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Abstract
Gastric cancer screening using endoscopy has recently 
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spread in Eastern Asian countries showing increasing 
evidence of its effectiveness. However, despite the 
benefits of endoscopic screening for gastric cancer, its 
major harms include infection, complications, false-
negative results, false-positive results, and overdiagnosis. 
The most serious harm of endoscopic screening is over
diagnosis and this can occur in any cancer screening 
programs. Overdiagnosis is defined as the detection of 
cancers that would never have been found if there is 
no cancer screening. Overdiagnosis has been estimated 
from randomized controlled trials, observational studies, 
and modeling. It can be calculated on the basis of a 
comparison of the incidence of cancer between screened 
and unscreened individuals after the follow-up. Although 
the estimation method for overdiagnosis has not yet 
been standardized, estimation of overdiagnosis is needed 
in endoscopic screening for gastric cancer. To minimize 
overdiagnosis, the target age group and screening interval 
should be appropriately defined. Moreover, the balance 
of benefits and harms must be carefully considered to 
effectively introduce endoscopic screening in communities. 
Further research regarding overdiagnosis is warranted 
when evaluating the effectiveness of endoscopic screening.
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Core tip: Overdiagnosis is the most serious harm of 
cancer screening and this can occur in any cancer 
screening programs. It is defined as the detection of 
cancers that would never have been found if there is 
no screening. Despite the lack of standardization of the 
estimation method for overdiagnosis, its estimation is 
necessary in endoscopic screening for gastric cancer. 
To minimize overdiagnosis, the target age group and 
screening interval should be appropriately defined. 
Consideration of the balance of benefits and harms 
of endoscopic screening is imperative for its effective 
introduction in communities.
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INTRODUCTION
Endoscopic examination has been increasingly performed 
for gastric cancer screening in Eastern Asian countries[1]. 
Although national programs for gastric cancer screening 
have already been started in South Korea and Japan, 
endoscopic screening has been mainly performed in 
clinical settings as opportunistic screening[2]. Since 
1999, endoscopic screening for gastric cancer has been 
performed in South Korea[3]. In 2016, the Japanese 
government decided to introduce endoscopic screening 
for gastric cancer as a national program based on the 
guidelines published by the National Cancer Center in 
Japan[4]. Although evidence for reduction in mortality 
from gastric cancer by endoscopic screening was 
insufficient when this method was initially introduced 
in South Korea, evidence regarding its effectiveness has 
gradually increased in South Korea, China, and Japan[5-8]. 
Gastric cancer screening by endoscopy has been in
creasingly anticipated because early stage cancer can 
be more definitively diagnosed than by radiographic 
screening using upper gastrointestinal series with barium 
meal. 

Despite the benefits of endoscopic screening for gastric 
cancer, the major harms of this technique include infection, 
complications, false-negative results, false-positive 
results, and overdiagnosis[4]. Although complications and 
infection are highly probable in endoscopic screening, these 
can be minimized by appropriate safety management. On 
the other hand, false-positive results and overdiagnosis 
frequently occur in all cancer screenings. The false-
positive rate can be managed using a quality assurance 
system to some extent[9]. However, because of the high 
sensitivity of endoscopic examination which can detect 
many early stage cancers, overdiagnosis cannot be 
avoided. To effectively introduce endoscopic screening 
in communities, the balance of benefits and harms 
should be prudently analyzed. Therefore, comprehensive 
knowledge of overdiagnosis in endoscopic screening is 
crucial as well as effective strategies for its management.

BASIC CONCEPT OF OVERDIAGNOSIS
When we consider the harms of endoscopic screening, 
overdiagnosis cannot be ignored because it occurs in 
this procedure and in all cancer screening programs[10]. 
Overdiagnosis represents the actual cancer detected 
by screening which would never have been found if 
there is no cancer screening. In cancer screening, it is 
not possible to distinguish between an overdiagnosis of 
cancer and a diagnosis of cancer that will progress[10]. 
Overdiagnosis leads to unnecessary examinations and 

treatments, the results of which can cause psychological 
problems[11].

Mammographic screening provides an easily under
stood example of the basic concept of overdiagnosis. 
Since the late 1990s, mammographic screening for 
breast cancer has rapidly spread nationwide in the United 
States. Women aged 40-69 years were the major target 
of mammographic screening. In Figure 1A, the upper 
graph shows a large impact of mammographic screening 
during the 1980s and early 1990s among women aged 
40 years or older in the United States[12]. In the same 
Figure 1A, the lower graph shows a rapid increase in the 
incidence of early stage breast cancer according to the 
dissemination of mammographic screening. However, 
a small decrease in the incidence of late-stage breast 
cancer is observed.

In Figure 1B, breast cancer incidence flattened in 
women younger than 40 years of age because they 
did not have any opportunity to have mammographic 
screening. These trends of breast cancer in women 
aged 40 years and over suggested that the detected 
early stage cancer included cases of overdiagnosis.

There have also been developments of new tech
niques which can diagnose cancers that do not progress 
and are not fatal even if left untreated. The growth 
rates of cancer vary and are divided into 4 categories: 
Rapid, slow, very slow, and non-progressive. Periodic 
screening detects slow-growing (Tumor B) and non-
progressive (Tumor A) cancers early, and finds some 
progressive cancer (Tumor C) early (Figure 2)[13]. Without 
screening, Tumor A remains undetectable and causes no 
morbidity during the patient’s lifetime. However, rapid-
growing cancer (Tumor D) which is a fatal tumor cannot 
be screened earlier and may cause death even with 
treatment. The benefit of screening is limited to true-
positive results when earlier treatment works better. 
Even if the screening result is true-positive, there are no 
benefits for Tumors A, D and partly C[13]. When screening 
starts, this screening cascade cannot be stopped[14].

Overdiagnosis is not limited to the harms of cancer 
screening and it can occur in any diagnostic exami
nations. However, the frequency of overdiagnosis 
varies among examinations and diseases. The target of 
cancer screening is asymptomatic persons without any 
health problems. Therefore, in cancer screening, harms 
should be minimized and benefits should outweigh 
harms[14]. Importantly, the harms of cancer screening 
are often ignored because the screening benefits are 
usually emphasized. Although there is a possibility that 
endoscopic screening has made a large impact in terms 
of reducing mortality from gastric cancer, we have to 
consider minimizing its harms, particularly overdiagnosis. 
Therefore, estimation of the frequency of overdiagnosis 
is a key issue in considering the balance of benefits and 
harms of endoscopic screening.

ESTIMATION OF OVERDIAGNOSIS
Overdiagnosis has been estimated from randomized 
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controlled trials (RCTs), ecological and cohort studies, 
pathological and imaging studies, and modeling[15]. The 
frequency of overdiagnosis is calculated on the basis 
of the difference in the incidence of cancer between 
screened and unscreened individuals after the follow-
up. Although the estimation method has not yet been 
standardized, there is a high divergence, for example, 
0%-50% in mammographic screening[16].

The frequency of overdiagnosis was previously 
estimated on the basis of RCTs without the provision of 
mammographic screening at the end of the screening 
phases. In the Independent United Kingdom Panel on 
Breast Cancer Screening, the overdiagnosis rate was 
calculated from the Canadian and Malmo studies for 
mammographic screening using 4 methods with different 
denominators as follows (Figure 3)[16]: (1) excess can
cers as the frequency of cancers diagnosed over the 
whole follow-up period in unscreened women; (2) 
excess cancers as the frequency of cancers diagnosed 
over the whole follow-up period in women invited for 
screening; (3) excess cancers as the frequency of 
cancers diagnosed during the screening period in women 
invited for screening; and (4) excess cancers as the 

frequency of cancers detected at screening in women 
invited for screening. The frequency of overdiagnosis was 
estimated to be higher when the follow-up periods were 
limited to the screening phases. In the conclusions, the 
overdiagnosis rate for mammographic screening was in 
the range of 10%-20% based on the estimation using 
the data from 2 RCTs. Recently, a Canadian study has 
reported an overdiagnosis frequency of 22% based on 
25 years of follow-up[17]. 

On the other hand, ecological and cohort studies 
have been commonly used to estimate the frequency 
of overdiagnosis. These studies can directly answer 
questions in real world settings and compare results 
from different settings[15]. Carter et al[15] have suggested 
that ecological and cohort studies in multiple settings 
are the most appropriate approaches for qualifying and 
monitoring overdiagnosis in cancer screening programs.

OVERDIAGNOSIS OF GASTRIC CANCER 
BY ENDOSCOPIC SCREENING
The frequency of overdiagnosis of gastric cancer by 
endoscopic screening has not yet been estimated. Excess 
rate was calculated on the basis of the results of endo
scopic screening for gastric cancer which indicated that 
the observed number of detected cancer was twice the 
expected number (Table 1)[18]. However, the excess 
cancers included both early detection cases which pro
gress into fatal cancers and overdignosis cases.

The calculation of sensitivity is affected by the number 
of overdiagnosis cases. The detection method is the most 
common and simplest procedure for calculating sensitivity 
in which the numerator includes all detected cancers 
and the denominator is the sum of detected cancers and 
interval cancers. In the detection method, sensitivity is 
often overestimated, whereas in the incidence method, 
overdiagnosis cases can be avoided[19]. Sensitivity 
calculation by the incidence method was adopted in 
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Figure 2  Screen detection capability based on tumor biology and growth 
rates[13]. The growth rates of cancer vary and are divided into 4 categories: 
Rapid, slow, very slow, and non-progressive. Periodic screening detects slow-
growing (Tumor B) and non-progressive (Tumor A) cancers early, and finds 
some progressive cancer (Tumor C) early. Tumor A remains undetectable and 
causes no morbidity during the patients’ lifetime without screening. However, 
rapid-growing cancer (Tumor D) which is a fatal tumor is not screened earlier 
and can cause death even with treatment.
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Figure 1  Trends of breast cancer incidence before and after mammographic 
screenings in the United States. A: Use of mammographic screening and 
incidence of stage-specific breast cancer among women 40 years of age and 
older; B: Incidence of stage-specific breast cancer among women younger than 
40 years of age[12].

Women younger than 40 years of age



58 February 16, 2017|Volume 9|Issue 2|WJGE|www.wjgnet.com

breast, lung, and colorectal cancer screenings[20-22]. In 
prevalence screening for using endoscopic screening 
for gastric cancer, the sensitivity was reportedly 0.955 
(95%CI: 0.875-0.991) by the detection method and 0.886 
(95%CI: 0.698-0.976) by the incidence method (Table 
2)[23]. In incidence screening using endoscopic screening 
for gastric cancer, the sensitivity was reportedly 0.977 

(95%CI: 0.919-0.997) by the detection method and 
0.954 (95%CI: 0.842-0.994) by the incidence method[23]. 
The discrepancy between the results calculated by the 
detection method and the incidence method was small. It 
might be suggested that the frequency of overdiagnosis 
on endoscopic screening for gastric cancer is not very 
high.

Hamashima C. Endoscopic screening overdiagnosis

Target for cancer 
screening

Method Male Female

Observed number Expected number O/E Observed number Expected number O/E
Stomach Endoscopy 28    15.31 1.83   7 3.69 1.9
Colon and rectum Barium enema   4      2.25 1.78   4 1.08 3.7

Total colonoscopy 26  21.9 1.19 15 7.64   1.96
Lung CT 14    10.86 1.29 18 2.38   7.56
Prostate PSA 24 7 3.43 - - -
Breast Combination of 

mammography, 
ultrasonography and physical 

examination

- - - 15 6.22   2.41

Table 1  Comparison of results from cohort studies of endoscopic screening for gastric cancer

Available from Hamashima et al[18], 2006. O: Observed number; E: Expected number; CT: Computed tomography; PSA: Prostate specific antigen.

Screening round Method Sensitivity Specificity Sensitivity 

By the detection method By the detection method By the incidence method
Prevalence screening Endoscopic screening 0.955 (95%CI: 0.875-0.991) 0.851 (95%CI: 0.843-0.859) 0.886 (95%CI: 0.698-0.976)

Radiographic screening 0.893 (95%CI: 0.718-0.977) 0.856 (95%CI: 0.846-0.865) 0.831 (95%CI: 0.586-0.964)
Incidence screening Endoscopic screening 0.977 (95%CI: 0.919-0.997) 0.888 (95%CI: 0.883-0.892) 0.954 (95%CI: 0.842-0.994)

Radiographic screening 0.885 (95%CI: 0.664-0.972) 0.891 (95%CI: 0.885-0.896) 0.855 (95%CI: 0.637-0.970)

Table 2  Sensitivities and specificities of endoscopy and radiography for gastric cancer screening

Available from Hamashima et al[23], 2013.

Marmot MG Br J Cancer 2013

A B C D
Numerator Excess cancers Excess cancers Excess cancers Excess cancers
Denomibator Cancer diagnosed over the 

whole follow-up period in 
unscreened women

Cancer diagnosed over the 
whole follow-up period in 

women invited for screening

Cancer diagnosed during the screening 
period in women invited for screening 
(screen-detected cancers and interval 

cancers)

Cancers detected at screening 
in women invited for screening 

(screen-detected cancers)

Malmö I (55-59 yr) 11.7% (82/698) 10.5% (82/780) 18.7% (82/438) 29.1% (82/282)
Canada 1 14.1% (82/581) 12.4% (82/663) 22.7% (82/361) 29.4% (82/279)
Canada 2 10.7% (67/626)   9.7% (67/693) 16.0% (67/420) 19.8% (67/338)
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Figure 3  Estimation of frequency of overdiagnosis on the basis of the results of Malmö and Canadian studies. The frequency of overdiagnosis was calculated 
on the basis of 2 randomized controlled trials for mammographic screening using 4 methods with different denominators as follows: A: Excess cancers as the 
frequency of cancers diagnosed over the whole follow-up period in unscreened women; B: Excess cancers as the frequency of cancers diagnosed over the whole 
follow-up period in women invited for screening; C: Excess cancers as the frequency of cancers diagnosed during the screening period in women invited for screening; D: 
Excess cancers as the frequency of cancers detected at screening in women invited for screening[16].
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STRATEGIES FOR MANAGEMENT OF 
OVERDIAGNOSIS
Although frequent screenings can diagnose numerous 
cancers, the possibility of including overdiagnosis is 
high. In actuality, frequent screenings easily result in 
overdiagonsis. Therefore, the appropriate number of 
screenings should be considered in endoscopic screening 
for gastric cancer. The American College of Physicians 
has recommended high-value care based on the value 
framework (Figure 4)[14,24]. The value of cancer screening 
is determined by a trade-off between benefits vs harms 
and costs. As the intensity increases, the benefits of 
screening rapidly increase. However, as the intensity 
increases beyond an optimal level, the benefits decrease 
whereas the harms and costs increase rapidly thereby 
reducing the value of cancer screening. High-value care 
has been recommended which is defined as the lowest 
intensity threshold. On the basis of this concept, high-
value and low-value screening strategies have been 
developed for 5 types of cancer. This framework can 
be adopted in endoscopic screening for gastric cancer. 
Since endoscopic screening has a high sensitivity, it 
has the same problems. To minimize harms including 
overdiagnosis and to maximize the benefits, the target 
age group and screening interval should be appropriately 
clarified. To decrease the harms of unnecessary exami
nations and treatments, the “Choosing Wisely” campaign 
has rapidly expanded collaboration with academic 
societies in the United States and other countries[25]. The 
basic concepts of the “Choosing Wisely” campaign are 
focused on the same goal of minimization of unnecessary 
examinations and treatments.

CONCLUSION
Overdiagnosis is the most serious harm of endoscopic 
screening for gastric cancer. Although the estimation 
method for the frequency of overdiagnosis has not yet 
been standardized, the present study is essential in 
further assessing the harms of endoscopic screening for 
gastric cancer in terms of overdiagnosis. To minimize 
overdiagnosis, the target age group and screening 
interval should be clearly defined in consideration of the 
balance of benefits and harms. Further research into 
overdiagnosis in endoscopic screening is warranted to 
realize its effective introduction in communities.
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