l. Most current studies that analyzed
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the prognosis of GC patients who underwent individualized treatment and follow-up
used a nomogram prediction model based on postoperative factors; however, few
scholars have reported a prognosis prediction model associated with a nomogram
involving the preoperative factors of proximal GC. A preoperative nomogram
prognosis prediction model can be a simple and effective prediction tool for the early
identification of a poor prognosis following proximal GC radical surgery and can
provide an important reference for choosing appropriate cases for comprehensive
preoperative treatment. Therefore, the aim of this study was to develop preoperative
and postoperative nomogram prediction models for long-term survival using
retrospectively analyzed data from patients with proximal GC based on a prior
investigation of the preoperative and postoperative prognostic factors.

MATERIALS AND METHODS

Materials
This study involved a retrospective analysis of a prospectively collected database of
2929 GC patients treated by radical surgery at the Department of Gastric Surgery of
Fujian Medical University Union Hospital, Fuzhou, China between January 2007 and
June 2013. The following inclusion criteria were used: (1) Histologically confirmed
primary adenocarcinoma in the proximal third of the stomach; (2) No evidence of
tumor invasion in adjacent organs (the pancreas, spleen, liver, or transverse colon),
enlargement or integration of the para-aortic or splenic hilar lymph nodes (LNs), or
distant metastasis demonstrated by preoperative abdominal computed tomography
(CT), abdominal ultrasound, or endoscopic ultrasound; and (3) Total gastrectomy plus
D2 lymphadenectomy with curative RO resection based on the postoperative
pathological diagnosis. The exclusion criteria included the following: Any patients in
whom the center of the tumor was located in the middle or lower portion of the
stomach (n = 1971); patients with T4b tumors (n = 152); intraoperative or
postoperative evidence of peritoneal dissemination or distant metastasis (n = 13);
incomplete clinicopathological data (n = 35); or gastric stump carcinoma (n = 12).
Finally, in total, 746 patients were included in this study (Figure 1). Of these 746
patients, 613 were men (82.2%) and 133 were women (17.8%) with an average age of
63.14 +10.05 years. The data from the laboratory blood tests, which were conducted
within 1 week prior to surgery, included the preoperative albumin, hemoglobin,
tumor marker (CA125, AFP, CA19-9, CA72-4, and CEA), and fibrinogen levels. The
preoperative comorbidities were described according to the classification system of
the American Society of Anesthesiologistsl’. The postoperative tumor size was
determined based on a measurement of a tumor tissue sample removed from the
tumor with the largest diameter"”. The data regarding the patient demographics,
underlying diseases, clinicopathology, and preoperative and postoperative
monitoring were recorded in a clinical data system for GC surgery. The type of
surgical resection and extent of LN dissection were selected according to the Japanese
GC treatment guidelines!"'l. The resected specimens were histopathologically
examined and staged according to the 7th edition of the UICC TNM classification!".
The research proposal was reviewed by the Research Ethics Committee at the
university, and all procedures were performed after obtaining written informed
consent from the patients following an explanation of the surgical and oncological
risks.

Diagnosis and follow-up

The preoperative T and N stages of the neoplasms were assessed in all patients via
proximal digestive endoscopy with a biopsy, chest X-ray, total abdominal ultrasound,
and abdominopelvic CT. The preoperative T staging criteria were as follows: cT1-3:
tumors located between the mucosal and serosal layers with no evidence of the
involvement of the serosal surface or adjacent structures; and cT4: cancer affecting the
serosal surface or directly infringing on adjacent structures!”**l. The preoperative N
staging criteria were as follows: cNO: short diameter of the regional lymph nodes less
than or equal to 8 mm; and cN+: short diameter of the regional lymph nodes greater
than 8 mm!*'*l. Trained investigators performed the postoperative follow-up through
mail, telephone calls, home visits, or outpatient services. The overall survival (OS)
was calculated from the day of surgery until death or the final follow-up date of June
2016, whichever occurred first.

Statistical analysis
The statistical processing of all data was performed using SPSS version 18.0 (SPSS,
Chicago, IL, United States). The optimal threshold levels of the preoperative blood
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Patients with gastric cancer who underwent
radical gastrectomy between December 2006 and
June 2013 (7 = 2929)

Excluded (7 = 1971)

Patients with gastric cancer whose tumor center
was located in the middle or lower part of the
stomach (7 = 1971)

Patients with upper gastric cancer (7 = 958)

Excluded (7 = 165)

T4b tumor (7 = 152)
Intraoperative evidence of peritoneal
dissemination or distant metastasis (7 = 13)

Patients with curative RO resection (7 = 793)

Excluded (n = 47)

Gastric stump carcinoma (7 = 12)
Incomplete clinicopathological data (7 = 35)

Patients included in the analysis (7 = 746)

Training set (7 = 560)

Validation set (7 = 186)

Figure 1 Flow chart depicting the patient selection process.

CEA, CA19-9, etc. for predicting prognosis were acquired through the X-tile
softwarel'”! (Figure 2). Using random sampling methods in SPSS 18.0, the data were
divided 75/25; 75% of the patients were used in the training set, and 25% were
included in the validation set. The optimal threshold levels of preoperative blood
CEA and CA19-9 for the prediction of prognosis, which were acquired using the log-
rank test with the X-tile Software, were 4 ng/mL and 33.35 ng/mL, respectively. The
continuous data are reported as the mean + SD, and the differences between the sets
were analyzed using t-tests. The categorical data are presented as proportions and
percentages and were analyzed using the chi-square test or Fisher’s exact test. The
Kaplan-Meier method was used to conduct the univariate analyses, and the log-rank
test was used to compare the significant differences among the subgroups. The Cox
regression method was applied for the multivariate analysis of the factors influencing
the OS in the patients undergoing surgery for proximal GC. The results of the
multiple-factors analysis and each risk grouping are shown with hazard ratio (HR)
values and the corresponding 95% confidence intervals (Cls). The R software (version
3.2.0) was used to describe the nomogram based on independent prognostic
factors!'*'’l. Receiver operating characteristic (ROC) and area under the curve (AUC)
analyses were used to determine the adequacy of the prediction models. Values of 0.7
and higher were considered clinically significant, and the optimal cut-off values were
established according to the Youden index of the ROC™. This model was internally
validated through the validation set. P values < 0.05 were considered statistically
significant.

RESULTS

Comparison of general clinical data between the training and validation sets

Of the 560 patients in the training set, there were 462 men (82.5%) and 98 women
(17.5%). The average age was 62.98 + 10.72 years, and the average body mass index
(BMI) was 22.03 * 3.52 kg/m? Of the 186 patients in the validation set, 151 (81.2%)
were men and 35 (18.8%) were women; the mean age was 63.64 + 10.00 years, and the
average BMI was 21.79 + 3.57 kg/m? The preoperative and postoperative
clinicopathological data of the patients in the training set did not statistically
significantly differ from those of the patients in the validation set (P > 0.05) (Table 1).

0S among patients in the training and validation sets

As of the June 2016 follow-up, the patient groups had a median follow-up time of 72
mo (36-112 mo), and the follow-up rate was 97.3%. The 3- and 5-year OS rates among
the patients in the training set were 64.9% and 57.3%, respectively. Among the
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Figure 2 X-tile used to confirm the cutoff values for CEA (A) and CA19-9 (B).

patients in the validation set, the 3- and 5-year OS rates were 69.7% and 62.1%,
respectively.

Analysis of factors related to OS among patients in the training set

Univariate and multivariate methods were used to analyze the preoperative and
postoperative factors associated with OS in the postoperative proximal GC patients.
The preoperative single-factor analysis showed that age, preoperative T stage (cT),
preoperative N stage (cN), preoperative CA19-9, CEA, ALB, and fibrinogen levels,
ASA score, preoperative tumor size, and weight loss in 3-6 mo could significantly
affect the OS (P < 0.05). The multi-factor analysis showed that cT, cN, preoperative
CA19-9 level, ASA score, preoperative tumor size, and weight loss in 3-6 mo were
independent preoperative risk factors affecting OS (Table 2). The postoperative single-
factor analysis showed that postoperative T stage and N stage, postoperative tumor
size, vascular invasion, postoperative blood transfusion, postoperative complications,
and neoadjuvant chemotherapy could significantly affect the OS (P < 0.05). The
multiple-factor analysis showed that postoperative T stage and N stage, postoperative
vascular nerve invasion, tumor size, postoperative blood transfusion, and
postoperative overall complications were also independent postoperative risk factors
for OS (Table 3).

Development of a preoperative nomogram model for OS in patients and prediction

of performance of the model

A nomogram prediction model was developed based on the preoperative
independent risk factors that affected the OS in the postoperative proximal GC
patients (Figure 3). The C-index of the forecasting model was 0.751 (95%CI: 0.732-
0.770). The postoperative 3-year and 5-year OS rate calibration curves indicated that
the discriminative ability of the nomogram prediction model was similar to that of
actual observation (Figure 4). To further test the validity of the nomogram prediction
model, we divided the patients into quartile 1, quartile 2, quartile 3, and quartile 4 to
obtain four different prognosis levels according to the score obtained from the
forecast model; the 5-year OS rates of the four subgroups were 86.8%, 73.0%, 43.72%,
and 20.9% (P < 0.001) (Figure 5).

Development of a postoperative nomogram model for OS in patients and prediction

of performance of the model

A nomogram prediction model was developed based on the postoperative
independent risk factors that affected the OS in the postoperative proximal GC
patients (Figure 6). The C-index of the forecasting model was 0.758 (95%CI: 0.739-
0.777). The postoperative 3-year and 5-year OS rate calibration curves indicated that
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Table 1 Comparison of preoperative and postoperative clinicopathology data in the training and

validation sets

Validation
Model set (1 = 560) set (n = P value

186)
Age (yr) 0.648
<65 313 98
> 65 247 88
Gender 0.446
Female 98 35
Male 462 151
BMI (kg/m?) 0.382
<25 473 162
=225 87 24
Preoperative tumor size(cm) 0.736
<5 272 93
25 288 93
Preoperative N stage 0.965
NO 269 89
N+ 291 97
Preoperative T stage 0.066
T1-3 190 77
T4 370 109
Preoperative CA19-9 (U/mL) 0.643
<33.35 463 151
>33.35 97 85
Preoperative CEA (ug/mL) 0.487
<4 365 116
>4 195 70
ASA score 0.511
1 309 114
2 195 58
3 5B 14
4 1 0
Accompanying disease 0.087
No 359 132
Yes 201 54
History of epigastric operation 0.432
No 544 183
Yes 16 3)
Preoperative Charlson score 0.311
0 368 133
1-2 184 50
>3 8 3
HB, g/L 0.208
29.0 500 172
<9.0 60 14
ALB, g/L 0.096
=35 418 150
<35 142 36
Fibrinogen, g/L 0.067
<4 364 107
>4 196 79
3- to 6-mo weight reduction 0.835
No 321 105
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Table 2 Preoperative analysis of overall survival

Multivariate analysis

Univariate analysis

Reishidenge WJCC | https://www.wjgnet.com

Variable HR (95%Cl) Pvalue  HR (95%CI) P value
Preoperative tumor size(cm) <0.001 0.012
<5 Ref Ref

25 2.953 (2.227-3.915) 1.480 (1.090-2.010)
Preoperative N stage <0.001 <0.001
NO Ref Ref

N+ 3.219 (2.428-4.268) 2.069 (1.536-2.787)
Preoperative T stage <0.001 <0.001
T1-3 Ref Ref

T4 4.550 (3.132-6.609) 2.767 (1.846-4.148)
Preoperative CA19-9 (U/mL) <0.001 0.003
<3335 Ref Ref

>33.35 2.250 (1.750-2.894) 1.569 (1.166-2.110)

ASA score <0.001 <0.001
1 Ref Ref

2 1.725 (1.299-2.289) 1.675 (1.257-2.230)

3 3.805 (2.677-5.409) 3.257 (2.271-4.670)

3- to 6-mo weight loss <0.001 0.036
No Ref Ref

Yes 1.588 (1.231-2.049) 1.316 (1.019-1.701)

Age (yr) 0.008

<65 Ref

>65 1.412 (1.095-1.821)

Gender 0.318

Female Ref

Male 1.178 (0.854-1.625)

BMI (kg/m?) 0.473

<25 Ref

225 0.875 (0.609-1.259)

Accompanying disease 0.673

No Ref

Yes 0.944 (0.724-1.232)

History of abdominal surgery 0.704

No Ref

Yes 1.146 (0.566-2.321)

Preoperative Charlson score

0 Ref

1-2 1.007 (0.768-1.322) 0.959

>3 2.202 (0.973-4.982) 0.058

Preoperative CEA (ug/mL) <0.001

<4 Ref

>4 1.673 (1.294-2.164)

HB, g/L 0.265

29.0 Ref

<9.0 1.239 (0.850-1.808)

ALB, g/L 0.014

>35 Ref

<35 1.410 (1.072-1.854)

Fibrinogen, g/L 0.003

<4
>4

Ref
1.471 (1.137-1.904)
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Table 3 Postoperative analysis of overall survival

Univariate analysis Multivariate analysis
Variable HR (95%Cl) Pvalue HR (95%CI) P value
Postoperative T stage <0.001 0.005
T1 Ref Ref
T2 2.743 (1.054-7.139) 2.210 (0.843-5.794)
g 6.359 (2.759-14.657) 2.730 (1.130-6.594)
T4a 9.829 (4.345-22.235) 3.847 (1.595-9.278)
Postoperative N stage <0.001 <0.001
NO Ref Ref
N1 1.371 (0.820-2.290) 0.962 (0.564-1.639)
N2 1.984 (1.250-3.151) 1.251 (0.767-2.041)
N3 5.967 (4.109-8.663) 2.659 (1.708-4.139)
Postoperative tumor size(cm) <0.001 0.022
<5 Ref Ref
25 2.938 (2.172-2.973) 1.503 (1.060-2.132)
Lymphatic vascular infiltration (LVI) <0.001 <0.001
No Ref Ref
Yes 3.185 (2.447-4.146) 2.690 (2.036-3.554)
Postoperative blood transfusion <0.001 0.025
No Ref Ref
Yes 1.971 (1.402-2.771) 1.505 (1.052-2.153)
General complications 0.001 0.028
No Ref Ref
Yes 1.784 (1.278-2.490) 1.477 (1.042-2.093)
Digestive tract fistula 0.125
No Ref
Yes 2.001 (0.825-4.855)
Postoperative obstruction 0.033
No Ref
Yes 2.629 (1.083-6.386)
Incisional infection 0.984
No Ref
Yes 0.986 (0.245-3.966)
Abdominal infection 0.964
No Ref
Yes 1.021 (0.421-2.476)
Pulmonary infection 0.001
No Ref
Yes 2.104 (1.378-3.211)
Peritoneal lymphatic fistula 0.565
No Ref
Yes 1.297 (0.535-3.147)
intra-Abdominal hemorrhage 0.093
No Ref
Yes 2.136 (0.880-5.181)
Tumor involvement of the esophagus 0.328
No Ref
Yes 1.141 (0.876-1.487)
Neoadjuvant chemotherapy 0.012
No Ref
Yes 2.480 (1.225-5.022)
Adjuvant chemotherapy
No Ref
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Yes 1.166 (0.902-1.507) 0.242
Lymph node ratio 1.697 (0.998-2.867) 0.053

the discriminative ability of the nomogram prediction model was similar to that of
actual observation (Figure 7). To further test the validity of the nomogram prediction
model, we divided the patients into quartile 1, quartile 2, quartile 3, and quartile 4 to
obtain four different prognosis levels according to the score obtained from the
forecast model. The 5-year OS rates of the four subgroups were 82.6%, 74.3%, 45.9%,
and 18.9% (P < 0.001) (Figure 8).

Internal validation test of effectiveness and accuracy of the proposed prediction

model

The 3-year and 5-year OS calibration curves for the preoperative and postoperative
nomogram prediction models using the validation set indicated that the
discriminative ability was similar to that of actual observation.

In the training set, the optimal cutoff point for the total score in either the
preoperative or postoperative nomogram prediction model for the training and
validation sets was 18. The sensitivity, specificity, positive predictive value, and
negative predictive value for the OS of proximal GC patients predicted by the
preoperative nomogram prediction model were 73.6%, 75.3%, 74.9%, and 74.1%,
respectively, while these values in the postoperative nomogram prediction model
were 70.6%, 76.4%, 81.8%, and 63.4%, respectively.

In the validation set, the optimal cutoff point for the total score in either the
preoperative or postoperative nomogram prediction model for the training and
validation sets was 18. The sensitivity, specificity, positive predictive value, and
negative predictive value for the OS of proximal GC patients predicted by the
preoperative nomogram prediction model were 76.8%, 74.4%, 75.5%, and 82.8%,
respectively, while these values in the postoperative nomogram prediction model
were 85.5%, 59.8%, 70.4%, and 78.7%, respectively (Table 4).

DISCUSSION

GC is among the most common malignant tumors of the digestive system, and the
key to enhancing the postoperative survival rate of GC patients is to pursue
individualized and effective treatment measures suitable for different patients with
GC. Searching for indicators that can effectively predict a poor prognosis in patients
with GC may facilitate the formulation of an individualized treatment plan and
thereby improve the prognosis of patients!”]. However, most research analyzing the
risk factors related to the prognosis of GC has been limited to related postoperative
factors, lacking guiding significance for a preoperative prediction. This study first
investigated the preoperative and postoperative factors associated with prognosis in
postoperative proximal GC patients and then developed an optimal model to predict
the prognosis of patients undergoing proximal GC surgery.

A postoperative nomogram prediction model can help patients regarding
individualized treatment and follow-up; clinical research designs, postoperative
follow-up, and the implementation of adjuvant therapy can be performed according
to the guidance of different prognostic levels of the patients. There are a few reports of
a prognosis nomogram prediction model for postoperative GC. Kattan ef al! and Han
et all’! proposed a nomogram to predict the long-term survival of patients after RO
resection for GC based on the postoperative depth of tumor invasion, tumor size,
tumor site, and other risk factors. A study conducted by Qian et al constructed a
clinical prognostic scoring system for resectable GC patients using the TNM staging,
the postoperative rate of lymph node metastasis, lymphovascular invasion, and other
risk factors!’. Considering the overall postoperative GC prognosis prediction model,
we found that the related indicators of blood transfusions and postoperative
complications during the postoperative recovery process are also important
components of the postoperative prediction model for proximal GC. The statistical
weights of blood transfusion and postoperative complications in the prediction model
were 1.505 and 1.477, respectively. Studies have reported” ! that an allogeneic blood
transfusion can alter normal immune cells and induce the differentiation of regulatory
T cells, thereby inhibiting the activity of natural killer cells, leading to a decline in
immune function; therefore, metastatic or residual tumor cells in the human body can
escape the surveillance of the immune system. Some scholars have also hypothesized
that blood transfusion-related immunosuppression can lead to the recurrence of tiny
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Figure 3 Preoperative nomogram for predicting overall survival in proximal gastric cancer patients after operation (C-index = 0.751).
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27,28]

residual tumor lesions in early GC patients after radical gastrectomy!*?
Furthermore, data from 751 patients who underwent a radical resection of the
stomach were retrospectively analyzed, and the results showed that postoperative
complications have a significant impact on the 5-year OS; the patients were divided
into grades 1, 2, 3, and 4 according to the grade of the severity of the overall
complications, and the 5-year OS in each level was 43.0%, 42.5%, 25.5%, and 9.6%,
respectively (P < 0.001)*’l. Therefore, we believe that the occurrence of overall
complications is also an important factor in the postoperative GC prediction model.
Our model includes not only the condition of the tumor in postoperative patients but
also the recovery process, which is difficult to predict preoperatively. The C-index of
the prediction model was 0.758, and the training set and internal validation of the OS
calibration curve revealed that the discriminative ability of the nomogram prediction
model was similar to actual observation. The prediction model was further divided
into four different prognostic levels, and the patients among the subgroups exhibited
remarkably different OS rates. Therefore, our postoperative model can more
accurately predict OS in postoperative proximal GC patients.

In recent years, with progress in preoperative treatments, including new adjuvant
chemotherapy, determining how to accurately judge the prognosis of patients
preoperatively is critical. In addition, a preoperative prediction model can provide a
simple and effective prediction tool to preoperatively distinguish between
postoperative high and low mortality risk groups of patients with proximal GC. The
targeted adoption of a relevant, more positive and effective operation has important
significance for improving the prognosis of patients with proximal GC after
operation. Furthermore, physicians could have a more comprehensive preoperative
conversation with high-risk patients regarding the poor postoperative prognosis.
Additionally, the preoperative prediction model can provide an important reference
for choosing the appropriate preoperative cases for radical GC surgery. To date, no
accurate and effective prognosis prediction model has been established based on the
preoperative risk factors. The development of the preoperative nomogram model for
predicting OS in proximal GC patients in our study included preoperative T stage,
preoperative N stage, preoperative tumor size, preoperative CA19-9 level, ASA score,
and 3- to 6-mo weight loss. According to a previous report”’, a more advanced
preoperative T and N stage, a greater preoperative tumor diameter, and a higher
CA19-9 level indicate a greater tumor load, and thus, the prognosis is worse.
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Figure 4 Postoperative 3-year and 5-year overall survival rate calibration curves. A: Training set calibration
curve for the preoperative nomogram for predicting the 3-year OS; B: Validation set calibration curve for the
preoperative nomogram for predicting the 3-year OS; C: Training set calibration curve for the preoperative nomogram
for predicting the 5-year OS; D: Validation set calibration curve for the preoperative nomogram for predicting the 5-
year OS. OS: Overall survival.

Additionally, by studying 455 patients who underwent radical resection for GC, Liu et
alt'! found that weight loss is an independent prognostic factor for OS. A possible
reason for this finding is that patients with a preoperative weight loss have nutritional
dysfunction; under this condition, the function of the immune system is relatively
low, and the level of tumor cell resistance and the amount of various cellular factors
in the blood are inadequate. Langius et al"”! believes that patients with preoperative
weight loss have a significantly lower content of iNKT cells in the blood, and iNKT
cells have significant antitumor effects. Furthermore, weight loss may be affected by
cancer cachexia syndrome, and patients with cachexia tend to exhibit a significant
weight loss. Previous studies report that patients with cachexia syndrome often have
a poor prognosistl. Lee et al*report that GC patients with a preoperative ASA grade
of 3 points or above have a significantly increased incidence of postoperative
complications and mortality. Thus, the ASA score is considered an important
reference index that influences the prognosis of GC patients. Therefore, incorporating
the above index into the development of the preoperative nomogram prediction
model for OS in proximal GC postoperative patients enables a more accurate and
reliable result. Our results show that the C-index of the preoperative nomogram
prediction model (0.751) was similar to that of the postoperative nomogram
prediction model, and a simple reference is provided for the prediction of the
prognosis of patients preoperatively. The prediction model combined the
preoperative risk factors for the prognosis of patients, and the patients could be
divided into four different levels; the OS significantly differed among the subgroups.
In addition, we conducted an internal validation, which further confirmed the
effectiveness and clinical practical value of the postoperative and preoperative
nomogram prediction models.

There are certain limitations in this study. First, the study was conducted at a single
center, and the included patients originated from Eastern countries. Compared with
Western countries, Eastern countries have a higher incidence of GC, there are more
cases of advanced GC, and the BMI is lower. Therefore, the results require verification
by performing a multi-center, prospective trial with a large sample that combines
cases from Eastern and Western countries. Second, the data regarding preoperative
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Figure 5 Survival curve cutoff points for the preoperative nomogram quartiles.
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systemic inflammatory markers, such as CRP, were incomplete. We aim to further
analyze the prognostic factors affecting survival through multi-center data with
preoperative inflammatory markers and establish a more powerful application of the
new nomogram. However, this study is the first to provide both preoperative and
postoperative prognostic models for patients with proximal GC. Clinical surgeons can
use this model to accurately assess the prognostic risk in such patients before surgery,
and the postoperative model could help patients in terms of individualized treatment
and follow-up guidance.
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Table 4 Preoperative and postoperative nomograms accurately predicting overall survival in upper stomach cancer patients

Training set Validation set

Preoperative nomogram Postoperative nomogram Preoperative nomogram Postoperative nomogram

Area under the curve 0.811 0.799 0.821 0.774
Cutoff point 18 18 18 18
Sensitivity, % 0.736 0.706 0.768 0.855
Specificity, % 0.753 0.764 0.744 0.598
Positive predictive value, %  0.749 0.818 0.755 0.704
Negative predictive value, % 0.741 0.634 0.828 0.787
Positive likelihood ratio 2.98 2.99 3 2127
Negative likelihood ratio 0.351 0.385 0.304 0.242
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Figure 6 Nomogram for predicting overall survival in postoperative proximal gastric cancer patients (C-index = 0.754).
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Figure 7 Postoperative nomogram 3-year and 5-year overall survival rate calibration curves. A: Calibration curve for the postoperative nomogram for predicting
the three-year OS using the training set; B: Calibration curve for the postoperative nomogram for predicting the three-year OS using the validation set; C: Calibration
curve for the postoperative nomogram for predicting the five-year OS using the training set; D: Calibration curve for the postoperative nomogram for predicting the five-
year OS using the validation set. OS: Overall survival.
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Figure 8 Survival curve cutoff points for the postoperative nomogram quartiles.

ARTICLE HIGHLIGHTS

Research background
Gastric cancer (GC) is the fourth most common malignant tumor worldwide and currently ranks
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second among the causes of cancer-related deaths. The biological behaviors of proximal GC and
cancer in the lower portion of the stomach exhibit certain differences. Currently, although there
has been great progress in the early diagnosis of and radical surgery and chemotherapy for
proximal GC, the postoperative prognosis of patients with this type of cancer is still not ideal.
Determining how to individualize treatment according to the characteristics of cancer patients
and the features of the tumor is still a main problem in the treatment of proximal GC.

Research motivation

Searching for indicators that can effectively predict a poor prognosis in patients with GC may
facilitate the formulation of an individualized treatment plan and thereby improve the prognosis
of patients.

Research objectives

This study aimed to explore the postoperative prognosis of proximal GC patients and the related
preoperative and postoperative factors and establish preoperative and postoperative nomogram
prediction models based on the results.

Research methods

Between January 2007 and June 2013, we prospectively collected and retrospectively analyzed
the medical records of 746 patients with proximal GC, who were divided into a training set (n =
560, 75%) and a validation set (1 = 186, 25%). A Cox regression analysis was used to identify the
preoperative and postoperative risk factors for overall survival (OS).

Research results

Among the 746 patients examined, the 3- and 5-year OS rates were 66.1% and 58.4%,
respectively. In the training set, preoperative T stage (cT), N stage (cN), CA19-9, tumor size, ASA
core, and 3- to 6-mo weight loss were incorporated into the preoperative nomogram for the
prediction of OS. In addition to these variables, LVI, postoperative tumor size, T stage, N stage,
blood transfusions, and complications were incorporated into the postoperative nomogram. All
calibration curves for the OS probability fit well. In the training set, the preoperative nomogram
achieved a C-index of 0.751 [95% confidence interval (CI): 0.732-0.770] in predicting OS and
accurately stratified the patients into four prognostic subgroups (5-year OS rates: 86.8%, 73.0%,
43.72%, and 20.9%, P < 0.001). The postoperative nomogram had a C-index of 0.758 in predicting
OS and accurately stratified the patients into four prognostic subgroups (5-year OS rates: 82.6%,
74.3%, 45.9%, and 18.9%, P < 0.001).

Research conclusions
The nomograms accurately predict the pre- and postoperative long-term survival of proximal
GC patients.

Research perspectives

This is a retrospective study only involving participants from Eastern countries. Compared with
Western countries, the incidence of GC in Eastern countries is high, and there are more advanced
GC patients. The biological characteristics of GC may differ between Eastern and Western
countries. Therefore, we hope that the predictive model will be further validated and improved
through a single-center RCT trial or even a multi-center prospective trial.
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