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Background: A cluster randomized controlled trial of endoscopy-based screening for esophageal cancer 
(EC) and gastric cancer (GC) was conducted to evaluate the efficacy and feasibility of this strategy in a non-
high-incidence rural area of China. The trial design and baseline findings are presented here.
Methods: A total of 33 eligible villages in Luoshan County in Henan Province were assigned randomly 
to the intervention or control group in a 1:1 ratio by a computer-generated randomization list. Local 
residents aged 40 to 69 years were enrolled from the villages. Participants in the intervention group were 
risk-stratified with a questionnaire, and high-risk individuals were subsequently screened by endoscopy. The 
primary outcomes were EC and GC mortality. The secondary outcomes comprised the detection rate, stage 
distribution, and the treatment rate. In this study, baseline characteristics were assessed by a questionnaire. 
Multivariate logistic regression analysis was performed to explore factors associated with endoscopy 
compliance.
Results: Trial recruitment was completed in 2017, and ultimately, there were 12,475 and 11,442 participants 
allocated to the intervention (17 clusters) and the control group (16 clusters), respectively. We included 
23,653 participants in the analysis, with 12,402 in the intervention group and 11,251 in the control group. 
A total of 6,286 (50.7%) participants in the intervention group were estimated as high-risk individuals, 
and 2,719 (43.3%) underwent endoscopy. Multivariate logistic regression analysis demonstrated that some 
factors including age, gender, education, personality and mental health, and upper gastrointestinal diseases 
or symptoms might affect endoscopy compliance. The detection rates for positive cases of EC and GC 
were 0.22% and 0.55%, respectively. The rates for esophageal and gastric precancerous lesions were 0.70% 
and 2.35%, respectively. The early detection rates for EC and GC were 50.0% and 33.3%, respectively. 
Additionally, the overall treatment rate for positive cases was 90.0%.
Conclusions: The diagnostic yield of endoscopy-based screening for EC and GC was relatively low in a 
non-high-incidence rural area. The study may offer clues for the improvement of endoscopy compliance and 
the optimization of screening strategies for upper gastrointestinal cancer in non-high-incidence areas.
Trial Registration: Chinese Clinical Trial Registry ChiCTR-EOR-16008577.
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Introduction

Esophageal cancer (EC) and gastric cancer (GC) are 
common malignancies worldwide, responsible for 
1.7 million estimated new cases and 1.3 million new 
deaths in 2020 (1). In China, EC and GC accounted for 
approximately 50% of global cases and deaths in 2020, 
imposing a heavy burden on public health (1). Because of 
the lack of typical early symptoms, many individuals are 
initially diagnosed with EC or GC in advanced stages, 
which may compromise treatment effectiveness and 
ultimately lead to a dismal prognosis (2). The overall 5-year 
survival rates of Chinese EC and GC patients are only 
30.3% and 35.1%, respectively (3). However, the rates of 
early-stage EC and GC can be improved substantially to 
about 86% and 90%, respectively (4-6). Thus, there is a 
need to promote early detection and treatment of these 
malignancies to improve prognosis and reduce mortality.

Endoscopy-based screening programs for EC and GC 
have been implemented in several endemic countries such 
as Japan and South Korea, showing clinical benefits and 
mortality reduction (7-9). China has organized a series of 
endoscopic screening programs for upper gastrointestinal 
cancer in high-risk populations,  with endoscopic 
examination of the esophagus and stomach at one time. Due 
to the high incidence and mortality rates of EC and GC in 
rural areas, the Cancer Screening Program in Rural Areas 
was launched in high-incidence rural areas in 2005. Such 
national programs subsequently expanded to Huai River 
Basin in 2007 (the Cancer Screening Program in Huai River 
Areas) and non-high-incidence urban areas in 2012 (the 
Cancer Screening Program in Urban Areas) (10). Currently, 
the Cancer Screening Program in Rural Areas has been 
reported to cover more than 200 counties and screen over 
1.86 million high-risk individuals, making great advances in 
the early detection and treatment of upper gastrointestinal 
cancer. 

Previous studies have demonstrated the effectiveness of 
endoscopic screening for EC and GC in high-incidence 
areas, which can result in an increase in early detection 
and a reduction in mortality (11-13). A 10-year follow-up 
study showed that the cumulative mortality and incidence 
of esophageal squamous cell carcinoma were significantly 
lower in the endoscopic screening group compared with the 

control group without screening (14). Such findings indicate 
the importance of endoscopic screening for prevention and 
control of EC and GC in high-incidence areas. However, 
considering its invasiveness and high cost, endoscopic 
screening for EC and GC may be not appropriate for 
the broad application in low- to intermediate-incidence  
areas (15). Accordingly, in such areas, risk-stratification 
assessment is recommended to identify subgroups 
with different risk levels for EC and GC, and high-
risk individuals can be subsequently invited to undergo 
endoscopy (16,17). The endoscopy-based strategy seems 
to be reasonable for early detection, but evidence on the 
effectiveness of this approach in non-high-incidence is still 
insufficient. Therefore, a multi-center cluster randomized 
controlled trial (RCT) of EC and GC screening was carried 
out in 3 high-incidence areas and 4 non-high-incidence 
areas in China in 2015 (18). As part of the national study, 
a community-based RCT was launched in Luoshan 
County, one of the 4 non-high-incidence areas, to evaluate 
the efficacy of endoscopic screening for EC and GC in 
mortality reduction, and the feasibility of the risk assessment 
in combination with endoscopic examination in non-high-
incidence rural areas. Herein, we reported the baseline 
characteristics of study participants, endoscopy compliance 
and its associated factors, and the detection rates as well 
as the treatment rates of EC and GC in the first-round 
screening. We present the following article in accordance 
with the CONSORT reporting checklist (available at 
https://atm.amegroups.com/article/view/10.21037/atm-22-
4052/rc).

Methods

Study design

We prospectively conducted a community-based cluster 
RCT. A total of 33 eligible villages in Luoshan County in 
Henan Province served as the allocation units (clusters) in 
this trial. We excluded clusters if they underwent endoscopic 
screening in the last 3 years, or were unwilling to participate. 
The 33 clusters were assigned randomly to the intervention 
or control group in a 1:1 ratio. Enrollment began in May 
2015 and was completed by July 2017, and then follow-
up would last at least 10 years. The study was approved 
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by the independent ethics committee of the National 
Cancer Center/Cancer Hospital, Chinese Academy of 
Medical Sciences and Peking Union Medical College (No. 
2015SQ00223). The trial was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013), and 
there were no substantial changes to the methods after trial 
commencement. As part of the multi-center study, more  
details of this trial can be found in previous literature (18,19).

Randomization and masking

Randomization was performed on the basis of cluster. 
Villages rather than individuals were regarded as units 
of randomization, and were allocated to the intervention 
(N=17) or control (N=16) group by a computer-generated 
randomization list.  Local health workers enrolled 
participants and completed the allocation in accordance 
with the group assignment. Researchers, local health 
workers, and study participants could not be blinded to 
randomization procedures.

Participant eligibility

Local residents in the eligible villages were considered 
for inclusion according to the following criteria: aged 
40–69 years old, with no history of cancer, being in good 
physical and mental condition, and having undergone no 
endoscopic examinations in the past 3 years. Residents 
who were not willing to undergo endoscopic screening, or 
had severe diseases that might interfere with participation, 
were excluded from the trial. Sample size calculation has 
been described in detail previously (18). After describing 
the study, local health workers obtained written informed 
consent from participants.

Interventions

The interventions pertain to the individual level. All 
the participants in this trial were invited to complete a 
standardized questionnaire during face-to-face interviews, 
and underwent physical examination including measurement 
of height, weight, and blood pressure. The questionnaire 
covered demography, personality and mental health, 
behavioral habits, dietary habits, family history of cancer, 
disease history, and clinical symptoms of EC and GC. 
Only participants in the intervention group were evaluated 
to determine whether they were at high risk of upper 
gastrointestinal cancer by the questionnaire assessment. 

The assessment criteria has been reported elsewhere 
(19,20). In brief, participants would be defined as “high-
risk individuals” if they met any 2 of items (I)–(III) or any 
1 of (IV)–(VI): (I) smoking more than 20 cigarettes per day 
for at least 10 years; (II) drinking 28 g ethanol or more per 
day for at least 10 years; (III) eating moldy, salted, or fried 
food at least once per week; (IV) family history of upper 
gastrointestinal cancer; (V) upper gastrointestinal symptoms 
including dysphagia, chest/back pain during swallowing, 
nausea/vomiting/belching, heartburn/acid regurgitation/
abdominal distention, inappetence, epigastric pain, melena, 
and unexplained weight loss; (VI) personal history of upper 
gastrointestinal diseases such as reflux esophagitis and 
gastritis.

High-risk individuals in the intervention group were 
invited to undergo endoscopic examination in the designated 
hospitals. Some routine tests were carried out to detect 
human immunodeficiency virus, hepatitis B virus, hepatitis C 
virus, and syphilis. Standard upper endoscopic examination 
was then performed by experienced physicians according 
to the technical proposal for the upper gastrointestinal 
cancer screening project. The esophagus and stomach were 
examined visually, and chromoendoscopy with Lugol’s 
iodine staining or indigo carmine dye would be performed 
to diagnose suspicious lesions in the esophagus or stomach 
if necessary. Only positive or suspicious lesions were 
targeted for biopsy, and pathological diagnosis was then 
determined independently by 2 experienced pathologists. 
Positive cases were defined as follows: esophageal severe 
dysplasia, esophageal carcinoma in situ, EC, gastric high-
grade dysplasia, and GC. Among these, esophageal severe 
dysplasia, esophageal carcinoma in situ, gastric high-grade 
dysplasia, and stage I EC/GC were considered as early-
stage cases.

Follow-up

Outcomes were assessed by both passive and active follow-
up annually. Passive follow-up was conducted for all the 
participants, and data were collected through databases 
of cancer registries, medical records, death surveillance, 
and medical insurance. Positive cases identified at baseline 
and passive follow-up would be interviewed via telephone 
or home visit by trained health workers. Participants 
with precancerous lesions would receive an endoscopic 
reexamination. Specifically, participants with esophageal 
mild dysplasia were required to undergo a reexamination 
every 3 years, and those with esophageal moderate dysplasia, 
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cardia or gastric low-grade dysplasia, severe intestinal 
metaplasia, or severe atrophic gastritis were required to 
undergo a reexamination every year.

Outcomes

Outcomes were measured at the individual level. The 
primary outcomes were EC and GC mortality. The 
secondary outcomes comprised the detection rate (the 
proportion of positive cases among participants undergoing 
endoscopy), the early detection rate (the proportion of cases 
in stage 0/I among all the positive cases), and the treatment 
rate (the proportion of positive cases receiving clinical 
treatment). There were no changes to outcomes after the 
trial commenced.

Statistical analysis

Baseline characteristics of participants were reported for 
the intervention and control groups. Student’s t test was 
employed to compare 2 groups with respect to continuous 
variables, and the Chi-square test or Fisher’s exact test 
was performed for categorical variables. To explore 
factors potentially involved in endoscopy compliance (the 
proportion of participants undergoing endoscopy among 
high-risk individuals), univariate logistic regression analyses 
were performed, and variables with P<0.1 were selected for 
subsequent multivariate analysis. A multivariate regression 
model was then developed to estimate odds ratios (ORs) as 
well as 95% confidence intervals (CIs). Statistical analyses 
were conducted using R v3.6.1, and a two-sided P value of 
<0.05 was considered statistically significant.

Results

Enrollment and participant characteristics

Between May 2015 and July 2017, a total of 23,917 
individuals from 33 villages attended the baseline survey, 
with 12,475 allocated to the intervention group (17 villages) 
and 11,442 allocated to the control group (16 villages). Of 
these, 264 were excluded owing to personal cancer history 
(N=146), received endoscopy examinations in the past  
3 years (N=93), age nonconformity (N=12), or erroneous 
data (N=13). Finally, 23,653 individuals were eligible for 
inclusion in the analysis, with 12,402 in the intervention 
group and 11,251 in the control group (Figure 1).

Baseline characteristics including age, gender, marital 

status, smoking, and strong adaptability were well balanced 
between the trial groups (P>0.05). The average (± SD) age 
of participants was 52.1 (±7.8). About 51.3% of participants 
were men, and the majority of participants (94.2%) were 
married. A total of 80.2% of participants never smoked. In 
addition, most participants (92.9%) reported that they had 
strong adaptability. Other variables on sociodemographic 
characteristics and risk factors are reported in Table 1.

Endoscopy compliance and its associated factors

In the intervention group, 12,402 participants finished the 
questionnaire. Of these, 6,286 (50.7%) were estimated as 
high-risk individuals and were invited to receive endoscopic 
examination. There were ultimately 2,719 participants 
undergoing endoscopy. The compliance rate of endoscopy 
was 43.3%.

To explore factors associated with endoscopy compliance, 
we performed univariate logistic regression analyses based 
on variables presented in Table 1. Significant variables 
(P<0.1) were then incorporated into a multivariate 
logistic regression model. As shown in Table 2, the results 
demonstrated that participants aged 50–59 and 60–69 years 
were more likely to undergo endoscopy than those aged 
40–49 years (OR =1.38, 95% CI: 1.22–1.56, P<0.001; OR 
=1.82, 95% CI: 1.58–2.10, P<0.001). Compared with males, 
females showed higher endoscopy compliance (OR =1.38, 
95% CI: 1.24–1.54, P<0.001). Participants who completed 
primary school, middle school, or college and above had a 
higher probability of attending endoscopy than those with 
no schooling (OR =1.41, 95% CI: 1.15–1.74, P=0.001; OR 
=1.68, 95% CI: 1.34–2.11, P<0.001; OR =2.70, 95% CI: 
1.27–5.88, P=0.011). Regarding personality and mental 
health, participants that did not have a type A personality 
or strong adaptability, or those with depression were less 
likely to accept endoscopic examination (OR =0.78, 95% 
CI: 0.69–0.87, P<0.001; OR =0.78, 95% CI: 0.64–0.95, 
P=0.016; OR =0.54, 95% CI: 0.35–0.80, P=0.003). 
Furthermore, participants with a personal history of gastric 
and duodenal ulcers or superficial gastritis were more prone 
to undergo endoscopy (OR =1.38, 95% CI: 1.18–1.62, 
P<0.001; OR =1.16, 95% CI: 1.03–1.30, P=0.014). Positive 
associations were observed between upper gastrointestinal 
symptoms and endoscopy compliance. Participants with 
heartburn, acid regurgitation, and abdominal distention 
tended to attend endoscopic screening (OR =1.38, 95% CI: 
1.22–1.56, P<0.001). Likewise, participants with nausea, 
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vomiting, and belching showed greater odds of endoscopy 
compliance (OR =1.43, 95% CI: 1.28–1.60, P<0.001), and 
those with dysphagia or epigastric pain exhibited similar 
results (OR =1.57, 95% CI: 1.12–2.20, P=0.008; OR =1.38, 
95% CI: 1.24–1.53, P<0.001).

Esophageal and gastric cancer detection

Among participants receiving endoscopy examination, a 
total of 1,784 (65.6%) participants underwent pathological 
biopsy due to positive or suspicious lesions. There were 
20 positive cases detected, with a detection rate of 0.74%. 
The pathological distribution of all the lesions is shown 
in Table 3. Out of the 36 cases with esophageal lesions, 
6 were reported as positive cases (0.22%), including  
3 cases of EC and 3 cases of severe dysplasia. Moreover,  
19 cases with esophageal precancerous lesions were detected 
(0.70%), with 7 moderate dysplasia cases and 12 mild  
dysplasia cases. Other abnormal esophageal pathology 
results included 1 case of moderate esophagitis and 10 cases 
of basal cell hyperplasia. With regard to the 1,623 cases 
with stomach lesions, 15 were identified as positive cases 
(0.55%), including 12 cases of GC and 3 cases of high-grade 
dysplasia. The 64 cases with stomach precancerous lesions 

(2.35%) consisted of 28 low-grade dysplasia cases and 36 
severe atrophic gastritis cases. Other abnormal stomach 
pathology results included 128 cases of moderate atrophic 
gastritis, 88 cases of mild atrophic gastritis, and 1,328 cases 
of non-atrophic gastritis.

Clinical stage and treatment of positive cases

Clinical stage and treatment information of positive cases 
are shown in Table 4. Out of the 20 positive cases, 8 (40.0%) 
were in the early stage. The early detection rates for EC and 
GC were 50.0% and 33.3%, respectively. Additionally, the 
overall treatment rate for positive cases was 90.0%. For EC, 
all the 6 (100.0%) positive cases received clinical treatment. 
For GC, 13 cases received treatment, with a treatment rate 
of 86.7%.

Discussion

The efficacy and feasibility of endoscopy-based screening 
for EC and GC in non-high-incidence rural areas of China 
are not clear. Here, we conducted a cluster RCT with 
at least 10 years of follow-up and reported the baseline 
findings. After the questionnaire assessment was completed, 

Figure 1 Participant flow diagram of the trial.

A total of 33 clusters in 
Luoshan County

Cluster randomization  
in a 1:1 ratio

Inclusion in the analysis
• 17 clusters
• 12,402 participants

Participants excluded: 73
• Personal cancer history: 66
• Age nonconformity: 2
• Erroneous data: 5

Intervention group
• 17 clusters
• 12,475 participants

Control group
• 16 clusters
• 11,442 participants

Inclusion in the analysis
• 16 clusters
• 11,251 participants

Participants excluded: 191
• Received endoscopy in the past 3 years: 93
• Personal cancer history: 80
• Age nonconformity: 10
• Erroneous data: 8



Wang et al. A cluster RCT of upper gastrointestinal cancer screeningPage 6 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(18):994 | https://dx.doi.org/10.21037/atm-22-4052

Table 1 Baseline characteristics of study participants

Variables Total Intervention group Control group P

Age (years), mean (SD) 52.1 (7.8) 52.2 (7.8) 52.0 (7.8) 0.058

40–49 10,357 (43.8) 5,327 (43.0) 5,030 (44.7) 0.023

50–59 8,052 (34.0) 4,297 (34.6) 3,755 (33.4)

60–69 5,244 (22.2) 2,778 (22.4) 2,466 (21.9)

Gender, n (%)

Male 12,130 (51.3) 6,345 (51.2) 5,785 (51.4) 0.693

Female 11,523 (48.7) 6,057 (48.8) 5,466 (48.6)

Ethnicity, n (%)

Han 23,630 (99.9) 12,395 (99.9) 11,235 (99.9) 0.035

Others 23 (0.1) 7 (0.1) 16 (0.1)

Education, n (%)

No schooling 1,481 (6.3) 810 (6.5) 671 (6.0) <0.001

Primary school 14,097 (59.6) 7,559 (60.9) 6,538 (58.1)

Middle school 7,966 (33.7) 3,982 (32.1) 3,984 (35.4)

College and above 109 (0.5) 51 (0.4) 58 (0.5)

Marital status, n (%)

Not married/divorced/widowed 1,377 (5.8) 739 (6.0) 638 (5.7) 0.345

Married 22,276 (94.2) 11,663 (94.0) 10,613 (94.3)

Family sizea, n (%)

≤2 2,098 (8.9) 1,049 (8.5) 1,049 (9.3) 0.019

>2 21,552 (91.1) 11,353 (91.5) 10,199 (90.7)

Smokinga, n (%)

No 18,968 (80.2) 9,983 (80.5) 8,985 (79.9) 0.226

Yes 4,684 (19.8) 2,419 (19.5) 2,265 (20.1)

Drinking, n (%)

No 19,825 (83.8) 10,600 (85.5) 9,225 (82.0) <0.001

Yes 3,828 (16.2) 1,802 (14.5) 2,026 (18.0)

Type A personalitya, n (%)

Yes 16,510 (69.8) 8,133 (65.6) 8,377 (74.5) <0.001

No 7,142 (30.2) 4,269 (34.4) 2,873 (25.5)

Strong adaptabilitya, n (%)

Yes 21,960 (92.9) 11,550 (93.1) 10,410 (92.5) 0.079

No 1,691 (7.1) 852 (6.9) 839 (7.5)

Table 1 (continued)
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Table 1 (continued)

Variables Total Intervention group Control group P

Traumaa, n (%)

No 22,739 (96.1) 11,990 (96.7) 10,749 (95.6) <0.001

Yes 911 (3.9) 411 (3.3) 500 (4.4)

Depression, n (%)

No 23,252 (98.3) 12,224 (98.6) 11,028 (98.0) 0.001

Yes 401 (1.7) 178 (1.4) 223 (2.0)

Gastric and duodenal ulcers, n (%)

No 22,254 (94.1) 11,571 (93.3) 10,683 (95.0) <0.001

Yes 1,399 (5.9) 831 (6.7) 568 (5.0)

Reflux esophagitis, n (%)

No 22,638 (95.7) 11,765 (94.9) 10,873 (96.6) <0.001

Yes 1,015 (4.3) 637 (5.1) 378 (3.4)

Superficial gastritis, n (%)

No 20,108 (85.0) 10,326 (83.3) 9,782 (86.9) <0.001

Yes 3,545 (15.0) 2,076 (16.7) 1,469 (13.1)

Atrophic gastritis, n (%)

No 23,450 (99.1) 12,278 (99.0) 11,172 (99.3) 0.013

Yes 203 (0.9) 124 (1.0) 79 (0.7)

Family history of cancer, n (%)

No 22,759 (96.2) 11,967 (96.5) 10,792 (95.9) 0.021

Yes 894 (3.8) 435 (3.5) 459 (4.1)

Dysphagia, n (%)

No 23,441 (99.1) 12,246 (98.7) 11,195 (99.5) <0.001

Yes 212 (0.9) 156 (1.3) 56 (0.5)

Heartburn, acid regurgitation, and abdominal distention, n (%)

No 18,004 (76.1) 7,960 (64.2) 10,044 (89.3) <0.001

Yes 5,649 (23.9) 4,442 (35.8) 1,207 (10.7)

Nausea, vomiting, and belching, n (%)

No 20,073 (84.9) 9,457 (76.3) 10,616 (94.4) <0.001

Yes 3,580 (15.1) 2,945 (23.7) 635 (5.6)

Epigastric pain, n (%)

No 20,279 (85.7) 9,587 (77.3) 10,692 (95.0) <0.001

Yes 3,374 (14.3) 2,815 (22.7) 559 (5.0)
a
,
 
there were missing values. SD, standard deviation.
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Table 2 Factors associated with endoscopy compliance assessed by multivariate logistic regression analysis

Variables Endoscopy (N=2,719) No endoscopy (N=3,567) Adjusted OR (95% CI) P

Age, n (%)

40–49 798 (29.3) 1,349 (37.8) Ref.

50–59 1,034 (38.0) 1,304 (36.6) 1.38 (1.22–1.56) <0.001

60–69 887 (32.6) 914 (25.6) 1.82 (1.58–2.10) <0.001

Gender, n (%)

Male 1,175 (43.2) 1,855 (52.0) Ref.

Female 1,544 (56.8) 1,712 (48.0) 1.38 (1.24–1.54) <0.001

Education, n (%)

No schooling 193 (7.1) 286 (8.0) Ref.

Primary school 1,680 (61.8) 2,162 (60.6) 1.41 (1.15–1.74) 0.001

Middle school 828 (30.5) 1,106 (31.0) 1.68 (1.34–2.11) <0.001

College and above 18 (0.7) 13 (0.4) 2.70 (1.27–5.88) 0.011

Type A personality, n (%)

Yes 1,916 (70.5) 2,262 (63.4) Ref.

No 803 (29.5) 1,305 (36.6) 0.78 (0.69–0.87) <0.001

Strong adaptability, n (%)

Yes 2,546 (93.6) 3,244 (90.9) Ref.

No 173 (6.4) 323 (9.1) 0.78 (0.64–0.95) 0.016

Depression, n (%)

No 2,682 (98.6) 3,482 (97.6) Ref.

Yes 37 (1.4) 85 (2.4) 0.54 (0.35–0.80) 0.003

Gastric and duodenal ulcers, n (%)

No 2,304 (84.7) 3,220 (90.3) Ref.

Yes 415 (15.3) 347 (9.7) 1.38 (1.18–1.62) <0.001

Superficial gastritis, n (%)

No 1,736 (63.8) 2,582 (72.4) Ref.

Yes 983 (36.2) 985 (27.6) 1.16 (1.03–1.30) 0.014

Dysphagia, n (%)

No 2,626 (96.6) 3,504 (98.2) Ref.

Yes 93 (3.4) 63 (1.8) 1.57 (1.12–2.20) 0.008

Heartburn, acid regurgitation, and abdominal distention, n (%)

No 649 (23.9) 1,195 (33.5) Ref.

Yes 2,070 (76.1) 2,372 (66.5) 1.38 (1.22–1.56) <0.001

Table 2 (continued)
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high-risk individuals in the intervention group were invited 
to undergo endoscopic examination, with a compliance rate 
of 43.3%. Multivariate logistic regression analysis showed 
that several factors including age, gender, education, 
personality and mental health, and upper gastrointestinal 
diseases or symptoms might affect endoscopy compliance. 
The detection rate for positive cases of EC or GC was 

0.74%, and of the positive cases, 40.0% were in the early 
stage. Furthermore, the overall treatment rate for positive 
cases was 90.0%. Our findings may offer important clues for 
optimal screening strategies for EC and GC in non-high-
incidence areas of China.

For upper gastrointestinal cancer screening programs 
implemented in high-incidence areas of China, all the 
local participants are regarded as high-risk individuals and 
are invited to undergo endoscopy. However, owing to the 
invasiveness and high cost of this technique, participants 
in non-high-incidence areas are first risk-stratified with 
a standardized questionnaire, and only those evaluated 
as high-risk individuals are advised to attend endoscopic 
examination. As a result, we found that about half (50.7%) 
of the participants completing the risk assessment were 

Table 4 Stage distribution and treatment rate for positive cases 

Variables All (N=20) Esophagus (N=6) Stomach (N=15)

Stage, n (%)

0 4 (20.0) 2 (33.3) 2 (13.3)

I 4 (20.0) 1 (16.7) 3 (20.0)

II 6 (30.0) 1 (16.7) 6 (40.0)

III/IV 6 (30.0) 2 (33.3) 4 (26.7)

Early stagea, n (%)

No 12 (60.0) 3 (50.0) 10 (66.7)

Yes 8 (40.0) 3 (50.0) 5 (33.3)

Treatment, n (%)

No 2 (10.0) 0 (0.0) 2 (13.3)

Yes 18 (90.0) 6 (100.0) 13 (86.7)
a
,
 
positive cases at stage 0/I.

Table 3 Pathological distribution of lesions detected by endoscopy 
with biopsy

Pathological diagnosis Cases
Detection  
rate (%)

Subjects under endoscopy 2,719

Esophagus

Esophageal cancer 3 0.11

Severe dysplasia 3 0.11

Moderate dysplasia 7 0.26

Mild dysplasia 12 0.44

Moderate esophagitis 1 0.04

Basal cell hyperplasia 10 0.37

Stomach

Gastric cancer 12 0.44

High-grade dysplasia 3 0.11

Low-grade dysplasia 28 1.03

Severe atrophic gastritis 36 1.32

Moderate atrophic gastritis 128 4.71

Mild atrophic gastritis 88 3.24

Non-atrophic gastritis 1,328 48.84

Positive cases in total 20 0.74

Table 2 (continued)

Variables Endoscopy (N=2,719) No endoscopy (N=3,567) Adjusted OR (95% CI) P

Nausea, vomiting, and belching, n (%)

No 1,289 (47.4) 2,170 (60.8) Ref.

Yes 1,430 (52.6) 1,397 (39.2) 1.43 (1.28–1.60) <0.001

Epigastric pain, n (%)

No 1,363 (50.1) 2,108 (59.1) Ref.

Yes 1,356 (49.9) 1,459 (40.9) 1.38 (1.24–1.53) <0.001

OR, odds ratio; CI, confidence interval.
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estimated as high-risk individuals, while the detection 
rate for positive cases of EC or GC was low (0.74%). 
These results suggest that the risk assessment tool used in 
non-incidence areas may not accurately distinguish risk 
levels, and further risk stratification methods need to be 
developed to identify high-risk individuals. Numerous 
studies have indicated that multiple biomarkers such as 
tumor-associated antigens, autoantibodies, miRNAs, and 
methylated DNA markers exhibit good performance for the 
early detection and diagnosis of EC and GC (21-26). Thus, 
the combination of epidemiological risk factors (obtained 
by the questionnaire) and promising biomarkers, which 
may be used to develop risk prediction models, may help 
to optimize the risk stratification and improve screening 
efficacy.

In this study, the endoscopy compliance rate of high-
risk individuals in the intervention group was 43.3%, 
which was relatively lower than that in high-incidence 
areas of China such as Feicheng, Linzhou, and Cixian 
(14,27,28). One of the possible reasons was the differences 
in awareness of upper gastrointestinal cancer screening 
among these areas (29). For decades, upper gastrointestinal 
cancer prevention and control programs, along with 
publicity and education, have been implemented in high-
incidence areas (20). Numerous studies such as risk 
factor research, general population nutrition intervention 
trials, dysplasia population nutrition intervention trials, 
and chemoprevention trials have been also performed 
in these areas (30-38). Such efforts not only resulted in 
a decrease in incidence (30), but also probably increased 
the awareness of cancer prevention. Thus, there is a need 
to enhance social mobilization campaigns and health 
education on cancer prevention and screening in non-high-
incidence areas. Moreover, we found that some factors were 
significantly associated with endoscopy compliance. As a 
result, elderly individuals and females were more likely to 
undergo endoscopic examination. This is probably because 
such populations prefer to attend education sessions and 
follow healthcare advice (39). Another prominent factor 
associated with endoscopy compliance was educational 
attainment, with relatively well-educated individuals 
more prone to attend endoscopy. This may be because 
individuals with higher education have greater awareness 
and knowledge of cancer prevention (40). We also observed 
that participants that did not have a type A personality or 
strong adaptability, or those with depression showed lower 
endoscopy compliance, which is a reflection that negative 

personality or mental health issues probably affect health-
related behaviors. Furthermore, participants with upper 
gastrointestinal symptoms (dysphagia, epigastric pain, 
heartburn, acid regurgitation and abdominal distention, 
nausea, vomiting, and belching) or a personal history of 
upper gastrointestinal diseases (gastric and duodenal ulcers, 
superficial gastritis) tended to participate in endoscopic 
screening. Part of the reason may be that these individuals 
have a relatively more urgent need to seek medical help for 
upper gastrointestinal problems and thus accept endoscopy. 
Based on these findings, targeted education, especially 
targeting males, individuals aged 40–49 years, those with 
lower education levels, or those with negative personality 
traits, will be important for the improvement of endoscopy 
compliance.

The detection rates for positive cases of EC and GC 
were 0.22% and 0.55%, respectively, which were lower than 
those in high-incidence areas in previous studies (27,41). 
The reasons may include differences in the prevalence of 
upper gastrointestinal cancer between these areas, and a lack 
of endoscopy training or experience in non-high-incidence 
areas (42). This also suggests that the risk assessment needs 
to be improved to identify high-risk individuals more 
efficiently.

Despite the large community-based RCT design with 
long-term follow-up and quality implementation processes, 
our study still has several limitations. First, the trial was 
only part of a multi-center study, which might affect the 
generalizability of the research findings. Second, selection 
bias due to nonparticipation in the recruitment and 
endoscopy screening processes probably influenced the 
validity of the results. Further analyses will be performed in 
our subsequent study to investigate and adjust for potential 
selection bias.

Overall, our study is a cluster community-based RCT of 
EC and GC screening in a non-high-incidence area of China, 
with a total of 23,917 participants included in the trial. The 
preliminary results described baseline recruitment, endoscopy 
participation and its associated factors, detection of positive 
cases, and treatment rates. The findings highlight the need 
to develop efficient risk assessment in non-high-incidence 
areas, and indicate the importance of improving endoscopy 
compliance partly through targeted education. Follow-up of 
study participants is progressing, which is expected to offer 
further clues as to the efficacy of endoscopy-based screening 
for EC and GC and the feasibility of this screening strategy 
in non-high-incidence areas.
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