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Abstract

Background: Endoscopic screening is the widely accepted screening strategy for esophageal squmaous cell carci-
noma (ESCC). However, massive endoscopic screening is expensive and not cost-efficient, and novel pre-endoscopy
detection used as a preliminary screening method arouses new concerns. We are planning to launch an artificial intel-
ligence (Al) assisted sponge cytology for detecting esophageal squmaous high-grade intraepithelial neoplasia (HGIN)
and above lesions. The aim of this trail is to investigate the efficiency of Al-assisted sponge cytology in population-
based screening of early esophageal squmaous epithelial lesions.

Methods: The study will be prospectively conducted in five regions with a high prevalence of ESCC. Al-assisted
sponge cytology and endoscopic examination will be sequentially performed. Based on our previous data, at least
864 patients with esophageal HGIN and above lesions are needed to achieve enough statistical power. And, a cal-
culated 112,500 individuals with high risks of ESCC will be recruited. In the first stage, each 24,000 participants who
meet the inclusion criteria will be recruited on a voluntary basis. Setting pathological results as standard reference,
diagnostic threshold and according performance of Al-assisted detection will be evaluated. A prediction model will
be constructed by co-analyzing cytological results and relevant risk factors. Then, an external validation cohort will be
used for validation of the model efficiency. Also, cost-efficiency analysis will be performed. This study protocol was
registered on chineseclinicaltrial.gov (ChiCTR1900028524).

Discussion: Our study will determine whether this Al-assisted sponge cytology can be used as an effective pre-
endoscopy detection tool for large-scale screening for ESCC in high-risk areas.
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tality and the seventh cause of morbidity among all can-
cers [1]. Esophageal squamous cell carcinoma (ESCC)
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5-year survival rate of early ESCC is over 90% [3], but is
less than 30% in advanced stage of disease [4]. This great
gap in survival status indicates that it is important to
adopt an early detection strategy to enable early diagno-
sis in areas with high risks of ESCC.

Current status of ESCC screening

High risk factors of ESCC have been proposed, including
family history of ESCC, heavy alcohol drinking, cigarette
smoking, poor nutritional status, salted food preference,
high temperature food preference, chemical carcinogen
exposure and history of SCC of the head and neck or
upper respiratory tract, et al. [5, 6].

Since critical risk factors have not been revealed, it is
difficult to make significant breakthroughs in primary
prevention of ESCC. So, secondary preventions aiming at
early detection of precancerous lesions and intervention
to prevent the disease progression have been considered
appropriate strategies to focus on for ESCC control. Due
to high sensitivity and accuracy, endoscopic screening
has been widely used in population-based screening in
China. A strategy of risk-stratified endoscopic screening
has been proposed [7]. Endoscopic detection for ESCC
and its precursor lesions is applied in 40-69 years aged
permanent residents with one or more risks. However,
the implementation of endoscopic screening for early
ESCC and high-grade intraepithelial neoplasia (HGIN)
is very costly because the demand of endoscopic screen-
ing from eligible individuals in high-risk areas of China
is high. In addition, the incidence of ESCC, even in
those regions with a high prevalence, is relatively low
[5]. Hence, to develop a novel pre-endoscopy screening
method will promote screening effectiveness and make it
possible for large-population screening.

Although cytology has been used as pre-endoscopy
detection, its role is limited due to poor diagnostic accu-
racy, low sensitivity and specificity [6, 8]. One main rea-
son is that cytopathologists screen all slides manually
for potentially interested lesions and it is not suitable for
massive screening [9]. Therefore, the change of diagnos-
tic manner will promote further application of cytologi-
cal methods in screening of early ESCC and its precursor
lesions. Similarly, a rigid diagnostic threshold for such
detection should be established [10].

Artificial intelligence (Al)-assisted cytological detection

We have introduced a novel sponge device (Shikang
I®/Eso Heal 1™, Froeasy Tech Co., Nanjing, China) for
esophageal epithelial sampling [11, 12]. Also, we have
reported our pilot performances [11, 12] of Al-assisted
cytological detection for early ESCC and its precursor
lesions by using a novel platform from Froeasy Tech Co.,
which is available at http://pms.n-ecdc.com/. Esophageal
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squmaous epithelial lesions can be classified into five lev-
els, including normal squmaous cells, atypical squmaous
cells (ASC), low-grade squamous intraepithelial lesion
(LSIL), high-grade squamous intraepithelial lesion (HSIL)
and squmaous cell carcinoma (SCC). The Al-assisted
diagnosis has shown a diagnostic accuracy comparable to
that by expert cytopathologists [11, 12].

We have reported a rapid work scheme for esophageal
sponge cytology for detecting early ESCC [11]. The fea-
sibility of this Al-based detection has been preliminarily
established, as reflected by significant reduction of num-
bers of endoscopic examination for detecting esophageal
lesions with clinical significance [11, 12]. In addition, the
cost of community-based screening was significantly
reduced by using this Al-assisted sponge cytology as pre-
endoscopy screening [12].

Currently, role of Al-assisted sponge cytology in large-
scale screening for esophageal HGIN and above lesions
has not been confirmed. We assume that population-
based screening can be facilitated by this Al-assisted
cytology. Also, the cost-effectiveness of population-based
screening may be improved.

Study design

The project will be prospectively executed in five regions
with a high prevalence of ESCC, including Huaian,
Taizhou, Yangzhou, Sugian and Yancheng, in Jiangsu
Province, China. Participants will be free of charge. Our
primary objective is to investigate the efficiency of Al-
assisted sponge cytology in population-based screening
for esophageal HGIN and early ESCC. Secondary objec-
tives include: (1) to establish the diagnostic threshold
(i.e. ASC, LSIL [10]) in such cytological detection; (2) to
construct a predicting model identifying individuals for
further endoscopy examination by co-analyzing cytologi-
cal features and relevant risk factors; (3) to analyze cost-
effectiveness of this Al-assisted cytology in large-scale
screening.

This is a two-stage, 5-year-period project. The flow-
chart of this study is listed in Fig. 1. The procedures
include ESCC-related questionnaire collection, esopha-
geal sponge sampling followed by Al-assisted diagno-
sis, and endoscopic examination and histopathlogical
evaluation. Histopathological results are set as stand-
ard of diagnosis of esophageal HGIN and ESCC. In the
first stage, population-based esophageal sponge cytol-
ogy and endoscopic examination will be sequentially
performed in four years. Data regarding ESCC-related
risks, cytological outcomes, and endoscopic and patho-
logical findings will be collected. Diagnostic efficiency
and diagnostic threshold of this Al-assisted cytological
diagnosis will be evaluated. By co-analyzing cytological
outcomes and relevant risks, a prediction model will be
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Fig. 1 Flowchart of this study. ESCC: esophageal squmaous cell

carcinoma

constructed to identify individuals with histopathologi-
cally confirmed esophageal HGIN and above lesions. In
the second stage, an external individual cohort will be
enrolled. The prediction model will be validated, and
the diagnostic performance will be assessed. Also, cost-
efficiency analysis will be performed in two stages. Our
working schedule and relevant results of this study are
shown in Table 1.

Some key procedures, including course training, par-
ticipant recruitment, esophageal sponge cytology and
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endoscopy, will be used in this study, and the details are
listed as follows.

1. Course training

Courses about the program will be given to train
community health workers, endoscopists and nurses
prior to participant recruitment. Contents of training
are as follows: (1) nature, purpose, ethical principles,
study design and working scheme of this program;
(2) questionnaire survey as a structured sheet of
ESCC-related risks; (3) notices in esophageal sponge
ingestion and sampling; (4) notices in endoscopic
examination; and (5) quality control in cytological
sampling and endoscopic biopsy.

2. Participant recruitment
Recruitment announcements will specify the eligibil-
ity criteria, place and time of the screening. Informa-
tion regarding this program will be spread through
several approaches, including radio, television and
paper announcements, public banners, free-accessi-
ble apps of hospitals and community health sectors,
short messages by public health platform, and so
on. Community health workers will also be specially
trained to recruit participants. The free nature of this
project will be emphasized.

Potential eligible participants will be identified by a
questionnaire survey for ESCC-related risks among
40-69-year-old permanent residents. Inclusion and
exclusion criteria are listed as follows. Those who are
deemed high risky of ESCC and voluntary to par-
ticipate in this program will be recruited. Those who
meet one or more of following items will be excluded:
(1) <40 years or>70 years; (2) pregnant women at
the screening consultation; (3) prior history of esoph-
ageal cancer, esophageal stenosis, esophagectomy,
esophageal varies or mental disorder; (4) positive
for human immunodeficiency virus; (5) insufficient
health to participate in this screening; (6) refusal to
participate in this screening; (7) unwilling to undergo
capsule sponge ingestion and/or endoscopy.

Written consent is mandatorily required from each
participant, and a copy of electronic record will be
reserved. Subject confidentiality will be ensured by
utilizing subject identification code numbers. ESCC-
related risks from each individual will be collected.

3. Esophageal sponge cytology and diagnosis
Esophageal epithelial specimens will be collected by
sponge device ingestion. And, cytological diagno-
sis will be performed in an Al-assisted manner. Key
steps are listed as follows. (1) Esophageal epithelial
specimens will be collected by an esophageal sponge
device swallowed into the stomach [11, 12]. (2) The
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Table 1 Working schedule of this study
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Time length Activities

Expected stage outcomes

1 year - Project announcement, planning and preparation
- Course training and project coordination

4 Project initiation
4 Screening 4,000 participants from each site

« Participant recruitment

- Cytological screening &endoscopy
- Data collection and transfer

- Scientific visit and supervision

2nd year - Participant recruitment

- Cytological screening &endoscopy
- Data collection and transfer
- Scientific visit and supervision

3d year « Participant recruitment

- Cytological screening &endoscopy
- Data collection
- Scientific visit and supervision

4 year - Participant recruitment

- Cytological screening &endoscopy
- Data collection

- Data verification and analysis

- Scientific conference

5" year - Participant recruitment

- Cytological screening &endoscopy
- Data analysis and archive
- Project summary

4 Screening 8,000 participants from each site

4 Screening 8,000 participants from each site
4 Interim report
4 Preparation of the first publication

4 Screening 4,000 participants from each site
4 Data analysis

assessment of diagnostic efficiency
construction of prediction model
cost-efficiency analysis

4 Screening 2,000 participants from each site

4 External validation

4 Publication of results

4 Dissemination of results to public health agencies

mesh along with specimens will be retrieved out of
the mouth gently. Retrieval of sponge mesh will be
attempted by each participant, and a standby health
worker will be ready to provide help anytime neces-
sary. The mesh containing specimens will be kept in
cell preservation solution (Froeasy Tech Co., Chinese
inventory patent is pending, ZL201810313809.8). (3)
Specimens will be processed by liquid-based thin
layer cell preparation technique. By using a sedi-
mentation technology, 120 slides will be prepared
for each specimen [11]. Feulgen-Eosin staining (Chi-
nese invention patent, ZL 201,710,732,464.5) will be
adopted. (4) All slides will be subjected to the Al-
based diagnosis system. An automated squmaous
epithelial cell classification will be given by Al-
assisted diagnosis platform, and ASC and above cells
will be automatically annotated by this system [11].
(5) Cytological outcomes of ASC and above will be
confirmed by three expert cytopathologists indepen-
dently [11]. As listed in the Supplementary material,
specimen processing, slides preparation and stain-
ing, and Al-assisted diagnosis will be performed in a
batch processing strategy.

. Endoscopy

Endoscopy will be used to detect histopathologically
confirmed esophageal lesions. An early endoscopy,
which is completed within five working days, is rec-
ommended, but any time interval no longer than
twenty-working-day is also acceptable. Participants

who did not undergo endoscopy examination will be
reminded by phone calls once every week; failing to
undergo scheduled endoscopy examination within
the time-frame will be excluded from this trial. Endo-
scopic examination will be performed under shallow
sedation (midazolam, 0.1 mg/kg, ivggt; fentanyl, 1 pg/
kg, ivggt) by competent (more than 5 years of experi-
ence in endoscopic procedures) or expert (more than
10 years of experience in endoscopic procedures)
endoscopists at each study site. White light imaging
and Lugol iodine staining will be sequentially per-
formed to inspect the whole length of the esophagus
and to evaluate suspected lesions. At least one biopsy
will be taken from each suspected region. A normal
solution of 5% sodium thiosulfate will be sprayed
for reducing adverse events relevant to Lugol iodine
staining. Histological diagnosis of esophageal biopsy
will be classified into normal squamous epithelia,
esophagitis, squamous cell hyperplasia, low-grade
intraepithelial neoplasia (LGIN), HGIN, and ESCC.

. Data analysis

Diagnostic accuracy of Al-assisted cytology for
esophageal HGIN and early ESCC will be evalu-
ated and compared to that of endoscopic detection.
Diagnostic performances will be compared between
different thresholds (ASC and above vs. LSIL and
above). A prediction model for esophageal HGIN
and early ESCC will be built based on co-analyzing
with ESCC-related risks.
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Cost data will be collected since the start of the
study regarding personnel remuneration, training
and equipment costs. Further data will be collected
regarding the time and cost required for each step of
the project. The Markov model will be used for cost-
effectiveness analysis.

6. Diagnostic standard
Based on our previous work [11, 12], cases diagnosed
with ASC and above level lesion by Al system will be
manually confirmed by two expert cytopathologists
according to the Bethesda system [13]. Histopatho-
logical results from biopsies will be set as the gold
standard for diagnosis of esophageal HGIN and early
ESCC. Two expert pathologists who are masked of
cytology results will provide consensual diagnosis.

7. Supervision and quality control

Principal investigator, co-investigators or responsi-
ble researchers will visit each study site once every six
months to give professional and scientific opinions for
the aim of supervision of this project.

Endpoints

Primary endpoint is a two-stage estimation of diagnos-
tic efficiency of the Al-assisted cytology by using histo-
pathological diagnosis as reference. Secondary endpoints
include: (1) comparison of diagnostic accuracies among
Al-assisted cytology, endoscopy and pathology; (2) con-
struction and validation of prediction model based on
cytological outcomes and risk factors; (3) assessment of
cost-effectiveness of Al-assisted cytology as pre-endos-
copy detection.

Statistical analysis

The diagnostic accuracy, sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (PLR), and negative likelihood
ratio (NLR) for each test will be calculated with 95% con-
fidence intervals. The baseline participant characteristics
will be categorized in percentages for categorical varia-
bles and as mean &= SD (Standard Deviation) for continu-
ous variables. The Chi-square test and Mann—Whitney
U test will be used for analysis of differences. Multivari-
ate logistic regression will be adopted for identifying
significant variables. Relevant variables obtained will be
included in the multivariable model. The probabilities of
diagnosis of esophageal HGIN and early ESCC will be
calculated, and an external validation will be performed
to evaluate the calibration and discrimination abilities of
the model by decision curve analysis. A receiver oper-
ating characteristic curve (ROC) analysis will also be
applied. Statistical analyses will be performed using SPSS
statistical software for Windows, version 22.0 (SPSS Inc.,
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Chicago, IL, USA) and the statistical software package R
Version 4.0.5. A p value<0.05 is considered statistically
significant.

Sample size calculation

According to our previous data, a sensitivity of 90.0%
was present in Al-assisted esophageal HGIN and above
lesions [11]. Sample size will be estimated by using the
formula:

n=Za*P(1 — P)/8?

where n=required sample size, P=anticipated sensi-
tivity. The confidence level is set as 95% in this study, and
Za=the corresponding standard normal deviate 1.96.
And, § =permissible error, which is set as 0.02. There-
fore, 864 individuals with esophageal HGIN and above
lesions are needed. Taking the drop rate of 20% into
account, this number will be 1,080. Since the prevalence
of disease is about 1.2-1.5% [5, 14], about 90,000 poten-
tial eligible participants are needed. Given a response
rate at about 80%, participant recruitment will be about
112,500 individuals with high risks of ESCC. Therefore,
we plan to carry out recruitment in 24,000 residents from
each of the five regions in the first stage.

Sample size for validation is also calculated by using
the abovementioned formula. The anticipated sensitiv-
ity, the confidence level, Za and permissible error are set
as 90%, 95% and 1.96 and 0.06, respectively. Therefore,
96 patients with esophageal HGIN and above lesions
are needed. Taking the drop rate and the prevalence into
account, about 10,000 participants are needed. Hence,
2,000 new individuals will be recruited from each study
site in the second stage for the aim of validation of the
predicting model.

Participant privacy, safety and supervision

The investigator will affirm and uphold the principle of
the participants’ right to dignity, privacy and health.
Information obtained as a result of this study is consid-
ered confidential and disclosure to third parties is pro-
hibited. Anonymity of the participants will be guaranteed
when presenting the data at scientific meetings or pub-
lishing them in scientific journals.

The planned measures for collecting personal data,
esophageal sponge cytology, and endoscopic exami-
nation and biopsy entail only minimal risks [11, 12].
Potential adverse events include vomiting, throat dis-
comfort, retrosternal pain, abdominal discomfort, iodine
allergy, bleeding, potential esophageal injury, and so on.
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Participants with symptomatic discomfort will undergo
clinical observation.

Discussion

Since ESCC is a rare disease even in regions with
an extremely high-risk [5], the cost of broad endo-
scopic screening project should be carefully evalu-
ated. Recently, how to achieve quality improvement
of screening has gained much interest [7, 15]. For the
purpose of precise screening, this proposed project is
aiming to explore the efficiency of an Al-assisted cytol-
ogy as pre-endoscopy detection in population-based
screening in high-risk areas. As shown in our previous
results [11, 12], we believe that this trial will contrib-
ute to the establishment of a novel massive screening
model for ESCC and similar kinds of diseases.

The project will be prospectively conducted in a real-
world setting. According to designed research plan, all
participants will undergo Al-assisted sponge cytology
and endoscopic examination to minimize disease mis-
classification. Results of this trial will provide a con-
vinced piece of evidence that how this technology can
be integrated in massive screening for ESCC. In addi-
tion, the feasibility of this strategy as pre-endoscopy
detection can be determined by cost-effectiveness
analysis.

We suppose that results from this trial will demon-
strate the feasibility of a reliable automated cytologi-
cal detection for esophageal HGIN and above lesions,
and the developed scheme will meet the great amount
needs of large-scale screening in high-risk areas. In
addition, this strategy will be superior to current endo-
scopic screening program by presenting a more precise,
accurate outcome and a more economical procedure.
Furthermore, a prediction model for identifying indi-
viduals with high-risks of confirmed lesions will be
constructed, and will be prospectively validated. Based
on relevant cytological outcomes and exposure of
potential risks, this model will represent a higher effi-
ciency than those models by evaluating ESCC-related
risks only [16, 17].

Our results will be adopted as a promising comple-
mentary to current screening program in large-scale
screening of ESCC in regions with a high prevalence.
Decreased cost and saved medical sources can be
achieved. Also, improved social and economic benefits
can be brought up by the technique.
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