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摇 摇 In 1957, Mr. Yang Gui, then the Secretary of the
Linxian County Party Committee in Henan Province,
spoke at the National Mountain Work Conference in
Beijing, pointing out that the major hardships faced by
the people of Linxian included a lack of access to wa鄄
ter, woeful road conditions, and a high prevalence of
esophageal cancer. This speech was reviewed as a con鄄
ference briefing by the esteemed Premier Zhou Enlai,
who immediately instructed officials to investigated the
situation and develop appropriate countermeasures.

In 1959, the Henan Provincial Committee and the
Provincial Government appointed teaching, scientific
research and medical personnel from many medical in鄄
stitutions in Henan Province, including Henan Medical
College, to form Henan Provincial Medical Team
(Henan Esophageal Cancer Prevention and Treatment
Research Cooperation Group), which was stationed in
Linxian County (now renamed Linzhou City) to carry
out field research on the prevention and treatment of e鄄
sophageal cancer. Over the past 65 years (1959 -
2024), leveraging the high鄄incidence field research
base in Linxian, several generations of esophageal
cancer researchers in Henan have carried out interdis鄄
ciplinary studies from basic science to clinical applica鄄
tions. Their work has focused on the risk factors, path鄄
ogenesis, prevention and treatment of esophageal canc鄄
er, yielding a series of original research findings and
extensive experience in the prevention and treatment of
esophageal cancer in the high incidence areas[1, 2] .
This review highlights the research progress made by
three generations of Henan scholars, including Shen

Qiong, Qiu Song Liang, Wang Li Dong, Gao She
Gan, Zhou Fu You, Li Xue Min, and Qin Yan Ru,
who have dedicated 65 years to advancing the preven鄄
tion, treatment, and molecular mechanism research of
esophageal cancer in high鄄risk areas of esophageal
cancer. This article commemorates the 65th anniversa鄄
ry (1959 - 2024) of the establishment of the high鄄inci鄄
dence areas research base for the prevention and treat鄄
ment of esophageal cancer in Linxian, Henan Prov鄄
ince.

1摇 Review on the history of esopha鄄
geal cancer field鄄study and mo鄄
lecular mechanisms in Linxian
County ( now Linzhou City ),
Henan Province

1郾 1 摇 Unique incidence pattern of esophageal
cancer in Linxian

Henan Province is one of the high鄄incidence areas
of esophageal cancer in China, with the high鄄incidence
areas (incidence rate > 60 / 100 000) having a popu鄄
lation of over 43. 71 million, accounting for 41% of the
total population of the province, distributed in 11 cities
and covering an area of over 90 000 square kilometers,
with the high鄄incidence area accounting for 92. 237
square kilometers, which is 55% of the total area of
the province[3,4] . The Taihang Mountains area where
Henan, Hebei and Shanxi three provinces meet, espe鄄
cially Linxian, Anyang and Hui County in Henan Prov鄄
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ince, are the areas with the highest incidence and mor鄄
tality rates of esophageal cancer in China and the
world. With Linxian as the center of highest incidence
in Henan Province, the rate of esophageal cancer de鄄
creased significantly with increasing distance. For ex鄄
ample, in Fanxian, Henan Province, located approxi鄄
mately 200 kilometers from from Linxian, the incidence
rate drops from 160 / 100 000 in Linxian to about 25 /
100 000[5] . This distinct incidence pattern in the high
incidence area of esophageal cancer in Linxian suggests
that environmental and genetic factors play an impor鄄
tant role in the development of esophageal cancer[6],
drawing attention of national leaders and scholars[7] .
1郾 2摇 Medical team in Henan Province

In November 1957, Comrade Yang Gui, the sec鄄
retary of the Committee of Linxian, reported the prob鄄
lems of “ three impassability冶 in Linxian (water, road
and esophagus impassability) at the National Mountain
Production Symposium. Yang Gui蒺s speech was includ鄄
ed in the briefing of the meeting, which aroused the
great concern of Premier Zhou Enlai, and appointed
the comrades of The General Office of the State Council
to find out the situation, and instructed “Understand
the situation and devise the countermeasures冶 [7] . In
November 1959, Henan provincial government appoint鄄
ed Henan Medical College ( founded in 1928 in
Kaifeng, it was independently established in 1952,
called Henan Medical College, moved from Kaifeng to
Zhengzhou in 1958, it was renamed Henan Medical U鄄
niversity in 1984, and merged with Zhengzhou Univer鄄
sity and Zhengzhou University of Technology in 2000郾
It was renamed as Medical College of Zhengzhou Uni鄄
versity in 1984. The teaching, scientific and medical
personnel from Henan College of Traditional Chinese
Medicine, Henan Provincial People蒺s Hospital and An鄄
yang District Hospital organized the Esophageal Cancer
Research Cooperative Group of Linxian to carry out
field research on the prevention and treatment of esoph鄄
ageal cancer[8 - 12] . Since then, under the leadership
and support of the Communist Party of China and gov鄄
ernments at all levels, the comprehensive prevention
and treatment of esophageal cancer in Linxian with the
participation of the whole society has been vigorously
carried out in the whole county. With Liu Fang Yuan,

Shen Qiong, Qiu Song Liang, Yang Wen Xian, Wang
Rui Lin, Liu Gui Ting, Shao Ling Fang, Miao Jian,
Su Ji Hao and other scientists as representatives, the
experts of Linxian Esophageal Cancer Research Coop鄄
eration Group of Henan Province were stationed in
Linxian for a long time, and carried out a multidiscipli鄄
nary, large鄄scale, long鄄term systematic study from bas鄄
ic to clinical research. In the aspects of risk factors,
pathogenesis and prevention of esophageal cancer, has
made a series of original research results[13 - 19] . Among
them, Professor Shen Qiong and Qiu Songliang, ex鄄
perts in tumor pathology, were stationed in Linxian in
November 1959, and did not return to Henan Medical
College until December 1978. They devoted 20 years
to the high鄄incidence site and pathological research of
esophageal cancer in Linxian[20 - 22] . In 1960, Profes鄄
sor Shen Qiong invented the “esophageal cell sampler冶
(referred to as “Balloon冶), established the diagnostic
criteria of esophageal exfoliative cytology, and signifi鄄
cantly improved the detection rate of early esophageal
cancer[17 - 19, 23] . In 1971, Professor Liu Gui Ting was
the first in the world to prove that the existence of my鄄
cotoxins (Alternaria alternans) and nitrosamines may
be an important risk factor for the occurrence of esoph鄄
ageal cancer in the high incidence area of esophageal
cancer[9, 10] . In 1989, Professor Qiu Song Liang蒺s im鄄
portant research results of esophageal endoscopy and
mucosal biopsy of asymptomatic population in high鄄risk
areas were published in the Lancet, a top international
journal[20] . These studies focused on the epidemiologi鄄
cal distribution characteristics of esophageal cancer
population in this area, the cellular and histomeric
changes in the early stage of esophageal cancer, pro鄄
posed the concept of early esophageal cancer and pre鄄
cancerous lesions, established the identification criteria
of risk factors for esophageal cancer, and used esopha鄄
geal balloon to conduct early cancer screening, early
detection and prevention in a large range of asympto鄄
matic population[16, 22, 24] . Experience in prevention
and control of esophageal cancer has been accumula鄄
ted, such as anti鄄mold, deamination, molybdenum fer鄄
tilizer, treatment of hyperplasia, and change of bad di鄄
etary habits[1, 25, 26] . The scientific spirit of patriotism,
dedication, truth鄄seeking, innovation, cooperation and
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dedication of these scientists has inspired several gen鄄
erations of scholars in Henan to devote themselves to
the prevention and treatment of esophageal cancer. The
esophageal cancer prevention and treatment work of
Linxian Esophageal Cancer Research Cooperation
Group is welcomed by the people of Linxian, and they
are affectionate called “Henan Medical Team冶.
1郾 3摇 Medical Team in Beijing

According the instructions of Premier Zhou En
Lai, in August 1958, Li Bing, then vice president of
Ritan Hospital of Chinese Academy of Medical Sci鄄
ences ( now the Cancer Hospital ), accompanied by
Yang Gui, then secretary of the Committee of Linxian,
went to Linxian to learn about the situation of esopha鄄
geal cancer and delivered the important instructions of
Premier Zhou to “Understand the situation and devise
the countermeasures冶 for esophageal cancer and other
diseases[1, 27, 28] . In 1959, Wu Ying Kai, president of
Beijing Fuwai Hospital, and Huang Guo Jun, professor
of Ritan Hospital, also went to Linxian to investigate
the incidence of esophageal cancer under the instruc鄄
tions of Premier Zhou[7] . In 1964, a medical team
composed of Ha Xian Wen, Wang Jian Zhang, Yang
Jian, Zhang Da Wei, Wang Guo Qing and Hu Yu Hua
from Ritan Hospital of Chinese Academy of Medical
Sciences went to Linxian for an epidemiological investi鄄
gation of esophageal cancer. In 1969, the central med鄄
ical team (Beijing Medical team and stationed in Linx鄄
ian), consisting of Ritan Hospital of Chinese Academy
of Medical Sciences (now the Cancer Hospital), Insti鄄
tute of Biophysics, Institute of Geophysics and other u鄄
nits, was assigned by the state to carry out a joint re鄄
search on the prevention and treatment of esophageal
cancer in Linxian with the Henan medical team based
in Yaocun Commune (now Yaocun Town) [29] .

In 1972, after listening to the report on the work
of prevention and treatment of esophageal cancer in
Linxian,Premier Zhou instructed that “ the prevention
and treatment points of esophageal cancer in Linxian
should be carried out well, and more points like Linx鄄
ian should be set up nationwide冶 [7] . Subsequently,
the research results of esophageal cancer in Linxian
were used as the experience and model of Linxian in
the field prevention and treatment of other high鄄inci鄄

dence tumors (gastric cancer, nasopharyngeal cancer,
cervical cancer, liver cancer and lung cancer, etc. ) in
China, and remarkable results were obtained.
1郾 4 摇 International cooperative research on e鄄

sophageal cancer prevention and treat鄄
ment

In 1980, the British Broadcasting Corporation
(BBC) visited the Linxian Research Base for the pre鄄
vention and treatment of esophageal cancer in Linxian,
producing a scientific and educational feature film,
“Chinese Linxian Cancer Explorers冶 . This film intro鄄
duced the experience of the prevention and control of
esophageal cancer in Linxian to the world, gaining sig鄄
nificant international attention. The International Cen鄄
ter for Research on Cancer ( IARC) and the National
Cancer Institute (NCI) of the United States also visited
Linxian successively. Since 1980, it has attracted ex鄄
perts and scholars from leading international cancer re鄄
search institutions in countries such as the United
States, Germany, the United Kingdom, and France to
collaborate on esophageal cancer research in Linx鄄
ian[19, 20, 30 - 35] .

2摇 Over half a century of inheritance
research on esophageal cancer in
Henan Province

摇 摇 The academic degree system, based on meritocra鄄
cy, was restored in 1981, and in the same year,
Henan Medical College applied for a master蒺s program
in pathology, focusing on esophageal cancer. Unex鄄
pectedly, the Academic Qualifications Office of The
State Council evaluated and approved it as a doctor
program instead. Since then, the pathology research
team of Henan Medical College has begun three gener鄄
ations of mentorship, and the 65 years (1959 - 2024)
of inheritance research has been combined with the
prevention and treatment of esophageal cancer in the
high鄄incidence sites of Linxian and Huixian counties in
Henan Province. In 1995, led by academic leaders
such as Wang Li Dong and others, based on the solid
accumulation of esophageal cancer research, the idea
of combining clinical, laboratory and high鄄incidence
field research of esophageal cancer was further empha鄄
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sized, and Henan Medical University successfully ap鄄
plied for a doctoral program in gastrointestinal cancer,
accelerating the training of high鄄level professionals in
esophageal cancer research in Henan Province. Mean鄄
while, the inheritance research of esophageal cancer, a
unique malignant tumor in Henan province, has been
greatly strengthened. In the past 65 years, the third鄄
generation mentoring team of esophageal cancer pathol鄄
ogy research in Henan Province has revealed the histo鄄
logical pattern and related molecular mechanism of the
multi鄄stage evolution of esophageal cancer from the
perspective of cell, tissue and molecular pathology,
and actively carried out level I prevention of esophageal
cancer (etiological prevention) and level II prevention
of precancerous lesions ( pathogenic prevention). In
the past 65 years, we have accumulated rich experi鄄
ence and research data of prevention and treatment of
esophageal cancer in the field.
2郾 1摇 The consecutive three generation pathologi鄄

cal research on esophageal cancer
As mentioned above, in 1959, the Henan medical

team ( the first generation of esophageal cancer re鄄
search experts in Henan), represented by Shen Qiong,
Qiu Song Liang, Yang Wen Xian and Liu Gui Ting,
was based in Linxian to carry out research on the pre鄄
vention and treatment of esophageal cancer in the high鄄
incidence area. From then on, the prelude to the 65鄄
year work of prevention and treatment of esophageal
cancer in the high鄄incidence area by three consecutive
generations was started. Professor Shen Qiong and Pro鄄
fessor Qiu Songliang were the first group of pathologists
in China to conduct field population study in the high
incidence area of esophageal cancer in Linxian. They
continued to work and live in Linzhou for 20 years, de鄄
veloped the “esophageal balloon冶 examination method,
and established the first international exfoliative cytolo鄄
gy diagnostic criteria for esophageal cancer and precan鄄
cerous lesions[19] . After the recovery of the postgradu鄄
ate training system, the older generation of scientists
began to cultivate a large number of young talents in e鄄
sophageal cancer research. Among them, Wang Li
Dong (studied under Professor Qiu Song Liang), Dong
Zi Ming (studied under Professor Liu Gui Ting) and so
on were the representatives of the young scholars, ad鄄

hering to the selflessness, dedication, innovation and
patriotism of the old generation of esophageal cancer
experts, and continued to adhere to the field prevention
and treatment of esophageal cancer in Linxian and the
laboratory research since 1985, forming the second
generation of esophageal cancer experts in Henan Prov鄄
ince. Since 1995, Gao She Gan, Zhou Fu You, Qin
Yan Ru, Wang Qi Ming and Li Xiu Min, the third
generation of esophageal cancer experts in Henan Prov鄄
ince, who were trained by Professor Wang Li Dong,
have been engaged in the prevention and treatment of
the high incidence of esophageal cancer in Linxian.
During this period, there were also many young schol鄄
ars of the second and third generation, for example,
Dong Zi Gang ( under the guidance of Professor Liu
Gui Ting), Wang Yao He (under the guidance of Pro鄄
fessor Zhang Yun Han) and other young talents who
successively took roots in foreign countries and contin鄄
ued to engage in cancer research and made outstanding
achievements. Taking the field and experimental re鄄
search of the high incidence of esophageal cancer in
Linxian as an example, this paper briefly reviews and
prospects the research progress of the three generations
of esophageal cancer and tumor pathology mentors led
by Professor Qiu Song Liang.
2郾 2摇 The relationship and difference between the

old and the young generation on esophageal
cancer

Over the past 30 years, Professor Wang Li Dong
(the second generation), under the guidance of Pro鄄
fessor Qiu Song Liang ( the first generation), has led
and trained a group of the third generation of esophage鄄
al cancer research experts in Henan Province. There
were 61 doctors, including Feng Xiao Shan, Zhou Fu
You, Gao She Gan, Qin Yan Ru, Ren Jing Li, Wang
Qi Ming, Yuan Ling, Ku Jian Wei, Zhou Jian Wei,
Zhou Ying Fa, Wang Dao Cun, Li Jian, Yue Wen
Bin, Liu Hong Uan, Ding Guang Cheng, Song Xin,
Zhang Dong Yun, and Zhao Xue Ke, etc. Inheriting
the dedication and professionalism of the older genera鄄
tion of scientists, new breakthroughs and progress have
been made in the molecular mechanism of esophageal
cancer, molecular typing and early detection of high鄄
risk populations, and have had a great impact in the
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field of esophageal cancer research at home and a鄄
broad. The research ideas and contents are continua鄄
tion and in鄄depth based on the research of the older
generation of scholars ( Fig. 1). The progress of re鄄

search technology and means has provided broader and
deeper research space for the new generation of schol鄄
ars.

Fig. 1摇 The connection and difference between the new generation of scholars and the older generation of masters in their research

摇
摇 摇 The understanding of three generations of mentors
who have been persisting in the high incidence site and
experimental research of esophageal cancer for 65
years: early detection is the key to reducing the mortal鄄
ity rate of esophageal cancer; The bidirectional unsta鄄
ble development of esophageal precancerous lesions
(developing in the direction of cancer, or remaining
unchanged for many years, or even returning to nor鄄
mal) is a difficulty in accurately identifying asympto鄄
matic high鄄risk groups for early warning screening and
individualized prevention and treatment. The bidirec鄄
tional unstable development characteristics of esopha鄄
geal precancerous lesions cannot be explained by mor鄄
phological changes alone. The use of multidimensional
omics combined with clinical phenotypic big data corre鄄
lation analysis to elucidate the molecular mechanism of
esophageal cancer will help to reveal the molecular
characteristics of the malignant development of esopha鄄
geal precancerous lesions and establish an objective e鄄
valuation system for molecular classification of high鄄
risk population, which will further achieve the goal of
accurate prediction of the progress of precancerous le鄄
sions. It is an important guarantee to improve the de鄄

tection rate of early esophageal cancer and reduce the
incidence. The third鄄generation mentoring team of e鄄
sophageal cancer research led by Professor Qiu Songli鄄
ang has carried out systematic research in this field and
made important progress, which is briefly described as
follows.

1) Construction and application of esophageal
cancer and precancerous lesions biobank

Over the past 30 years, the esophageal cancer re鄄
search team led by Wang Lidong has visited more than
4 000 towns, 120 000 natural villages, and more than
700 hospitals in high鄄incidence areas nationwide. A
cohort of 100 000 asymptomatic patients with esophage鄄
al precancerous lesions for 40 years (1985 - ) and a
cohort of 700 000 patients with esophageal cancer for
50 years (1973 - ) were established, and an interna鄄
tional standard biobank resource sharing platform was
established. Using these big data and biobanking, 15
susceptibility genes and 18 pathogenic genes have been
identified for esophageal and gastric cardia cancer. The
results of these studies have been reported in Nat Genet
(2010,2014 ), Gut ( 2016 ), Nat Commun (2018,
2015). 2021), Cancer Discov (2012) and other in鄄
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ternationally renowned journals[38 - 42] . These studies
have clarified the interaction between environmental
and genetic factors on the occurrence of esophageal
cancer, and revealed the molecular basis of esophageal
cancer caused by the deficiency of vitamins and trace
elements and exposure to nitrosamine discovered by the
older generation of scientists, which provides new re鄄
search ideas and methods for the precise prevention
and treatment of esophageal cancer.

2) The latest progress in the etiology of esophage鄄
al cancer.

Gao Shegan, as one of the representatives of the
third generation of Henan esophageal cancer research
team, first found that Porphyromonas gingivalis (Pg)
infection might be an important risk factor for the oc鄄
currence and recurrence of esophageal squamous cell
carcinoma[43] . This finding provides a new research di鄄
rection and field for the etiology of esophageal cancer,
and will have an important impact on the prevention of
esophageal cancer.

3) Progress in molecular mechanisms, molecular
classification and early detection of esophageal cancer
in high鄄risk population

淤Molecular basis of genetic susceptibility to e鄄
sophageal squamous cell carcinoma and its interaction
with environmental carcinogenic factors.

The discovery of esophageal cancer susceptibility
genes PLCE1 and C20orf54 in Chinese people has
changed the previous understanding of the evaluation
and prevention of esophageal cancer by riboflavin, vi鄄
tamin A and folic acid supplementation in the high鄄risk
population of esophageal cancer, and revealed the im鄄
pact of the “ environmental鄄genesis鄄gene interaction冶
model on early warning screening and individualized
prevention and treatment of the high鄄risk population of
esophageal cancer. Wang Li Dong蒺s research group
conducted genome鄄wide association analysis of 25 000
cases of esophageal squamous cell carcinoma in Chi鄄
nese Han and control group and found two important
susceptibility loci for esophageal squamous cell carci鄄
noma in Chinese population, rs2274223 and
rs13042395, which were located in PLCE1 gene of
10q23 and C20orf54 gene of 20p13 (also known as ri鄄
boflavin transport gene), respectively. RFT2) in Chi鄄

nese population. Further validation showed that these
two SNPS were also significantly associated with the
high risk of ESCC in Kazakh and Uygur populations in
Xinjiang. These results were published in Nat Genet,
which attracted the attention of academic circles at
home and abroad[38] . Subsequently, two other genome鄄
wide association studies of esophageal squamous cell
carcinoma from different regions in China published in
Nat Genet journal also repeated the validation of
PLCE1 susceptibility gene[44 - 45] . The PLCE1 gene was
verified by the multi鄄center joint analysis of this project
group and two other research groups[39] . The PLCE1
gene function study found that the 5780G allele variant
can lead to the aggravation of esophageal epithelial in鄄
flammation by up鄄regulating PLCE1 mRNA, protein
expression and enzyme activity, and further increase
the susceptibility of esophageal cancer[46] . PLCE1 also
significantly promoted the proliferation of esophageal
cancer cell lines[47] .

于 To discover the genetic molecular basis of de鄄
fective DNA alkylation damage repair caused by the
deficiency of riboflavin, vitamin A and folic acid utili鄄
zation and environmental exposure to nitrosamines,
which are the main pathogenic factors in Chinese popu鄄
lation, and to provide new insights for individualized
prevention.

In the 1960s, it was found that vitamin deficien鄄
cy, especially riboflavin, retinoic acid and folic acid,
which are intermediate metabolites of vitamin A, were
the main risk factors for esophageal squamous cell car鄄
cinoma in China. Long鄄term supplementation of these
vitamins (such as riboflavin fortified salt) in the popu鄄
lation diet has shown significant intervention effects,
but there are significant individual differences[48 - 53] .
Wang Li Dong蒺s team found that three Chinese esopha鄄
geal squamous cell carcinoma high鄄risk susceptibility
genes were associated with the riboflavin intracellular
and extracellular transport (RFT2) gene[38], the pro鄄
moter Region of the normal metabolism of folate in vivo
( methylenetetrahydrofolate reductase, MTHFR )
gene[54] and the retinoic acid鄄receptor binding gene
(retinoic acid鄄receptor gene 茁) gene[55], respectively.
This leads to abnormal gene and protein expression or
gene silencing, which further leads to the utilization
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disorders of these vitamins, and eventually leads to cell
proliferation disorder and carcinogenesis. Population
and laboratory studies in high risk areas of esophageal
cancer have shown that exposure to nitrosamine may be
another important risk factor for esophageal cancer.
The project found significant O鄄alkylguanine6 DNA al鄄
kyltransferase gene polymorphic alteration ( AGT) in
the population of Linzhou, Henan Province, which
leads to nitrosamine鄄induced alkyl鄄repair defects and
thus increases the susceptibility to esophageal canc鄄
er[56] . The use of these molecular targets for molecular
typing of asymptomatic population can not only objec鄄
tively define the high鄄risk population, but also play an
important guiding role in individualized prevention.

The above studies have elucidated the molecular
genetic basis for the high susceptibility of esophageal
squamous cell carcinoma, and revealed the molecular
mechanism of the interaction between environmental
and genetic factors on the development of esophageal
cancer. At the molecular genetic level, these studies
have greatly enriched the theories of the relationship
between vitamin deficiency, nitrosamine exposure and
esophageal cancer discovered by the older generation of
Chinese scientists. In addition, the observed individual
differences in the intervention of esophageal precancer鄄
ous lesions by dietary vitamin supplementation were an鄄
alyzed, based on which new insights on individualized
prevention were proposed. These findings provide theo鄄
retical basis, molecular targets and new ideas for the
screening, early detection and individualized preven鄄
tion of esophageal squamous cell carcinoma and the de鄄
velopment of new drugs.

盂 NOTCH1 and p53 gene mutation and p53 - Rb
pathway mutation ( LOH; Methylation and protein
overexpression) are important molecular events leading
to the progression of esophageal precancerous lesions.
To clarify the molecular mechanism of the bidirectional
development of esophageal precancerous lesions.

Wang Li Dong蒺s group and Stephen Melter蒺s group
of Johns Hopkins University cooperated with Western
esophageal squamous cell carcinoma whole genome ex鄄
on sequencing results, and found that NOTCH1 gene
mutation occurred in esophageal precancerous lesions
and was related to the malignant progression of these

precancerous lesions. NOTCH1 gene mutation was
found in esophageal squamous cell carcinoma tissues in
China and western countries, but not in esophageal ad鄄
enocarcinoma[42] . Subsequently, three consecutive se鄄
quencing studies on Chinese ESCC published in the fa鄄
mous journals Nature and Nat Genet repeatedly verified
this important finding[57 - 59] .

榆 The mutation of p53 - Rb signaling pathway is
the key molecular change in the very early stage of Chi鄄
nese esophageal squamous cell carcinoma, and it is the
main molecular mechanism leading to the continuous
development of these early mild lesions into cancer.

By using 7 073 cases of ESCC and paired adjacent
normal epithelium, as well as esophageal precancerous
lesions and normal biopsies from asymptomatic individ鄄
uals, we systematically analyzed the mutations, LOH,
methylation, phosphorylation, mRNA and protein ex鄄
pression of p53 - Rb signaling pathway genes. The
changes of p53, Rb, p14, p15, p16, p21, Cyclin
D1, PCNA, Bax, MDM2 and Bcl2 signaling pathway
and their relationship with the morphology and progres鄄
sion of precancerous lesions were analyzed[5, 60 - 67] .

4) screening and predicting the progression of e鄄
sophageal precancerous lesions (13 autoantibodies, in鄄
cluding p16); A panel of molecular markers (PLCE1
and other 28 markers) for molecular subtyping of high鄄
risk populations was established. Using these markers,
46,955 asymptomatic residents in high鄄risk areas were
screened for esophageal cancer, and the early cancer
detection rate was 14 times high

Wang Li Dong蒺s group found that the specific pro鄄
tein profiles of esophageal precancerous lesions and
cancer tissues identified by proteomic and genomic
technologies could be reflected by the detection of au鄄
toantibodies in peripheral blood[68 - 71] . Further studies
have found that serum autoantibodies can identify and
predict the progression of esophageal precancerous le鄄
sions. When these targets were applied to 46 955 a鄄
symptomatic residents in high鄄incidence areas of esoph鄄
ageal cancer in the Taihang Mountains in the north and
Xianzhu in Zhejiang province in the south, the rate of
early cancer detection was increased by a factor of 14
as compared with traditional endoscopic screening.
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3 摇 Annals of esophageal cancer re鄄
search in Henan

Table 1摇 Annals of esophageal cancer research in Henan

No. Year Memorabilia

1 1957

Comrade Yang Gui, secretary of the Party Committee of Linxian, mentioned the problem of “ three impasses冶 (water, road and e鄄
sophagus) in Linxian at the national mountain production symposium, and Yang Gui蒺s speech was included in the briefing of the
meeting, which aroused the great attention of Premier Zhou Enlai and made an important instruction: “Find out the situation and

work out countermeasures. 冶 [7]

2 1959

The Henan Provincial Party Committee and the provincial government appointed the teaching, scientific research and medical person鄄
nel from Henan Medical College, Henan College of Traditional Chinese Medicine, Henan Provincial People蒺s Hospital, Anyang Dis鄄
trict Hospital and other units to form the Linxian Esophageal Cancer Research Collaboration Group of Henan Province, with Professor
Liu Fang Yuan as the leader and Shen Qiong, Qiu Song Liang and Yang Wen Xue as the main members, to carry out on鄄site re鄄

search on the prevention and treatment of esophageal cancer. [8 - 12]

3 1960
Professor Shen Qiong and Qiu Song Liang invented the “esophageal cell extractor冶 (referred to as balloon) and established the diag鄄

nostic criteria for esophageal excision cytology. [17]

4 1963 The first review on the cytology of esophageal carcinoma exfoliation

5 1964
A medical team composed of Ha Xian Wen, Wang Jian Zhang, Yang Jian, Zhang Dawei, Wang Guo Qing and Hu Yu Hua from
Ritan Hospital of the Chinese Academy of Medical Sciences went to Linxian to conduct an epidemiological investigation of esophageal
cancer

6 1969

The state assigned the Central Medical team (Beijing Medical Team, Linxian Medical Team) composed of Ritan Hospital of the Chi鄄
nese Academy of Medical Sciences (now Cancer Hospital Chinese Academy of Medical Sciences), Institute of Biophysics of the Chi鄄
nese Academy of Medical Sciences, Institute of Geophysics and other units to be stationed in Linxian, based in Yaocun Commune,
to conduct joint research on the prevention and treatment of esophageal cancer in Linxian together with the Henan Medical

team[29]

7 1971

Professor Liu Gui Ting was the first in the world to prove that the presence of mycotoxins (Streptomyces alternatus) and nitrosamines

in Linxian, Henan Province, an area with a high incidence of esophageal cancer, is an important risk factor for esophageal canc鄄

er[9 - 10]

8 1973

After listening to the research report on the prevention and control of esophageal cancer in Linxian, Premier Zhou En Lai instructed:
“Linxian esophageal cancer prevention and control points should persist in doing well, and more points like Linxian should be done

throughout the country. 冶 [7]

9 1978
Shen Qiong and Qiu Song Liang represented by the experts of the Esophageal Cancer Research Collaboration Group in Linxian,
Henan Province, returned to Henan Medical College after 20 years of field research

10 1978
The “Investigation of the incidence and epidemic factors of esophageal cancer ( including Chicken pharyngoesophageal cancer)冶
completed by Henan Provincial Cancer Prevention and Control Research Office and other units won the National award of the first
National Scientific Conference and the National Medical and Health Science Conference

11 1978
The “Study on the etiology of esophageal cancer冶 completed by the Tumor Prevention and Control Research team of Henan Province
won the National award of the first National Scientific Conference and the National Medical and Health Science Conference

12 1978
The “Early diagnosis of esophageal cancer冶 completed by the Tumor Prevention and Control research team of Henan Province won
the national award of the first National Scientific Conference and the National Medical and Health Science Conference

13 1978
The “Research on the relationship between esophageal epithelial hyperplasia and carcinogenesis冶 completed by Henan Provincial
Cancer Prevention and Control Research Team and other units won the ministerial award of the first National Scientific Conference
and the National Medical and Health Science Conference

14 1978
The “Histochemistry research of Esophageal Cancer and cardiac Cancer冶 completed by the Department of Histology and Embryology
of Henan Medical College won the provincial award of the first National Scientific Conference and the National Medical and Health
Science Conference

15 1978
The “Surgical Improvement of esophageal Cancer冶 completed by Henan Cancer Prevention and Control Research Team and other u鄄
nits won the provincial award of the first National Scientific Conference and the National Medical and Health Science Conference
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16 1978
The “Determination of cellular immune function in patients with esophageal cancer冶 completed by Henan Medical College and other
units won the provincial award of the first National Scientific Conference and the National Medical and Health Science Conference

17 1978
The “Cytological measurement of early and advanced esophageal squamous cell carcinoma冶 completed by the pathology teaching and
research group of Northern Henan Medical College won the provincial award of the first National Scientific Conference and the Na鄄
tional Medical and Health Science Conference

18 1980
Zhang Tan Mu蒺s research team completed the “anti鄄tumor experimental study of Rabdodendrin冶 won the second prize of Scientific
and Technological Progress in Henan Province

19 1980
Li Ding Jiu research team completed the “esophageal cavity microwave heater treatment of esophageal cancer冶 won the second prize
of science and Technology progress in Henan Province

20 1980
The British Broadcasting Corporation (BBC) specially went to the Linxian Esophageal Cancer prevention and control research base to
shoot a scientific and educational film “China蒺s Linxian Cancer Explorers冶 to introduce the experience of esophageal cancer preven鄄
tion and control in Linxian to the world

21 1980
ProfessorYang Chung Shu of New Jersey Medical School in Newark, New Jersey, USA, came to Henan to carry out China鄄US collab鄄

orative research on esophageal cancer[72]

22 1982
Scientists from the National Cancer Institute of the United States went to China to carry out China鄄US collaborative study on esopha鄄
geal cancer

23 1983
The first monograph “ Esophageal Cancer 冶 edited by Henan Medical College was published by People蒺s Medical Publishing

House[3]

24 1988

Scientists from the German Cancer Research Center, the University of Heidelberg in Germany, the University of Cambridge in the
UK, the International Cancer Research Center, the Italian National Cancer Research Center, Louisiana State University in the US
and many other international research institutes and cancer research centers came to Henan to carry out international cooperative re鄄

search on esophageal cancer[73, 74]

25 1989
Professor Qiu Song Liang has devoted many years to esophageal biopsy histological precancerous lesions and his important research

results have been published in the international top journal Lancet[20]

26 1990
Cheng Cun Shuan蒺s research team completed the “Study of partial pharyngeal wall and total esophagectomy in the treatment of cervi鄄
cal esophageal cancer冶 won the second prize of Science and Technology Progress of Henan Province

27 1992
Liu Gui Ting蒺s research team completed the “Etiological significance of Alternaria alternata in human esophageal cancer冶 won the
second prize of the Ministry of Health

28 1993
Wang Li Dong蒺s Research team reported the relationship between P53 protein changes and esophageal Cancer for the first time in the

journal Cancer Research[60]

29 1994
The monograph “Esophageal Cancer冶 edited by President Du Bai Lian of Henan Medical University was republished by China Sci鄄

ence and Technology Press[4]

30 1996
The research on tumor hyperthermia conducted by Henan Cancer Hospital and other units, with the study on microwave hyperthermia
in the esophagus as the main focus, has won the Second Prize for Scientific and Technological Progress Award in Henan Province

31 1997
The research paper on esophageal cancer p53 gene by Wang Li Dong蒺s research team was included in the American Journal of Gastro鄄

enterology Yearbook[75]

32 1998
The “Study on Enhancing the Therapeutic Effect of Aldehyde Folic Acid / 5鄄Fluorouracil鄄Cisplatin Therapy for Esophageal Cancer冶
completed by Wang Rui Lin蒺s research team won the second prize of Scientific and Technological Progress Award of Henan Province

33 1998
Yuan Ke蒺s research team completed the “research on new technology of extraction and separation of anti鄄cancer active ingredients of
Rabdosa Rabdosa冶 won the second prize of Scientific and Technological Progress Award of Henan Province

34 2000
Professor Wang Li Dong was awarded the National Outstanding Young Scientist Award for “Molecular Mechanisms of Multi鄄stage E鄄
volution of Esophageal Carcinogenesis冶

35 2001
The “Study on the mechanism of Esophageal Cancer冶 completed by Wang Li Dong蒺s research team won the second prize of Scientific
and Technological Progress Award of Henan Province

36 2003
Zhao Wei Xing蒺s research team completed the “ relationship between the contents of trace elements in esophageal mucosa and hair
and oncogene mutation in people with high and low incidence of esophageal cancer冶 won the second prize of Scientific and Techno鄄
logical Progress Award of Henan Province
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37 2005
The Department of Education of Henan Province approved the establishment of the key subject open Laboratory of esophageal cancer
in colleges and universities of Henan Province, and appointed Professor Wang Li Dong as the director

38 2005
Research on the application value of R鄄glutamyltranspeptidase in the prevention and treatment of esophageal cancer completed by
Zhao Zhi Guo蒺s research team won the second prize of Scientific and Technological Progress Award of Henan Province

39 2005
Fan Qing Xia蒺s research team completed the “Prediction of chemotherapy sensitivity through the examination of esophageal cancer
P53, PCNA, EGFR, TS and ERCC1 genes冶 won the second prize of Scientific and Technological Progress Award of Henan Province

40 2005
Dong Zi Ming蒺s research team completed the “study on DNA polymerase 茁 gene mutation in esophageal cancer冶 won the second prize
of Scientific and Technological Progress Award of Henan Province

41 2005
Zheng Yu Ling蒺s research team completed the “Study on the curative effect mechanism of Douroot鄄guan Shitong Oral Liquid in the
treatment of esophageal cancer冶 won the second prize of Scientific and Technological Progress Award of Henan Province

42 2007
The “Interventional treatment of elderly esophageal cancer冶 completed by Song Tai Min蒺s research team won the second prize of Sci鄄
entific and Technological Progress Award of Henan Province

43 2007
Ji Zhen Yu蒺s research team won the second prize of Science and Technology Progress Award of Henan Province for “Research on fac鄄
tors and mechanisms affecting the photodynamic efficacy of early esophageal cancer and precancerous lesions冶

44 2008
He Fu Cheng research team completed the “differentiation related gene NDRG1 expression in esophageal cancer and induced differ鄄
entiation treatment冶 won the second prize of Scientific and Technological Progress Award of Henan Province

45 2010
Wang Li Dong蒺s research team found that PLCE1 and C20orf54 are important susceptibility genes for esophageal cancer in Chinese

people, and the results were published in the top international journal Nature Genetics[38]

46 2010
CHINA S&T NEWSLETTER reported that Wang Li Dong蒺s research team studied esophageal cancer susceptibility genes PLCE1 and

C20orf54[76]

47 2010
Mai Ling爷s research team won the second prize of Scientific and Technological Progress Award of Henan Province for “Research on
the apoptosis mechanism of esophageal small cell carcinoma冶

48 2011
Wang Li Dong蒺s research team蒺s research paper on esophageal cancer susceptibility gene PLCE1 and C20orf54 was written in the

“China Medical Science and Technology Development Report冶 [77]

49 2011
Gao She Gan蒺s research team won the second prize of Science and Technology Progress of Henan Province for “Study on photodynam鄄
ic Treatment of Esophageal Cancer and its mechanism冶

50 2011
Chen Kui Sheng蒺s research team won the second prize of Science and Technology Progress Award of Henan Province for “research on
the relationship between PI3K / Akt / mTOR signal transduction pathway and the occurrence and development of esophageal cancer冶

51 2012
Wang Li Dong蒺s research team discovered that NOTCH1 is an important causative gene for esophageal cancer, and the research re鄄

sults were published in Cancer Discovery[42]

52 2012

Wang Li Dong 蒺s research team identified five esophageal squamous carcinoma susceptibility loci, rs10931936, rs13016963,
rs9288318, rs10201587, and rs7578456, which are located on chromosome 2, q33, in the CASP8 / ALS2CR12 / TRAK2 region of

chromosome 2, and were published in the journal Human Molecular Genetics[78]

53 2012 Qin Yan Ru蒺s team published a paper on esophageal squamous cell carcinoma RNA sequencing research in Gastroenterology

54 2012
Qin Yan Ru蒺s research team published a paper on the molecular mechanism of esophageal squamous cell carcinoma growth and me鄄

tastasis in the Gastroenterology[79] and Gut[80]

55 2012
Liu Hong Chun蒺s research team completed the “study on the relationship between TPX2 and esophageal squamous cell carcinoma in鄄
vasion and metastasis冶 won the second prize of Science and Technology Progress Award in Henan Province

56 2012
Ge Hong蒺s research team won the second prize of Science and Technology Progress Award of Henan Province for “ research on the
correlation between apoptosis and radiosensitivity and prognosis of esophageal squamous cell carcinoma冶

57 2012
Qi Yu蒺s research team won the second prize of Science and Technology Progress Award of Henan Province for “research on the mech鄄
anism of Srcasm negative regulation of Src family tyrosine kinase Fyn in esophageal squamous cell carcinoma冶

58 2012
Feng Re research team to complete the “P38 lightning in DTT and the role of cisplatin induced apoptosis of esophageal Eca109冶 won
the second prize of Science and Technology Progress Award in Henan Province

59 2013
The research team led by Qin Yan Ru won the second prize for scientific and technological progress in Henan Province for their study
on the functions of RBMS3SOX6PCAF and PLCE1 genes in esophageal squamous cell carcinoma
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60 2014

The research team led by Wang Li Dong discovered three new susceptibility loci for esophageal squamous cell carcinoma,
rs7447927, rs1642764, and rs35597309, located on the TMEM173 gene on chromosome 5 q31. 2, the ATP1B2 / TP53 gene on
chromosome 17 p13. 1, and the HLA class II gene on chromosome 6 p21. 32. These findings were published in the journal Nature

Genetics[81]

61 2014
The “Genome wide Association Analysis and Functional Research on Chinese Esophageal Cancer冶 completed by Wang Li Dong蒺s re鄄
search team won the first prize for scientific and technological progress in Henan Province

62 2014
Qin Yan Ru蒺s research team published a research paper on the mechanism of esophageal squamous cell carcinoma metastasis in the

Journal of Gastroenterology[82]

63 2015
The research team led by Wang Li Dong has won the first prize of Zhejiang Provincial Science and Technology Progress Award for
their research on the molecular characteristics and key technologies for comprehensive treatment of esophageal squamous cell carcino鄄
ma, as well as its clinical application

64 2016

Wang Li Dong蒺s research team discovered three susceptibility sites for gastric cardia adenocarcinoma, rs10074991, rs2294693, and
rs4072037, located in the PRKAA1 gene on chromosome 5 p13. 1, the UNC5CL / TSPO2 gene region on chromosome 6 p21. 1, and

the MUC1 gene on chromosome 1 q22, respectively. This achievement was published in the Gastroenterology[83]

65 2016
Qin Yan Ru蒺s research team published a research paper on the function of esophageal squamous cell carcinoma stem cells in the jour鄄

nal Nature Communications[84]

66 2017
Wang Li Dong蒺s research team won the first prize of Henan Provincial Science and Technology Progress Award for the comparison of
genomic feature spectrum variations between esophageal squamous cell carcinoma and cardia adenocarcinoma

67 2017
Wang Li Dong蒺s research team蒺s " Construction of Precision Medical Big Data Platform for Common Malignant Tumors such as Esoph鄄
ageal Cancer in Henan Province" project has received major special funding from Henan Province

68 2018
Wang Li Dong蒺s research team has established a new high鄄throughput functional research method for tumor susceptibility genes and

susceptibility loci, and the research results have been published in the journal Nature Communications[41]

69 2018 The provincial government approves Professor Wang Li Dong as a counselor of the Henan Provincial Government

70 2018
The research paper on rapid rehabilitation of esophageal cancer by Li Yin蒺s research team has been published in the journal Annals

of Surgery[85]

71 2018
Qin Yan Ru蒺s research team published a research paper on the signaling pathway of esophageal squamous cell carcinoma metastasis

in the journal Nature Communications[86]

72 2018
The State Key Laboratory for Prevention and Treatment of Esophageal Cancer jointly built by the province and the ministry passed the
consultation between the province and the ministry

73 2019
The Ministry of Science and Technology of the People蒺s Republic of China approved the construction of the State Key Laboratory for
Prevention and Control of Esophageal Cancer jointly built by the province and ministry, appointed Professor Wang Li Dong as the di鄄
rector, and Professor Zhang Li Rong, Liu Hong Min, Zhang Jian Ying, Zhang Yi and Liu Kang Dong as the deputy directors

74 2019
The 60th anniversary commemoration of the Linzhou Esophageal Cancer Prevention and Control Research Base and the China Cancer
Prevention and Control Research Summit Forum were held in Linzhou

75 2019
Academician Wang Long De, Qu Ling Bo, Luo Zhen Fang, and Professor Wang Li Dong jointly unveiled the Linzhou Prevention and
Treatment Research Base of the State Key Laboratory for Prevention and Treatment of Esophageal Cancer jointly built by Zhengzhou
University

76 2019
Professor Wang Li Dong presides over the press conference for the publication of the third edition of the journal " Esophageal Disea鄄
ses" and the monograph " Esophageal Cancer"

77 2019
The Tumor Genetics Professional Committee of Henan Anti鄄Cancer Association has been established, with Professor Wang Li Dong
serving as the chairman

78 2019
In 15 hospitals in high incidence areas of esophageal cancer such as Henan, Hebei and Shanxi, the construction and awarding of on鄄
site research bases of the State Key Laboratory for prevention and treatment of esophageal cancer jointly built by the province and the
ministry were completed

79 2020
The First Meeting of the Academic Committee for the National Key Laboratory for Esophageal Cancer Prevention and Control Co鄄con鄄
structed by Sichuan Province and the Ministry of Education

80 2020
The research project on " the basis and clinical application of immunotherapy for malignant tumors" completed by Zhang Yi蒺s re鄄
search team has won the first prize in Natural Science of Henan Province
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81 2020
The " Key Technologies and Application for Early Detection and High鄄Risk Group Warning of Esophageal Cancer" completed by
Wang Li Dong蒺s research team won the first prize in Henan Medical Science and Technology Award

82 2020
The research team led by Qin Zhi Hai has won the First Prize of Henan Medical Science and Technology Award for their work on "
Inhibiting Tumor Growth by Targeting Immune Negative Regulatory Inflammatory Factors in the Tumor Microenvironment"

83 2020
The " DNA self鄄assembly nanotechnology for drug delivery systems targeting esophageal cancer," jointly developed by Wang Li
Dong蒺s research team and Wang Yanfeng蒺s research team, won the second prize of the Science and Technology Award from the Henan
Provincial Department of Education

84 2020
The research team led by Wang Li Dong, focusing on the " Multidimensional Omics Characteristic Spectrum and Application Re鄄
search of Esophageal Cancer," has been approved as a project included in the Central Guidance for Local Science and Technology
Development Special Project [Cross鄄regional R&D Cooperation (Free Exploration)]

85 2020
The research team led by Wang Li Dong, with their project titled " Esophageal Cancer Specific Cohort Study: Genetic Cohort of E鄄
sophageal Cancer Families," has been approved for the National Key R&D Program

86 2020 The major projects of Henan Province undertaken by Wang Li Dong蒺s research team successfully passed the final acceptance

87 2020
Zhang Jiaying蒺s research team "Research and development and application of key technologies for early immunity and molecular diag鄄
nosis of common malignant tumors based on precision Medicine" was funded by Henan Provincial Science and Technology Major
Special Project (post鄄subsidy fund)

88 2020
Henan Province Science and Technology Department approved the Xinyang Guangshan People蒺s Hospital and the Central Plains
scholar Professor Wang Li Dong cooperation to build the Central Plains scholar workstation

89 2020
Lu Jing蒺s research team蒺s "Molecular Mechanism and chemoprevention of esophageal Cancer" project was funded by Henan Universi鄄
ty Science and Technology Innovation Team Support Program

90 2020
Wang Li Dong and Li Xiu Min 蒺s team found that as a novel modulator of Hippo signal transduction, regulating the activity or gene
expression level of PARK2 may be a new strategy for the treatment of esophageal cancer, the results were published in Theranostics

91 2021
Henan Provincial Party Committee Work Conference special report " Three generations of the State Key Laboratory for Esophageal
Cancer Prevention and Control" Relay " Care for Esophageal health"

92 2021
Wang Li Dong蒺s team found that extra鄄chromatin DNA, located in the cytoplasm, is closely linked to gastric cardia cancer according

to a study published in Nature Communications[87]

93 2021
Education Times carried out a special report on the State Key Laboratory of Esophageal Cancer Prevention and Treatment jointly built
by the province and the Ministry " hoping to" turn esophageal cancer into a minor disease like a cold " " .

94 2021
Hou Gui Qin蒺s research team found that chloroquine (CQ) can improve the anti鄄tumor efficacy of SFN in esophageal squamous cell

cancer by enhancing the Caspase pathway activated by sulforaphane (SFN), published in Acta Pharmaceutica Sinica B[88]

95 2021
Liu Kang Dong蒺s research team found that targeting integrin 琢v茁3 with indomethacin can inhibit esophageal cancer recurrence, the

research results were published in Clinical and Translational Medicine[89]

96 2022
Liu Hong Min蒺s research team " Epigenetic regulation of HDAC6 and SHP2 on immune escape of esophageal cancer and intervention
of targeted small molecule inhibitors" was supported by the National Natural Science Foundation of China Regional Innovation and
Development Joint Fund

97 2022
Wang Li Dong and Gao She Gan蒺s research team won the first prize of the Medical Science and Technology Award of the Chinese As鄄
sociation of Research Hospitals

98 2022
Liu Kang Dong蒺s research team "Mechanism research of histone post鄄translational modification molecules in esophageal cancer" was
funded by the Henan Provincial Leading Talents Project of Henan Provincial Science and Technology Department

99 2022

The research team of Wang Li Dong completed the analysis of histopathological types and clinicopathological characteristics of 272,
437 patients with primary esophageal malignancies, the largest sample size so far, and the research results were published in the

Chinese Journal of Internal Medicine[90]

100 2023
Dong Zi Gang 蒺s research team found that TAGLN2 and CRNN may be high鄄risk candidates for the precancerous stage of the esopha鄄

gus, the results of which are published in Nature Communications[91]

101 2023
The Third Youth Academic Forum and 2023 Academic Exchange Meeting of the State Key Laboratory of Esophageal Cancer Preven鄄
tion and Treatment jointly built by the province and Ministry were held in Linzhou
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102 2023
Henan Provincial Science and Technology Department, Nanyang City Science and Technology Bureau, the First Affiliated Hospital of
Zhengzhou University and the First People蒺s Hospital of Nanyang City held the unveiling ceremony of the Zhongyuan Scholars Work鄄
station of the First People蒺s Hospital of Nanyang City

103 2023 Guangshan People蒺s Hospital Zhongyuan scholars workstation project successfully passed the acceptance defense review

104 2023
On the 95th anniversary of the First Affiliated Hospital of Zhengzhou University, Professor Wang Li Dong was awarded the Outstand鄄
ing Contribution Award

105 2023
The State Key Laboratory for the Prevention and Treatment of Esophageal Cancer jointly built by the province and Ministry held the
annual Summit Forum on the Prevention and Treatment of Esophageal Cancer in 2023 and the Academic Thought Seminar on the pre鄄
vention and treatment of esophageal cancer in three generations and 65 years

106 2023
The database and biobank of the State Key Laboratory for the Prevention and Treatment of Esophageal Cancer have been certified by
the International ISO9001 Quality Management System

107 2023
Gao She Gan蒺s research team "Mechanism and application of porphyromonas gingivalis induced microecological imbalance to promote
the occurrence and development of esophageal cancer" won the first prize of Scientific and Technological Progress of Henan Province

108 2023
Liu Hong Yan蒺s research team " Establishment and clinical application of Major birth defect screening and diagnosis system" won the
first prize of Science and Technology Progress in Henan Province

109 2023
Wang Qi Ming蒺s research team " Innovation and application of new technologies for the diagnosis and treatment of refractory non鄄small
cell lung Cancer" won the first prize of Science and Technology Progress in Henan Province

110 2023
Li Xiu Min蒺s research team " Discovery and application of new markers for early screening of esophageal cancer" won the second
prize of Science and Technology Progress of Henan Province

111 2024
The State Key Laboratory of Esophageal Cancer Prevention and Control Project chaired by Professor Wang Li Dong was awarded the
" Double First鄄Class" construction by Zhengzhou University in 2024 - 2025

112 2024

The results of a comparative study of capecitabine monotherapy or XELOX (capecitabine + oxaliplatin) versus PF (cisplatin + flu鄄
orouracil) regimen in the radical concurrent chemoradiotherapy of locally advanced esophageal squamous cell carcinoma led by the

Gao She Gan Research team were published in the Journal of Clinical Oncology (JCO) [92]

113 2024
Li Xiu Min蒺s research team "Research and development and clinical application of methylation detection kit for early diagnosis of e鄄
sophageal cancer" won the major special project of Henan Province Biology and New Medicine Industry R&D Joint Fund of 5 million
yuan in 2024

4摇 Important scientific issues and
prospects of esophageal cancer
research

4郾 1 摇 The research background of esophageal
cancer prevention and control and the un鄄
derstanding of the 65 years prevention and
control research in the high incidence area
of Linxian

Esophageal cancer is a malignant tumor with Chi鄄
nese characteristics. There are great differences in the
prevalence, histology and risk factors of esophageal
cancer between Chinese and Western populations,
which lead to different scientific issues and difficulties
in sharing the research results of esophageal cancer be鄄
tween Chinese and Western scholars. There are about
half a million new esophageal cancer patients in the
world every year, more than half of which occur in

China. The incidence of esophageal cancer is 100
times higher than that in Western countries, while the
5鄄year survival rate is only about 15% . Squamous cell
carcinoma is the main histological type of esophageal
cancer in China, accounting for 97% . The main risk
factors are vitamin deficiency ( especially riboflavin,
vitamin A and folic acid) and nitrosamine exposure. In
Western population, esophageal adenocarcinoma is the
main type (80% ), and the main risk factors are obesi鄄
ty and reflux esophagitis. The epidemiological charac鄄
teristics of esophageal cancer in China are significant
regional distribution differences ( the incidence in high
and low risk areas was 500 times different) and obvi鄄
ous familial clustering (40% of patients with positive
family history), suggesting that environmental and ge鄄
netic factors play an important role in the development
of esophageal cancer, but these two characteristics are
not obvious in Western population. The database of ep鄄
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idemiological information and the sample bank of e鄄
sophageal precancerous lesions accumulated by popula鄄
tion census, follow鄄up and prevention research in high
incidence areas are the important basis for elucidating
the mechanism of esophageal cancer in China[6] .

Important scientific issues in esophageal cancer
research: early detection is the key to reduce the inci鄄
dence and mortality of esophageal cancer; Early detec鄄
tion refers to asymptomatic patients with severe precan鄄
cerous lesions and patients with early cancer ( Tis鄄
1N0M0). At present, 90% of patients with esophageal
cancer are diagnosed at an advanced stage. The main
reason for this outcome is that patients have no specific
symptoms at the early stage, and there is a lack of mo鄄
lecular targets for early warning and screening of a鄄
symptomatic high鄄risk populations. Traditionally, " a鄄
symptomatic population in high鄄risk areas, over 40
years old, male, smoking, drinking, and positive fam鄄
ily history" has been generally defined as " high鄄risk or
high鄄risk population of esophageal cancer" , which is
also the main target of early screening for esophageal
cancer. At present, chromoendoscopy and mucosal bi鄄
opsy are important screening methods for early detec鄄
tion of esophageal cancer. However, the application of
endoscopic screening in the asymptomatic population
has been limited due to its trauma, high cost, and low
efficiency ( for example, the detection rate of early
cancer is only about 2% in routine endoscopic screen鄄
ing in high鄄risk areas, and about 90% of asymptomatic
high鄄risk populations are " companion examinations" ).
Clearly, the definition of high鄄risk population should
be combined with the latest results of modern multi鄄di鄄
mensional omics research, molecular typing and histo鄄
logical classification ( severe precancerous lesions ),
and the precise definition of high鄄risk population.
4郾 2摇 Changes in the definition of high鄄risk popu鄄

lation for esophageal cancer
Since 1959, due to the progress of research tech鄄

nology and the accumulation of research on the molecu鄄
lar mechanism of multi鄄stage evolution of esophageal
cancer, the understanding of the high鄄risk population
of esophageal cancer has been more comprehensive and
systematic, and the definition of high鄄risk population of
esophageal cancer has also changed significantly. From

1950 to 1970, the definition of high鄄risk population
mainly included:淤from high鄄risk areas, 于 male, 盂
age > 40 years, 榆 positive family history, 虞smok鄄
ing, and 愚drinking; from 1980 to 2000, the 舆 mark鄄
ers of cell and / or precancerous lesions in biopsy tissue
were added. ; from 2000 to now, we have gradually
added 余 molecular typing based on multi鄄dimensional
omics, 俞liquid biopsy (mainly including tumor鄄relat鄄
ed gene proteins, autoantibodies, SNPS and metabolo鄄
mics indicators, etc. ) and 逾 intelligent medical risk
models based on biological computing[6, 70, 71, 93] .
4郾 3 摇 Accurate prediction of the progression of

precancerous lesions
The morphological changes of esophageal precan鄄

cerous lesions were mainly atypical hyperplasia of epi鄄
thelial cells. In recent years, this lesion has been clas鄄
sified as intraepithelial neoplasia in the world. Precan鄄
cerous lesions are characterized by bidirectional insta鄄
bility: they develop into cancer, remain unchanged for
many years, or regress to mild lesions[94, 95] . Obvious鄄
ly, it is difficult to predict the progression of precan鄄
cerous lesions from morphological changes alone.
There have been many reports on the molecular chan鄄
ges of precancerous lesions, but there is still no marker
that can accurately predict the progression of precan鄄
cerous lesions. Most of the previous studies verified
multiple related molecules found in single or combined
tumor tissues in precancerous tissues, and there was a
lack of genome鄄wide profiling of precancerous tissues,
which may be one of the main reasons for the difficulty
in accurately predicting the progression of precancerous
lesions. In addition, because most precancerous le鄄
sions are mucosal biopsy tissues, the number of lesion
cells is very small, and the amount of effective DNA is
also small, which leads to the slow progress of omics
research on precancerous lesions. In recent years, with
the progress of molecular biology technology, satisfac鄄
tory sequencing data can be obtained with 50 - 200ng
of whole genome DNA. Western scholars have made
important progress in whole genome exon sequencing of
biopsy tissue of Barrett蒺s esophageal precancerous le鄄
sions with severe dysplasia[96] . Accurate molecular
prediction of the progression of precancerous lesions to
cancer is the key to identify high鄄risk populations and
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precise prevention and treatment, thereby reducing the
incidence of Barrett蒺s precancerous lesions.
4郾 4摇 Molecular typing and targeted therapy

For example, although the 5鄄year survival rate of
early鄄stage esophageal cancer ( T1N0M0) is signifi鄄
cantly better than that of intermediate鄄advanced esoph鄄
ageal cancer (80% vs 20% ), about 3% of intermedi鄄
ate鄄advanced esophageal cancer patients survive more
than 10 years[91, 97] . However, about 3% of patients
with advanced esophageal cancer survive for more than
10 years even after exploratory surgery finds that radi鄄
cal resection cannot be carried out and gives up surgi鄄
cal treatment. After radical surgical treatment, 8% of
early cancer patients died within one year, and the
main cause of death was short鄄term explosive extensive
blood metastasis of large organs[98] . It is difficult to ex鄄
plain the paradox that those with a high risk of death
have a good prognosis, while those with a low risk have
a poor prognosis from a clinical perspective. Mul鄄
tiomics molecular variation and the use of multidimen鄄
sional omics signature profiles to classify diseases (mo鄄
lecular typing) may help elucidate this phenomenon.
At present, there is no targeted therapy for esophageal
squamous cell carcinoma and gastric cardia adenocarci鄄
noma at home and abroad. The lack of multi鄄center
large cohort specific molecular profiling verification and
molecular classification is the key to restrict the targe鄄
ted therapy, which further leads to the difficulty in im鄄
proving the 5鄄year survival rate.
4郾 5 摇 Key molecular markers of recurrence and

metastasis, sensitivity to chemoradiothera鄄
py and prognosis

Recurrence and metastasis and resistance to che鄄
moradiotherapy are the main factors leading to high
mortality of esophageal cancer. The multi鄄center large鄄
scale verification was conducted by using the omics
characteristic spectrum, and the relationship between
omics and clinical phenotype was correlated and ana鄄
lyzed, so as to determine the key molecular markers of
recurrence and metastasis, sensitivity to radiotherapy
and chemotherapy, and prognosis. Molecular classifi鄄
cation is another key issue for implementing precision
medicine and improving survival rate. The establish鄄
ment of embassy and large cohort database of clinical

diagnosis and treatment, pathology and follow鄄up and
tissue specimen bank is the key basis for achieving the
above goals. Up to now, there has been no report on
clinical large cohort and specimen bank of esophageal
squamous cell carcinoma and gastric cardia adenocarci鄄
noma abroad. In recent years, many hospitals and sci鄄
entific research institutions in China have established
corresponding databases and specimen banks, but most
of them are in the initial stage, especially the follow鄄up
data needs a long time to accumulate.
4郾 6摇 Development trend and application prospect

in the field of prevention and treatment of e鄄
sophageal cancer

Intelligent medical research for esophageal cancer
based on biological computing will be a new trend in
the field of esophageal cancer prevention and treat鄄
ment. In recent years, high鄄throughput technology has
developed rapidly, accumulating a variety of biomedic鄄
al data such as genome, epigenome and transcriptome.
There are more and more biomedical databases, inclu鄄
ding Cancer Genome Atlas (CGA) database, National
Center for Biotechnology database, protein interaction
database, and biological metabolic pathway database.
According to statistics, the total amount of biomedical
data generated in the world every year has reached EB
level, which provides conditions and basis for in鄄depth
understanding of the mechanism of cancer occurrence
and development and biological processes. Biological
computing is an emerging research field of information
processing in biotechnology. It has many advantages,
such as distributed, discrete, algorithmic, scalable,
readable and parallel properties, which are suitable for
modeling and simulation of biological systems, and has
attracted wide attention in the biomedical community.
At present, as a cross鄄cutting research field of biotech鄄
nology, computer science and clinical medicine, bio鄄
computing is committed to the development of high鄄per鄄
formance computing models and algorithms, which is
an important tool for exploring cancer diagnosis and
treatment.

The occurrence and development of esophageal
cancer is a pathological process involving multiple
genes, and the changes of molecular pathology run
through the whole process of carcinogenesis. It is of
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great application value to develop molecular indicators
for monitoring the occurrence and development of e鄄
sophageal cancer. Therefore, the study of biomarker
mining methods to accurately find the molecular mark鄄
ers of each subtype and precancerous state of esophage鄄
al cancer from the pathological model of esophageal
cancer has important research value for the early detec鄄
tion, prevention and prediction of esophageal cancer.

Traditional disease prediction models are not suffi鄄
cient for early detection of esophageal cancer. At pres鄄
ent, there are some problems in the research of disease
prediction models: first, the prediction models ignore
tumor heterogeneity; Second, most prediction models
are based on linear models and decision tree models,
which are difficult to describe the dynamic process of
disease occurrence and development. Third, some im鄄
portant factors are more or less missed in the current
prediction models. Based on the high鄄throughput data
of esophageal cancer, constructing a personalized and
systematic early prediction model of esophageal cancer
based on living environment, dietary habits, age, gen鄄
der and other factors is the key to accurately predict
the occurrence and development of esophageal cancer
and improve the survival rate of patients with esophage鄄
al cancer. With the development of high鄄throughput
technology, the accumulation of big data makes it pos鄄
sible to use biological computing methods to predict the
occurrence of esophageal cancer. Related scientific
problems mainly include: how to construct a model that
can reflect the multi鄄process and heterogeneity of e鄄
sophageal cancer based on short sequence high鄄dimen鄄
sional data; How to effectively identify the biomarkers
for each subtype of esophageal cancer; How to estab鄄
lish a multi鄄factor personalized prediction model for
early detection of esophageal cancer by comprehensive鄄
ly considering the influencing factors of esophageal
cancer such as tumor markers, gender, age, race, re鄄
gion, and dietary habits[99] .

The cycle research strategy of " high鄄risk popula鄄
tion鄄laboratory鄄high鄄risk population" was established.
Future studies on esophageal cancer will make full use
of the advantages of China蒺s esophageal cancer case re鄄
sources, focus on solving major clinical scientific prob鄄
lems ( accurate prediction of precancerous lesion pro鄄

gression, recurrence and metastasis, sensitivity to che鄄
moradiation and key molecular markers of prognosis),
and adopt multidimensional omics integration and asso鄄
ciation analysis with clinical phenotype big data to ob鄄
tain precancerous lesion progression and esophageal
cancer omics characteristic spectrum. Multi鄄center
scale verification was conducted to obtain key molecu鄄
lar markers that can be used to accurately predict the
progression of esophageal prelesions, recurrence and
metastasis, sensitivity to radiotherapy and chemothera鄄
py, and prognosis, which will provide important tech鄄
nical support for the accurate diagnosis and treatment
of esophageal cancer. The accumulation of big data in
omics and clinical epidemiology will lay an important
foundation for the realization of precision medicine
(prevention and treatment) of esophageal cancer. It is
also the main field of esophageal cancer research in
China that is expected to make major breakthroughs in
the future.

At present, there is no standardized guideline for
early detection, prevention and treatment of esophageal
cancer in high鄄risk population. Based on the new mod鄄
el of " environment鄄genetic鄄gene interaction " in the
pathogenesis of esophageal cancer, the molecular clas鄄
sification criteria for high鄄risk population were estab鄄
lished, and the molecular targets for early warning
screening, early detection, early diagnosis and individ鄄
ualized prevention and treatment were determined. The
high鄄risk population was identified by using a drop of
blood to detect these molecular signatures, and then
the high鄄risk population was examined by chromoen鄄
doscopy and biopsy. It will greatly improve the detec鄄
tion rate of patients with early cancer and precancerous
lesions, so as to provide important technical support for
the final reduction of the incidence and mortality of e鄄
sophageal cancer. Using this idea, Wang Li Dong蒺s re鄄
search group tested the susceptibility gene loci and au鄄
toantibodies in peripheral blood of 11 000 asymptomatic
residents in high risk areas of esophageal cancer, and
identified 660 high鄄risk groups. Then, pigmented en鄄
doscopy and mucosal biopsy were performed on these
high鄄risk groups, and 234 patients with esophageal
cancer were found. Compared with 2% (234 / 11 000)
of the traditional asymptomatic population, the detec鄄
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tion rate of early esophageal cancer was increased by
nearly 18 times ( 234 / 660 ). More and more omics
findings are enriching the new model of " environment鄄
genetic鄄gene interaction" in the pathogenesis of esoph鄄
ageal cancer. These studies lay an important founda鄄
tion for the further establishment and improvement of
standardized guidelines for early detection, prevention
and treatment of esophageal cancer in high鄄risk popula鄄
tion.

Chemoprevention: After the high鄄risk population
has been identified, the intervention and chemopreven鄄
tion of precancerous lesions has become one of the fo鄄
cuses to reduce the incidence of esophageal cancer. In鄄
dividualized prevention is designed to Design different
prevention strategies based on the multi鄄dimensional
omics characteristics and the molecular mechanism of
high susceptibility in the early stage of the multi鄄stage
evolution of esophageal cancer.

Cell and gene therapy and targeted drug therapy:
it is difficult to further improve the therapeutic effect of
esophageal cancer by relying solely on traditional sur鄄
gery, radiotherapy and chemotherapy. The combination
of new treatment methods and traditional treatment is
the key to improve the 5鄄year survival rate of patients
with advanced esophageal cancer. The research group
of Wang Yaohe and Liu Hongmin in Zhengzhou Univer鄄
sity has made important progress in cell and gene ther鄄
apy and targeted drugs, and these research results have
important clinical application prospects.

5摇 Summary
Over the past 65 years, three generations of the e鄄

sophageal cancer pathological research team in Henan
Province have employed a cyclical research strategy of
" high鄄risk population鄄laborator鄄high鄄risk population" .
This approach has led to establish a large database and
tissue sample bank containing clinical, diagnostic,
treatment, pathology, and follow鄄up data for patients
with esophageal cancer and precancerous lesions. Their
research has clarified the molecular basis of the genetic
high susceptibility to esophageal cancer, and the mo鄄
lecular mechanism underlying its multi鄄stage evolution.

The research focuses on identifying key molecular
targets and establishing a theoretical system for molecu鄄

lar typing and early detection of asymptomatic high鄄risk
population, with primary goal of improving the early
detection rate. Using molecular genetics, molecular
pathology, multi鄄dimensional omics technology, popu鄄
lation surveys, and bioinformatics鄄based clinical phe鄄
notype and multi鄄dimensional omics association analy鄄
sis, the team has developed an intelligent medical
model system for early detection and personalized pre鄄
vention and treatment of esophageal cancer.

In addition, their serial research has systematical鄄
ly elucidated the molecular mechanisms driving esopha鄄
geal cancer progression, the early molecular changes
associated with esophageal cancer transformation, and
their relationship to morphological changes and prog鄄
noses of precancerous lesions. They have also further
revealed the influence of environmental and genetic in鄄
teraction on esophageal cancer transformation. These
serial studies provide critical theoretical and technical
support for the screening, early detection, and individ鄄
ualized prevention, as well as treatment of high鄄risk
groups of esophageal cancer populations.

Acknowledgments
摇 摇 Many thanks to Professor Yang Wen Xian of
Henan Cancer Hospital / Cancer Institute and chief phy鄄
sician Liu Zhi Cai of Henan Linzhou Cancer Hospital
for providing relevant information and materials about
the cooperative research of esophageal cancer carried
out by Henan medical team resident in Linxian since
1959. We would also like to thankHan Wenli, the Key
Laboratory of Esophageal Cancer in Henan Province,
the First Affiliated Hospital of Zhengzhou University,
for her invaluable assistance in compiling the refer鄄
ences.

References
[1] Yang Wen Xian, Wang Rui Lin, Liu Gui Ting, et al. Fifty

Years蒺 retrospection of review on strategies and counter鄄
measures for esophageal cancer prevention and control in
Linzhou, Henan Province [ J]. China Cancer, 2010, 19
(1): 15 - 17.

[2] Qiu Song Liang. The Path of Discovery: A pathologist蒺s re鄄
view[J]. China Cancer, 2008, 17(6): 463 - 464.

[3] Henan Medical College. Esophageal Cancer[M]. Beijing:
People蒺s Medical Publishing House, 1982:29 - 48.

86



Esophageal Cancer 28 January 2025

[4] Du Bai Lian, Ed. Esophageal cancer[M], Beijing: China
Science and Technology Press, 1994.

[5] Wang LD, Shi ST, Zhou Q, et al. Changes in p53 and cy鄄
clin D1 protein levels and cell proliferation in different sta鄄
ges of human esophageal and gastric鄄cardia carcinogenesis
[J]. Int J Cancer, 1994, 59(4): 514.

[6] Wang LD, Song X, Zhao XK, et al. Molecular basis and
precision medicine for interactions of genetic and environ鄄
mental risk factors in esophageal cancer[ J]. Chin J Clin
Oncol, 2016, 43(12): 515 - 520郾

[7] Yang ZH, Hao JS. Zhou Enlai was concerned about the
prevention and control of endemic diseases, the construc鄄
tion of the Red Flag Canal and the growth of cadres in Linx鄄
ian[J]. Party documents, 1998,1: 37.

[8] Esophageal Cancer Research Collaboration Group of
Henan. Diagnosis and surgical treatment of early esophage鄄
al cancer[ J]. National Medical Journal of China, 1975,
1:340 .

[9] Cancer Prevention and Treatment Research Team of Henan
Province, Esophageal Cancer Etiology Research Group of
Henan Medical College. Study on the relationship between
mold and esophageal cancer (1) Preliminary observation of
esophageal cancer induced by moldy food in rats; 2. Ex鄄
perimental observation on synergistic carcinogenesis of mol鄄
dy food and nitrosamines) [ J]. Cancer Research and Pre鄄
vention and Treatment, 1975, 3: 19 - 25.

[10] Esophageal Cancer Research Collaboration Group of
Henan. Early diagnosis and surgical treatment of esopha鄄
geal cancer in rural areas[J]. National Medical Journal of
China, 1975, 12: 845.

[11] Esophageal Cancer Research Collaboration Group of
Henan. Pathological study of early esophageal cancer[J].
Chinese Medical Journal, 1977, 3: 180郾

[12] Esophageal Cancer Research Collaboration Group of
Henan. Pathological of early esophageal cancer[ J]. Chi鄄
nese Medical Journal, 1977, 3(3): 184.

[13] Qiu SL. Observation of the epithelium adjacent to esopha鄄
geal squamous cell carcinoma[ J]. Chin J Pathol, 1964,
3:186.

[14] Shen Q. A preliminary analysis of clinical pathology of
esophagitis in Linxian, Henan province [ J ]. Chin J
Pathol, 1965: 407.

[15] Shao LF. Animal experiment and clinical application of
esophagogastric anastomosis device [ C]. The abstract of
the 9th National surgical academic conference, Chinese
Medical Association, 1978: 247.

[16] Qiu SL. The precancerous of esophageal cancer[J]. Chi鄄
nese Journal of Oncology, 1980, 2(1): 79.

[17] Shen Q, Shu YJ. Cytology as a screening method for e鄄
sophageal carcinoma in the People蒺s Republic of China
[M] / / Pfeiffer CJ. Cancer of the esophagus. Boca Ra鄄
ton: CRC Press, 1982, 11:3.

[18] Shen Q. Diagnostic cytology and early detection[M] / /
HUANG GJ, WU YK. Carcinoma of the esophagus and
gastric cardia. Berlink: Springer Press,1984:155.

[19] Shen Q, Liu SF, Dawsey SM, et al. Cytologic screening
for esophageal cancer: results from 12,877 subjects from
a high鄄risk population in China[J]. Int J Cancer, 1993,
54: 185.

[20] Wahrendorf J, Chang鄄Claude J, Qiu SL, et al. Precursor
lesions of oesophageal cancer in young people in a high鄄
risk population in China[ J]. Lancet, 1989, 2(8674):
1239.

[21] Chang鄄Claude JC, Wahrendorf J, Qiu SL, et al. An epi鄄
demiological study of precursor lesions of esophageal canc鄄
er among young persons in a high鄄risk population in Huix鄄
ian, China[J]. Cancer Res, 1990, 50(8): 2268.

[22] Qiu SL, Yang GR. Precursor lesions of esophageal cancer
in high鄄risk populations in Henan Province, China[ J].
Cancer, 1988, 62(3): 551.

[23] Shen Q, Qiu SL, Zhao HZ, et al. Esophageal cytology re鄄
search [ J]. Journal of Zhengzhou University ( Medical
Sciences), 1964, 3:1.

[24] Wang LD, Lipkin M, Qui SL, et al. Labeling index and
labeling distribution of cells in esophageal epithelium of
individuals at increased risk for esophageal cancer in
Huixian, China[J]. Cancer Res, 1990, 50(9): 2651.

[25] Yang WX, Lu SX, Liu GT, et al. Study on establishing
strategies and measures of esophageal cancer prevention
and control in high鄄risk areas of China[C]. A collection
of essays of the Academic Seminar of the Chinese Associa鄄
tion for Science and Technology, 2011: 155 - 159.

[26] Wang LD, Zheng S. Esophageal cancer research: Histori鄄
cal review and its reflect on philosophy[J]. Medicine and
philosophy, 2001, 22(9): 1 - 5.

[27] Wang JZ. The period as a medical worker in Linxian[J].
The window for anti鄄cancer, 2006, 4: 34 - 35.

[28] Zhang XD. The story behind the red flag canal 鄄 an inter鄄
view with Yang Gui, former county secretary of Linxian,
Henan Province[ J]. The window for anti鄄cancer, 2006,
4: 30 - 33.

[29] Li B. A Review of Cancer Prevention and Control in New
China[ J ]. Jianghuai literature and history, 1998, 1:
97 - 111.

[30] Yang CS. Research on esophageal cancer in China: a re鄄
view[J]. Cancer Res, 1980, 40(8 Pt 1): 2633.

96



Esophageal Cancer 28 January 2025

[31] Chang鄄Claude J, Becher H, Blettner M, et al. Familial
aggregation of oesophageal cancer in a high incidence area
in China[J]. Int J Epidemiol, 1997, 26(6): 1159.

[32] Yu Y, Taylor PR, Li JY, et al. Retrospective cohort
study of risk鄄factors for esophageal cancer in Linxian,
People蒺s Republic of China[ J]. Cancer Causes Control,
1993, 4(3): 195.

[33] Liu FS, Dawsey SM, Wang GQ, et al. Correlation of epi鄄
thelial proliferation and squamous esophageal histology in
1185 biopsies from Linxian, China [ J]. Int J Cancer,
1993, 55(4): 577.

[34] Dawsey SM, Wang GQ, Weinstein WM, et al. Squamous
dysplasia and early esophageal cancer in the Linxian re鄄
gion of China: distinctive endoscopic lesions[J]. Gastro鄄
enterology, 1993, 105(5): 1333.

[35] Dawsey SM, Wang GQ, Taylor PR, et al. Effects of vita鄄
min / mineral supplementation on the prevalence of histo鄄
logical dysplasia and early cancer of the esophagus and
stomach: results from the Dysplasia Trial in Linxian, Chi鄄
na[J]. Cancer Epidemiol Biomarkers Prev, 1994, 3(2):
167.

[36] Ku JW, Zhang DY, Song X, et al. Characterization of tis鄄
sue chromogranin A (CgA) immunostaining and clinico鄄
histopathological changes for the 125 Chinese patients with
primary small cell carcinoma of the esophagus[J]. Dis E鄄
sophagus, 2017, 30(8): 1 - 7.

[37] Li XM, Song X, Zhao XK, et al. The alterations of cytok鄄
eratin and vimentin protein expressions in primary esopha鄄
geal spindle cell carcinoma[J]. BMC Cancer. 2018, 18
(1): 356.

[38] Wang LD, Zhou FY, Li XM, et al. Genome鄄wide associ鄄
ation study of esophageal squamous cell carcinoma in Chi鄄
nese subjects identifies susceptibility loci at PLCE1 and
C20orf54[J]. Nat Genet, 2010, 42(9): 759 - 763.

[39] Wu C, Wang Z, Song X, et al. Joint analysis of three ge鄄
nome鄄wide association studies of esophageal squamous cell
carcinoma in Chinese populations[J]. Nat Genet, 2014,
46(9): 1001 - 1006.

[40] Hu N, Wang Z, Song X, et al. Genome鄄wide association
study of gastric adenocarcinoma in Asia: a comparison of
associations between cardia and non鄄cardia tumours[ J].
Gut, 2016, 65(10): 1611 - 1618.

[41] hang P, Xia JH, Zhu J, et al. High鄄throughput screening
of prostate cancer risk loci by single nucleotide polymor鄄
phisms sequencing [ J]. Nat Commun, 2018, 9 ( 1 ):
2022.

[42] Agrawal N, Jiao Y, Bettegowda C, et al. Comparative ge鄄
nomic analysis of esophageal adenocarcinoma and squa鄄

mous cell carcinoma[J]. Cancer Discov, 2012, 2(10):
899 - 905.

[43] Gao S, Li S, Ma Z, et al. Presence of Porphyromonas
gingivalis in esophagus and its association with the clinico鄄
pathological characteristics and survival in patients with e鄄
sophageal cancer [ J]. Infect Agent Cancer, 2016, 19
(11): 3 .

[44] Abnet CC, Freedman ND, Hu N, et al. A shared suscep鄄
tibility locus in PLCE1 at 10q23 for gastric adenocarcino鄄
ma and esophageal squamous cell carcinoma [ J]. Nat
Genet, 2010, 42(9): 764 - 767.

[45] Wu C, Hu Z, He Z, et al. Genome鄄wide association
study identifies three new susceptibility loci for esophageal
squamous鄄cell carcinoma in Chinese populations[J]. Nat
Genet, 2011, 43(7): 679 - 684.

[46] Wang LD, Bi X, Song X,, et al. A sequence variant in
the phospholipase C epsilon C2 domain is associated with
esophageal carcinoma and esophagitis[J]. Mol Carcinog,
2013, 52(Suppl1): E80 - 86.

[47] Zhai S, Liu C, Zhang L, et al. PLCE1 promotes esopha鄄
geal cancer cell progression by maintaining the transcrip鄄
tional activity of snail[J]. Neoplasia, 2017, 19(3): 154 -
164.

[48] Shen Q, Wang DY, Cai XS, et al. Evaluation of com鄄
pound riboflavin in the intervention treatment of esophage鄄
al dysplasia. Chinese Journal of Clinical Oncology, 1997,
24(5): 331 - 334.

[49] Cao W, Shen Q, Yang WX, et al. Animal experimental
study on the antineoplastic effect of compound riboflavin a鄄
gainst nitrosamines [ J ]. Henan Journal of Oncology,
1996, 9(2): 88 - 91.

[50] Shen Q, Wang DY, Xiang YY, et al. A Report on the
Treatment of Esophageal Premalignant Hyperplasia with
Combined Riboflavin Blockade. Chinese Journal of Clini鄄
cal Oncology, 1994, 21(4): 250 - 251.

[51] Huang M, Lin Y, Wang Q, et al. The effect of combined
riboflavin on the transformation of esophageal premalignant
hyperplasia[ J]. Journal of Henan Medical University,
1991, 26(4): 334 - 337.

[52] Shen Q, Zheng HZ, Cai XS, et al. Analysis of 12鄄year
Results of Pyridoxine Prophylaxis in the Treatment of Se鄄
vere Epithelial Proliferation in the Esophagus[J]. Henan
Journal of Oncology, 1991, 4(1): 1 - 5.

[53] He Y, Ye L, Shan B, et al. Effect of riboflavin鄄fortified
salt nutrition intervention on esophageal squamous cell
carcinoma in a high incidence area, China[J]. Asian Pac
J Cancer Prev, 2009, 10(4): 619 - 622.

[54] Wang LD, Guo RF, Fan ZM, et al. Association of meth鄄

07



Esophageal Cancer 28 January 2025

ylenetetrahydrofolate reductase and thymidylate synthase
promoter polymorphisms with genetic susceptibility to e鄄
sophageal and cardia cancer in a Chinese high鄄risk popu鄄
lation[J]. Dis Esophagus, 2005, 18(3): 177 - 184.

[55] Wang Y, Fang MZ, Liao J, et al. Hypermethylation鄄asso鄄
ciated inactivation of retinoic Acid receptor Beta in human
esophageal squamous cell carcinoma [ J]. Clin Cancer
Res, 2003, 9(14): 5257 - 5263.

[56] Deng C, Xie D, Capasso H, et al. Genetic polymorphism
of human O6鄄alkylguanine鄄DNA alkyltransferase: identifi鄄
cation of a missense variation in the active site region[J].
Pharmaco鄄genetics, 1999, 9(1): 81 - 87.

[57] Song Y, Li L, Ou Y, et al. Identification of genomic al鄄
terations in oesophageal squamous cell cancer [ J]. Na鄄
ture, 2014, 509(7498): 91 - 95.

[58] Gao YB, Chen ZL, Li JG, et al. Genetic landscape of e鄄
sophageal squamous cell carcinoma [ J ]. Nat Genet,
2014, 46(10): 1097 - 1102.

[59] Lin DC, Hao JJ, Nagata Y, et al. Genomic and molecular
characterization of esophageal squamous cell carcinoma
[J]. Nat Genet, 2014, 46(5): 467 - 473.

[60] Wang LD, Hong JY, Qiu SL, et al. Accumulation of p53
protein in human esophageal precancerous lesions: a pos鄄
sible early biomarker for carcinogenesis[J]. Cancer Res,
1993, 53(8): 1783 - 1787.

[61] Wang LD, Zhou Q, Hong JY, et al. P53 protein accumu鄄
lation and gene mutations in multifocal esophageal precan鄄
cerous lesions from symptom free subjects in a high inci鄄
dence area for esophageal carcinoma in Henan, China
[J]. Cancer, 1996, 77(7): 1244 - 1249.

[62] Xing EP, Nie Y, Song Y, et al. Mechanisms of inactiva鄄
tion of p14ARF, p15INK4b and p16INK4a genes in hu鄄
man esophageal squamous cell carcinoma[J]. Clin Canc鄄
er Res, 1999, 5(10): 2704 - 2713.

[63] Gao H, Wang LD, Zhou Q, et al. p53 tumor suppressor
gene mutation in early esophageal precancerous lesions
and carcinoma among high鄄risk populations in Henan,
China[J]. Cancer Res, 1994, 54(16): 4342 - 4346.

[64] Shi ST, Feng B, Yang GY, et al. Immunohistoselective
sequencing ( IHSS) of p53 tumor suppressor gene in hu鄄
man oesophageal precancerous lesions[ J]. Carcinogene鄄
sis, 1996, 17(10): 2131 - 2136.

[65] Yang G, Zhang Z, Liao J, et al. Immunohistochemical
studies on Waf1p21, p16, pRb, and p53 in human e鄄
sophageal carcinomas and neighboring epithelia from a
high鄄risk area in northern China[J]. Int J Cancer, 1997,
72(5): 746 - 751.

[66] Wang LD, Zhou Q, Yang WC, et al. Apoptosis and cell

proliferation in esophageal precancerous and cancerous le鄄
sions: study of a high鄄risk population in Northern China
[J]. Anticancer Res, 1999, 19(1A): 369 - 374.

[67] Xing EP, Nie Y, Wang LD, et al. Aberrant methylation
of P16ink4a and deletion of P15ink4b are frequent events
in human esophageal cancer in Linxian, China[J]. Carci鄄
nogenesis, 1999, 20(1): 77 - 84.

[68] Qi Y, Chiu JF, Wang L D, et al. Comparative proteomic
analysis of esophageal squamous cell carcinoma[J]. Pro鄄
teomics, 2005, 5(11): 2960 - 2971.

[69] Xu YW, Peng YH, Chen B, et al. Autoantibodies as po鄄
tential biomarkers for the early detection of esophageal
squamous cell carcinoma[J]. Am J Gastroenterol, 2014,
109(1): 36 - 45.

[70] Zhou SL, Yue WB, Fan ZM, et al. Autoantibody detec鄄
tion to tumor鄄associated antigens of P53, IMP1, P16, cy鄄
clin B1, P62, C鄄myc, Survivn, and Koc for the screening
of high鄄risk subjects and early detection of esophageal
squamous cell carcinoma[ J]. Dis Esophagus, 2014, 27
(8): 790 - 797.

[71] Zhou SL, Ku JW, Fan ZM, et al. Detection of autoanti鄄
bodies to a panel of tumor鄄associated antigens for the diag鄄
nosis values of gastric cardia adenocarcinoma[J]. Dis E鄄
sophagus, 2015, 28(4): 371 - 379.

[72] Yang CS. Nutrition and Cancer[ J]. Henan Pharmaceuti鄄
cals, 1981, 1: 32 - 33.

[73] Qiu SL, Yang GR, Zhao LQ, et al. Precancerous lesions
of esophagus in young people in the high鄄incidence areas
of esophageal cancer[J], 1991, 4(1): 6 - 12.

[74] Qiu SL, Yang GR, Zhao LQ, et al. The relationship be鄄
tween esophagitis in young people in high鄄risk areas for e鄄
sophageal cancer and serum retinol and vitamin C levels
[A]. Abstracts of the Academic Conference on Nutrition
and Cancer of the Chinese Nutrition Society. 1990, 1:
85.

[75] Norton JG, Frank GM. Year book of digestive diseases
[M]. USA: Mosby,1997:35.

[76] China Science and Technology Communication[R]. Min鄄
istry of Science and Technology of the People蒺s Republic of
China, Beijing: 2010, 593: 2.

[77] He J Editor鄄in鄄Chief. China Medical Science and Technol鄄
ogy Development Report [ M]. Beijing: Science Press,
2011: 18.

[78] Abnet CC, Wang Z, Song X, et al. Genotypic variants at
2q33 and risk of esophageal squamous cell carcinoma in
China: A meta鄄analysis of genome鄄wide association stud鄄
ies[J]. Hum Mol Genet, 2012,21(9):2132 - 2141.

[79] Ma S, Bao JYJ, Kwan PS, et al. Identification of PTK6,

17



Esophageal Cancer 28 January 2025

via RNA sequencing analysis, as a suppressor of esopha鄄
geal squamous cell carcinoma [ J ]. Gastroenterology.
2012,143(3):675 - 686.

[80] Kong KL, Kwong DL, Chan TH, et al. MicroRNA - 375
inhibits tumour growth and metastasis in oesophageal
squamous cell carcinoma through repressing insulin鄄like
growth factor 1 receptor[J]. Gut, 2012,61(1):33 - 42.

[81] Wu C, Wang Z, Song X, et al. Joint analysis of three ge鄄
nome鄄wide association studies of esophageal squamous cell
carcinoma in Chinese populations[J]. Nat Genet, 2014,
46: 1001 - 1006 .

[82] Li Y, Fu L, Li JB, et al. Increased expression of
EIF5A2, via hypoxia or gene amplification, contributes to
metastasis and angiogenesis of esophageal squamous cell
carcinoma[J]. Gastroenterology,2014,146 (7):1701 -
1713.

[83] Hu N, Wang Z, Song X, et al. Genome鄄wide association
study of gastric adenocarcinoma in Asia: a comparison of
associations between cardia and non鄄cardia tumours[ J].
Gut,2016, 65(10):1611 - 1618.

[84] Ming XY, Fu L, Zhang LY, et al. Integrin 琢7 is a func鄄
tional cancer stem cell surface marker in oesophageal
squamous cell carcinoma [ J]. Nat Commun, 2016, 7:
13568.

[85] Sun HB, Li Y, Liu XB, et al. Early Oral Feeding Follow鄄
ing McKeown Minimally Invasive Esophagectomy: An
Open鄄label, Randomized, Controlled, Noninferiority Trial
[J]. Ann Surg. 2018,267(3):435.

[86] Zhang B, Zhang Z, Li L, et al. TSPAN15 interacts with
BTRC to promote oesophageal squamous cell carcinoma
metastasis via activating NF - 资B signaling[J]. Nat Com鄄
mun,2018,9(1):1423 .

[87] Zhao XK, Xing P, Song X, et al. Focal amplifications are
associated with chromothripsis events and diverse prog鄄
noses in gastric cardia adenocarcinoma. Nat Commun.
2021, 12(1): 6489.

[88] Lu Z, Ren Y, Yang L, et al. Inhibiting autophagy en鄄
hances sulforaphane鄄induced apoptosis via targeting NRF2
in esophageal squamous cell carcinoma[ J]. Acta Pharm
Sin B. 2021, 11(5): 1246 - 1260郾

[89] Liu F, Wu Q, Han W, et al. Targeting integrin 琢v茁3
with indomethacin inhibits patient鄄derived xenograft
tumour growth and recurrence in oesophageal squamous
cell carcinoma [ J]. Clin Transl Med, 2021, 11 (10):
e548.

[90] Wang LD, Li LY, Song X, et al. Analysis of the his鄄

topathological types and clinicopathological features of pri鄄
mary esophageal malignant tumors in 272,437 patients
[J]. Chin J Intern Med, 2022, 61(9): 1023 - 1030郾

[91] Liu X, Zhao S, Wang K, et al. Spatial transcriptomics a鄄
nalysis of esophageal squamous precancerous lesions and
their progression to esophageal cancer. Nat Commun,
2023 , 14(1):4779.

[92] Jia R, Shan T, Zheng A, et al. Capecitabine or Capecit鄄
abine Plus Oxaliplatin Versus Fluorouracil Plus Cisplatin
in Definitive Concurrent Chemoradiotherapy for Locally
Advanced Esophageal Squamous Cell Carcinoma ( CRT鄄
COESC): A Multicenter, Randomized, Open鄄Label,
Phase 3 Trial. J Clin Oncol, 2024, 42 (20): 2436 -
2445.

[93] Wang LD, Du DF, Song X, et al. Study on the " environ鄄
ment鄄genetic鄄gene interaction " genomics of esophageal
cancer: the interaction between riboflavin, RFT2, and
NOTCH1 - P53 - Rb[J]. Journal of Zhengzhou Universi鄄
ty (Medical Sciences), 2018, 53(1): 1 - 5.

[94] Wang LD, Zhou Q, Feng CW, et al. Intervention and fol鄄
low鄄up on human esophageal precancerous lesions in
Henan, northern China, a high鄄incidence area for esopha鄄
geal cancer[J]. Gan To Kagaku Ryoho, 2002, 29(Suppl
1): 159 - 172.

[95] Wang LD, Yang HH, Fan ZM, et al. Cytological screen鄄
ing and 15 years蒺 follow鄄up (1986 - 2001) for early e鄄
sophageal squamous cell carcinoma and precancerous le鄄
sions in a high鄄risk population in Anyang County, Henan
Province, Northern China [ J ]. Cancer Detect Prev,
2005, 29(4):317 - 322.

[96] Secrier M, Li X, de Silva N, et al. Mutational signatures
in esophageal adenocarcinoma define etiologically distinct
subgroups with therapeutic relevance [ J]. Nat Genet,
2016, 48(10): 1131 - 1141.

[97] Wang LD, Liu M, Hu YL, et al. Comparative analysis of
clinicaopathological changes in esophageal cancer patients
with ultra鄄long and short鄄term survival [ J]. Cancer Res
Prev Treat, 2014, 41(3): 193 - 198.

[98] Hou ZC. The factors affecting the prognosis and cause of
death of the early esophageal squamous cell carcinoma and
the relationship between variations of rs1 and the different
cancer stages[D]. Zhengzhou University, 2014.

[99] Parasa S, Vennalaganti S, Gaddam S, et al. Development
and validation of a model to determine risk of progression
of Barrett蒺s esophagus to neoplasia[ J]. Gastroenterology,
2018, 154(5): 1282 - 1289.

27


