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INTRODUCTION: Image-based diagnostic tools that aid endoscopists to biopsy putative esophageal malignant lesions are
essential for ensuring the standardization and quality of Lugol chromoendoscopy. But there is no such
model available yet.
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We developed a diagnostic model using endoscopic Lugol-unstained lesions (LULs) features and

baseline data from 1,099 individuals enrolled from a large-scale population-based ESCC screening
cohort. Six hundred three participants from a clinical outpatient cohort were included as the external
validation set. High-grade intraepithelial neoplasia and above lesions identified at baseline or within
1 year after screening were defined as outcome. The final model was determined using logistic

The optimal diagnostic model contained the size, irregularity, sharp border of LUL, age, and body mass

index of the participant, with the area under the curve of 0.83 (95% confidence interval [Cl]:
0.78-0.87) in the development set, 0.81 (95% Cl: 0.77-0.86) in the internal validation set, and 0.87
(95% CI: 0.84-0.90) in the external set. This model stratified individuals with LULs into low-risk,
moderate-risk, and high-risk groups based on tertiles of predicted probabilities. The high-risk group
accounted for <40% participants but enriched 80.8% and 82.7% of high-grade intraepithelial
neoplasia and above cases in the development and external validation sets, respectively, achieving

METHODS:

regression analysis by the Akaike information criterion.
RESULTS:

detection ratios 16.2 and 11.0 times higher than the low-risk group.
DISCUSSION:

Our model can help maintain consistency and accuracy in detecting esophageal malignancy through

Lugol chromoendoscopy, particularly in primary healthcare units in high-risk rural areas.
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INTRODUCTION

Esophageal cancer (EC) is one of the most common cancers
worldwide, which ranks eleventh and seventh for incidence and
mortality (1). Of 511,000 new EC cases and 445,000 deaths in
2022, more than 40% cases and deaths were contributed by China
(1,2). Esophageal squamous cell carcinoma (ESCC) is the pre-
dominant EC subtype in China and accounts for 85% of EC
cases (3,4).

To date, early diagnosis and treatment are recognized as an
effective approach for ESCC prevention, and Lugol chro-
moendoscopy (LCE) is used as the gold standard technique in
population-level screening programs (5). LCE is based on the
reaction of iodine and intracellular glycogen, in which suspicious
lesions become unstained and can be visually distinguished from
the surrounding brownish normal esophageal epithelium (6). As
LCE has a >95% sensitivity but unsatisfactory specificity in
identifying cancerous lesions (7), targeted biopsy and pathologic
diagnosis are necessary to further confirm the histologic char-
acteristics of Lugol-unstained lesions (LULs).

According to clinical experiences, a biopsy is recommended
for LULs with a diameter =5 mm (8-10). However, LULs of
diameter >5 mm can be detected among more than 70% of
screened subjects in the population-based screening of ESCC (9),
and over 95% of these biopsies were diagnosed as nonmalignant
lesions. On the other hand, nearly 45% of incident ESCC cases
during a median follow-up of 4.2 years after screening were
reported as nondysplasia at index endoscopy (11), indicating the
existence of inadequate biopsy, missed diagnosis, and insufficient
surveillance in screening practice. Moreover, high-risk areas for
ESCC mainly resident in underdeveloped regions, where the
screening is performed by junior endoscopists in primary care
units, with large variations in technical proficiency. Various
factors, including the limited clinical experience and the prefer-
ence for minimizing the risk brought by tissue biopsy, contribute
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to an overlooked malignant lesion during the screening process. A
quantitative and endoscopic image-based tool for auxiliary di-
agnosis is urgently warranted, to establish a more standardized
and precise targeted biopsy during LCE screening, as compared
with the current experience-based judgment of the endoscopist
alone.

Endoscopic features, such as the size of LULs and the sharp-
ness of LULs border, etc., have been reported to be indicative of
the malignancy of esophageal lesions (12-15). However, no
quantitative diagnostic model based on endoscopic features of
LULs has been developed to assist endoscopists in the biopsy
decision under LCE in real time for population-level ESCC
screening.

The aim of this study was to develop an easy-to-use diagnostic
model mainly using endoscopic features of LULs as predictors to
promote the risk-based precision biopsy in the screening of
ESCC, based on a large-scale population-level ESCC screening
cohort, and externally validated by a clinical outpatient cohort.

METHODS

Study population
Development set. Subjects of the development set were enrolled
from the screening arm of the Endoscopic Screening for Esoph-
ageal Cancer in China (ESECC trial, NCT01688908) (16). The
ESECC trial was initiated in 2012, and 668 villages in Hua County,
Anyang, Henan Province, a high-risk region for ESCC in China,
were randomly selected and allocated to the screening arm or the
control arm at a ratio of 1:1 using blocked randomization based
on the population size (16). The inclusion criteria of the ESECC
trial can be found elsewhere (16).

A total of 1,204 subjects with abnormalities under white light
or LCE out of 15,299 participants from the screening arm were
biopsied by the endoscopist in the baseline screening and were
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included in this study. We further excluded 105 of them based on
the criteria below: (i) endoscopic images regarding the biopsied
LULs were unsatisfactory for image review, (ii) advanced ESCC
that can be easily determined under white light, and (iii) the
questionnaire data were missing. Finally, 1,099 subjects were el-
igible and analyzed for this study.

External validation set. An external data set from an outpatient
cohort conducted at the endoscopic clinic of Anyang Cancer
Hospital, Henan Province, from 2019 to 2023 was incorporated.
Patients aged 45-69 years who underwent upper gastrointestinal
endoscopic examinations during this period were enrolled. The
exclusion criteria of this study were as follows: (i) patients with
a history of upper gastrointestinal treatment before recruitment,
(if) no suspicious lesions biopsied during the examination, (iii) no
use of LCE, and (iv) low-quality endoscopic images unsuitable for
retrospective review. Two researchers reviewed the endoscopic
images retrospectively and extracted LUL features based on the
same standard operating procedure as did in the development set.
A total of 603 patients were included in the analysis as the external
validation data set.

Endoscopic examination and pathologic diagnosis

Participants included in both development and validation set
were performed standard upper gastrointestinal endoscopy with
Lugol iodine staining. The entire esophagus was carefully ex-
amined by experienced endoscopists, and the abnormal areas
detected under white light or LCE were biopsied during endo-
scopic examination (16). Endoscopic images were captured every
5 cm along the entire esophagus, and more pictures were taken for
LULs before the biopsy. Two experienced pathologists from the
Anyang Cancer Hospital performed the pathologic analysis
blinded to endoscopic findings, and the discrepancies in di-
agnoses were adjudicated by consultation. The histologic grade of
specimens was categorized into normal, low-grade intraepithelial
neoplasia, high-grade intraepithelial neoplasia (HGIN), and
ESCC in development and external validation set. The LUL with
the highest pathological diagnosis for those with multiple LULs
was used.

Endoscopic image review

Two well-trained researchers retrospectively reviewed the endo-
scopic images to obtain the features of LULs without knowledge of
the pathologic diagnosis (11,17). Six features of unstained areas
were recorded, including LUL size (defined as the smaller di-
mension of diameter or length of a given LUL), mosaic staining,
irregularity, border sharpness, dark staining border, and numbers
of LULs in the entire esophagus (11,17). A detailed description and
standard pictures of these endoscopic features is provided in the
Supplementary Digital Content (see Supplementary Material and
Supplementary Figures 1-5, http://links.Iww.com/CTG/B287).

Questionnaire investigation

Computer-aid one-on-one questionnaire investigation was ap-
plied to all individuals before endoscopy (18). Information in-
cluding demographic factors, lifestyle information, ESCC-related
symptoms, and ESCC family history were collected (19).

Outcome definition

The primary outcome in this study was defined as HGIN and
above (HGINA) lesions detected at LCE through pathologic
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analysis, and ESCC cases diagnosed within 1 year after the
screening, which were collectively referred to as the prevalent
HGINA cases. ESCC cases diagnosed after the screening were
identified using the annual follow-up framework of the ESECC
trial, which was based on both active door-to-door interviews and
passive linkage with local electronic registry approaches to collect
incident patients with cancer and all-cause death events. Based on
our previous evaluation, the sensitivity of this follow-up strategy
for reporting cancers was above 95% (20-22). The outcome in the
external validation set was defined as HGINA diagnosed at
baseline endoscopy.

Statistical analysis

Model construction. A 2-step process was used to build the di-
agnosis model. We first used univariate logistic regression anal-
ysis to select both the LUL features and questionnaire variables
with odds ratio >1.3 and P < 0.5. The diagnostic model was built
with 3 strategies, after taking into consideration the balance of the
simplicity and the performance of models. Strategy I relied solely
on the endoscopic features of LULs, whereas strategy II took into
account additional factors including age, gender, body mass index
(BMI), and family history of ESCC. These factors were easily
obtainable before the endoscopic examination. Strategy III in-
cluded both endoscopic features of LULs and all potential pre-
dictors for ESCC, which were gathered through a questionnaire
investigation. Then multivariable logistic regression models with
backward selection were used on all candidate variables in 3
strategies separately, and the Akaike information criterion was
used to determine the final model structure.

Model performance. Receiver operating characteristic curves and
the area under curve (AUC) were used to assess the discrimination
of a specific model, and the DeLong test was used to compare the
difference between models (23,24). All models under 3 strategies
were internally validated using leave-one-out cross-validation, and
the final selected model underwent external validation (25). A
nomogram was established to facilitate the risk assessment when
performing endoscopic examinations. To evaluate the final model’s
risk stratification performance, participants were divided into 3
groups (low-risk, moderate-risk, and high-risk) based on tertiles of
predicted probabilities. The detection rate and detection rate ratio
in each risk group were calculated.

Statistical analysis was performed using Stata (version 16.1;
StataCorp) and R version 4.4.1 (R Foundation for Statistical
Computing, Vienna, Austria). All tests were 2-sided and had
a significance level of 0.05.

Ethics statement

Research protocols were approved by the Institutional Review
Board of the Peking University School of Oncology (approval
number: 2011101110, 2018KT111), Beijing, China. All partic-
ipants provided written informed consent.

RESULTS

Description of the participants in development and validation set
In the development data set, 1,099 participants from the ESECC
trial screening arm were included. A total of 99 prevalent HGINA
cases were defined, including 4 subjects diagnosed with ESCC
within 1 year after screening. For the external validation data set,
603 participants were analyzed, which included 179 detected
HGINA cases.

Clinical and Translational Gastroenterology
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Table 1. Selected characteristics among subjects in the development set and external validation set

Variables Development set, n (%)
Age

Median (interquartile range) 61.0 (57.0-65.0)
Gender

Female 521 (47.4)

Male 578 (52.6)
Body mass index (kg/m?)

>22 859 (78.2)

=22 240 (21.8)
ESCC family history

No 939 (85.4)

Yes 160 (14.6)
Pathological diagnosis?

Non-HGINA 1,000 (91.0)

HGINA 99 (9.0)
Size (mm)

=5 633 (57.6)

6-10 311(28.3)

>10 155 (14.1)
Irregularity

No 241 (21.9)

Yes 858 (78.1)
Dark staining border

No 743 (67.6)

Yes 356 (32.4)
Sharp border

No 439 (39.9)

Yes 660 (60.1)
Mosaic staining

No 376 (34.2)

Yes 723 (65.8)

External validation set, n (%) Pvalue
0.009
60.0 (54.0-65.0)

0.269

269 (44.6)

334 (55.4)
0.010

438 (72.6)

165 (27.4)
<0.001

414 (68.7)

189 (31.3)
<0.001

424 (70.3)

179 (29.7)
<0.001

349 (57.9)

124 (20.6)

130 (21.5)
0.047

158 (26.2)

445 (73.8)
<0.001

532 (88.2)

71(11.8)
<0.001

65 (10.8)

538 (89.2)
0.695

212 (35.2)

391 (64.8)

ESCC, esophageal squamous cell carcinoma; HGINA, high-grade intraepithelial neoplasia and above.
2Among the 99 HGINA cases included, 4 were diagnosed as ESCC within 1 year after screening in the development set.

Compared with the development set, individuals in external
validation set were younger, having lower BMI (=22 kg/m?),
more EC family history, and with higher detection rate of
esophageal malignancies. For LUL features, lesions in the ex-
ternal validation set were larger, with more regular shape, and
having less dark but sharper border (Table 1). The comparison
of demographic and life-style information as well as LUL
features between prevalent HGINA cases and noncases of the
development set were descripted in Supplementary Digital
Content (see Supplementary Table 1, http://links.lww.com/
CTG/B287).

Structure of the model

Potential risk factors for the presence of HGINA lesions in this
study included specific features of LULs (larger size, mosaic
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staining, irregular shape, sharp border, and multiple LULs) and
certain variables collected during baseline investigation (older
age, family history of ESCC, BMI =22 kg/m?, use coal or wood as
main cooking fuel, high food temperature, eating rapidly, and
ingestion of leftovers).

As presented in Table 2 and Supplementary Digital Content
(see Supplementary Figure 6, http://links.Ilww.com/CTG/B287),
the endoscopic model under strategy I finally consisted of the size,
irregularity, and sharp border of LUL with an AUC of 0.81 (95%
confidence interval [CI]: 0.77-0.86) in the development set and
0.76 (95% CI: 0.71-0.81) in the internal validation. The model
under strategy II consisted of the size, irregularity, and sharp
border of LUL as well as the age and BMI with an AUC of 0.83
(95% CI: 0.78-0.87) in the development set and 0.81 (95% CL:
0.77-0.86) in internal validation.
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Table 2. Development of diagnostic models using endoscopic features of LULs based on 3 strategies

Multivariable coefficients (95% Cl)

Variables Strategy 12
Size (mm)
=5 Ref
6-10 1.7(1.1t02.4)
>10 29(2.3t03.6)
Irregularity
No Ref
Yes 0.8(0.0t0 1.8)
Sharp border
No Ref
Yes 0.8(0.3t01.3)
Age (continuous) NA
BMI (kg/m?)
>22 NA
=22
Use coal or wood as main cooking fuel
No NA
Yes
Eating speed
Slow NA
Fast
Ingestion of leftovers
=1 time per wk NA

>1 time per wk

Intercept

—4.9(-6.0to —4.0)

Strategy 2° Strategy 3¢
Ref Ref
1.7(1.1t02.4) 1.7(1.1t02.4)
2.8(2.2t03.5) 2.8(2.2t03.5)
Ref Ref

0.8(0.0t0 1.8) 0.8(0.0t01.8)
Ref Ref

0.7(0.3t0 1.2) 0.8(0.3t01.3)

0.1 (0.0t00.1) 0.1 (0.0t00.1)

Ref Ref
0.5(=0.1t01.0) 0.5(0.0t01.0)

NA Ref
0.4(-0.1t00.9)

NA Ref
0.8(0.0to 1.6)

NA Ref
0.4(-0.1100.8)

—-9.1(-12410 -6.1) —9.7(=13.1t0 —6.5)

BMI, body mass index; Cl, confidence interval; LULs, Lugol-unstained lesions; NA, not applicable.

aStrategy 1: The multivariable logistic model was conducted based on only features of LULs in a backward selection process according to the Akaike information criterion (AIC).
PStrategy 2: The multivariable logistic model was conducted based on features of LULs and easy-to-collect demographic information during endoscopic examination,
including age, gender, BMI, and ESCC family history. Backward variable selection using AIC was applied to determine the model structure.

CStrategy 3: All variables were first evaluated in univariate logistic regression models, and variables with either P < 0.05 or P < 0.5 and odds ratio >1.3 were subjected to
multivariable logistic regressions, in which the backward AIC was used to determine the final predictor pattern.

The model under strategy III additionally included using coal
or wood as the main cooking fuel, eating rapidly, and ingestion of
leftovers based on the model under strategy II with an AUC of
0.84 (95% CI:0.79-0.88) in the development set and 0.82 (95% CI:
0.77-0.86) in internal validation set.

After weighing the model performance and the convenience in
application, we recommended model II as final diagnostic model,
and this model showed an AUC 0f 0.87 (95% CI: 0.84-0.90) in the
external set (Figure 1). A nomogram to facilitate the assessment of
the probability of being HGINA when an LUL is detected in
a given individual was also provided to facilitate the application of
our model by the endoscopist (Figure 2).

Performance of the model

To evaluate the HGINA enrichment ability of the diagnostic
model, subjects were divided into 3 groups based on tertiles of
predicted probabilities of the development set (Figure 3).
Participants were then further categorized into low-risk,
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moderate-risk, and high-risk groups based on tertiles of predicted
probabilities of the development set, accounting for 5.1%, 14.1%,
and 80.8% of all HGINA cases, respectively. This stratification
resulted in detection ratios 2.8 and 16.2 times higher for the
moderate-risk and high-risk groups compared with the low-risk
group in the development set (Table 3). In the external validation
set, low-risk, moderate-risk, and high-risk groups contributed
6.1%, 11.2%, and 82.7% HGINA cases, achieving detection ratios
11.0 and 2.0 times higher than the low-risk group for the high-risk
and moderate-risk groups, showing a stable discrimination ca-
pability of malignant lesions. Assuming the application of this
diagnostic model in population-based ESCC screening, the false-
positive possibility could be reduced from 91% to 78%.

DISCUSSION

Population-level screening for EC is a massive undertaking (26).
In comparison with the traditional universal screening, we have
proposed the theoretical framework of precision endoscopic

Clinical and Translational Gastroenterology
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Figure 1. ROC curves of the diagnostic model in the development, internal validation, and external validation sets based on strategy Il. AUC, the area under

curve; Cl, confidence interval; ROC, receiver operating characteristic.

screening for ESCC (27), which aims to improve the cost-
effectiveness of screening and reduce potential harm. This goal
would be achieved by excluding low-benefit subgroups from the
screening process through individualized risk assessments in 3
steps: (i) identification of high-risk individuals as targets for en-
doscopic screening before examination, (ii) precise identification
of malignant lesions for biopsy during endoscopy, and (iii)
identification of individuals at high risk of progression as sur-
veillance targets after examination. We have already established
the models that identify individuals at high risk in the general
population to undergo endoscopic examination before screening
(19,28) and the model that predicts the risk of lesion progression
for endoscopic surveillance (11) based on baseline screening
results of over 15,000 individuals and the longitudinal data from
ESECC cohort. However, biopsy-assisted tools for precise biopsy
during the endoscopic examination are still lacking (27). This
study was the first to develop an image-based diagnostic model
under LCE for identifying malignant esophageal lesions, address-
ing the need for precision biopsy in ESCC screening. The model
could aid endoscopists in making accurate biopsy decisions, es-
pecially benefiting inexperienced practitioners in primary care
units with heavy screening workloads in underdeveloped areas.
The current experts’ consensus on ESCC screening in China
has emphasized certain indicators for targeted biopsies, such as a
high-contrast unstained color in comparison with the
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surrounding mucosa, well-defined borders, and nonflatness of
a given LUL (5). However, endoscopists have faced challenges in
prioritizing indicators, leading to inconsistent biopsy criteria,
especially for junior endoscopists. To address this, we standard-
ized the contribution of endoscopic and demographic features to
malignancy risk for specific LULs in our model.

Our final diagnostic model (model II) consisted of age, BMI,
size of LUL, sharpness of the border of LUL, and the irregularity of
LUL. Of these selected predictors, age and BMI were well-
established ESCC risk factors (16,29). For the selected features,
larger size, sharp border, and irregular shape of LUL were pre-
dictive for a higher risk of HGINA in this study, which were
consistent with results from previous studies and the expert
consensus (12-15,17).

We recommended model II as our final diagnostic model for
precision biopsy for its simplicity and good performance. It
showed ideal discrimination (AUC = 0.83, 95% CI: 0.78-0.87),
calibration (Hosmer-Lemeshow test P = 0.578, see Supplemen-
tary Table 2, http://linksIww.com/CTG/B287), and excellent
stability in both internal validation (AUC = 0.81, 95%CI:
0.77-0.86) and external validation (AUC = 0.87, 95% CI:
0.84-0.90). As compared with the model under Strategy IT, Model
I achieved acceptable discrimination but had insufficient varia-
tion in predicting probability and worse internal validation per-
formance compared with Strategy II. Meanwhile, Model III
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Figure 2. Nomogram of the diagnostic model. BMI, body mass index.

achieved slightly better discrimination performance but in-
creased the workload of collecting epidemiologic information.

Unlike the high detection rate of malignancies among clinic
outpatients, ESCC screening targets asymptomatic individuals
in high-risk areas, where numerous suspicious lesions often lead
to a low absolute detection rate. The current screening practice
mainly relies on qualitative and subjective judgment criteria to
decide whether to biopsy an LUL, leading to potential malignant
LULs being missed. We recommend our quantitative diagnostic
tool be applied in settings where the endoscopist has limited
experience and heavy workload in ESCC screening because it
could assist them in making a more accurate decision for biopsy,
which would in turn improve the protection ability of ESCC
screening.

This diagnostic tool classifies LCE participants into low-
risk, moderate-risk, and high-risk groups based on predicted
probabilities. For LULs that were categorized into high-risk
group, careful examination and extensively targeted biopsy are
recommended because these subjects contributed 80.8%
prevalent HGINA cases in the population, with a 16.2-fold
detection rate (22.0%) compared with the low-risk group
(detection rate: 1.4%).

Biopsies are recommended for the moderate-risk group, ac-
counting for 14.1% of HGINA cases with a 3.8% detection rate. For
low-risk LULs, biopsy decisions should rely on clinical judgment
because of their low malignancy detection rate but ~5.1% contri-
bution to HGINA cases. The results in external validation set were
similar, which validated this recommendation.

Artificial intelligence technology based on graphics has been
increasingly applied for auxiliary diagnosis (30-32). It would be
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helpful to build a diagnostic model-based artificial intelligence
assistant that could extract lesion information in real time during
endoscopic examinations, automatically calculate the risk of
malignant lesions, and display the results on-screen to guide bi-
opsy decisions in clinical workflows in the future.

Although this study was conducted based on a large-scale
population-based ESCC screening trial, several limitations
should be noted. We extracted the endoscopic features of LULs
retrospectively, which might not be so informative compared
with real-time judgment when performing LCE.

In summary, we have developed an image-based diagnostic
model that combines chromoendoscopic features and simple
demographic information to discriminate potential malignant
LULs under LCE. This model can assist endoscopists, particularly
those who were limited in experience but burdened with extensive
screening tasks, in making biopsy decisions during endoscopic
examinations. It may help to ensure the standardization and
quality of chromoendoscopy in the battlefield of ESCC screening
in primary healthcare units in high-risk rural areas. Furthermore,
advanced endoscopic techniques such as electronic chro-
moendoscopy (such as narrow-band imaging) and magnifying
endoscopy are gradually being applied more widely to detect and
characterize esophageal malignant lesions. Future research into
diagnostic models based on these advanced techniques is also
warranted to improve the accuracy and efficiency of biopsy in
population-level ESCC screening.
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Figure 3. Detection rates of HGINA in 3 groups stratified by predictive risk probabilities based on strategy Il in the development and external validation sets.
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defined according to tertiles of predicted probabilities of the development set. HGINA, high-grade intraepithelial neoplasia and above.
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Table 3. The enrichment abilities for different types of lesions by diagnostic models using endoscopic features of LULs based on strategy Il
in the development set and the external validation set

Development set External validation set
Non- Non-
Risk HGINA  HGINA Detection  Detection rate HGINA  HGINA Detection  Detection rate
stratification® Risk probability range cases cases rate (%) ratio (95% ClI) cases cases rate (%) ratio (95% ClI)
Low 0-0.020947436 363 5 14 Ref 182 11 5.7 Ref
Moderate 0.020947436-0.083900380 354 14 38 2.8(1.0-7.7) 154 20 115 2.0(1.04.1)
High 0.083900380-1 283 80 22.0 16.2 (6.6-39.6) 88 148 62.7 11.0(6.1-19.7)

Cl, confidence interval; HGINA, high-grade intraepithelial neoplasia and above; LULs, Lugol-unstained lesions.
@Based on the model-predicted tertiles of malignant lesion probability, subjects were divided into 3 groups, with the predicted probability of esophageal malignancy
increasing across low-risk group to high-risk group.
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Clinical trial registration: Endoscopic Screening for Esophageal
Cancer in China (ESECC) randomized controlled trial (Clinical trial:
NCT01688908).

Data availability statement: The data are not available for public
access due to the privacy concerns of the participants.
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Study Highlights
WHAT IS KNOWN

/ Lugol chromoendoscopy is the gold-standard technique for
endoscopic screening of esophageal squamous cell
carcinoma with high sensitivity but low specificity.

\/ There is no image-based diagnostic tool to assist
unexperienced endoscopist’s decision of taking tissue
biopsies when Lugol-unstained lesions are detected.

WHAT IS NEW

/ A model using lesion size, irregularity, border sharpness, age,
and body mass index can effectively discriminate the
malignant potential of Lugol-unstained lesions in the training
and external validation sets.

The diagnostic model achieved the area under curve of 0.83
(95% confidence interval: 0.78-0.87) and 0.87 (95%
confidence interval: 0.84-0.90) in the development and
validation sets.

/ The high-risk group accounted for 80.8% and 82.7% of
malignant cases, with a detection ratio 16.2 and 11.0 times
higher than that of the low-risk group in the development and
external validation sets, respectively.

The model could ensure a robust performance of
chromoendoscopic screening for esophageal cancer in rural
healthcare units.
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