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An initial screening strategy based on epidemiologic
information in esophageal cancer screening: a prospective
evaluation in a community-based cancer screening cohort in
rural China
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Background and Aims: In China, regional organized esophageal cancer screening programs have been imple-

mented since 2005. However, the implementation of these screening programs is still facing some urgent chal-
lenges, especially concerning identifying high-risk individuals. This study aimed to evaluate the risk
stratification potential of the current initial assessment strategy used in a mass esophageal squamous cell carci-
noma (ESCC) screening program in China.

Methods: A total of 43,875 participants without a previous cancer history enrolled in a mass ESCC screening pro-
gram in China from 2007 to 2010 who had initial assessment results were included in this study and were followed
until December 31, 2015. Eight potential risk factors for ESCC were evaluated in the initial assessment strategy. A
comprehensive evaluation of the association of the initial assessment results with ESCC risk was performed by
propensity score matching and Cox regression analysis.

Results: During a median follow-up of 5.5 years, 272 individuals developed ESCC. The high-risk population as-
sessed at baseline had a higher risk of ESCC than the non-high-risk population, with a hazard ratio (HR) of 3.11
(95% confidence interval (CI), 2.33-4.14) after adjustment for sex, age, education level, income level, and body
mass index. In addition, the initial assessment results of the high-risk population were significantly associated
with the risk of all esophageal cancers (HR, 3.30; 95% CI, 2.51-4.33) and upper gastrointestinal cancers (HR,
3.03; 95% CI, 2.43-3.76).

Conclusions: The initial screening tool in a mass ESCC screening program in China, consisting of 8 accessible
variables in epidemiologic surveys, could be helpful for the selection of asymptomatic individuals for priority
ESCC screening. (Gastrointest Endosc 2021;93:110-8.)
(footnotes appear on last page of article)
INTRODUCTION

Esophageal cancer is associated with a major disease
burden worldwide, and it was estimated that 572,000
new cases and 509,000 deaths caused by esophageal
cancer occurred worldwide in 2018, making esopha-
geal cancer ranked seventh in cancer incidence and
sixth in cancer mortality.1 Esophageal squamous cell
carcinoma (ESCC) is the major histologic type, and
more than 50% of new cases and deaths occur in
China.1,2
ROINTESTINAL ENDOSCOPY Volume 93, No. 1 : 2021
The tumor stage at diagnosis is considered the strongest
prognostic factor, and most cases of ESCC are clinically
diagnosed at an advanced stage, with a population-based
overall 5-year survival rate of approximately 30% in
China.3,4 However, findings from some observational
studies in high-risk regions of China supported a mortality
benefit associated with ESCC screening.5,6 Endoscopy with
iodine staining is the criterion standard for the diagnosis of
esophageal cancer and its precursor lesions,7,8 and it has
been used as the clinical screening technique in regional
organized esophageal cancer screening programs in
www.giejournal.org
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China since 2005,9 including the Early Diagnosis and Early
Treatment (EDET) program in rural China launched in
2005; the Esophageal, Stomach, Liver Cancer Screening
Program (ESLCSP) in Jiangsu, Anhui, Shandong, and
Henan Provinces in rural China launched in 2007; and
the Cancer Screening Program in Urban China
(CanSPUC) launched in 2012.

In the practice of esophageal cancer screening, the
identification of high-risk individuals in the general popula-
tion has remained an important and difficult challenge, and
to our knowledge, prediction tools that could be imple-
mented in mass screening programs for the Chinese pop-
ulation have been limited. The questionnaire-based risk
assessment tool (ie, the initial screening strategy) in the
ESLCSP was the first to be used in an organized esophageal
cancer screening program in China to select the high-risk
population for further endoscopic examinations;10

however, its effectiveness needs to be evaluated.
Thus, in this study, we quantified the statistical associa-

tion of the initial screening assessment results with the risk
of developing ESCC during a median follow-up of 5.5 years
to evaluate the effectiveness of the present initial screening
strategy in the ESLCSP.
METHODS

Study design and study population
This cohort study used prospective data from the

esophageal cancer screening component of the ESLCSP.
The ESLCSP is an ongoing regional organized multicenter
cancer screening program for esophageal cancer, stomach
cancer, and liver cancer in 4 provinces (Jiangsu, Anhui,
Shandong, and Henan) in rural China that was imple-
mented in 2007. All women and men aged 40 to 69 years
without a cancer history in the selected villages (the small-
est unit) of the participating counties were approached
through personal contact and phone invitation by trained
local medical staff. Supplementary Figure 1 (available
online at www.giejournal.org) shows the overview of the
screening procedure in the esophageal cancer screening
component of the ESLCSP. Briefly, after explaining
the study and obtaining written informed consent, all
eligible participants were administered a baseline
questionnaire by trained staff to gather information about
their exposure to potential risk factors, and the high-risk
individuals identified by an initial assessment strategy
were recommended for further endoscopic examination.
Research protocols for the ESLCSP were independently
approved by the Institutional Review Board of the Cancer
Institute/Hospital, Chinese Academy of Medical Sciences
(CICAMS, NCC1788).

The criteria for inclusion in the present study were as
follows: (1) participants who were enrolled in the esopha-
geal cancer screening component of the ESLCSP from 2007
and 2010 and who completed the questionnaire investiga-
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tions; (2) participants who had no history of cancer
confirmed by cancer registry data; and (3) participants
who signed an informed consent form. For the present
study, 44,098 participants who completed the face-to-face
interview and the epidemiology questionnaire were re-
cruited between 2007 and 2010. Participants who were
diagnosed with cancer (n Z 99) before recruitment or
who had invalid questionnaires with any missing data
needed for the risk assessment (n Z 124) were excluded.
Ultimately, a population of 43,875 was included in the anal-
ysis, covering 3 counties, namely, Jinhu County of Jiangsu
Province, Tengzhou County of Shandong Province, and
Xiping County of Henan Province, as indicated in Figure 1.

Data collection and definition of the high-risk
population

The baseline questionnaires included age at enroll-
ment, sex, socioeconomic status (education level, num-
ber of household members, household income per
capita, etc), source of drinking water, cigarette smoking,
consumption of alcohol, family history of cancer and
cancer type, dietary habits (consumption frequency of
fresh vegetables, fresh fruit, meat and eggs, soy foods,
garlic, rice or flour, dried vegetables, salted food, fried
food, high-temperature food, and moldy food),
self-reported current clinical symptoms of esophageal
cancer, medicine use history, and disease history. In
addition, all participants underwent anthropometric
measurements, including height, weight, pulse rate,
and blood pressure, at baseline. Body mass index
(BMI) was calculated for each individual.

The tool to identify the target population for endo-
scopic examinations was developed by an expert panel
led by the National Cancer Center of China. The candidate
variables were selected from up-to-date reviews and meta-
analyses focusing on the Chinese population, as well as
evidence from population-attributable factors for esopha-
geal cancer, and the Chinese expert consensus on early
esophageal cancer screening and endoscopic diagnosis
before 2007.11-15 The assessment variables in this tool
included tobacco smoking; alcohol consumption; salted
food consumption; high-temperature food consumption;
moldy food consumption; family history of cancer of the
digestive system; any symptoms of dysphagia, odynopha-
gia, chest pain, back pain, or neck pain; and any disease
history of esophageal reflux or peptic or duodenal ulcer
(Appendix 1, available online at www.giejournal.org).
The risk score for each assessment variable was
determined by an expert advisory panel based on the
available evidence and expertise, resulting in the
development of the initial assessment tool with 8
environmental variables (Supplementary Table 1,
available online at www.giejournal.org). People who had
risk scores of 2 or more were deemed high-risk individ-
uals, that is, the target population for endoscopic exami-
nations (Supplementary Table 1).
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44 098 Participants enrolled in the esophageal cancer
screening program component of the ESLCSP
between 2007 and 2010

Excluded for participants
with any prior cancer
diagnosis

99

124 Excluded for participants
    with invalid questionnaires

43 875 Participants included in the final analysis

Initial Assessment

25 534 Low-risk population18 341 High-risk population

+ -

Figure 1. Definition of the study population.
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Follow-up and outcome definition
The ESLCSP is linked annually to the cancer registry data

and death registry data from the county-level Center for
Disease Control and Prevention. Cancer data were pro-
vided to December 31, 2015. Newly diagnosed cancers
were classified by site according to the International Clas-
sification of Diseases, version 10 (ICD-10), and by histology
based on International Classification of Disease for
Oncology, version 3 (ICD-O-3). Primary ESCC (ICD-10
C15, with ICD-O-3 M8050-M8078 or M8083-M8084) diag-
nosed after baseline was the main outcome of interest. Sec-
ondary outcomes included all primary esophageal cancers
(ICD-10 C15, regardless of histology codes) and upper
gastrointestinal (UGI) cancers (ICD-10 C15 and C16) that
were diagnosed after enrollment. Information on the tu-
mor stage was not available.

Statistical analysis
Cause-specific incidence rates were compared between

the high-risk and the non-high-risk groups. Person-years of
follow-up in each group were calculated from the date of
enrollment to the date of diagnosis of cancer incidence or
December 31, 2015, whichever occurred first, which was
based on the assumption that there were no participants
lost to follow-up. Cumulative incidence rates in each group
were calculated as the number of cancer cases divided by
the person-years of follow-up, based on the participants in
the full cohort. Cumulative incidence rates for ESCC, esoph-
ageal cancer, and UGI cancer were compared between the 2
groups using the Kaplan-Meier method with the log-rank test,
based on the participants in the full cohort. These rates were
also estimated in a subgroup of participants identified
112 GASTROINTESTINAL ENDOSCOPY Volume 93, No. 1 : 2021
through propensity score matching (PSM). PSM was conduct-
ed to balance demographic factors (sex, age, education level,
income level, and BMI status) and to generate comparable
study arms; 1:1 participant matching without replacement
was used to pair each participant in the high-risk group
with a participant in the non-high-risk group who had a pro-
pensity score within the designated caliper size. The Cox pro-
portional hazard model was established among participants
before PSM. We used the technique of –ln(–ln) graphical sur-
vival curves to evaluate the proportional hazards assumption
for candidate variables in multivariable analysis. For each esti-
mated variable, plots of the ln (-ln(S(t))) curves of different
groups have reasonably parallel lines; therefore, there was
no significant problem with the assumption for the model.
The outcomes were presented as hazard ratios (HRs) and
95% confidence intervals (CIs) with stratification by sex
and adjustment for age, education level (primary school
and lower, junior high school and above), income level
(<5000 RMB yearly per household unit; �5000 RMB yearly
per household unit), and BMI levels (<22 kg/m2; �22 kg/m2).
For the sensitivity analysis, we reanalyzed the association
of the initial assessment results with the risk of developing
ESCC, esophageal cancer, and UGI cancer after excluding
13,461 participants who underwent endoscopic examination
from the full cohort. In addition, there was multiple testing
of outcome data arising from individual participants. Correc-
tion by Bonferroni’s method did not change the statistical
significance for any of the main findings regarding
comparisons between groups, and the P values for the
preliminary analyses are given for descriptive purposes
only, so all P values presented are not corrected for multiple
testing.

RESULTS

Demographic characteristics of the analysis
cohort

The demographic characteristics listed in Table 1 were
compared between the high-risk group and the non-high-
risk group based on the initial assessment results. The results
show that females accounted for a higher proportion of the
high-risk population, and the proportion increased with
increasing age. In addition, individuals with lower educational
levels (no more than primary school), those with higher
yearly incomes per household unit, and those with relatively
higher BMI values (�22 kg/m2) accounted for a higher pro-
portion of the high-risk population than did participants
with higher education levels (junior high school and above),
individuals with lower income levels, and those with BMI
values less than 22 kg/m2.

Cumulative incidence by initial assessment
results

Table 2 shows the incidence rates of ESCC, esophageal
cancer, and UGI cancer among the cohort population.
During approximately 240,672.67 person-years of follow-
www.giejournal.org
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TABLE 1. Demographic comparisons between those in the non-high-risk group and those in the high-risk group assessed at baseline

Characteristic

Before propensity score matching After propensity score matching

Non-high-risk
group (n, %)

High-risk
group (n, %) P value

Non-high-risk
group (n, %)

High-risk
group (n, %) P value

Total 25,534 (58.20) 18,341 (41.80) 17,375 (50.00) 17,375 (50.00)

Gender .0056 .7036

Male 11,310 (58.94) 7880 (41.06) 7313 (42.09) 7278 (41.89)

Female 14,224 (57.62) 10,461 (42.38) 10,062 (57.91) 10,097 (58.11)

Age <.0001 1.0000

40-49 years 10,827 (62.48) 6501 (37.52) 6492 (37.36) 6492 (37.36)

50-59 years 8967 (55.70) 7133 (44.30) 6468 (37.23) 6468 (37.23)

60-69 years 5740 (54.94) 4707 (45.06) 4415 (25.41) 4415 (25.41)

Education level <.0001 .6008

No more than primary school 14,607 (57.04) 11,000 (42.96) 10,429 (60.03) 10,380 (59.75)

Junior high school and above 10,923 (59.82) 7337 (40.18) 6945 (39.97) 6992 (40.25)

Missing 4 4 1 3

Income level <.0001 1.0000

<5000 RMB 19,216 (63.40) 11,093 (36.60) 11,084 (63.79) 11,084 (63.79)

�5000 RMB 6291 (46.54) 7227 (53.46) 6291 (36.21) 6291 (36.21)

Missing 27 21 0 0

Body mass index <.0001 .925

<22 kg/m2 8032 (59.85) 5388 (40.15) 5122 (29.48) 5114 (29.43)

�22 kg/m2 17,488 (57.47) 12,944 (42.53) 12,253 (70.52) 12,261 (70.57)

Missing 14 9 0 0

RMB, Renminbi.

TABLE 2. Incidence rates of ESCC, esophageal cancer, and upper GI cancer in the cohort population

Initial assessment
results at baseline

Follow-up
(person-years)

ESCC Esophageal cancer Upper GI cancer

No. of
incidence
cases

Incidence
rate (1/105

person-years)

No. of
incidence
cases

Incidence
rate (1/105

person-years)

No. of
incidence
cases

Incidence rate
(1/105 person-years)

Total 240,672.67 235 97.64 272 113.02 411 170.77

Non-high-risk group 143,491.38 66 46.00 72 50.18 115 80.14

High-risk group 97,181.29 169 173.90 200 205.80 296 304.59

ESCC, Esophageal squamous cell carcinoma.
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up (median follow-up time of 5.5 years), 235 newly diag-
nosed cases of ESCC were identified, with 66 patients in
the non-high-risk group assessed at baseline (incidence
rate of 46.00/105 person-years) and 169 patients in the
high-risk group (incidence rate of 173.90/105 person-
years). The incidence rates for esophageal cancer were
50.18/105 and 205.80/105 in the non-high-risk and high-
risk groups, respectively, and the incidence rates were
80.14/105 and 304.59/105, respectively, for UGI cancer
(Table 2).

Univariate analysis showed that participants in the high-
risk group had higher incidence rates of ESCC (Fig. 2A,
P < .0001), esophageal cancer (Figure 2C, P < .0001), and
UGI cancer (Fig. 2E, P < .0001) than the population in the
www.giejournal.org
non-high-risk group. Analysis of the well-balanced PSM cohort
(17,375 participants in each group; Table 1) also
demonstrated that participants in the high-risk group had
higher risk of ESCC (Fig. 2B, P < .0001), esophageal cancer
(Fig. 2D, P < .0001), and UGI cancer (Fig. 2F, P < .0001).

In the multivariable analysis, the initial assessment result
remained an independent factor influencing the develop-
ment of ESCC, esophageal cancer, and UGI cancer
(Table 3). Compared with those in the non-high-risk group
at baseline, participants in the high-risk group had HRs of
3.11 (95% CI, 2.33-4.14) for ESCC, 3.30 (95% CI, 2.51-4.33)
for esophageal cancer, and 3.03 (95% CI, 2.43-3.76) for UGI
cancer. These associations were observed in both males
and females (Table 3).
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Figure 2. Comparison of the cumulative incidence of esophageal squamous cell carcinoma (ESCC), esophageal cancer and upper gastrointestinal (UGI)
cancer based on high-risk assessment results at baseline. (A) Cumulative incidence of ESCC among all participants before match stratification (nZ43 875).
(B) Cumulative incidence of ESCC among all participants after match stratification (nZ34 750). (C) Cumulative incidence of esophageal cancer among all
participants before match stratification (nZ43,875). (D) Cumulative incidence of esophageal cancer among all participants after match stratification
(nZ34 750). (E) Cumulative incidence of UGI among all participants before match stratification (nZ43 875). (F) Cumulative incidence of UGI among
all participants after match stratification (nZ34 750).
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Sensitivity analysis
After excluding participants who underwent endoscopic

examinations from the full cohort (n Z 13,461), we found
that participants in the high-risk group in the initial assess-
ment still had a higher risk of developing ESCC (HR, 2.34;
95% CI, 1.56-3.51), esophageal cancers (HR, 2.34; 95% CI,
1.60-3.43), and all UGI cancers (HR, 2.61; 95% CI, 1.95-
3.48) than participants in the non-high-risk group
(Table 4). In addition, the positive associations between
the initial assessment result and the risks of developing
ESCC, EC, and UGI cancer were observed in both males
and females (Table 4).
114 GASTROINTESTINAL ENDOSCOPY Volume 93, No. 1 : 2021
DISCUSSION

This large population-based, esophageal cancer
screening cohort study in China prospectively evaluated
the effectiveness of the current initial assessment strategy
used in a mass screening program in terms of predicting
the risk of developing ESCC. The results showed that the
cumulative risk of developing ESCC in the high-risk group
based on the initial screening assessments was higher than
that in the non-high-risk group; these results were slightly
affected by sex, age, education, income levels, and BMI sta-
tus. In addition, the initial assessment results also
www.giejournal.org
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TABLE 3. Multivariable associations between risk assessment results and the risk of ESCC, esophageal cancer, and upper GI cancer by sex

Stratified variables

ESCC Esophageal cancer UGI cancer

Person-years
(cases)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Person-years
(cases)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Person-years
(cases)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

All

Non-high-risk group 143,491.38
(66)

Reference Reference 143,491.38
(72)

Reference Reference 143,491.38
(115)

Reference Reference

High-risk group 97,181.29
(169)

3.63
(2.73-4.83)

3.11
(2.33-4.14)

97,181.29
(200)

3.94
(3.01-5.16)

3.30
(2.51-4.33)

97,181.29
(294)

3.66
(2.95-4.53)

3.03
(2.43-3.76)

Men

Non-high-risk group 64,203.61
(37)

Reference Reference 64,203.61
(39)

Reference Reference 64,203.61
(69)

Reference Reference

High-risk group 41,613.58
(98)

3.88
(2.66-5.66)

3.12
(2.12-4.58)

41,613.58
(115)

4.31
(3.00-6.20)

3.42
(2.37-4.95)

41,613.58
(178)

3.77
(2.85-4.98)

2.95
(2.23-3.92)

Women

Non-high-risk group 79,287.77
(29)

Reference Reference 79,287.77
(33)

Reference Reference 79,287.77
(46)

Reference Reference

High-risk group 55,567.70
(71)

3.39
(2.20-5.22)

3.07
(1.99-4.75)

55,567.70
(85)

3.57
(2.39-5.34)

3.14
(2.09-4.70)

55,567.70
(118)

3.52
(2.50-4.95)

3.08
(2.18-4.35)

ESCC, Esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval.

TABLE 4. Sensitivity analysis of multivariable associations between risk assessment results and the risk of ESCC, esophageal cancer, and upper GI
cancer by sex

Stratified
variables

ESCC Esophageal cancer Upper GI cancer

Person-years
(cases)

Crude
HR (95% CI)

Adjusted
HR (95% CI)

Person-years
(cases)

Crude
HR (95% CI)

Adjusted
HR (95% CI)

Person-years
(cases)

Crude
HR (95% CI)

Adjusted
HR (95% CI)

All

Non-high-risk
group

121,779.69
(46)

Reference Reference 121,779.69
(51)

Reference Reference 121,779.69
(84)

Reference Reference

High-risk
group

44,879.75
(53)

3.05
(2.05-4.53)

2.34
(1.56-3.51)

44,879.75
(61)

3.15
(2.17-4.58)

2.34
(1.60-3.43)

44,879.75
(112)

3.51
(2.64-4.66)

2.61
(1.95-3.48)

Men

Non-high-risk
group

55,998.51
(22)

Reference Reference 55,998.51
(23)

Reference Reference 55,998.51
(46)

Reference Reference

High-risk
group

20,746.07
(30)

3.52
(2.03-6.12)

2.36
(1.33-4.17)

20,746.07
(37)

4.14
(2.46-6.98)

2.73
(1.60-4.68)

20,746.07
(71)

3.99
(2.75-5.78)

2.72
(1.86-4.00)

Women

Non-high-risk
group

65,781.18
(24)

Reference Reference 65,781.18
(28)

Reference Reference 65,781.18
(38)

Reference Reference

High-risk
group

24,133.68
(23)

2.59
(1.46-4.60)

2.17
(1.21-3.88)

24,133.68
(24)

2.32
(1.34-4.00)

1.88
(1.08-3.27)

24,133.68
(41)

2.90
(1.86-4.51)

2.29
(1.46-3.59)

ESCC, Esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval.
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predicted the risks of developing esophageal cancer and
UGI cancer.

There are no guidelines for ESCC, although endoscopy
with iodine staining is the reference standard technique for
the diagnosis of esophageal cancer and its precursor le-
sions.9,16 In China, regional organized ESCC screening
programs have been implemented in the last 10 years;
however, the implementation of screening programs is
still facing some urgent challenges, such as identifying
the high-risk population.9 Risk prediction models based
www.giejournal.org
on information on risk factors have shown promising
usefulness in selecting individuals at high risk of
developing esophageal cancer; however, most of these
models were built for esophageal adenocarcinoma
(EAC).17-22 In a population-based cohort of 62,576 partici-
pants in Norway, an EAC model including predictors of
sex, age, gastroesophageal reflux symptoms, BMI, and to-
bacco smoking supported a positive association between
the risk thresholds and the risk of developing EAC. The re-
sults showed that 72% of cases of EAC occurred in the 20%
Volume 93, No. 1 : 2021 GASTROINTESTINAL ENDOSCOPY 115
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of the population with the highest risk within 15 years,
whereas none of the cases of EAC occurred in participants
in the 60% of the population with the lowest estimated
risk.17 In another cohort of 355,034 individuals in the
United Kingdom, an EAC model based on the predictors
of age, sex, smoking, BMI, and history of esophageal
conditions or treatments showed that the high-risk popula-
tion had a higher risk of developing EAC within 5 years
(odds ratio, 8.17; 95% CI, 5.97–11.18).18 Similarly, the
findings in the present study supported that the high-risk
population had a higher risk of developing ESCC (in
both multivariable and PSM analyses). In the unadjusted
population, the cumulative incidence rate of ESCC was
much higher in the high-risk group (173.90/105) than in
the non-high-risk group (46.00/105), and a significant dif-
ference in terms of the incidence of ESCC existed between
the 2 groups in the adjusted population (P < .0001).
Similar significant differences in the risk of all esophageal
cancers and UGI cancers between the 2 groups were also
observed (Fig. 2). Our findings in the multivariate
analysis showed that compared with participants in the
non-high-risk group, the high-risk population had a higher
risk of developing ESCC (HR, 3.11; 95% CI, 2.33-4.14), and
the initial assessment results could also predict the devel-
opment of all esophageal cancers (HR, 3.30; 95% CI,
2.51-4.33) and UGI cancers (HR, 3.03; 95% CI, 2.43-3.76).
In addition, to avoid the disturbance caused by screening
tests for ESCCs, we conducted a sensitivity analysis to
exclude all participants who underwent endoscopic exam-
inations in our program, with unchanged results. The re-
sults of the present study showed that the current initial
assessment strategy used in the ESLCSP could be an effec-
tive triage method for stratification of the general
population.

The initial screening strategy reported in the present
study is the first easy-to-use, initial screening tool applied
in a mass esophageal cancer screening program in China,
which was constructed based on potential environmental
risk factors in the literature and then assessed by experts.
The assessment variables were tobacco smoking; alcohol
consumption; salted food intake; high-temperature food
intake; moldy food intake; family history of digestive sys-
tem cancer; any symptom of dysphagia, odynophagia,
chest pain, back pain, or neck pain; and any disease history
of esophageal reflux, peptic or duodenal ulcer, which are
usually used to establish ESCC models.21-24 A model of
the absolute 5-year risk of ESCC was developed from a
nationwide Swedish population-based, case-control study
using 6 potential demographic and environmental predic-
tors, namely, age, sex, tobacco smoking, alcohol overcon-
sumption, education, duration of living with a partner,
and place of residence during childhood.21 A model for
severe esophageal dysplasia and higher-grade lesions (se-
vere dysplasia and above [SDA]) was developed based on
a population-based cross-sectional endoscopic screening
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study in a high-risk region in China.22 For participants
aged more than 60 years, the SDA model was generated
from 9 variables: age, family history of ESCC, cigarette
smoking, BMI, pesticide exposure, regularity of eating,
intake of high-temperature foods, eating speed, and inges-
tion of leftover food during summer; for participants aged
60 and younger, the SDA model was developed with 5 vari-
ables: age, exposure to cooking fumes, BMI, unexplained
epigastric pain, and eating speed. In addition, a prediction
model of ESCC that included known environmental risk
factors (age, sex, tobacco smoking, and alcohol consump-
tion) together with genetic information (25 single-
nucleotide polymorphisms) was developed in the Chinese
population23; another ESCC model was developed based
on the genotype of aldehyde dehydrogenase-2 and the
environmental variables of alcohol consumption, tobacco
smoking, and consumption of green-yellow vegetables
and fresh fruit in a Japanese population.24 These ESCC or
SDA models had many predictors similar to those
included in the present study. However, some key
predictors, such as age, sex, and BMI, were not included
in the current initial screening strategy of the ESLCSP.

Some strengths and limitations of the present study
should be considered. The main strength of this study is
that it was the first study to prospectively estimate the
stratification value of the current initial screening tool
developed based on epidemiological information in the
ESLCSP. Furthermore, detailed epidemiologic information
was collected by questionnaire in a standardized manner
by trained study staff to ensure the quality of the data. A
sound annual passive follow-up mechanism was estab-
lished and implemented in our program based on the can-
cer registration system. The follow-up information is
updated using linked data once a year for the entire cohort
population, as each screening center involved in this study
conducted population-based cancer registration at least in
the first year of enrollment. Therefore, we could obtain in-
formation on cancer incidence for each participant in the
cohort. Some limitations must be mentioned. First, the
assessment variables in the current initial screening strat-
egy and the corresponding scores and cutoff values to
define the target population for endoscopic examinations
were reviewed and determined by experts because there
was no useful prediction tool in 2007. Other key factors,
such as age, sex, and BMI, were not included in the current
initial assessment strategy, although many potential and
known risk factors related to ESCC were considered. In
the next study, we will develop prediction models for
ESCC based on the prospective screening cohort popula-
tion to provide a quantitative individual risk score system
for ESCC and to optimize the current initial screening strat-
egy. Second, this study only estimated the associations be-
tween the initial assessment results and the risk of
developing ESCC, without assessing the sensitivity and
specificity of the initial screening strategy, because
www.giejournal.org

http://www.giejournal.org


Chen et al An initial screening strategy in esophageal cancer screening
endoscopic examinations were only conducted in high-risk
individuals identified by the initial screening strategy. We
will conduct a further screening test study based on an
ongoing randomized controlled trial of endoscopic
screening for UGI cancer when data are available in the
future, including endoscopic examinations for all commu-
nity residents aged 40 to 69 years in 3 rural regions of
China. From these data, we will be able to assess the sensi-
tivity and specificity of the current initial screening strategy
for the detection of ESCC and SDA.
CONCLUSIONS

In conclusion, the data obtained in this prospective
cohort of mass esophageal cancer screening in the Chinese
population illustrate that the initial screening tool in the
ESLCSP, consisting of 8 accessible variables in epidemio-
logic surveys, is helpful for the selection of asymptomatic
individuals for priority ESCC screening. More comprehen-
sive studies are warranted to further evaluate the value of
the initial screening strategy in esophageal cancer
screening programs.
ACKNOWLEDGMENTS

We sincerely appreciate the funding from the National
Health Commission of the People’s Republic of China
and the National Key R&D Program of China (grant num-
ber 2018YFC1313100) and the Special Fund for Health
Research in the Public Interest, China (grant number
2016-I2M-2-004). The funding source of the study had no
role in the study design; data collection, analysis, interpre-
tation; or writing of the report. The first author and corre-
sponding authors have full access to all the study data and
assume final responsibility for submission for publication.
We gratefully acknowledge all participants in our program
and all staff who have made substantial contributions to
the data collection, auditing, database management and
verification.
REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2018;68:394-424.

2. Arnold M, Soerjomataram I, Ferlay J, et al. Global incidence of oesopha-
geal cancer by histological subtype in 2012. Gut 2015;64:381-7.

3. Zeng H, Chen W, Zheng R, et al. Changing cancer survival in China dur-
ing 2003-15: a pooled analysis of 17 population-based cancer regis-
tries. Lancet Glob Health 2018;6:e555-67.

4. Guan CT, Song GH, Li BY, et al. Endoscopy screening effect on stage
distributions of esophageal cancer: a cluster randomized cohort study
in China. Cancer Sci 2018;109:1995-2002.

5. Chen Q, Yu L, Hao C, et al. Effectiveness evaluation of organized
screening for esophageal cancer: a case-control study in Linzhou
city, China. Sci Rep 2016;6:35707.
www.giejournal.org
6. Wei WQ, Chen ZF, He YT, et al. Long-term follow-up of a community
assignment, one-time endoscopic screening study of esophageal can-
cer in China. J Clin Oncol 2015;33:1951-7.

7. Dawsey SM, Fleischer DE, Wang GQ, et al. Mucosal iodine staining im-
proves endoscopic visualization of squamous dysplasia and squamous
cell carcinoma of the esophagus in Linxian, China. Cancer 1998;83:
220-31.

8. Mannath J, Ragunath K. Role of endoscopy in early oesophageal can-
cer. Nat Rev Gastroenterol Hepatol 2016;13:720-30.

9. Zou XN. Epidemic trend, screening, and early detection and treatment
of cancer in Chinese population. Cancer Biol Med 2017;14:50-9.

10. Jia S, Li H, Zeng H, et al. Association of cancer prevention awareness
with esophageal cancer screening participation rates: results from a
population-based esophageal cancer screening program in rural
China. Chin J Cancer Res 2019;31:601-8.

11. Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med 2003;349:
2241-52.

12. Kollarova H, Machova L, Horakova D, et al. Epidemiology of esophageal
cancer–an overview article. Biomed Pap Med Fac Univ Palacky Olo-
mouc Czech Repub 2007;151:17-20.

13. Engel LS, Chow WH, Vaughan TL, et al. Population attributable risks of
esophageal and gastric cancers. J Natl Cancer Inst 2003;95:1404-13.

14. Zhou YL, Shi XS, Tian J. A meta-analysis study on main risk factors
for esophageal cancer. Strait Journal of Preventive Medicine 2004;10:
1-4.

15. Dong ZW. Guidelines for cancer screening and early diagnosis and
treatment in China. Peking: Peking University Medical Press; 2005.

16. Kim JA, Shah PM. Screening and prevention strategies and endoscopic
management of early esophageal cancer. Chin Clin Oncol 2017;6:50.

17. Xie SH, Ness-Jensen E, Medefelt N, et al. Assessing the feasibility of tar-
geted screening for esophageal adenocarcinoma based on individual
risk assessment in a population-based cohort study in Norway (The
HUNT Study). Am J Gastroenterol 2018;113:829-35.

18. Kunzmann AT, Thrift AP, Cardwell CR, et al. Model for identifying indi-
viduals at risk for esophageal adenocarcinoma. Clin Gastroenterol Hep-
atol 2018;16:1229-36.e4.

19. Xie SH, Lagergren J. A model for predicting individuals’ absolute risk of
esophageal adenocarcinoma: moving toward tailored screening and
prevention. Int J Cancer 2016;138:2813-9.

20. Thrift AP, Kendall BJ, Pandeya N, et al. A model to determine absolute
risk for esophageal adenocarcinoma. Clin Gastroenterol Hepatol
2013;11:138-44.e2.

21. Wang QL, Lagergren J, Xie SH. Prediction of individuals at high abso-
lute risk of esophageal squamous cell carcinoma. Gastrointest Endosc
2019;89:726-32.e2.

22. Liu M, Liu Z, Cai H, et al. A model to identify individuals at high risk for
esophageal squamous cell carcinoma and precancerous lesions in re-
gions of high prevalence in China. Clin Gastroenterol Hepatol 2017;15:
1538-46.e7.

23. Chang J, Huang Y, Wei L, et al. Risk prediction of esophageal
squamous-cell carcinoma with common genetic variants and lifestyle
factors in Chinese population. Carcinogenesis 2013;34:1782-6.

24. Yokoyama T, Yokoyama A, Kumagai Y, et al. Health risk appraisal
models for mass screening of esophageal cancer in Japanese men.
Cancer Epidemiol Biomarkers Prev 2008;17:2846-54.

Abbreviations: BMI, body mass index; CI, confidence interval; EAC,
esophageal adenocarcinoma; ESCC, esophageal squamous cell carci-
noma; ESLCSP, Esophageal, Stomach, Liver Cancer Screening Program;
HR, hazard ratio; PSM, propensity score matching; SDA, severe dysplasia
and above; UGI, upper gastrointestinal.

DISCLOSURE: All authors disclosed no financial relationships.

*Drs Chen and Li contributed equally to this article.
Copyright ª 2021 by the American Society for Gastrointestinal Endoscopy
Volume 93, No. 1 : 2021 GASTROINTESTINAL ENDOSCOPY 117

http://refhub.elsevier.com/S0016-5107(20)34402-3/sref1
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref1
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref1
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref2
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref2
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref3
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref3
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref3
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref4
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref4
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref4
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref5
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref5
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref5
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref6
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref6
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref6
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref7
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref7
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref7
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref7
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref8
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref8
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref9
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref9
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref10
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref10
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref10
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref10
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref11
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref11
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref12
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref12
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref12
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref13
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref13
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref14
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref14
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref14
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref15
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref15
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref16
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref16
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref17
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref17
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref17
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref17
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref18
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref18
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref18
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref19
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref19
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref19
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref20
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref20
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref20
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref21
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref21
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref21
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref22
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref22
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref22
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref22
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref23
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref23
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref23
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref24
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref24
http://refhub.elsevier.com/S0016-5107(20)34402-3/sref24
http://www.giejournal.org


An initial screening strategy in esophageal cancer screening Chen et al
0016-5107/$36.00
https://doi.org/10.1016/j.gie.2020.05.052

Received January 9, 2020. Accepted May 17, 2020.

Current affiliations: Office of Cancer Screening, National Cancer Center/
National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College,
Beijing, 100021 (1); Office of Cancer Registry, National Cancer Center/
National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College,
Beijing, 100021 (2); Department of Cancer Epidemiology, Henan Office
for Cancer Control and Research, The Affiliated Cancer Hospital of
Zhengzhou University, Henan Cancer Hospital, Zhengzhou, 450000 (3);
Institute of Chronic Non-communicable Diseases Prevention and Control,
Jiangsu Provincial Center for Disease Control and Prevention, Nanjing,
210009 (4); Department of Public Health, Shandong Cancer Hospital
Affiliated to Shandong University, Jinan, 250117 (5); Office of Chronic
Non-communicable Diseases Prevention and Control, Xiping Center for
Disease Control and Prevention, Zhu Madian, 463900 (6); Office of
Follow GIE on Facebook to receive the latest n
author interviews, podcasts, articles, and tabl
Facebook for “GIE: Gastrointestinal Endoscopy
quick access to our recent posts. 

GIE on Facebook

118 GASTROINTESTINAL ENDOSCOPY Volume 93, No. 1 : 2021
Chronic Non-communicable Diseases Prevention and Control, Jinhu
Center for Disease Control and Prevention, Huai’an, 211600 (7); Office of
Chronic Non-communicable Diseases Prevention and Control, Tengzhou
Center for Disease Control and Prevention, Tengzhou, 277599 (8);
Department of Thoracic Surgery, National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing, 100021,
China (9).

Reprint requests: Prof. Wanqing Chen, Office of Cancer Screening, National
Cancer Center/National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100021, China or Prof. Jie He, Department of
Thoracic Surgery, National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of Medical Science
and Peking Union Medical College, No.17 Pan-jia-yuan South Lane,
Chaoyang District, Beijing 100021, China.

If you would like to chat with an author of this article, you may contact
Dr Chen at chenwq@cicams.ac.cn or Dr He at hejie@cicams.ac.cn.
ews, updates, and links to 
es of contents. Search on 
” or use this QR code for 

www.giejournal.org

https://doi.org/10.1016/j.gie.2020.05.052
mailto:chenwq@cicams.ac.cn
mailto:hejie@cicams.ac.cn
http://www.giejournal.org


Chen et al An initial screening strategy in esophageal cancer screening
APPENDIX 1. PROFILES OF ESTIMATED
VARIABLES FOR THE PRESENT STUDY

1. Tobacco smoking: Participants were asked about their
lifetime smoking. Current smokers were further asked
the type (cigarette or tobacco leaf) and corresponding
years they smoked.

2. Alcohol consumption: Participants were asked about
their alcohol consumption history. Current drinkers
were asked to report the frequency per week and last
years when they consumed different classes of alcohol
(beer, white spirit, and others).

3. Dietary habits: Dietary habits (salted food intake, high-
temperature food intake, and moldy food intake) were
included in this section. For each item, participants
were asked about the frequency of intake with the
following 4 options: (a) every day; (b) usually (>1
time per week); (c) sometimes (1-4 times per month);
and (d) never.
Eligible participants

Informed Consent

Investigation on epidemiological Questionnaire

High-risk assessment
(Primary screening)

High-risk individuals

Endoscopic examination

Low-risk individuals

Supplementary Figure 1. An overview of the workflow of the esopha-
geal cancer screening program component of the ESLCSP.

www.giejournal.org Vo
4. Family history of cancer: Participants were asked about
their family history of cancer, including cancer types
and the relationship of the family member. Family his-
tory of digestive cancer was defined as any cancer of
the esophagus or stomach or small intestine or liver
or gallbladder or pancreas in the immediate family and
relatives within 3 generations.

5. Clinical esophageal symptoms: Participants were asked
5 questions regarding their current for esophageal
symptoms, which included unexplained dysphagia, un-
explained odynophagia, unexplained chest pain, unex-
plained back pain, and unexplained neck pain. Each
question had 2 options in this section: (a) no and (b)
yes.

6. Disease history: Participants were asked about their dis-
ease history related to the digestive system, including
peptic ulcer, esophagitis, gastroenteritis, hepatitis,
cirrhosis, anemia, and self-reported cancer history.
Each item had 2 options: (a) no and (b) yes.
lume 93, No. 1 : 2021 GASTROINTESTINAL ENDOSCOPY 118.e1
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SUPPLEMENTARY TABLE 1. Definition of the target population for endoscopic examination in the esophageal cancer program of the Esophageal,
Stomach, Liver Cancer Screening Program

Assessment items Assessed score

Smoking at least 20 cigarettes per day for last 10 years or more; or smoking tobacco leaf for 10 years or
more

1

Drinking beer at least 5 L per week for last 10 years or more; or drinking white spirit at least 1 L per week
and for last 10 years or more

1

Eating salted food at least once per week 1

Eating high-temperature food at least once per week 1

Eating moldy food at least once per week 1

Family history of digestive system cancer 2

Any current symptom of dysphagia, odynophagia, chest pain, back pain, or neck pain 2

Any disease history of esophageal reflux or peptic or duodenal ulcer 2

High-risk individual* �2

*Patients were asked to respond to each item, and a summary score was added up for identification of high-risk individuals (the target population for endoscopic examination).
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