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Abstract
Gastric cancer remains the second leading cause of cancer death worldwide. About half of the incidence of gastric cancer is observed in East Asian countries, which show a higher mortality than other countries. The effectiveness of 3 new gastric cancer screening techniques, namely, upper gastrointestinal endoscopy, serological testing, and “screen and treat” method were extensively reviewed. Moreover, the phases of biomarker development for cancer screening were analyzed on the basis of the development road map. Several observational studies have reported the effectiveness of endoscopic screening in reducing mortality from gastric cancer. On the other hand, serologic testing has mainly been used for targeting the high-risk group for gastric cancer. To date, the effectiveness of new techniques for gastric cancer screening has remained limited. However, endoscopic screening is presently in the last trial phase of development before their introduction to population-based screening. To effectively introduce new techniques for gastric cancer screening in a community, incidence and mortality reduction from gastric cancer must be initially and thoroughly evaluated by conducting reliable studies. In addition to effectiveness evaluation, the balance of benefits and harms must be carefully assessed before introducing these new techniques for population-based screening.
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Core tip: The effectiveness of new gastric cancer screening technique has remained limited to date. The present review of 3 new gastric cancer screening techniques, namely, upper gastrointestinal endoscopy, serological testing, and “screen and treat” method provides invaluable insights on how screening tests should be instituted. To effectively introduce new techniques for gastric cancer screening in a community, incidence and mortality reduction from gastric cancer must be initially and thoroughly evaluated by conducting reliable studies. In addition to effectiveness evaluation, the balance of benefits and harms must be assessed before introducing these new techniques for population-based screening.
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INTRODUCTION
Gastric cancer remains the second leading cause of cancer death worldwide. Over the last 3 decades, the incidence of gastric cancer has decreased around the world, and a similar trend can be observed in Asian countries. However, although mortality from gastric cancer has markedly improved, its burden remains substantial. 
In 2012, an estimated 1 million new cases of gastric cancer have occurred, with half of the world total occurring in Eastern Asia[1]. The age-standardized incidence rates are about three times as high in men as in women; 35.4 for 100000 men and 13.8 for 100000 women in the word. The highest mortality rates are observed in Eastern Asia, occurring at 24.0 per 100000 men and 9.8 per 100000 women.
In Japan, there are more than 360000 cancer deaths, with gastric cancer accounting for 13.6% of the total number of cancer deaths[2]. In 2012, the reported age-standardized mortality rate of gastric cancer was 17.6 per 100000 men and 6.7 per 100000 women. Over the last 2 decades, the cancers causing mortality have changed. Particularly, mortality from gastric cancer in men has decreased. In 2005, the gastric cancer mortality rate was half that in 1975. 

HISTORY OF GASTRIC CANCER SCREENING
Gastric cancer screening using upper gastrointestinal series (radiographic screening), which was developed in Japan, has been conducted since the 1960s[3]. In 1983, nationwide cancer screening programs were started under the Health Law for the Aged. These programs have been conducted as a public policy for the last 3 decades. In 2000, Hisamichi et al[4] assessed the effectiveness of radiographic screening based on a literature review, and they recommended this screening technique in their report. In 2005, the Japanese guideline for gastric cancer screening also recommended radiographic screening based on a systematic review[5]. In this guideline, upper gastrointestinal endoscopy and serological testing [i.e., Helicobacter pylori (H. pylori) antibody and serum pepsinogen screening] were also evaluated. These were not, however, recommended because of insufficient evidence.
Since the introduction of population-based screening, radiographic equipment has been improved and radiation exposure has gradually decreased. In the last decade, filming has efficiently progressed to digital imaging. High-density barium has been used for radiographic screening in the 2000s. Compared with previous techniques, the sensitivities of new screening techniques remain equal, but their specificities have seen a considerable improvement[6]. Although radiographic screening has been conducted in most municipalities in Japan, the screening rate has gradually decreased nationwide over the last decade[7]. On the other hand, endoscopic screening has been performed in clinical settings as opportunistic screening[8-10]. The serum pepsinogen method has been used mainly in clinical settings with multiphasic health check-ups[11-13], but the use of this method has been limited to communities[14,15].
In other Asian countries, gastric cancer screening using both methods has been performed as opportunistic screening[16]. For example, both radiographic screening and endoscopic screening has been introduced as national programs since 2000 in South Korea[17]. Although the target age group is the same as in Japan, the screening interval is every 2 years in South Korea. People can choose the screening method at their own preference, and a high selection preference for endoscopic screening has been observed. 

CURRENT STATUS OF GASTRIC CANCER SCREENING IN JAPAN
Five cancers, namely, stomach, colon and rectum, lung, breast and cervical cancer have been screened by nationwide screening programs in Japan. The results of population-based screening are shown in Table 1[7]. Interestingly, the rate of gastric cancer screening has been shown to be lower than that of other organs, although the rates of all cancer screening programs are below 25%. Since the introduction of gastric cancer screening in 1983, the screening rate has gradually decreased and remained at about 10%. Except for cervical cancer, the target groups in these screening programs are individuals 40 years and over. There is no upper age limit in these programs and individuals over 70 years have constituted about 35% of the participants in gastric cancer screening. The screening interval for gastric, colorectal, and lung cancer is every year. For gastric cancer screening, about 4 million people participate each year. The positive rate is about 10% and further examination is needed for definitive diagnosis. The participant rate of diagnostic examinations is approximately 80% and is higher than that for colorectal cancer screening. There were 6769 newly detected gastric cancers in 2011. However, the detection rate in gastric cancer screening has remained at 0.1% to 0.2%.
There are several problems with the continued use of nationwide radiographic screening in Japan. The upper gastrointestinal series (UGI) with double-contrast study was originally adopted for radiographic screening. Special training is needed for the interpretation of UGI radiographs in gastric cancer screening. The use of UGI has now seen a rapid decrease in the clinical setting and is presently replaced by upper gastrointestinal endoscopy, which becomes a requisite technique for general physicians, particularly for the young generation. Inadequate manpower for radiographic screening will become evident in the future because of the advanced age of experts who can interpret UGI radiographs. Since the burden of gastric cancer still remains substantial, new techniques, including endoscopy, serological tests for H. pylori antibody and serum pepsinogen, a maker of atrophy have been anticipated for gastric cancer screening. A “screen and treat” strategy is also anticipated for H. pylori eradication and surveillance for the high-risk group. 

NEW CANCER SCREENING METHODS
Endoscopic screening
Endoscopic screening for gastric cancer was not recommended in the 2005 version of the Japanese guidelines[5]. Although new studies have been reported since the publication of the Japanese guidelines, these studies were insufficient to validate the effectiveness of endoscopic screening[8-9,18-20]. Endoscopic screening has been performed in 18.3% of municipalities as population-based screening in Japan[21]. Several studies have reported that endoscopic screening has a higher detection rate than radiographic screening[8-10]. Endoscopic screening can detect cancer earlier which can be adopted for endoscopic submucosal resection. 
A comparison of the sensitivity of endoscopic and radiographic screenings has been reported[22,23]. In a Korean study, the sensitivity of endoscopic screening was reported as 69.4% (95%CI: 66.4-72.4) for the first round and 66.9% (95%CI: 59.8-74.0) for the subsequent round[23]. On the other hand, the sensitivity of radiographic screening was reported as 38.2% (95%CI: 35.9-40.5) for the first round and 27.3% (95%CI: 22.6-32.0) for the subsequent round[23]. Although the definition of interval cancer was different between South Korea and Japan, the sensitivity of endoscopic screening was always higher than that of radiographic screening. However, there are possibilities of an increase in the frequency of overdiaganosis by endoscopic screening because it can detect cancer earlier than radiographic screening. Although the detection method is commonly used to measure the sensitivity of the screening method, it cannot exclude cases of overdiagnosis. The incidence method was developed to calculate sensitivity, avoiding cases of overdiaganosis [24]. Screening for breast, lung, and colorectal cancers has been evaluated using the incidence method[25-27]. In a Japanese study, the sensitivities of endoscopic and radiographic screening were calculated by both methods[22] (Table 2). By the detection method, it was found that the sensitivity of endoscopic screening was higher than that of radiographic screening in both rounds (prevalence screening: P = 0.255, incidence screening: P = 0.043). By the incidence method, the sensitivity of endoscopic screening for prevalence and incidence screenings was also higher than that of radiographic screening (prevalence screening: P = 0.626, incidence screening: P = 0.117). Even if the incidence method is used, the sensitivity of endoscopic screening was always higher than that of radiographic screening in both rounds.
Recently, the results of a community-based case-control study of endoscopic screening have been reported[28,29]. Based on the results of a larger case-control study, the findings suggest a 30% reduction in gastric cancer mortality by endoscopic screening compared with no screening within 36 mo before the date of diagnosis of gastric cancer[28]. Although the sample size is small in the Nagasaki study, a higher mortality reduction from gastric cancer by 80% was reported[29]. Although these results suggest that gastric cancer mortality could be reduced by endoscopic screening, prudence must be observed in interpreting positive results because these case-control studies may have included self-selection bias. 

TARGETING THE HIGH-RISK GROUP
Although serologic testing has been used for targeting the high-risk group for gastric cancer, the effectiveness of these screenings has not been fully clarified. A small case-control study reported mortality reduction from gastric cancer using serum pepsinogen screening[30]; however, this screening is insufficient to confirm the effectiveness of serological testing. In a meta-analysis by Dinis-Ribero et al[31], they found that the sensitivity of serum pepsinogen screening for gastric cancer was 77% and that the specificity was 73% using pepsinogen I ≤ 70; pepsinogen I/II ratio ≤ 3 as cut-off values for atrophy. Since high specificity is a major requirement for cancer screening[32], tests with lower specificity such as serum pepsinogen testing are not suitable for primal screening. 
The 3 current serological screening methods commonly used to identify the high-risk group are as follows: (1) serum pepsinogen screening; (2) H. pylori antibody screening; and (3) a combination of the serum pepsinogen and H. pylori antibody screening. Although cytotoxin associated gene A (cagA) has also been anticipated as a new biomarker for gastric cancer, its use has been limited to research-based screening[33]. Most of the reported studies are cross-sectional studies in which the serologic test was performed simultaneously with upper endoscopic screening. Although several studies have been reported from European countries, their outcomes were mainly for chronic atrophic gastritis which is a surrogate endpoint even if it can be a precursor of gastric cancer[33-35]. Lomba-Viana et al[36] previously reported the results of a 5-year follow-up study of the serum pepsinogen test for the early detection of gastric cancer in Portugal. The constraint of their study was that the subjects were limited only to 4% of the primary subjects who were screened by the serum pepsinogen tests. For the successful introduction of a screening procedure for population-based screening, a direct evaluation of the reduction in gastric cancer incidence is required. Therefore, a long-term follow-up for the whole target population is needed to evaluate the possibility of predicting the incidence of gastric cancer.
At present, the most commonly used strategy for serologic testing is a combination of serum pepsinogen and H. pylori antibody screening, or the so-called “ABC method”[37]. This combination method has been most anticipated since it can theatrically stratify the risk of gastric cancer. However, the effects of long-term follow-up have not yet been clarified. Thus far, there are 3 studies on predicting the incidence of gastric cancer based on long-term follow-up[38-40]. In all of these studies, the follow-up periods were less than 10 years. Moreover, the incidence rates of gastric cancer were different among these studies (Table 3). The 4 groups identified on the basis of serum pepsinogen and H. pylori infections were as follows: Group A = negative H. pylori infection and negative atrophy; Group B = positive H. pylori infection and negative atrophy; Group C = positive H. pylori infection and positive atrophy; Group D = negative H. pylori infection and positive atrophy. As shown in Figure 1, a meta-analysis was conducted on the base of the results of these studies using a random effect model by Stats Direct3 (Stats Direct Ltd. Cheshire United Kingdom). Although there was no cancer in group A in Wakayama study by Ohata et al[38], it assumed that there was 1 cancer in group A in this study for meta-analysis. Because of the small number of group D, groups C and D were combined. Although the risk of gastric cancer of group C + D was higher than that of group A [relative risk (RR) = 10.81, 95%CI: 5.54-21.09], the difference in gastric cancer risk between group A and group B cannot be identified (RR = 2.93, 95%CI: 0.97-8.80). Group C + D was clearly divided by group B (RR = 3.34, 95%CI: 1.91-5.84). Although serologic testing could be used to detect the high-risk group for gastric cancer, the exclusion of the low-risk group remains difficult. Gastric cancer usually developed during the follow-up even in individuals localized to Group A by the first testing. 
A serum pepsinogen I value of ≤ 70mL and a serum pepsinogen I/II ratio of ≤ 3.0 are defined as the criteria for atrophy in Japan[11,12]. Yanaoka et al[40] reported that gastric cancer incidence differs when a criterion of the serum pepsinogen cut-off value was changed. The risk of gastric cancer development remains in long-term follow-up even if the results were negative on the basis of the standard cut-off values.
The Japanese government has decided to adopt H. pylori eradication for chronic gastritis under the national fee schedule for all types of health insurance in 2013. H. pylori eradication has rapidly expanded after this adoption, and patients receiving treatment are now classified under the ‘pseudo low-risk group’ both for atrophy and H. pylori infection. In such a setting, it has become difficult to stratify gastric cancer risk by serologic testing. 

“SCREEN AND TREAT”METHOD
A chemoprevention program has been highly anticipated for the community with high incidence of gastric cancer. However, randomized controlled trials of H. pylori eradication for asymptomatic patients have not so far identified a significant reduction in gastric cancer[42,43]. In 2004, the “screen and treat” program was introduced on the Matsu Island, Taiwan, which has a high incidence of gastric cancer[44]. Compared before the introduction of this program, the incidence of gastric cancer has been reduced by 25% during the “screen and treat” period (rate ratio = 0.753; 95%CI: 0.372-1.524). However, the effects of cancer screening are not to be expected within a short period of time after its introduction[45]. A long-term follow-up is needed to evaluate the reduction of incidence and mortality from gastric cancer by the ‘screen and treat ‘method.

FUTURE PERSPECTIVES	
In the development of a new cancer screening technique and in its actual introduction, a step-by-step evaluation is required. In line with this, Pepe et al[32] proposed a strategic process for biomarker development for cancer screening. This process was conceptualized in 5 phases: Phase 1 (Preclinical exploratory), Phase 2 (Clinical assay and validation), Phase 3 (Retrospective longitudinal), Phase 4 (Prospective screening), and Phase 5 (Cancer control) (Table 4). These phases can be useful in the development of a new cancer screening technique. After validation in the clinical setting in Phases 2 and 3, additional studies on cancer screening are required in Phases 4 and 5. 
Maintaining a high specificity is a major priority for population-based screening because a false-positive rate translates into a large number of people subjected to unnecessary diagnostic examinations. Even if a high sensitivity could be obtained in Phase 3, the target population is different in cancer screening. In Phase 4, the operating characteristics of the new biomarker-based screening in a relevant population and the false referral rate should be determined. Finally, cancer mortality reduction must be evaluated by the new screening technique. 
Sensitivity and specificity of endoscopic screening have already been evaluated in South Korea and Japan. Although mortality reduction from endoscopic screening has been reported in several studies, the results remain insufficient to confirm its effectiveness. Research on endoscopic screening is on its way to Phase 5 (Table 4). On the other hand, serological testing is on its way only to Phases 3-4 because of lack of studies to evaluate the incidence and mortality reduction from gastric cancer. The “screen and treat” method has been limited to Phases 4-5 because evaluation study has been limited in the Matsu Island. Therefore, new techniques for gastric cancer screening needs to be further developed, with their effectiveness assessed in Phases 4 and 5. 
To effectively introduce new techniques for gastric cancer screening in a community, incidence and mortality reduction from gastric cancer must be evaluated by conducting reliable studies. In addition to evaluating effectiveness, the balance of benefits and harms must also be carefully assessed before introducing population-based screening.
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Figure 1 Meta-analysis of 3 studies predicting gastric cancer risk. Meta-analysis was conducted on the base of the results of previous studies using the random effect model by Stats Direct3 (Stats Direct Ltd. Cheshire United Kingdom). Subjective studies are shown in Table 3. Although there is no cancer in group A in the Wakayama study by Ohata et al[38], it assumed that three was 1 cancer in group A in this study for meta-analysis. Because of the small number of group D, groups C and D were combined. The relative risk of group B was calculated and referred to that of group A. The relative risk of group C+D were calculated and referred to those of group A and group B.

1

Table 1 Results of population-based screening in Japan

	
	Stomach
	Colon and Rectum
	Lung
	Breast
	Cervix

	Total participants
	3874128
	6975281
	7059,318
	2541993
	4666826

	Screening rate
	9.6%
	16.8%
	17.2%
	18.8%
	23.7%

	Positive rate
	9.4%
	7.3%
	2.8%
	8.6%
	1.6%

	Participant rate of diagnostic examination
	81.1%
	63.6%
	77.7%
	83.5%
	66.2%

	Cancer detection rate
	0.17%
	0.23%
	0.06%
	0.32%
	0.08%

	Positive predictive value
	1.9
	3.2
	2.2
	3.7
	4.9


Adapted from reference [7].











Table 2 Sensitivity of endoscopy and radiography for gastric cancer screening

	Screening round
	Method
	Sensitivity
	Specificity
	Sensitivity 

	
	
	By the detection method
	By the detection method
	By the incidence method

	Prevalence screening
	Endoscopic screening
	0.955
	0.851
	0.886

	
	
	(0.875-0.991)
	(0.843-0.859)
	(0.698-0.976)

	
	Radiographic screening
	0.893
	0.856
	0.831

	
	
	(0.718-0.977)
	(0.846-0.865)
	(0.586-0.964)

	Incidence screening
	Endoscopic screening
	0.977
	0.888
	0.954

	
	
	(0.919-0.997)
	(0.883-0.892)
	(0.842-0.994)

	
	Radiographic screening
	0.885
	0.891
	0.855

	
	
	(0.664-0.972)
	(0.885-0.896)
	(0.637-0.970)


Adapted from reference [22].




Table 3 Results of prediction based on a combination of Helicobacter pylori antibody and serum pepsinogen screening

	
	
	Ohata et al[38]
	Watabe et al[40]
	Mizuno et al[39]

	Basic characteristics
	
	
	
	

	
	Year published 
	2004
	2005
	2009

	
	Location
	Wakayama
	Chiba
	Kyoto

	
	Total number
	4655
	6983
	2859

	
	Men/Women
	4655/0
	3,320/2260
	1011/1848

	
	Age
	48.3 (average)
	48.9 (average)
	≥ 35

	
	Follow-up (yr)
	7.7 (average)
	4.7 (average)
	10 (maximum)

	
	HP positive rate (%)
	78.6
	46.1
	75

	
	PG positive rate (%)
	28.9
	21.8
	39.2

	
	Number of detected cancer
	45
	43
	61

	
	Incidence of gastric cancer (/1000)
	9.67
	6.16
	21.3

	HP-/PG-
	
	
	
	

	
	Total number
	967
	3324
	647

	
	Number of detected cancer
	0
	7
	2

	
	Incidence of gastric cancer (/1000)
	-
	2.11
	3.09

	HP+/PG-
	
	
	
	

	
	Total number
	2341
	2134
	1094

	
	Number of detected cancer
	19
	6
	15

	
	Incidence of gastric cancer (/1000)
	8.12
	2.81
	13.71

	HP+/PG+
	
	
	
	

	
	Total number
	1316
	1082
	1054

	
	Number of detected cancer
	24
	18
	41

	
	Incidence of gastric cancer (/1000)
	18.24
	16.64
	38.9

	HP-/PG+
	
	
	
	

	
	Total number
	31
	443
	69

	
	Number of detected cancer
	2
	12
	3

	
	Incidence of gastric cancer (/1000)
	64.52
	27.09
	43.48



HP: Helicobacter pylori antibody; PG: Serum pepsinogen.


Table 4 Biomarker development process

	Phase No.
	Aim
	Detail

	Phase 1
	Preclinical Exploratory
	Promising directions identified

	Phase 2
	Clinical Assay and Validation
	Clinical assay detects established disease

	Phase 3
	Retrospective Longitudinal
	Biomarker detects disease early before it becomes clinical and a “screen positive” rule is defined

	Phase 4
	Prospective Screening
	Extent and characteristics of disease detected by the test and the false referral rate are identified

	Phase 5
	Cancer Control
	Impact of screening on reducing the burden of disease on the population is quantified


Adapted from reference [32].
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