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ABSTRACT 
 

Objective: To assess economic cost-effects for the screening programs of gastric cancer in a high risk 
population in northeastern China. 

Methods: The data were collected from November 2001 to December 2003. The multi-stage sampling to 
define the screening group and the control group was applied in this study. Two stage screening programs were 
used in the study. An epidemiological survey and serum PG test were carried out in the first stage. The endoscopy 
and pathological examination were performed in the second stage screening. Effectiveness was assessed by the 
increased quality adjusted life-year (QALY) because of reduced gastric cancer deaths in screening. 

Results: A total of 27,970 participants (n=7,128 screening group, n=20,842 control group) were enrolled in the 
survey. Twenty nine gastric cancer cases were detected in the screening group with 20 cases in the early stage and 9 
cases in the advanced stage, respectively. Eighty six gastric cancer cases were detected in the control group, all of 
whom were in the advanced stage and had died before the study finished. The screening and treatment of 29 cases 
cost $152,227 and $5,249 per each case, respectively. The costs were $459 to gain per QALY. 

Conclusion: The screening program of gastric cancer used in our study is an economic and society-beneficial 
measure to detect gastric cancer in high risk area. The methods fit China's present economic development level. 
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INTRODUCTION 
 

Gastric cancer is the fourth most common cancer and 
the second leading cause of cancer-related death worldwide, 
especially in Central Europe, South America, and Asia[1-3]. In 
China, the incidence of gastric cancer is among the highest 
of the world, with an estimated 160,000 deaths each year[4, 5]. 
Gastric cancer detected at a symptomatic stage often has 
poor survival and high recurrence. Early gastric cancer is 
typically small and asymptomatic, and the low mortality 
from gastric cancer is mainly due to early detection. When 
diagnosed at an early stage, 5-year survival rates for gastric 
cancer exceed 90%, while for an advanced gastric cancer, 
5-year survival rates are below 50%[6-8]. Therefore, early 
detection and treatment is an important approach to achieve 
good prognosis and reduce death from gastric cancer[9].  

Despite the high incidence rate of gastric cancer in 
China, there is no nationwide screening program to date. 
Early detection of gastric cancer only relies on the 
opportunistic screening[9]. A series of comprehensive 
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preventive methods have been applied since 1997 in China, 
including primary and secondary prevention, especially in 
high-risk populations of gastric cancer.  

Zhuanghe County is located in of Liaoning Province 
with a total population of 900,000, and in the seaside of the 
Huang Sea. The incidence and mortality of gastric cancer in 
this county are higher than the average level of China[10]. 
From 1996 to 2000, the gastric cancer death counted 8.25% of 
all causes death, and 38.94% of all cancer death in Zhuanghe 
County[11]. The investigations of China Medical University 
have worked in Zhuanghe for more than 20 years and 
established a comprehensive gastric cancer prevention 
network[12]. 

Serum pepsinogen (PG) has been found to be a marker 
of gastric mucosal status, and associated with gastric 
cancer[13]. Measurement of serum PG is a popular 
non-invasive serological screening test for identifying 
individuals with extensive gastric atrophy that warrants 
more intensive surveillance for high-risk of gastric cancer[14]. 
Endoscopy and pathological examinations have been 
increasingly used for gastric cancer diagnosis as a golden 
standard because of a high detection rate.  

The two-stage screening program has good sensitivity 
and specificity in the detection of gastric cancer. Therefore, 
the relative costs, benefits and long term outcome are 
important factors to consider when evaluating the public 
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health relevance of this intervention. This study aims to 
evaluate the economic cost-effects of the screening program 
for gastric cancer in a high-risk population in the Northeast 
China. 

 
MATERIALS AND METHODS 

 
Definition of Screening Population 

The multi-stage sampling to define the screening group 
and the control group was applied in this study. Firstly, 
villages were stratified into two parts based on the landform, 
seaside or hill. Secondly, then each part was divided into 
two groups, the screening group and the control group, 
using the method of complete random cluster sampling.  

Among the 28 sampled villages, 15 villages were 
assigned to the screening group and 13 villages were 
assigned to the control group. There were no difference 
between two groups in the geographical environment, the 
humanity environment and other basic characteristics. 
 
Screening   

The design of the screening is presented in Figure 1. 
The target population was those who had the family 

history of gastric cancer, and /or were over 35 years old and 
had the history of gastric illness, or had evident gastric 
illness symptoms. A two-stage screening program was 
conducted. An epidemiological survey and serum PG test 
were carried out in the first stage. If the serum PG I/II ratio 
was less than 9 and the participant was younger than 50 
years old, or the ratio was less than 7.5 and subject was over 
50 years old, or PG I was less than 70 μg/L in male, or PG I 
was less than 60 μg/L in female, the participant would 
receive the second stage screening with endoscopy and 
pathological examination.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1. The screening trial sketch. 

 
 
Calculation of Costs 

The direct costs for PG tests, endoscopy/pathology and 
labor in the screening were estimated by the program. The 

data for the other expenditure for gastric cancer treatment 
were obtained from hospital finance department, patients 
and relatives. The treatment costs included out-patient cost, 
drug cost, surgery cost and hospitalization cost. Because the 
screening program had certain time span and the medical 
cost had largely fluctuated, costs and benefits were 
discounted to the price level in 2001. The discount rate was 
defined by national retail price general index and resident 
consumption price general index. A 5% discount rate was 
adopted in our study. 

Effectiveness can be seen from the increased quality 
adjusted life-year (QALY) because of reduced gastric cancer 
deaths in screening. We used the World Health 
Organization Quality of Life (WHOQOL)- BREF to measure 
the survival quality of the gastric cancer patients, and then 
to estimate the effectiveness. 
 
Data Collection and Analysis 

The data were collected from November 2001 to 
December 2003. The first stage screening took place in the 
appointed clinic in each village, while the second stage 
screening was carried out in the Zhuanghe Central Hospital 
and Zhuanghe Hospital of Traditional Chinese Medicine. 
The health workers who provided screening had been 
trained. Cost data were obtained from hospital finance 
departments, patients and their relatives. Annual income 
was acquired from the local government finance department 
of screening villages. Quantitative data were input and 
analyzed using SPSS 16.0. 
 
Ethical Issues 

This study was approved by the Ethics Committee of 
China Medical University and implemented under the full 
knowledge and consent by participants, who were assured 
of the security of the information. Written, informed consent 
was received from all study participants before the 
screening. 

 
RESULTS 

 
A total of 27 970 participants (n=7 128 screening group, 

n= 20 842 control group) were included in the survey. Of 
them, 50.86% were males while 49.14% were females in the 
screening group, and 50.54% were males while 49.46% were 
females in the control group (Table 1). 

 

Table 1. Composition of the samples in high risk area of Zhuanghe, 
China, November 2001 to December 2003 

 

Screening               Male Female         Total 

group 3 625        3 503 7 128 

Control 10 533         10 309 20 842 

Total 14 158 13 812 27 970 

 

Screening Result 
Twenty nine gastric cancer cases were detected in the 

screening group. Twenty cases were in the early stage, and 9 
cases were in the advanced stage. Eighty six gastric cancer 
cases were founded in the control group, who were all in the 
advanced stage and had died before the study finished.  
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Cost-effective Analysis  
Costs of the Screening Group  

The costs of first stage screening included survey costs 
and detection costs of serum PG. The second stage costs 
included the cost of endoscopy, pathological examination 
and treatment. The cost for two-stage screening for per 
person and per gastric cancer case was $23.1 and $4,041.1, 
respectively (Table 2). The total screening and treatment of 
29 cases cost $152,227 and $5,249 for each case, respectively 
(Table 3). 

 

Table 2. Screening costs of gastric cancer in high risk area of Zhuanghe, 
China, 2001-2003 

 

Project Number 
Total costs 

($) 

Per capita  

cost ($) 

The first stage 

screening 

7,128 82,154 11.5 

The second 

stage screening 

3,025 35,036 11.6 

The cases of 
gastric cancer  

29 117,190 4,041.1 

 
Costs of the Control Group  

There were 86 gastric cancer cases among 20,842 
participants. The total costs of diagnosis and treatment were 
$363,653. The costs of each case were $4,228 (including 
out-patient costs, diagnosis costs, radiotherapy and 
chemotherapy costs, surgery and hospitalization costs).  

If the 29 cases in the screening group were not detected 

in screening, they needed $122,627 for diagnosis and 
treatment according to the costs of diagnosis and treatment 
in the control group. Screening program had an extra cost of 
$29,600 ($152,227$122,627=$29,600) compared to no 
screening, which means $1,020 for each ($29,600/29= $1,020) 
to reduce a gastric cancer death. 

 

Table 3. Screening and treatment costs of gastric cancer  

in high risk area of Zhuanghe, China, 2001-2003 
 

Project 
Each case of gastric  

cancer  ($) 

Total  

($)
*
 

Screening costs 4,041.1 117,190 

Treatment costs 1,208.2  35,037 

Total 5,249.3 152,227 
*
A total of 29 gastric cancer cases 

 

Cost-utility Analysis 
Two hundred cases were interviewed (50% were males 

while 50% were females). The score of each project had been 
transformed to the standard HRQOL score by forward and 
standardized processing. The average score was obtained by 
sex. The computation of the standard HRQOL score used 
hundred-mark system. The effectiveness value (u) =the 
standard HRQOL score/100. The range of u was 0-1. u of 
male was 0.68 while female was 0.66.  

The costs were $459 to gain per QALY ($152,227/331.44 
=$459). Further description of Information sources is 
presented in Table 4. 

 
Table 4. Increased QALY due to reduced death of gastric cancer in high risk area of Zhuanghe, China, 2001-2003 

 

No. Project 
Gastric cancer case 

Total 
Male Female 

1 Discount expectancy life of healthy residents  312.61 87.52 - 

2 Discount expectancy life of gastric cancer patients  82.32 19.25 - 
3 QALY effectiveness value of healthy residents 1.00 1.00 - 

4 QALY effectiveness value of gastric cancer patients 0.68 0.66 - 

5 QALY of healthy residents 312.61 87.52 - 
6 QALY of gastric cancer patients

*
 55.98 12.71 - 

7 Increased QALY due to reducing death of gastric cancer
*
 256.63 74.81 331.44 

8 The number of reducing death of gastric cancer 24 5 29 
9 Increased QALY due to avoid one case death of gastric cancer

*
 10.69 14.96 11.43 

*
The relationship: (6) = (2) × (4); (7) = (5) - (6); (9) = (7) / (8) 

 
DISCUSSION 

 
Although mass screening programs exist in Asian 

countries with high prevalence of gastric cancer, there is 
paucity of data for the cost-effectiveness analysis[9]. 
Comprehensive estimate of the effectiveness should be done 
before spreading widely in the general population. Health 
planners in developing countries have far more needs than 
resources to address them, and even the most effective 
interventions must be economically feasible to implement[15]. 
The evaluation of gastric cancer screening programs should 
include not only accuracy, validity and medicine practice 
but also the value of health economics. China is the world's 
most populous developing country and has high incidence 
of gastric cancer. Although the screenings are relatively 
inexpensive for each person, population-wide screenings 

could be enormously costly in China.  
To our knowledge, few epidemiology and economic 

study of gastric cancer screening studies have been 
conducted in northeastern China. The present study 
analyzed the costs and effectiveness associated with 
screening and treatment for the people with high risk. 

Serum PG program is a popular non-invasive 
serological screening test for gastritis and predicting marker 
for gastric cancer. In a pooled analysis of Japanese studies 
that assessed about 300,000 subjects, the sensitivity of serum 
pepsinogen testing for gastric cancer was 77% and the 
specificity was 73%[16]. The PG I/PG II ratio is an acceptable 
biomarker for atrophic chronic gastritis, H. pylori-related 
corpus-predominant or multifocal and predictive of an 
increased risk of gastric cancer atrophy[17, 18]. Those studies 
suggested that the serum PG test is suitable for the first stage 
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in screening of gastric cancer.  
In this study, we found that detecting and treatment for 

each case needed $5,249 and increasing of per QALY needed 
$459. In fact, we just calculated the direct cost including 
screening cost and treatment cost. The indirect, such as the 
income loss caused by delay work because of screening and 
treatment, was not considered, which may make our result 
below the true costs.  

The screening program of gastric cancer used in our 
study is an economic and society-beneficial measure to 
detect gastric cancer in high risk area. The program fits the 
present economic development level in China. 
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