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Abstract: Objectives: TNM staging of gastric cancer (GC) is useful in predicting prognosis, but its definition is only 
possible after surgery. It is therefore desirable to develop a method that can predict prognosis and assist man-
agement options before surgery. Methods: This study investigated 110 GC patients after radical gastrectomy and 
followed-up for 136 months. Patients’ complete clinicopathological data were collected and gastroscopically bi-
opsied or surgically resected tissues were examined for the expression of Her-2, nm-23, CEA and phosphorylated 
Stat3 (p-Stat3) using immunohistochemistry (IHC). Univariate and multivariate ROC curves, Kaplan-Meier survival 
curves, and SPSS Version 22.0 and R (version 3.6.1) statistical software were used to analyze the data. Results: 
Three major findings were observed: (1) Tissue levels of p-Stat3, Her-2, CEA and nm-23 were correlated with GC pa-
tients’ survival probability termed as survival prediction power (SPP). (2) Using 5-year survival as an end-point, the 
SPP of the p-Stat3+Her-2 combination was stronger (AUC=0.867) than that of TNM staging (AUC=0.755). (3) Using 
cut-off values derived from ROC curves, Kaplan-Meier analyses showed that the p-Stat3+Her-2 molecular combina-
tion could clearly predict overall survival rates between the predictive low-risk patients (69.2%) and the predictive 
high-risk patients (13.2%) with a discriminative difference as high as 56.0%. Conclusions: We conclude that area 
under the ROC curve (AUC) can be used to quantify SPP powers for biomarkers, making cross-comparisons possible 
among different survival predictors. This study has first established a multi-factor survival prediction model by which 
the p-Stat3+Her-2 combination has the best discriminative capability to differentiate low-risk patients from high-risk 
patients in terms of survival prognosis.

Keywords: Gastric cancer, survival prognosis, multivariate prediction for survival, ROC, survival prediction power, 
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Introduction

Gastric cancer (GC) is common and poses a 
major threat to public health around the world. 
The Globocan 2018 has shown that GC is the 
fifth most prevalent cancer and the third lead-
ing cause of cancer-related death worldwide 
[1]. In China, the incidence and mortality rates 
of GC rank the second among all malignant 
tumors [2]. The 5-year survival rate of GC in 
China from 2010-2014 was 35.9%, far lower 
than that of South Korea and Japan [3].

In recent years, advanced screening methods 
in conjunction with improved public health 
awareness have improved early diagnosis of 
GC. For example, gastroscopy is the most ef- 
fective screening tool for early detection of GC 
[4, 5] with a sensitivity of 60-80% [6]. How- 
ever, late diagnosis of advanced GC is still com-
mon, which is the major cause leading to poor 
prognosis after radical gastrectomy [7]. Clinical 
TNM staging system is an established stan- 
dard in predicting the overall survival (OS) for 
GC patients with GC [8]. The definition of TNM 

http://www.ajtr.org


Stat3 and Her-2 as survival predictors for gastric cancer patients

2318 Am J Transl Res 2022;14(4):2317-2330

staging, however, is only available after surgery, 
rendering the TNM staging little useful in pre-
treatment planning prior to surgery. On the 
other hand, biomarkers that can be detected 
before surgery and capable of predicting prog-
nosis would be clinically useful in strategizing 
treatment options prior to surgery for patients 
with GC.

Signal transducer and activator of transcription 
3 (Stat3) is a key molecule involved in Stat3  
signaling pathway [9]. Phosphorylated Stat3 
(p-Stat3) is the active form of Stat3 which has 
been found to be involved in the pathogenesis 
of colon cancer [10]. Human epidermal grow- 
th factor receptor 2 (Her-2), carcinoembryonic 
antigen (CEA), and non-metastasis-23 (nm-23) 
are involved in the pathogenesis of cancer and 
the overexpression of Her-2 [11] and CEA [12], 
and the low expression of nm-23 [13] are asso-
ciated with poor prognosis of GC patients. It 
has been shown that GC patients with over-ac- 
tivated p-Stat3 have a shorter survival time 
[14], indicating its ability to predict prognosis  
of GC after gastrectomy.

Thus far, however, most studies have focused 
on using single biomarkers to predict prognosis 
of patients with GC in a postsurgical setting, 
which has little comprehension in terms of 
treatment precautions before surgery and 
therefore, provides little, if any, help to improve 
the prognosis. To establish precautions before 
surgery and improve the prognosis after sur-
gery, this study aimed at two important aspects 
and obtained the following findings: (1) bio-
markers that can be tested before surgery to 
predict prognosis are practical in reality, and (2) 
using combinations of more than one biomark-
er to increase sensitivity in predicting prognosis 
is superior to the TNM staging system. The find-
ings described in this report have significant 
implications in clinical applications in terms  
of determining the potential outcome of GC 
patients before surgery.

Methods

Ethics statement

This study was approved by the Institutional 
Ethics Review Board (IERB No. 2017-070-01)  
of the First Affiliated Hospital, Shihezi Univer- 
sity School of Medicine. Patients’ informed con-

sents were obtained orally by telephone during 
follow-up communications and standard uni-
versity hospital guidelines in accordance with 
the Declaration of Helsinki including confidenti-
ality and anonymity were followed in the han-
dling patients’ tissues and publication.

Patients and follow-ups

This study was a retrospective clinical analysis. 
GC patients (n=110) of ethnic Han nationality 
with histologically confirmed gastric cancer 
underwent surgery from 2007 to 2017 were 
selected from the First Affiliated Hospital of 
Shihezi University School of Medicine (see 
Supplementary Tables 1 and 2 for basic clinical 
information of GC patients studied). All of the 
110 patients had complete clinicopathological 
data and follow-up information, and informed 
consent was obtained. Until October 2018, 110 
patients with GC were followed up every year. 
Among these patients, the longest follow-up 
time was over 11 years. All patients did not 
receive chemotherapy and/or radiotherapy be- 
fore surgery. After surgery, GC patients were  
followed up for 135 months with a median fol-
low-up time of 25 months. Overall survival (OS) 
was defined from the date of surgery until the 
date of death or the date of the last follow-up. 
Patients who died within 30 days after surgery 
were defined as 0 month survival.

Measurements of p-Stat3, Her-2, nm-23 and 
CEA by immunohistochemistry

Tissue microarrays were made from paraffin-
embedded tissue blocks from surgically dis-
sected tissues of GC patients. The phosphory-
lated Stat3 (p-Stat3) is the active form of  
Stat3. Active levels of p-Stat3 and expressed 
levels of Her-2, nm-23 and CEA were detected 
on tissue microarray chips by immunohisto-
chemical assay (IHC) [10] using specific anti-
bodies against p-Stat3, Her-2, nm-23 and CEA, 
among which Her-2, nm-23 and CEA were rou-
tinely examined in clinical laboratories of our 
hospital.

Classifications of gastric cancer

Gastric adenocarcinoma was classified accord-
ing to the histopathological classification crite-
ria of the World Health Organization as fo- 
llows: highly, moderately, and poorly differenti-
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(Figure 4). Spearman ranking correlation meth-
od was employed to identify correlations among 
preoperative and/or postoperative variables. In 
this study, we introduced a concept termed as 
survival prediction power (SPP) which was 
quantifiable by AUC (area under the ROC curve) 
(Tables 2 and 5).

Results

IHC staining of p-Stat3, Her-2, CEA and nm-23 
in gastric cancer tissues

Figure 1 shows negative and positive IHC stain-
ing of p-Stat3, Her-2, CEA and nm-23 in gastric 
cancer tissues. Negative IHC staining was 
shown as light blue while positive IHC staining 
was shown as brown (light brown to dark 
brown). The active p-Stat3 was located in the 
nucleus while CEA and nm-23 were stained in 
the cytoplasm. Her-2 is a receptor and thus the 
positive staining was shown on the cell mem-
brane. The basic clinical information of 110 GC 
patients and their IHC results were summarized 
in Supplementary Tables 1 and 2.

Correlations among various indicators affect-
ing survival in postoperative GC patients

We first examined correlations among IHC-
defined bio-indicators (p-Stat3, Her-2, CEA, 
nm-23) and clinical indicators. As shown in 
Table 1, positive correlations were present 
between cell differentiation and T, N, M, and 
TNM staging, respectively (P<0.01). Further 
analyses showed that the preoperative survi- 
val predictors of p-Stat3, Her-2, and CEA were 
positively correlated with T, N, M, as well as 
TNM stages (P<0.05), respectively, while nm-23 
was negatively correlated with T, N, M, and TNM 
stages (P<0.05), respectively. The negative cor-
relation of nm-23 with TNM stages was further 
confirmed by Kaplan-Meir survival analysis (see 
Figure 2).

Tissue levels of p-Stat3, Her-2, CEA and nm-23 
impact on survival of GC patients after surgery

Patient follow-ups ranged from 0 (<1 month)  
to 135 months after surgery until October 10, 
2018 and the median follow-up time was 25 
months. The longest survival time of GC 
patients after surgery reached 11 years. By 
October 1, 2018 (135 months), 30 (27.3%) GC 

ated adenocarcinomas. TNM (tumor-node-me- 
tastasis) clinical staging (I-IV), depth of inva- 
sion (T1-T4), lymphatic and distant metastases 
were defined according to the American Joint 
Committee on Cancer [8].

Statistical analyses

Data analyses were performed using the sta- 
tistical software package SPSS (version 22.0, 
InBM Corporation, Armonk, NY), R (version 
3.6.1; http://www.R-project.org). Spearman 
ranking correlation method was employed to 
identify correlations between routine pathologi-
cal data and four IHC detected tissue levels of 
p-Stat3, Her-2, nm-23 and CEA. Kaplan-Meier 
analysis was used to analyze survival curves 
against cell differentiation, TNM stages and the 
IHC-defined 4 molecule levels (see Figures 2 
and 4). Kaplan-Meier survival analysis only 
classifies and compares one variable and can-
not make comparisons among different vari-
ables to judge the abilities among variables as 
they may be all capable of predicting survival 
(Figure 2). Therefore, potential survival bio-pre-
dictors have to be quantified so they can be 
objectively cross-compared with each other. 
For this purpose, we introduced the ROC 
(receiver operating characteristic) curve and 
the area under the ROC curve (AUC) to quan- 
tify powers (or abilities) for survival predictors 
described. ROC is a graphical plot that illus-
trates the performance of a binary classifier 
system as its discrimination threshold is varied. 
On the other hand, AUC is a product of consid-
ering both sensitivity and specificity (Figure 3) 
which can be translated to discriminative power 
among different survival predictors. Therefore, 
the larger the AUC is, the more powerful the risk 
factor can be in predicting prognosis [15].

The predictive probabilities of multiple bio-indi-
cator combinations were obtained using logis-
tic regression analysis [16] and ROC curves 
were obtained using a 5-year survival as an 
end-point (outcome), which gave an optimal 
cut-off value of 0.576 (Figure 4; Table 5). GC 
patients with a cut-off value of ≥0.576 were 
defined as being predictive high risk (PHR) 
while GC patients with a cut-off value of <0.576 
were defined as being predictive low risk (PLR). 
GC patients categorized as PLR or PHR were 
then subjected to Kaplan-Meir survival analysis 
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Figure 1. Immunohistochemical (IHC) staining of specific antibodies against p-Stat3, Her-2, CEA and nm-23 in tis-
sues of gastric cancer patients. As shown are eight representative panels of GC tissues using IHC staining. Antibody-
staining against p-Stat3 is mainly localized in the nucleus (B, positive staining of yellow-brown) and Her-2 staining 
is mainly localized on the membrane (D, positive staining of yellow-brown), while antibody-staining against CEA 
and nm-23 are primarily in the cytoplasm (F and H, positive staining of yellow-brown). It can be seen that p-Stat3 is 
strongly stained in GC tissue (B) (scored as 3+) as compared with GC tissue (A) (scored as negative or 0). Similarly, 
for Her-2, CEA and nm-23, tissue (D, F, H) show strong staining (scored as 3+) but tissue (C, E, G) show little or no 
staining (scored as negative or 0). Microscopic magnification was ×200 with inserts of ×400.

patients were still alive, whereas 80 (73.0%) 
died. First, we analyzed the impacts of the well-
established TNM staging system on the sur- 
vival of GC patients by Kaplan-Meir method, 
whose results validated this GC patient cohort 
(Figure 2). Having validated the patient cohort 
for survival analysis, we then analyzed the im- 

pacts of p-Stat3, Her-2, CEA and nm-23 on the 
survival curves of the GC patients. As shown in 
Figure 2, the tissue levels of p-Stat3, Her-2, 
and CEA showed correlations with patient sur-
vival, i.e., the higher the tissue levels were, the 
poorer the survival was for those patients. On 
the other hand, however, lower levels of nm-23 
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Figure 2. Kaplan-Meier analyses reveal that the tissue levels of p-Stat3, Her-2, CEA or nm-23 correlate with the 
survivals of GC patients after surgery. This study analyzed 110 total GC cases for survival, of which 110 cases were 
available for p-Stat3, 106 cases for Her-2 and 94 cases for CEA and nm-23, respectively. To validate this GC cohort 
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in terms of possible sampling bias that could affect survival analysis, overall survival (OS) is first analyzed against 
well-established risk factors affecting survival in GC patients using Kaplan-Meier method. As can be seen in cell 
differentiation in (A), patients with well differentiated GC (1) have the best OS while patients with poor differentiated 
GC (3) have the worst OS, and patients with moderately differentiated GC (2) show OS in between. Furthermore, 
in TNM staging as shown in (B), a typical OS hierarchy is shown that patients with the earliest stage I present the 
best OS while patients with the latest stage IV show the poorest OS. Having validated this patient cohort using 
well-established risk factors, it is immediately clear that the tissue levels of p-Stat3, Her-2, CEA, and nm-23 are cor-
related with GC patients’ survival. (C-F) The tissue levels of p-Stat3, Her-2, and CEA showed correlations with patient 
survival, i.e., the higher the tissue levels were, the poorer the survival was for those patients. However, lower levels 
of nm-23 correlated with a poorer survival of GC patients.

Figure 3. ROC curves and AUCs reveal performance 
abilities or power of risk factors affecting patients’ 
survival. The TNM staging is an established risk fac-
tor capable of predicting survival prognosis for GC 
patients. In ROC analysis, the larger the AUC (area 
under the curve) of a factor has, the higher the abil-
ity or power of the factor in predicting survival. In 
other words, the AUC is quantified performance that 
reflects the reliability and accuracy of a risk factor in 
terms of predicting patient’s survival. As shown, TNM 
staging has the largest AUC (AUC=0.717) followed by 
Her-2 (AUC=0.691), nm-23 (AUC=0.675), and CEA 
(AUC=0.626) (see Table 2 for statistical compari-
sons). It is interesting to note that Her-2 has an AUC 
slightly less than TNM staging.

correlated with a poorer survival of GC pa- 
tients (Figure 2), in keeping with the previous 
observations and, importantly, further confirm-
ing that this GC patient cohort was reliable in 
terms of testing new bio-indicators which were 
potential risk factors for survival among post-
operative GC patients.

Survival prediction power (SPP) of different 
bio-indicators in postoperative GC patients

As shown in Table 2, the numerical value of an 
AUC represents the power or weight of a risk 
factor that impacts on survival prognosis, which 

we have previously termed as impact weight 
(IW) [15]. The higher the AUC/IW of a factor is, 
the more powerful that factor impacts on sur-
vival prognosis and, therefore, a concept of sur-
vival prediction power (SPP) has been derived. 
As SPP is AUC-quantified probability of survival 
for a particular bio-indicator, the clinical useful-
ness of that bio-indicator becomes mathemati-
cal. Like other clinical tests, the final destiny of 
survival prediction should be quantifiable or 
semi-quantifiable. A hierarchy of AUC was ob- 
tained as follows: Her-2 (AUC=0.691, P<0.001), 
p-Stat3 (AUC=0.683, P=0.008), nm-23 (AUC= 
0.675, P=0.012), and CEA (AUC=0.626, P= 
0.068). All these 4 molecules could predict the 
survival of postoperative GC patients, of which 
Her-2 had the greatest ability to predict the  
survival time, which was slightly lower than  
the TNM staging (AUC=0.717, P=0.002) but 
higher than all other indicators, suggesting a 
high SPP for Her-2 on survival prediction.

Risk factors affecting the prognosis of GC 
patients

As shown in Table 3, univariate analyses dem-
onstrated that, in GC patients, survival pro- 
gnosis was associated with cell differentiation 
(P=0.025), invasion depth (P=0.006), lymph 
node metastasis (P=0.002), distant metastasis 
(P=0.001), TNM staging (P=0.004), and tissue 
levels of p-Stat3 (P=0.014), Her-2 (P=0.006) 
and nm-23 (P=0.013). Her-2 and p-Stat3 were 
independent factors affecting the survival of 
GC patients. Furthermore, multivariate analy-
ses showed only Her-2 (HR=2.273, P=0.010) 
and cell differentiation (HR=2.057, P=0.020)  
to be independent factors in predicting survi- 
val for GC patients (see Table 4). These results 
suggested that clinicopathological factors and 
bio-indicators may work in concert, with a few 
being the major players, to impact on patients’ 
survival, which was in keeping with the para-
digm that GC is a polygenic disease with multi-
staged progressions.
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Figure 4. Combinations of IHC-defined bio-indicators show optimal survival predictions among postoperative GC 
patients with defined predictive risks. Based on IHC scores of bio-indicators and TNM stages, postoperative GC 
patients were grouped into PLR (predictive low risk) or PHR (predictive high risk) patients by logistic regression and 
ROC analyses using 5-year survival as an end point (see Methods and Figure 2). A-D. Represent Kaplan-Meir sur-
vival analyses for particular combinations of bio-indicators, respectively. Between the upper survival curve of PLR 
patients and the lower survival curve of PHR patients is a wide interval termed as survival discriminative interval 
(SDI) expressed as percent difference in cumulative survival rates (%) between PLR and PHR curves. SDI is a func-
tion of discriminating power in terms of survival prediction. The wider the SDI is, the higher the discriminative power 
has for the bio-indicator combination. These results have three important indications: (1) any combinations of two 
or more bio-indicators show better discriminative power than individual bio-indicators shown in Figure 2; (2) all bio-
indicator combinations have higher SDI (>53.0%) than that of TNM staging (SDI=38.1%) which is a gold standard 
in survival prediction; and (3) the best bio-indicator combination is the p-Stat3+Her-2 combination which gives the 
highest SDI (56.0%) and the least bio-indicators needed.

Multiple survival predictors in combination 
are superior to single survival predictors as 
defined by ROC curve (AUC) analyses

Gastric cancer is polygenic in terms of patho-
genesis and disease progression, and there-

fore, the power of a single risk factor/bio-indi-
cator as a predictor for GC patients’ survivals  
is limited. Different from our previous studies 
[15], this study took a new approach aimed at 
enhancing the discriminative power in predict-
ing survival using combinations of multiple IHC-
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Table 1. Cross-correlation analyses between various clinicopathological factors and IHC-detected biomarkers in GC patients

Variables
Clinicopathologic factors IHC-detected molecules

Gender Age Cell diff.
Depth of  
invasion

Lymph node 
metastasis

Distant 
metastasis

TNM staging p-Stat3 Her-2 CEA nm-23

Gender 1
Age -0.123 1
Cell diff. 0.18 -0.163 1
Depth of invasion -0.037 0.137 0.141 1
Lymph node metastasis -0.037 0.077 0.129 0.423** 1
Distant metastasis 0.105 -0.129 0.257** 0.164 0.280** 1
TNM staging 0.015 0.019 0.262** 0.701** 0.686** 0.565** 1
p-Stat3 0.036 -0.093 0.260** 0.236* 0.117 0.210* 0.285** 1
Her-2 -0.044 0.289** -0.047 0.317** 0.371** 0.159 0.372** -0.004 1
CEA -0.005 0.154 0.055 0.377** 0.417** 0.157 0.394** 0.155 0.370** 1
nm-23 -0.075 0.199 -0.093 -0.311** -0.262* 0.058 -0.207* -0.125 -0.131 -0.203 1
Note: Values in the main table are correlation coefficients or r values. Cell diff.=cell differentiation; T=invasion depth; N=lymph node metastasis; M=distant metastasis; TNM=TNM 
staging. *=P<0.05, **=P<0.01.
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Table 2. Areas under ROC curves (AUC) and other characteristics of survival predictors

Indicators AUC 95% CI P value Sensitivity Specificity Youden’s
Index

Cut-off 
value

Reference curve 0.500 N/A N/A N/A N/A N/A N/A
Sex 0.514 (0.380, 0.648) 0.843 31.9% 70.8% 0.03 N/A
Age 0.556 (0.420, 0.692) 0.414 65.2% 54.2% 0.19 61.5
Cell differentiation 0.563 (0.425, 0.700) 0.361 69.6% 41.7% 0.11 2.5
Invasion depth 0.647 (0.516, 0.778) 0.033 75.4% 54.2% 0.30 2.5
Lymph node metastasis 0.632 (0.501, 0.764) 0.055 68.1% 58.3% 0.26 0.5
Distant metastasis 0.587 (0.464, 0.710) 0.206 17.4% 100.0% 0.17 0.5
TNM staging 0.717 (0.601, 0.834) 0.002 84.1% 50.0% 0.34 1.5
p-Stat3 0.683 (0.565, 0.800) 0.008 72.5% 54.2% 0.27 1.5+
Her-2 0.691 (0.574, 0.807) 0.006 76.8% 50.0% 0.27 1.5+
CEA 0.626 (0.493, 0.759) 0.068 79.7% 41.7% 0.21 1.5+
nm-23 0.675 (0.542, 0.809) 0.012 70.0% 57.9% 0.28 1.5+
Note: The optimal cut-off point was defined as the closest point on the ROC curve to the point (0, 1) where false positive rate of 
zero and sensitivity of 100% (also see Figure 3 and Table 5). P values were obtained by comparing various indicators with the 
reference curve in ROC analyses. Statistical significance was defined as P<0.05 for all analyses.

Table 3. Analyses using Cox single factor regression model on clinical and IHC variables in GC pa-
tients

Variables
Univariate Analysis

HR (95% CI) P value
Sex (Female vs. Male) 1.393 (0.862, 2.251) 0.176
Age (≥60 vs. <60) 1.270 (0.790, 2.042) 0.323
Cell diff. (Poor vs. Moderate+Well) 1.727 (1.072, 2.783) 0.025
Invasion depth (T3+T4 vs. T1+T2) 2.075 (1.233, 3.493) 0.006
Lymph node metastasis (Yes vs. No) 2.158 (1.337, 3.485) 0.002
Distant metastases (M1 vs. M0) 2.954 (1.563, 5.581) 0.001
TNM stages (III+IV vs. I+II) 1.946 (1.242, 3.050) 0.004
p-Stat3 levels (2+/3+ vs. -/1+) 1.824 (1.127, 2.953) 0.014
Her-2 levels (2+/3+ vs. -/1+) 2.137 (1.247, 3.662) 0.006
CEA levels (2+/3+ vs. -/1+) 1.791 (0.993, 3.231) 0.053
nm-23 levels (2+/3+ vs. -/1+) 0.516 (0.306, 0.869) 0.013
Note: Cell diff.=cell differentiation; HR=hazard ratio; CI=confidence interval.

defined bio-indicators in the analyses. As men-
tioned above, ROC curves and AUC are means 
to quantify powers or abilities of survival predic-
tors. As shown in Table 5, the predictive power 
for the combination of p-Stat3+Her-2 was the 
strongest because the combination produced 
an AUC of 0.867 (95% CI, 0.784-0.950), simi- 
lar to the full four molecular combination of 
p-Stat3+Her-2+CEA+nm-23, which had an AUC 
of 0.891 (95% CI, 0.820-0.963). Surprisingly, 
the AUC of the p-Stat3+Her-2 combination was 
much higher than that of TNM staging, which is 
the established standard, that only produced 

an AUC of 0.755 (95% CI, 0.645-0.865) (P< 
0.001 for all above comparisons).

These results indicated that the combination of 
p-Stat3 plus Her-2 would be the best combina-
tion in terms of the least bio-indicators needed 
and the reasonable AUC value presented, to 
predict possible outcomes of GC patients five 
years after surgery. One could then make the 
following individualized judgments based on 
the results in Table 5. For example, one could 
input the scores of p-Stat3 and Her-2, respec-
tively into the logistic equation and then obtain 
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Table 4. Analyses using Cox multiple factor regression on clinical and IHC variables in GC patients

Variables
Multivariate Analysis

HR (95% CI) P value
Cell diff. (poor vs. well+moderate) 2.057 (1.120, 3.777) 0.020
Invasion depth (T3/T4 vs. T1/T2) 1.155 (0.571, 2.336) 0.689
Lymph node metastasis (Yes vs. No) 1.654 (0.840, 3.259) 0.146
Distant metastases (M1 vs. M0) 1.575 (0.761, 3.260) 0.221
TNM stages (III/IV vs. I/II) 0.654 (0.310, 1.383) 0.267
p-Stat3 levels (2+/3+ vs. -/1+) 1.299 (0.681, 2.479) 0.428
Her-2 levels (2+/3+ vs. -/1+) 2.273 (1.219, 4.239) 0.010
nm-23 levels (2+/3+ vs. -/1+) 0.700 (0.389, 1.262) 0.236
Note: Cell diff.=cell differentiation; HR=hazard ratio; CI=confidence interval.

Table 5. ROC analyses provide cross-comparisons among different bio-indicator combinations using 
multiple parameters

Combinations of indicators AUC 95% CI P value Sensitivity Specificity Accuracy Youden’s
Index

Cut-off 
value

Reference curve 0.500 N/A N/A N/A N/A N/A N/A N/A
p-Stat3+Her-2+CEA+nm-23 0.891 (0.820, 0.963) <0.001 74.1% 88.0% 78.5% 0.621 0.728
p-Stat3+Her-2+CEA 0.872 (0.791, 0.953) <0.001 90.7% 72.0% 84.8% 0.627 0.436
p-Stat3+Her-2+nm-23 0.883 (0.810, 0.956) <0.001 81.5% 76.0% 79.7% 0.575 0.709
p-Stat3+CEA+nm-23 0.832 (0.734, 0.930) <0.001 74.1% 80.0% 75.9% 0.541 0.705
p-Stat3+Her-2 0.867 (0.784, 0.950) <0.001 85.2% 72.0% 81.0% 0.572 0.576
p-Stat3+CEA 0.804 (0.698, 0.911) <0.001 61.1% 88.0% 69.6% 0.491 0.759
p-Stat3+nm-23 0.794 (0.689, 0.900) <0.001 70.4% 72.0% 70.9% 0.424 0.707
Her-2+CEA 0.766 (0.659, 0.872) <0.001 53.7% 88.0% 64.6% 0.417 0.764
Her-2+nm-23 0.785 (0.678, 0.892) <0.001 66.7% 80.0% 70.9% 0.467 0.739
CEA+nm-23 0.771 (0.663, 0.880) <0.001 81.5% 64.0% 75.9% 0.455 0.618
T+N+M+TNM 0.755 (0.645, 0.865) <0.001 74.1% 68.0% 72.2% 0.421 0.644
Note: Larger AUC suggests higher SPP power in predicting survival. P values were obtained in comparisons with the reference curve (AUC=0.500) 
by ROC analyses. Statistical significance was defined as P<0.05 for all analyses.

a joint prediction probability value of p-Stat3 
and Her-2 for possible death events (Figure  
5). If the joint score is greater than the best 
critical probability value of 0.576, one could 
predict and evaluate the death of GC patients 
five years after surgery with an accuracy of 
81.0% (Table 5).

Combinations of multiple survival predictors 
are superior to individual predictors by Kaplan-
Meier survival analyses among GC patients

Area under the ROC curve (AUC) is a measure 
that quantifies the probability of survival pre-
diction for an indicator, which we have defined 
as survival prediction power (SPP). Having ana-
lyzed the SPPs for various combinations of bio-
indicators (Table 5), we then transformed the 
SPP results to survival curves using Kaplan-

Meir method. As mentioned in the Methods,  
GC patients were categorized into predictive 
low risk (PLR) and predictive high risk (PHR), 
respectively, according to 5-year survivals as 
an end point. As shown in Figure 4, it was 
immediately clear that combinations of two  
or more bio-indicators showed a wide discri- 
minative distance between PLR patients’ sur-
vival curves and PHR patients’ survival curves, 
indicating a superior power when compared 
with those using only individual bio-indicators 
(Figures 2 vs. 4). Interestingly, among four bio-
indicators, the combination of p-Stat3 plus 
Her-2 (p-Stat3+Her-2) showed the very similar 
discriminative power compared with the combi-
nations with three bio-indicators (p-Stat3+Her-
2+CEA) or even four bio-indicators (p-Stat3+ 
Her-2+CEA+nm-23) (Table 5). Surprisingly, on 
the other hand, all three combinations of IHC-
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Figure 5. Nomogram in predicting individual patients’ overall survival of 1, 3 
and 5 years based on preoperative clinical indices. The value of an individu-
al patient is located on each variable axis, and the predictor points (“points” 
scale at top) correspond to each variable. The sum of all five variables is 
located on the total point axis.

defined bio-indicators, from two to four bio-indi-
cators, exhibited superior discriminative power 
to TNM staging in terms of AUC and other com-
paring parameters (Table 5) and also sur- 
vival curves between PLR and PHR patients 
(Figure 4), verifying the reliability and rationa- 
lity of p-Stat3 plus Her-2 (p-Stat3+Her-2) as the 
optimal combination (Table 5; Figure 4). It was 
interesting to note that the results shown in 
Table 5 and Figure 4 were supporting each 
other.

Discussion

Gastric cancer (GC) is one of the most life-
threatening diseases [2]. The high mortality of 
GC is largely due to a late-stage diagnosis dur-
ing the disease course and early diagnosis is 
often difficult due to a lack of massive screen-

ing, which, at the present, is a 
mission impossible in develop-
ing countries and low-resour- 
ce communities in more devel-
oped countries. Treatment of 
late-stage GC is ineffective re- 
sulting in a low five-year sur-
vival rate in China and other 
developing countries [2]. While 
early diagnosis is critical, GC 
diagnosed at a late stage may 
also face challenges in terms 
of treatment options. Surgery, 
such as gastrectomy, is an 
option for many late-stage GC 
patients, however, not all late-
stage GC patients are benefi-
cial from gastrectomy [17, 18] 
in terms of survival and qua- 
lity of life. We have previously 
proposed the option to test 
some preoperative bio-indica-
tors such as BMI (body mass 
index) and blood metabolites 
that can predict survival of GC 
patients prior to surgery [15]. 
Based on this concept, this 
study takes a novel approach 
to incorporate multiple bio-in- 
dicators that: (1) can be test- 
ed preoperatively; and (2) can 
increase the sensitivity or po- 
wer in predicting survival be- 
fore surgery.

Using IHC method, bio-indicators or biomark-
ers, namely p-Stat3, Her-2, CEA and nm-23 
were detected (Table 1), respectively, among 
which p-Stat3 is an activated form of the Stat3 
signaling pathway [15]. The correlation analysis 
has indicated a significant correlation of high 
levels of p-Stat3 with cell differentiation, depth 
of invasion, TMN stage, and lymph node metas-
tasis in GC patients, in keeping with previous 
studies of ours and others [19, 20]. Important- 
ly, p-Stat3 is also involved in cell differentia-
tion, cell proliferation, apoptosis, invasion, an- 
giogenesis, and poor prognosis in other can-
cers including breast cancer, pancreatic can-
cer, and lung cancer [21-23]. Increased ex- 
pression of Her-2 and CEA has been shown to 
correlate with many features of cancer such  
as differentiation, proliferation, invasion, and 
metastasis [24, 25]. Here we show that tissue 



Stat3 and Her-2 as survival predictors for gastric cancer patients

2328 Am J Transl Res 2022;14(4):2317-2330

levels of Her-2 and CEA are correlated with 
patient’s age, T, N, M, or TNM stages (Table 1), 
in agreement with previous findings [26-28].  
On the contrary, nm-23 is a tumor metastasis 
inhibitors and the deceased expression of 
nm-23 promotes tumor invasion and vascular 
dispersal in cancer tissues [29]. Studies have 
found that the expression of nm-23 is de- 
creased in gastric cancer tissues with lymph 
node metastasis [30]. In this study, the expres-
sion of nm-23 is negatively correlated with T, N 
and TNM staging (Table 1), consistent with pre-
vious observations [31, 32].

Having tested the correlations among various 
clinical and bio-indicators, we hypothesize that, 
given the correlations of those bio-indicators 
with TNM staging system as shown in Table 1, 
they should have, similarly to TNM staging, 
impacts on the survival of GC patients. As 
shown in Figure 2, well-established cell differ-
entiations and TNM stages have significantly 
impact on the survival of GC patients, validat-
ing the usefulness of this GC patient cohort for 
newly tested bio-indicators. Indeed, Kaplan-
Meir analyses have indicated that tissue levels 
of p-Stat3, Her-2, CEA, and nm-23 have impact 
on the survival prognosis of this GC patients 
cohort, of which nm-23 negatively impacts the 
survival (Figure 2), in keeping with the correla-
tion analyses in Table 1.

Kaplan-Meier analysis compares different gr- 
oupings within one variable (risk factor) for its 
ability to discriminate each other in survival 
[15]. For example, as shown in Figure 2, differ-
ences in survival are discriminated by patient 
groupings as defined within cell differentiation 
variable or within TNM variable. However, this 
analysis cannot cross-compare the discrimina-
tive ability of cell differentiation variable (risk 
factor) from TNM variable (risk factor) (Figure 2) 
as these abilities are not quantified. To com-
pare discriminative abilities between or among 
different risk factors so as to understand their 
abilities in predicting survival prognosis, we 
have used ROC curve and AUC to quantify the 
ability or power of a survival predictor in gastric 
cancer, by which the potentials of different sur-
vival predictors were cross-compared (Figure  
3 and Table 2). As shown in Table 2, bio-in- 
dicators with higher AUCs suggest higher dis-
criminative powers in predicting prognosis, and 

therefore, the clinical usefulness of these  
bio-indicators in predicting survival among GC 
patients (Figure 3 and Table 2). Based on th- 
ese findings, here we introduce a new concept 
of survival prediction power (SPP) in terms of 
ROC/AUC-quantifying and cross-comparing risk 
factors that impact survival. SPP is defined as  
a power or ability that can discriminate the 
groupings of GC patients based on one risk fac-
tor or a collection of risk factors.

Gastric cancer, like many other cancers, is  
polygenic in terms of pathogenesis and multi-
staged in terms of disease progression. There- 
fore, the power of a single risk factor, which 
may represent a single gene, as a survival pre-
dictor for GC patients is limited. We favor the 
hypothesis that there should be multiple risk 
factors affecting the prognosis of GC patients 
and incorporating multiple risk factors (bio-indi-
cators) in the survival analysis would be able to 
reveal a more powerful survival prediction for 
postoperative GC patients [33]. To test this 
hypothesis, we have taken a new approach 
aimed at enhancing the SPP power in predict-
ing survival using combinations of multiple  
IHC-defined bio-indicators in the analyses. As 
shown in Table 5, the SPP for the combination 
of p-Stat3+Her-2 is the strongest because the 
combination produces an AUC of 0.867, close 
to the four molecular combination of p-Stat3+ 
Her-2+CEA+nm-23 (AUC=0.891). To our surpri- 
se, the AUC of the p-Stat3+Her-2 combination 
is much higher than that of TNM staging with an 
AUC of 0.755 (Table 5).

Next, we used Kaplan-Meir method to translate 
the AUC results (Table 5) to survival curves 
using GC patients categorized into predictive 
low risk (PLR) and predictive high risk (PHR), 
respectively. As shown in Figure 4, it is imme- 
diately demonstrated that combinations of two 
or more bio-indicators show wide discrimina-
tive distances between the survival curves of 
PLR patients and PHR patients for all four pan-
els. Clearly, SPP powers with multiple bio-indi-
cators are superior to those with single bio- 
indicators (Figures 2 vs. 4). There are two in- 
teresting observations in Figure 4: (1) the  
twofactor combination of p-Stat3+Her-2 has 
the same or very similar SPP power (56.0%)  
to those of the three-factor combination of 
p-Stat3+Her-2+nm-23 (53.5%) and even the 
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four-factor combination of p-Stat3+Her-2+ 
CEA+nm-23 (54.1%); (2) surprisingly, all three 
combinations of the above bio-indicators exhib-
it superior SPP powers to that of TNM staging 
(38.1%) in terms of discriminating PLR patients 
from PHR patients. The echoing observations 
in Table 5 and Figure 4 have demonstrated  
that ROC/AUC quantification results can be re- 
produced by Kaplan-Meir survival curves, indi-
cating the reliability of the new approach.

The combination of p-Stat3 plus Her-2 with the 
best SPP power is important because the com-
bination needs the least biomarkers making  
its clinical use practical and economic. Fur- 
thermore, as all four bio-indicators describ- 
ed can be tested on biopsies obtained from 
screening gastroscopy and many clinicopatho-
logical characteristics can also be obtained 
preoperatively, this new approach may be in- 
deed useful and practical in routine clinic.

In summary, using a cohort of 110 GC patients 
with more than 10 years follow-up, we have 
established a multi-factor survival prediction 
model for gastric cancer patients after surgery. 
This study has observed three major findings: 
(1) IHC-tested tissue levels of p-Stat3, Her-2, 
CEA, and nm-23 are survival predictors among 
which p-Stat3 and Her-2 can jointly serve as a 
survival prediction combination for GC patients 
after surgery. (2) ROC curve analysis and AUC 
areas can be used to quantify survival predic-
tion powers (SPP) of biomarkers involved in sur-
vival prediction which makes cross-compari-
sons possible for individual survival predictors 
for GC patients. (3) We have for the first time 
demonstrated that multiple bio-indicators have 
higher SPP than those of single bio-indicators 
as well as those of TNM staging system in sur-
vival prediction in postoperative GC patients. 
As p-Stat3 and Her-2 can be tested on biopsies 
obtained from gastroscopy, the combinational 
enhancement in survival prediction may be 
indeed useful to serve as “pre-warning indica-
tors” in management decisions before surgery. 
In this context, these “pre-warning indicators” 
may assist in personalized treatment for GC 
patients such as pre-surgical planning, optimal 
radio-chemotherapy and appropriate follow-up 
intervals after surgery.

Acknowledgements

We sincerely thank all patients participated in 
this investigation. This work was supported by 
grants from the Ministry of Science and 

Technology of China (2009BAI82B02), the 
Xinjiang Corps Development Fund of Science 
and Technology (No. 2018BA006), and the 
Oasis Scholar Fund of Shihezi University (No. 
LZXZ201023). The funders had no role in study 
design, data collection and analysis, decision 
to publish or preparation of the manuscript.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wen Jie Zhang, 
Department of Pathology, Shihezi University School 
of Medicine, 59 North 2nd Road, Shihezi 832002, 
Xinjiang, China. E-mail: zhangwj82@qq.com

References

[1] Ferlay J, Colombet M, Soerjomataram I, 
Mathers C, Parkin DM, Piñeros M, Znaor A and 
Bray F. Estimating the global cancer incidence 
and mortality in 2018: GLOBOCAN sources 
and methods. Int J Cancer 2019; 144: 1941-
1953.

[2] Chen W, Zheng R, Baade PD, Zhang S, Zeng H, 
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. Ca Cancer J Clin 2016; 66: 
115-132.

[3] Allemani C, Matsuda T, Di Carlo V, Harewood R, 
Matz M, Nikšić M, Bonaventure A, Valkov M, 
Johnson CJ, Estève J, Ogunbiyi OJ, Azevedo E 
Silva G, Chen WQ, Eser S, Engholm G, Stiller 
CA, Monnereau A, Woods RR, Visser O, Lim GH, 
Aitken J, Weir HK and Coleman MP; CONCORD 
Working Group. Global surveillance of trends 
in cancer survival 2000-14 (CONCORD-3): 
analysis of individual records for 37513025 
patients diagnosed with one of 18 cancers 
from 322 population-based registries in 71 
countries. Lancet 2018; 391: 1023-1075.

[4] Sugano K. Gastric cancer: pathogenesis, 
screening, and treatment. Gastrointest Endosc 
Clin N Am 2008; 18: 513-522.

[5] Kato M and Asaka M. Recent development of 
gastric cancer prevention. Jpn J Clin Oncol 
2012; 42: 987-94.

[6] Hamashima C, Shibuya D, Yamazaki H, Inoue 
K, Fukao A, Saito H and Sobue T. The Japanese 
guidelines for gastric cancer screening. Jpn J 
Clin Oncol 2008; 38: 259-267.

[7] Buettner R, Mora LB and Jove R. Activated 
STAT signaling in human tumors provides novel 
molecular targets for therapeutic intervention. 
Clin Cancer Res 2002; 8: 945-954.

[8] Liu JY, Peng CW, Yang XJ, Huang CQ and Li Y. 
The prognosis role of AJCC/UICC 8 edition 
staging system in gastric cancer, a retrospec-
tive analysis. Am J Transl Res 2018; 10: 292-
303.

mailto:zhangwj82@qq.com


Stat3 and Her-2 as survival predictors for gastric cancer patients

2330 Am J Transl Res 2022;14(4):2317-2330

[9] Soroush A. Surgical outcome in patients with 
gastrointestinal malignancies; a report from a 
large referral hospital, 2008-2010. Middle 
East J Dig Dis 2013; 5: 201-208.

[10] Li YX, Zhang L, Simayi D, Zhang N, Tao L, Yang 
L, Zhao J, Chen YZ, Li F and Zhang WJ. Human 
papillomavirus infection correlates with inflam-
matory Stat3 signaling activity and IL-17 level 
in patients with colorectal cancer. PLoS One 
2015; 10: e0118391.

[11] Aizawa M, Nagatsuma AK, Kitada K, Kuwata T, 
Fujii S, Kinoshita T and Ochiai A. Evaluation of 
HER2-based biology in 1,006 cases of gastric 
cancer in a Japanese population. Gastric Can-
cer 2014; 17: 34-42.

[12] Bajenova O, Chaika N, Tolkunova E, Davydov-
Sinitsyn A, Gapon S, Thomas P and O’Brien S. 
Carcinoembryonic antigen promotes colorectal 
cancer progression by targeting adherens 
junction complexes. Exp Cell Res 2014; 324: 
115-123.

[13] Bircan S, Inamdar KV, Rassidakis GZ, Medeiros 
LJ. nm23-H1 expression in non-Hodgkin and 
Hodgkin lymphomas. Appl Immunohistochem 
Mol Morphol 2008; 16: 207-14.

[14] Klein Kranenbarg E, Hermans J, van Krieken 
JH and van de Velde CJ. Evaluation of the 5th 
edition of the TNM classification for gastric 
cancer: improved prognostic value. Br J Cancer 
2001; 84: 64-71.

[15] Liu BZ, Tao L, Chen YZ, Li XZ, Dong YL, Ma YJ, 
Li SG, Li F and Zhang WJ. Preoperative body 
mass index, blood albumin and triglycerides 
predict survival for patients with gastric can-
cer. PLoS One 2016; 11: e0157401.

[16] Liu X, Sun X, Liu J, Kong P, Chen S, Zhan Y, Xu 
D. Preoperative C-reactive protein/albumin ra-
tio predicts prognosis of patients after cura- 
tive resection for gastric cancer. Transl Oncol 
2015; 8: 339-345.

[17] Jin F and Chung F. Minimizing perioperative ad-
verse events in the elderly. Br J Anaesth 2001; 
87: 608-624.

[18] Arozullah AM, Daley J, Henderson WG and 
Khuri SF. Multifactorial risk index for predicting 
postoperative respiratory failure in men after 
major noncardiac surgery. Ann Surg 2000; 
232: 242-253.

[19] He S, Liao G, Liu Y, Huang L, Kang M and Chen 
L. Overexpression of STAT3/pSTAT3 was asso-
ciated with poor prognosis in gastric cancer: a 
meta-analysis. Int J Clin Exp Med 2015; 8: 
20014-20023.

[20] Xiong H, Du W, Wang JL, Wang YC, Tang JT, 
Hong J and Fang JY. Constitutive activation of 
STAT3 is predictive of poor prognosis in human 
gastric cancer. J Mol Med (Berl) 2012; 90: 
1037-1046.

[21] Sato T, Neilson LM, Peck AR, Liu C, Tran TH, 
Witkiewicz A, Hyslop T, Nevalainen MT, Sauter 
G and Rui H. Signal transducer and activator of 

transcription-3 and breast cancer prognosis. 
Am J Cancer Res 2011; 1: 347-355.

[22] Huang C, Huang R, Chang W, Jiang T, Huang K, 
Cao J, Sun X and Qiu Z. The expression and 
clinical significance of pSTAT3, VEGF and 
VEGF-C in pancreatic adenocarcinoma. Neo-
plasma 2012; 59: 52-61.

[23] Zhao X, Sun X and Li XL. Expression and clini-
cal significance of STAT3, P-STAT3, and VEGF-C 
in small cell lung cancer. Asian Pac J Cancer 
Prev 2012; 13: 2873-2877.

[24] Shimada H, Noie T, Ohashi M, Oba K and Taka-
hashi Y. Clinical significance of serum tumor 
markers for gastric cancer: a systematic review 
of literature by the Task Force of the Japanese 
Gastric Cancer Association. Gastric Cancer 
2014; 17: 26-33.

[25] Moazzezy N, Bouzari S and Oloomi M. Com-
parative study of blood, tissue and serum lev-
els of Carcinoembryonic Antigen (CEA) detec-
tion in breast cancer. Asian Pac J Cancer Prev 
2019; 20: 2979-2985.

[26] Marano L and Roviello F. The distinctive nature 
of HER2-positive gastric cancers. Eur J Surg 
Oncol 2015; 41: 271-273.

[27] Moelans CB, de Weger RA and van Diest PJ. 
Multiplex ligation-dependent probe amplifica-
tion to detect HER2 amplification in breast 
cancer: new insights in optimal cut-off value. 
Cell Oncol 2010; 32: 311-312.

[28] Jørgensen JT. Targeted HER2 treatment in ad-
vanced gastric cancer. Oncology 2010; 78: 26-
33.

[29] Zhang S, Ye S and Lin H. Gastric cancer with 
P53 overexpression and nm23 low-expression 
has high potential for lymph node metastasis. 
Chinese Journal of Oncology 1995; 17: 418-
421.

[30] Kania J, Konturek SJ, Marlicz K, Hahn EG and 
Konturek PC. Expression of survivin and cas-
pase-3 in gastric cancer. Dig Dis Sci 2003; 48: 
266-271.

[31] Mönig SP, Nolden B, Lübke T, Pohl A, Grass G, 
Schneider PM, Dienes HP, Hölscher AH and 
Baldus SE. Clinical significance of nm23 gene 
expression in gastric cancer. Anticancer Res 
2007; 27: 3029-3033.

[32] Kodera Y, Isobe K, Yamauchi M, Kondoh K, 
Kimura N, Akiyama S, Itoh K, Nakashima I and 
Takagi H. Expression of nm23 H-1 RNA levels 
in human gastric cancer tissues. A negative 
correlation with nodal metastasis. Cancer 
1994; 73: 259-265.

[33] Bajenova O, Chaika N, Tolkunova E, Davydov-
Sinitsyn A, Gapon S, Thomas P and O’Brien S. 
Carcinoembryonic antigen promotes colorectal 
cancer progression by targeting adherens 
junction complexes. Exp Cell Res 2014; 324: 
115-123.



Stat3 and Her-2 as survival predictors for gastric cancer patients

1 

Supplementary Table 1. The correlation between the levels of p-Stat3 or Her-2 and the clinicopatho-
logical characters in GC patients

n p-Stat3 P 
value

n Her-2 P 
value110 -/1+ (%) 2+ (%) 3+ (%) 106 -/1+ (%) 2+ (%) 3+ (%)

Sex
    Male 79 31 (39.2) 24 (30.4) 24 (30.4) 0.708 75 23 (30.7) 33 (44.0) 19 (25.3) 0.652
    Female 31 9 (29.0) 14 (45.2) 8 (25.8) 31 9 (29.0) 17 (54.8) 5 (16.1)
Age
    <60 36 9 (25.0) 17 (47.2) 10 (27.8) 0.333 34 15 (44.1) 17 (50.0) 2 (5.9) 0.003
    ≥60 74 31 (41.9) 21 (28.4) 22 (29.7) 72 17 (23.6) 33 (45.8) 22 (30.6)
Cell differentiation
    Well 5 4 (80.0) 1 (20.0) 0 (0) 0.015 4 1 (25.0) 3 (75.0) 0 (0) 0.701
    Moderate 34 17 (50.0) 9 (26.5) 8 (23.5) 33 7 (21.2) 19 (57.6) 7 (21.2)
    Poorly 71 19 (26.8) 28 (39.4) 24 (33.8) 69 24 (34.8) 28 (40.6) 17 (24.6)
Invasion depth
    T1 9 5 (55.6) 3 (33.3) 1 (11.1) 0.040 9 5 (55.6) 4 (44.4) 0 (0) 0.011
    T2 26 15 (57.7) 5 (19.2) 6 (23.1) 25 11 (44.0) 12 (48.0) 2 (8.0)
    T3 73 19 (26.0) 29 (39.7) 25 (34.2) 70 16 (22.9) 32 (45.7) 22 (31.4)
    T4 2 1 (50.0) 1 (50.0) 0 (0) 2 0 (0) 2 (100) 0 (0)
Lymph node metastasis
    No 43 20 (46.5) 11 (25.6) 12 (27.9) 0.221 42 21 (50.0) 17 (40.5) 4 (9.5) <0.001
    Yes 67 20 (29.9) 27 (40.3) 20 (29.9) 64 11 (17.2) 33 (51.6) 20 (31.3)
Distant metastasis
    No 98 38 (38.8) 35 (35.7) 25 (25.5) 0.029 94 30 (31.9) 45 (47.9) 19 (20.2) 0.104
    Yes 12 2 (16.7) 3 (25.0) 7 (58.3) 12 2 (16.7) 5 (41.7) 5 (41.7)
TNM staging
    I 27 17 (63.0) 5 (18.5) 5 (18.5) 0.014 26 15 (57.7) 11 (42.3) 0 (0) 0.001
    II 32 11 (34.4) 11 (34.4) 10 (31.3) 32 9 (28.1) 14 (43.8) 9 (28.1)
    III 39 10 (25.6) 19 (48.7) 10 (25.6) 36 6 (16.7) 20 (55.6) 10 (27.8)
    IV 12 2 (16.7) 3 (25.0) 7 (58.3) 12 2 (16.7) 5 (41.7) 5 (41.7)
Note: Kaplan-Meier survival analysis was used in the statistical analyses.
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Supplementary Table 2. The correlation between the expression of CEA or nm-23 and the clinico-
pathological characters in GC patients

n CEA P 
value

n nm-23
P value

94 -/1+ (%) 2+ (%) 3+ (%) 93 -/1+ (%) 2+ (%) 3+ (%)
Sex
    Male 65 17 (26.2) 24 (36.9) 24 (36.9) 0.965 67 41 (61.2) 19 (28.4) 7 (10.4) 0.469 
    Female 29 7 (24.1) 12 (41.4) 10 (34.5) 26 18 (69.2) 6 (23.1) 2 (7.7)
Age
    <60 32 11 (34.4) 12 (37.5) 9 (28.1) 0.137 31 24 (77.4) 5 (16.1) 2 (6.5) 0.057
    ≥60 62 13 (21.0) 24 (38.7) 25 (40.3) 62 35 (56.5) 20 (32.3) 7 (11.3)
Cell differentiation
    Well 4 2 (50.0) 1 (25.0) 1 (25.0) 0.658 3 2 (66.7) 1 (33.3) 0 (0) 0.565 
    Moderate 28 6 (21.4) 13 (46.4) 9 (32.1) 32 18 (56.3) 10 (31.3) 4 (12.5)
    Poorly 62 16 (25.8) 22 (35.5) 24 (38.7) 58 39 (67.2) 14 (24.1) 5 (8.6)
Invasion depth
    T1 8 8 (100) 0 (0) 0 (0) <0.001 8 3 (37.5) 3 (37.5) 2 (25.0) 0.030 
    T2 22 7 (31.8) 8 (36.4) 7 (31.8) 20 8 (40.0) 11 (55.0) 1 (5.0)
    T3 63 9 (14.3) 28 (44.4) 26 (41.3) 63 46 (73.0) 11 (17.5) 6 (9.5)
    T4 1 0 (0) 0 (0) 1 (100) 2 2 (100) 0 (0) 0 (0)
Lymph node metastasis
    No 36 16 (44.4) 15 (41.7) 5 (13.9) <0.001 36 17 (47.2) 14 (38.9) 5 (13.9) 0.012
    Yes 58 8 (13.8) 21 (36.2) 29 (50.0) 57 42 (73.7) 11 (19.3) 4 (7.0)
Distant metastasis
    No 82 22 (26.8) 33 (40.2) 27 (32.9) 0.131 82 53 (64.6) 21 (25.6) 8 (9.8) 0.576
    Yes 12 2 (16.7) 3 (25.0) 7 (58.3) 11 6 (54.5) 4 (36.4) 1 (9.1)
TNM staging
    I 23 14 (60.9) 6 (26.1) 3 (13.0) 0.001 21 8 (38.1) 10 (47.6) 3 (14.3) 0.029
    II 28 5 (17.9) 13 (46.4) 10 (35.7) 27 18 (66.7) 6 (22.2) 3 (11.1)
    III 31 3 (9.7) 14 (45.2) 14 (45.2) 34 27 (79.4) 20 (14.7) 2 (5.9)
    IV 12 2 (16.7) 3 (25.0) 7 (58.3) 11 6 (54.5) 4 (36.4) 1 (9.1)
Note: Kaplan-Meier survival analysis was used in the statistical analyses.


