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Abstract: Objectives: To investigate the real-world outcomes of a population-based gastric cancer
(GC) screening program in Kawasaki City. Methods: A total of 337,842 citizens underwent
population-based GC screening in Kawasaki City between December 2012 and 2021, resulting in the
detection of 1,087 GC cases. Esophageal cancer (EC) has been recorded since 2016, with 236 cases
detected. To evaluate the short- and long-term clinical outcomes of screening-detected GC and EC,
we conducted a retrospective study using electronic medical records of patients treated at our
hospital which is a high-volume institution for GC and EC treatment in the city. As a control group,
we included 34 GC and EC cases diagnosed based on symptoms at our hospital in 2018. Results:
Among the 1,087 GC cases detected through population-based screening, 102 cases treated at our
hospital were included in the analysis. Of these, 91 patients (89%) were diagnosed with early-stage
GC. All screening-detected GC cases underwent either surgery (27 cases) or endoscopic submucosal
dissection (75 cases). The five-year survival rates for GC were 90% in males and 86% in females.
Eighteen EC cases were also included in our study. The five-year survival rate for screening-detected
advanced GC was 70.0%, and for screening-detected EC was 100%, both significantly higher than
those for symptom-diagnosed GC (30.0%) and EC (40.8%). Conclusions: The prognosis of GC and
EC detected through population-based endoscopic screening is significantly better than that of
cancers diagnosed based on symptoms, underscoring the effectiveness of endoscopic screening as a
tool for early detection of upper gastrointestinal tract cancers. Keywords: gastric cancer; esophageal
cancer; endoscopy; population-based screening

Keywords: gastric cancer; esophageal cancer; endoscopy; population-based screening

1. Introduction

Gastric cancer (GC) remains an important cancer worldwide, with more than 1.2 million new
cases per year and an estimated 769,000 deaths worldwide; it ranks 5th in incidence and 4th in
mortality in 2020 [1]. GC is the most common cancer in Eastern Asia, including Japan [1,2]. Therefore,
GC screening has played a significant role in reducing GC mortality in this area [3]. The projected
number of GC incidence and deaths in Japan in 2023 were reported to be 129,900 and 41,800,
respectively. Population-based GC screening using the upper gastrointestinal (UGI) barium X-ray
radiography was introduced in Japan in the 1960s and has been shown to reduce GC mortality [4].
The national government policy recommended population-based GC screening for adults 240 years
each year using UGI barium X-ray radiography since 1983 [5]. The revised 2016 Japanese guidelines
allow for either biennial endoscopic screening for adults >50 years or annual UGI barium X-ray
radiography screening for adults 240 years [6]. Although age-adjusted mortality rates for GC (based
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on the 1985 population) have been declining, GC screening remains important, with 15.6 (per 100,000)
for male (ranked 3rd) and 5.8 (per 100,000) for female (ranked 5th) [2].

Kawasaki City, located next to Metropolitan Tokyo, has a population of approximately 1.54
million and is part of the Keihin Industrial Area. Although annual process indicators for population-
based GC screening—such as participation rate, detection rate, recall rate, and positive predictive
value—have been reported by the City Bureau [7], detailed patient characteristics, including cancer
stage, treatment, and prognosis, remain unclear for screening-detected GC. Population-based
endoscopic GC screening can also detect esophageal cancer (EC). Our hospital, a high-volume
institution for GC and EC treatment in Kawasaki City, has received many referrals for population-
based screening detected GCs and ECs from other registered clinics and hospitals in Kawasaki City.
In this study, we evaluated the real-world setting of GCs and ECs detected through population-based
screening in a large Japanese city by examining the short- and long-term clinical outcomes of patients
treated at our hospital.

2. Results

2.1. Baseline Characteristics of the Patients

A total of 337,842 Kawasaki City citizens underwent population-based gastric cancer (GC)
screening between 2012 and 2021, including 119,009 screened by upper gastrointestinal barium X-ray
radiography and 238,833 by endoscopy. Among them, 1,087 GC cases were detected (0.32% overall;
139 by radiography and 948 by endoscopy). Recording of esophageal cancer (EC) cases began in 2016,
and 236 cases were detected between 2016 and 2021. In 2021, the participation rate for population-
based screening was 13.7%, and the GC detection rate was 0.29% [7]. According to the 2020
nationwide survey on GC screening conducted by the Japanese Society for Gastrointestinal Cancer
Screening, the GC detection rates for UGI barium X-ray radiography and endoscopic screening were
0.052% and 0.22%, respectively [8]. Of the 1,087 GC cases detected throughout Kawasaki City during
the study period, a total of 102 cases (74 males and 28 females) —97 detected by endoscopic screening
and 5 by UGI barium X-ray radiography —were treated at our hospital. The confidence level for this
sample of screening-detected GC cases treated at our hospital was 69%. The mean age at diagnosis
was 74.8 years (range: 49-88) for males and 74.9 years (range: 47-89) for females (Figure 1).
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Figure 1. Age groups of the Kawasaki City population-based screening detected gastric cancer.

Of the 102 cases, 14 GCs were detected through population-based screening at our hospital,
while the remaining 88 cases were detected at other facilities and subsequently referred to our
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hospital. Early-stage GC, defined as tumor invasion confined to the mucosa or submucosa, was
diagnosed in 91 patients (89%), encompassing 94 lesions. The macroscopic classifications of early GC
lesions [9] were as follows: 0-I (protruded type) in 1 lesion, 0-Ila (superficial elevated type) in 30
lesions, 0-1Ib (superficial flat type) in 4 lesions, 0-Ilc (superficial depressed type) in 59 lesions, and
none were classified as 0-III (excavated type). Histologically, 86 lesions were of the differentiated
type, while 8 were undifferentiated.

We examined the Helicobacter pylori (Hp) infection status in GCs detected through population-
based screening. Ninety-five percent of GC cases were associated with Hp infection. Of these, 51
patients (50%) had current infections, 44 (43%) had past infections, and two had previously
undergone gastrectomy for peptic ulcers. There were five Hp-negative GC cases (5%), including four
early-stage and one advanced-stage GC (T3 with subserosal invasion); all five cases remained
recurrence-free five years postoperatively.

Additionally, among the 236 EC cases detected through population-based GC screening across
the city, 18 cases (15 males and 3 females) were treated at our hospital. Of these, 15 were squamous
cell carcinomas (SCC) and 3 were adenocarcinomas. The confidence level for this sample of screening-
detected EC cases treated at our hospital was 33%. The mean age at diagnosis was 70.7 years (range:
47-80). Early-stage EC (intramucosal lesions) was identified in 10 patients (50%).

2.2. Stages, Treatment, and Outcome of Population-Based Screening Detected GCs

All patients with GCs detected through population-based screening underwent either surgery
(27 cases, 26.5%) or endoscopic submucosal dissection (ESD; 75 cases, 73.5%) at our hospital (Table
1). Indications for endoscopic treatment were determined according to the endoscopic curability
classification (eCura system [10], Appendix A). Six patients subsequently underwent surgery
following endoscopic resection, based on the criteria for eCuraC-2 classification, which is considered
a standard indication for additional surgical intervention. No treatment-related deaths occurred
within 30 days. Figure 2 presents representative endoscopic images and pathological findings of
typical early-stage GC detected through population-based screening.

Table 1. Stages and treatment for population-based screening detected gastric cancer and esophageal cancer
treated at our hospital. DG; distal gastrectomy, TG; total gastrectomy, CRT; chemoradiotherapy.

Stage grouping n Treatment n

ESD 63

Stage IA 69 DG 6

DG/TG 13

Gastric cancer StagelB 25 ESD 6
ESD—DG 6

StageIl A 6 DG/TG 6

StagelVB 2 DG/TG 2

ESD 9

Stage 0 (T1a) 11 thoracic esophagectomy 1

CRT 1

Esophageal cancer Stage I (T1b) 4 ESD 1
CRT 3

Stage II 2 thoracic esophagectomy 2

Stage 111 1 CRT 1
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Figure 2. Early gastric cancer detected through population-based endoscopic screening. A 74-year-old male with
a history of Helicobacter pylori eradication. A. Transnasal endoscopic image (white light). B. The lesion margin is
clearly visualized using linked color imaging. C. Endoscopic submucosal dissection specimen (40x) showing an
intramucosal lesion (T1a). D. Magnified view of the blue-framed area (200x).

As treatment for the 18 EC cases detected through population-based GC screening, ESD was
performed in 10 cases (9 squamous cell carcinomas [SCCs] and 1 adenocarcinoma), thoracic
esophagectomy in 3 cases (2 adenocarcinomas and 1 SCC), and chemoradiotherapy in 6 cases (Table

1).
100 =
©
=
c
> —
2 50+
C
)
e
)
o
0 L} | | 1 | | | | | |
0 12 24 36 48 60 72 84 96 108120132

Months

Figure 3. Overall survival rate of gastric cancer detected through population-based screening. The

five-year survival rate was observed to be 86.9%, with a total of 10 confirmed deaths—3 attributable to gastric
cancer and 7 resulting from other causes.

The overall survival rate of GC cases detected through population-based screening was analyzed
using the Kaplan—-Meier method (Figure 3). The five-year survival rate was 86.9%, with 10 deaths
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confirmed —3 attributable to GC and 7 due to other causes. The five-year survival rate was 90% in
males and 86% in females (Figure 4).

% %
100-%

© ﬁ ~
= =
b 2
> 3
» O 504 T .
c <
[0 [0}
o o
[0 [0}
o o

0 T T T T LJ T 0 T T T T T T T T

0 24 48 72 96 120 144 0 24 48 72 96 120144168 192
Months elapsed Months elapsed

Figure 4. The survival rate of population-based screening detected gastric cancer for males (Left) and females
(right). Five-year survival was 90% for males and 86% for females. The solid lines are the life expectancy of a 75-

year-old Japanese male and female.

The average life expectancy in Japan (as of 2022) for a 75-year-old is 12.0 years (151 months) for
men and 15.7 years (188 months) for women [11]. When a straight reference line representing the life
expectancy of a 75-year-old woman is added to the Kaplan—-Meier curve, the survival curve for
females appears to lie above this line, suggesting that survival exceeds the national average life
expectancy for women of that age.

To further compare the prognoses of GC detected through population-based screening and GC
diagnosed based on symptoms, we analyzed 11 patients with screening-detected advanced GC and
34 patients with symptom-diagnosed advanced GC who were diagnosed and treated at our hospital
in 2018 (24 males and 10 females; mean age at diagnosis, 71.2 years; range: 42-86 years;
Supplementary Table Al). The proportion of patients with early-stage disease (stage 1 or 2) among
those with advanced GC detected through screening was significantly higher than that among those
diagnosed based on symptoms (83% vs. 12%; p <0.001; Figure 5). Treatments for symptom-diagnosed
GC included chemotherapy in 16 cases, surgery in 12 cases, and palliative care in 6 cases.

A B

Stage IV
59%

M Stage | Stage II M Stage IV B Stage | Stage I Stage Ill M Stage IV

Figure 5. The stages of advanced gastric cancers detected by population-based screening (A) and those
diagnosed by symptoms (B). The proportion of advanced gastric cancers detected by population-based screening
in the early stages (stage 1 or 2) was significantly higher than those diagnosed based on symptoms (83% vs. 12%;
p <0.001).
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Accordingly, the 5-year survival rate for advanced GC detected through population-based
screening was 70.0%, which was significantly higher than the 30.0% survival rate observed in the 34
cases of symptom-diagnosed advanced GC (p < 0.05; Figure 6).
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Figure 6. The survival rate of population-based screening detected advanced gastric cancer or non-screening
diagnosed advanced gastric cancer. The 5-year survival rate of population-based screening detected advanced

gastric cancer was 70.0%, which was significantly better than that of non-screening-diagnosed gastric cancer
(30.0 %).

Finally, we compared the prognosis of EC cases detected through population-based GC
screening with those diagnosed based on symptoms at our hospital in 2018 (24 males and 10 females;
mean age at diagnosis: 69.4 years; range: 55-86 years). The clinical stages of symptom-detected EC
were as follows: Stage I in 3 cases, Stage Il in 7 cases, Stage III in 8 cases, and Stage IV in 16 cases.
Treatments included surgery in 13 cases, chemoradiotherapy in 12 cases, chemotherapy in 5 cases,
radiotherapy in 2 cases, and other treatments in 1 case. The proportion of patients with early-stage
EC (Stage 0 or I) detected through population-based GC screening was significantly higher than that
among symptom-diagnosed cases (83% vs. 8.8%; p < 0.05). The 5-year survival rate for screening-
detected EC was 100%, which was significantly higher than the 40.8% survival rate for the 34 cases
of symptom-diagnosed EC (p <0.001; Figure 7).
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Figure 7. The survival rate of population-based gastric cancer screening detected esophageal cancer or non-

screening diagnosed esophageal cancer. The 5-year survival rate of screening-detected esophageal cancer was

100%, which was significantly better than that of non-screening-diagnosed esophageal cancer (40.8 %).
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3. Discussion

In this study, we evaluated the real-world setting of GCs detected through population-based
screening in a large Japanese city by examining the short- and long-term clinical outcomes of
screening-detected cases treated at a high-volume institution. Among these, 89% were diagnosed at
an early stage, and the five-year survival rate reached 86%.

Because GC is often asymptomatic in its early stages, the prognosis for advanced GC diagnosed
based on symptoms is generally poor [12]. Compared with advanced GCs detected through
population-based screening, the present study showed that the prognosis of symptom-diagnosed
advanced GC remained significantly worse. Most patients with stage I-II GC do not die from the
disease, whereas the majority of those with stage IV cancer do [13]. These findings highlight the
importance of early detection in improving long-term survival outcomes for GC.

In the present study, 95% of GC cases detected through population-based screening were
identified by endoscopic screening. Endoscopy detected nearly seven times more GC cases than
population-based UGI barium X-ray radiography. Endoscopy is known to have higher sensitivity
than UGI barium X-ray radiography in both clinical and screening settings. In Japan, the use of UGI
barium X-ray radiography for GC screening has been declining. Contributing factors include a
decreasing number of physicians skilled in interpreting barium studies, and the requirement for
upper endoscopy prior to Hp system. As shown in the present study, the mean age at GC detection
was 75 years. Patients of this age often have trouble changing positions during barium imaging and
may suffer from constipation after ingesting barium. A population-based case-control study
conducted in Tottori and Niigata Prefectures, Japan, demonstrated a 30% reduction in GC mortality
with endoscopic screening compared to no screening within a 36-month period [14]. Similarly, a
population-based cohort study in the cities of Tottori and Yonago showed that endoscopic screening
reduced GC mortality by 67% compared to UGI barium X-ray radiography screening [15]. Based on
these findings, the Japanese guidelines were revised in 2016 to recommend either endoscopic or UGI
barium X-ray screening for adults aged >50 years [6]. In South Korea, a biennial national screening
program offering either endoscopic or radiographic screening for adults aged >40 years was launched
in 2002 [16]. A nested case-control study using data from the Korean National Database reported a
47% reduction in GC mortality associated with endoscopic screening [17]. During this time, the
proportion of early GC diagnoses increased from 39% in 2001 to 73% in 2016 [12]. Furthermore, a
systematic review and meta-analysis indicated that endoscopic screening in Asian countries may
result in a 40% relative risk reduction in GC mortality. However, no significant association has been
reported between endoscopic screening and the incidence of GC [18].

GC has been strongly associated with prior or current infection with Hp [19,20]. In the present
study, nearly 95% of the population-based screening detected GCs were related to Hp infection. In
the present study, 50% of the patients had a current infection, and 43% had a past infection, indicating
that GC screening is important even after Hp eradication. GC is detected during endoscopic
surveillance at an annual rate of 0.35% for more than 20 years after Hp eradication in patients with
mild-to-moderate gastric atrophy [20]. Most countries have observed a decline in the prevalence of
Hp infections [21,22]. In Japan, a decreasing trend in the prevalence of Hp infection over the last few
decades, coupled with a decrease in the extent and severity of gastric atrophy [23,24]. Currently, Hp
antibody and serum pepsinogen tests are not recommended for population-based screening in Japan
because of insufficient evidence [25-27]. Risk stratification using Hp status and degree of gastric
atrophy could identify high-risk groups and provide more effective screening.

GC has been strongly associated with prior or current Hp infection [19,20]. In the present study,
nearly 95% of GC cases detected through population-based screening were related to Hp infection.
Specifically, 50% of patients had a current infection and 43% had a past infection, indicating that GC
screening remains important even after Hp eradication. GC continues to be detected at an annual rate
of 0.35% during endoscopic surveillance for over 20 years after Hp eradication in patients with mild-
to-moderate gastric atrophy [20]. Most countries have observed a decline in the prevalence of Hp
infection [21,22]. In Japan, this downward trend has been accompanied by a reduction in both the
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extent and severity of gastric atrophy over recent decades [23,24]. Currently, Hp antibody and serum
pepsinogen tests are not recommended for population-based screening in Japan due to insufficient
supporting evidence [25-27]. However, risk stratification using Hp infection status and the degree of
gastric atrophy may help identify high-risk individuals and enable more targeted and effective
screening strategies.

In addition to its impact on GC mortality, nationwide screening in South Korea may also reduce
mortality from other upper gastrointestinal diseases, including EC and peptic ulcers. EC is the
seventh most common cancer and the sixth leading cause of cancer-related deaths worldwide [1].
Early detection is particularly important in patients with EC. In the present study, 18 cases of EC
detected through population-based GC screening were included, of which 50% were diagnosed at an
early stage. The prognosis for EC detected through screening was significantly better than that for
EC diagnosed based on symptoms. According to the aforementioned nationwide GC screening
survey in Japan, EC was identified in 0.05% of individuals undergoing GC endoscopic screening,
with 62% of those cases being early-stage cancer [8]. However, there are currently no global screening
recommendations for EC, particularly for squamous cell carcinoma [28]. Korean studies have
reported that national GC screening may also reduce EC mortality, with upper endoscopy proving
superior to UGI barium X-ray screening [29]. Taken together, these findings suggest that endoscopic
screening for GC has the potential to serve as an effective screening method for upper gastrointestinal
tract cancers, including EC. In the present study, ESD was performed in 73.5% of GC cases and 56%
of EC cases, indicating that population-based GC screening facilitates early detection of cancers that
are amenable to endoscopic treatment.

This study had several limitations. First, symptomatic individuals were not excluded. The free-
of-charge population-based GC screening program for individuals aged >70 years may have
encouraged the participation of symptomatic individuals. Second, although the study was conducted
at a high-volume institution that treated approximately 10% of the GCs detected through population-
based screening, it was a single-center study, and the sample size was limited. Third, lead-time bias
may have influenced the results. GCs detected through population-based screening are typically
asymptomatic and associated with better prognoses, whereas symptom-detected GCs often present
at more advanced biological stages and have poorer outcomes. Fourth, this study included many
older individuals with GC. In Japan, GC screening is commonly conducted as part of routine
workplace health checkups for individuals in their 40s to 60s [30], which may limit the
generalizability of these findings to younger populations.

4. Patients and Methods

4.1. Population-Based GC Screening of Kawasaki City

In Kawasaki City, population-based endoscopic GC screening was introduced in December
2012, supplementing the existing annual population-based GC screening using UGI barium X-ray
radiography, which had been conducted for decades. Participants could choose to undergo either
upper endoscopy or UGI barium X-ray radiography. Initially, endoscopic screening was offered
annually to individuals aged >40 years. In accordance with national guidelines [6], the screening
protocol was revised in 2020 to recommend biennial endoscopic screening for individuals aged =50
years or annual UGI barium X-ray radiography for those aged >40 years.

4.2. Patients

This retrospective study was conducted at a single institution. St. Marianna University Hospital
(Kawasaki, Japan) has participated in the Kawasaki City population-based GC screening program
since the introduction of endoscopic screening. As controls, we included 34 patients with advanced
GC and 34 patients with EC who were diagnosed based on symptoms at our hospital between
January and December 2018. The main presenting symptoms for GC were epigastric pain, anemia,
and weight loss; for EC, they included dysphagia, pharyngeal discomfort, and epigastric pain.
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https://doi.org/10.20944/preprints202506.0320.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2025 d0i:10.20944/preprints202506.0320.v1

9 of 12

Diagnosis and staging of GC were performed according to the Japanese Classification of Gastric
Carcinoma issued by the Japanese Gastric Cancer Association [9]. Treatment of GC followed the
Japanese Gastric Cancer Treatment Guidelines [10]. Indications for endoscopic treatment were
determined based on the endoscopic curability (eCura) system [Appendix], which recommends
subsequent surgery following eCuraC-2 classification as standard treatment. Staging and treatment
of EC were performed according to the Esophageal Cancer Practice Guidelines established by the
Japan Esophageal Society [31].

4.3. Helicobacter pylori (Hp) Infection Status

Serum Hp antibodies, urea breath test, fecal antigen test, patient history of Hp eradication, and
endoscopic findings—including assessment of gastric atrophy using the Kimura-Takemoto
classification —were combined to determine Hp infection status.

4.4. Statistical Analysis

The x? test or Fisher’s exact test was used to compare categorical variables. Kaplan-Meier
analysis and log-rank tests were employed for survival analysis. All statistical analyses were
performed using GraphPad Prism, version 9 (GraphPad Software, San Diego, CA, USA). P-values <
0.05 were considered statistically significant. The confidence level for the sample size was calculated
assuming a population proportion of 0.5.

5. Conclusions

The prognosis for GC and EC detected through population-based endoscopic screening was
significantly better than that of cancers diagnosed based on symptoms, indicating the utility of
endoscopy as a screening tool for upper gastrointestinal tract cancers. Population-based endoscopic
screening for GC may offer an additional survival benefit for patients with both GC and EC.
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Abbreviations

The following abbreviations are used in this manuscript:

GC gastric cancer
EC esophageal cancer
Hp Helicobacter pylori
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SCC squamous cell carcinomas

ESD endoscopic submucosal dissection
eCura endoscopic curability
DG distal gastrectomy
TG total gastrectomy
CRT chemoradiotherapy
UGI upper gastrointestinal
Appendix A

Japanese Gastric Cancer Association’s Japanese Gastric Cancer Treatment Guidelines [10]
defines endoscopic curability (eCura system) of gastric cancer as follows:

Endoscopic curability A (eCuraA):

The resection is classified as endoscopic curability A (eCuraA) when all of the following
conditions are fulfilled, provided the cancer has no ulcerative findings (ULO): en bloc resection, any
tumor size in case of histologically differentiated type-dominant, tumor size < 2 cm in case of
histologically undifferentiated type-dominant, pTla, negative horizontal margin (HMO0), negative
vertical margin (VM0), and no lymphovascular infiltration (Ly0, VO0). However, if the
undifferentiated component of the lesion exceeds 2 ¢cm in length, the endoscopic curability is
classified as C-2 (eCuraC-2).

When the cancer has ulcerative findings (UL1), the resection is still classified as eCuraA when
all of the following conditions are fulfilled: en bloc resection, tumor size < 3 cm, histologically
differentiated type-dominant, pT1la, HMO0, VMO, Ly0, V0.

Endoscopic curability B (eCuraB):

The resection is classified as endoscopic curability B (eCuraB) for pT1b cancer when all of the
following conditions are fulfilled: en bloc resection, histologically of differentiated type-dominant,
pT1bl (SM1) (< 500 um from the muscularis mucosae), HMO, VMO, Ly0, VO, tumor size < 3 cm.
However, if the undifferentiated component is included in the portion of submucosal invasion, the
endoscopic curability is classified as C-2 (eCuraC-2).

Endoscopic curability C (eCuraC):

The resection is classified as endoscopic curability C (eCuraC) when it does not fulfill the
conditions described above to be classified as either eCuraA or eCuraB. The resection is classified as
endoscopic curability C-1 (eCuraC-1) when it is histologically differentiated type either not resected
en bloc or had a positive horizontal margin even though fulfilling other criteria to be classified into
either eCuraA or eCuraB. All other eCuraC resections are subclassified as endoscopic curability C-2
(eCuraC-2).

Appendix B

Table Al. Patients characteristics of screening-detected and non-screening diagnosed advanced gastric cancer

(GC). BSC; best supportive care.

Screening detected advanced GC Non-screening diagnosed advanced GC

(n=11) (n=34)
Age mean(range) 71.0 (47-86) 71.2 (42-86)
Sex (male/female) 8/3 24/10
I 3 2
II 6 2
Stage I 10
1A% 2 20
surgery 11 12
Treatment  chemotherapy 16
BSC 6
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