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Abstract

More than 600,000 people are diagnosed with esophageal cancer (EC) every year globally, and the five-year survival

rate  of  EC  is  less  than  20%.  Two  common  histological  subtypes  of  EC,  esophageal  squamous  cell  carcinoma

(ESCC) and esophageal adenocarcinoma (EAC), have great geographical variations in incidence rates. About half of

the world’s EC was diagnosed in China and a majority of which belong to ESCC. Globally, the overall incidence

rate of EC is decreasing. In some high-risk Asian regions, such as China, the incidence rate of ESCC has generally

declined,  potentially  due  to  economic  growth  and  improvement  of  diet  habits.  In  some  European  high-income

countries and the United States, the decline is mainly attributed to the decrease in smoking and drinking. The risk

factors of EC are not well understood, and the importance of environmental and genetic factors in the pathogenesis

is also unclear. The incidence and mortality of advanced EC can be reduced through early diagnosis and screening.

White  light  endoscopy  is  still  the  gold  standard  in  the  current  screening  technology.  This  article  reviews  the

epidemiology,  risk factors,  and screening strategies of  EC in recent years to help researchers determine the most

effective management strategies to reduce the risk of EC.
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Introduction

Most  of  the  esophageal  cancer  (EC)  is  esophageal
squamous  cell  carcinoma  (ESCC)  or  esophageal
adenocarcinoma  (EAC),  which  is  a  malignant  tumor
originating  from  the  esophageal  epithelium.  Global
epidemiological data in 2020 showed that EC ranks seventh
in terms of  incidence (604,100 new cases)  and sixth in  the

overall mortality (544,076 deaths) (1). The incidence rate of
EC  has  shown  a  general  downward  trend  in  recent  years.
However,  its  mortality  remains  high,  and  the  5-year
relative  survival  rate  is  only  20%,  which  is  the  second
lowest  survival  rate  after  pancreatic  cancer  (10%)  (2,3).
According to global cancer statistics 2020, China has a high
incidence rate of EC, and new cases and deaths account for
53.70% and  55.35% of  the  global  total,  respectively  (1,4).
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The  composition  of  histologic  subtypes  and  the  incidence
rate of EC vary significantly across different countries and
regions. In those with the highest EC rates, such as Eastern
Asia,  Southern  and  Eastern  Africa,  90%  of  the  cases  are
ESCC  (5).  The  lowest  rates  were  found  in  Central
America,  Western  and  Middle  Africa,  where  the  main
pathological type is EAC.

The etiology for EC is poorly understood. Because early
EC has no specific clinical symptoms, a majority of patients
missed  the  opportunity  of  early  diagnosis  are  often
diagnosed in advanced stage, resulting in low quality of life
and poor prognosis (6). The British and American Society
of Gastroenterology has developed a series of guidelines for
screening and surveillance of Barrett’s esophagus (BE) and
EAC (7-10), and China has also issued consensus for the
screening of early EC and precancerous lesions (11-14).
The release of these guidelines and consensus facilitated
standardization  of  management  strategy  of  ESCC  and
EAC. The screening of EC and precancerous lesions has

received large attention due to the progress of screening
technology and the development of a series of high-quality
studies. The epidemiology, etiology, and screening strategy
of ESCC and EAC will be reviewed in this article.

Epidemiology of EC

EC  is  the  seventh  most  common  cancer  and  sixth  most
common  cause  of  death  in  the  world  (1,15).  The  Global
Burden  of  Diseases  Study  (GBD)  provides  a  systematic
scientific  assessment  of  published,  publicly  available,  and
contributed  data  on  disease  incidence,  prevalence,  and
mortality  (16).  Based  on  the  GBD  visualization  database,
we analyzed the burden and trend of EC from 1990 to 2019
both  in  domestic  China  and  across  the  globe  (Figure  1).
The  number  of  patients  diagnosed  with  EC  worldwide
increased  from  489,194  in  1990  to  960,610  in  2019.
Correspondingly,  the  number  of  patients  diagnosed  with
EC in China increased from 254,169 in 1990 to 498,410 in

 

Figure 1 Global burden of esophageal cancer. Number of prevalence (A), incidence (B), and deaths (C), respectively.
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2019,  accounting  for  half  of  the  cases  in  the  world.  The
number of  EC cases  worldwide increased from 319,969 in
1990  to  534,563  in  2019,  with  a  relative  increase  of
67.07%.  The  number  of  incident  cases  of  EC  in  China
increased  from  173,687  in  1990  to  278,121  in  2019.  The
number  of  incident  cases  has  continued  to  increase  in
recent  years,  and  the  global  data  have  now  climbed  to
600,000.  The  number  of  EC  deaths  worldwide  increased
from  319,332  in  1990  to  498,067  in  2019,  and  the  EC
mortality  in  China  increased  from  176,602  in  1990  to
257,316 in 2019, a relative increase of 55.97% and 45.70%,
respectively.  From  1990  to  2019,  the  crude  prevalence,
incidence,  and  mortality  of  EC  are  on  the  rise  both  in
worldwide and in China. This indicates that prevention and
control of EC is still grim, which will depend largely on the
efforts  made  by  China,  focusing  on  developing  new
strategies  for  more  effective  screening  and  surveillance.
Table  1 shows  the  estimated  age-standardized  rates  (ASR)
of  EC  in  2020,  and  only  countries & regions  with  the
highest  prevalence  were  shown.  Complete  worldwide  data
could be found in the GLOBOCAN 2020 produced by the
International Agency for Research on Cancer (http://www.
iarc.fr/) (1). China’s crude incidence rate was 22.4 in 2020,
and the ASR incidence rate was 13.8, with a mortality rate
of  20.8  and  an  ASR  mortality  rate  of  12.7.  The  ASR
prevalence  rate,  incidence  rate,  and  mortality  rate  of  EC
showed  a  significant  downward  trend,  which  is  related  to
increasing proportion of elderly population in recent years.
It  also  indicates  the  important  influence  of  population

aging trend on the burden of EC (4,17).
The two main histological types of EC showed dramatic

difference in terms of incidence rate and spatial variation.
During most of the 20th century, ESCC constituted the
vast majority of EC globally. Although ESCC is decreasing
overall, most current cases in the world are ESCC now and
the  incidence  rate  is  still  rising  in  some  areas  (18,19).
Another  change in recent  years  is  that  the incidence of
EAC  has  increased  significantly,  showing  anatomical
specificity (20).

ESCC is still the most common histology of EC in the
world  (21).  The incidence  of  ESCC and EAC can vary
internationally by 16-fold. In high-risk areas commonly
known as EC belt,  starting from northern Iran,  passing
through the republics of Central Asia, extending to central
and northern China, the incidence of EC is high and more
than 90% are ESCCs (1,15). The main risk factors in these
areas  are  not  well  understood.  Yet,  the  preliminary
evidence shows that potential factors might include poor
nutritional status, low intake of fruits and vegetables, and
drinking at high temperature (22,23). In contrast, in low-
risk areas of ESCC, such as the United States and some
Western  countries,  smoking  and  excessive  alcohol
consumption account for about 90% of the total cases of
ESCC. According to the latest GLOBALCAN data, China
accounts  for  half  of  the  world’s  total  in  terms  of  both
incidence and mortality of EC (1). With the development
of  surveillance,  screening  and  prevention  awareness  in
high-risk areas of ESCC in China, the overall incidence of
ESCC  is  decreasing.  However,  in  some  areas,  such  as
Taiwan,  China,  ESCC  still  shows  an  increasing  trend,
which may result from increased consumption of tobacco
and  alcohol  (19).  The  most  typical  epidemiological
characteristics of EC include histological differences and
obvious regional differences in incidence. Even in central
and northern China, the high-incidence area is in sharp
contrast with the surrounding areas with relatively low-
incidence (24,25). Even in the two adjacent counties, there
are sometimes significant differences in EC incidence rate.
The most concentrated area of EC in China is located on
the  south  side  of  Taihang  Mountain  at  the  junction  of
Hebei, Henan and Shanxi provinces, especially in Cixian
County, with an age-standardized incidence rate of more
than 100/10,000. Generally speaking, there are relatively
concentrated high-incidence areas in Qinling Mountains,
Ta-pieh Mountains, northern Sichuan, Fujian, Guangdong,
northern Jiangsu, and Xinjiang, respectively (26-28).

In  contrast,  in  low-risk  areas  of  ESCC,  such  as  the

Table 1 Worldwide ASR per 100,000 person-years for esophageal
cancer in 2020*

Population Prevalence** Incidence Mortality

Japan 25.4 7.2 2.8

China 24.0 13.8 12.7

The Netherlands 20.5 6.8 5

United Kingdom 17.9 6.4 5

Bangladesh 14.2 14.8 13.9

Ireland 13.4 5.7 5

Mongolia 12.6 17.1 16.2

Belgium 12.2 4.6 3.5

Germany 12.1 4 3

Denmark 11.6 4 3.2

ASR, age-standardized rate; *, only countries & regions with
the highest prevalence were shown. Data source: GLOB-
OCAN 2020; **,  estimated number of prevalent cases (5-
year) as a proportion per 100,000 in 2020.
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United States and some Western countries, the histology is
mostly EAC and the overall incidence is low. In the United
States, an estimated 19,260 cases of EC are diagnosed each
year, and 15,530 people die of EC (1,29). In these areas, the
incidence rate of EAC has increased dramatically, partly
due to increased risk factors such as higher body mass index
(BMI). When stratified by anatomical sites, the increased
incidence rate mostly involved esophagogastric junction
and gastric cardia tumors (30). BE has become the main
focus of  esophageal  precancerous lesions in these areas.
This epidemiological change has been found in Western
countries in the past 30 years, and recently in some Eastern
countries as well (31).

Risk factors of EC

There  is  existing  evidence  suggesting  some  potential  risk
factors  of  ESCC,  although  the  main  risk  factors  and
etiology are not fully understood yet. For example, a study
identified  several  major  risk  factors  and  evaluated  their
relative  importance  from  a  public  health  perspective  (32).
As  mentioned  above,  in  the  high-risk  areas  of  EC  belt,
including  central  and  northern  China,  current  research
suggests  that  low  intake  of  fruits  and  vegetables,  smoking
and  drinking,  poor  nutritional  status,  and  the  use  of  hot
beverages may be the main risk factors contributing to the
high  incidence  of  ESCC  (23,33).  Other  factors  may  also
affect  the  occurrence  of  ESCC,  such  as  the  existence  of
basic  gastrointestinal  diseases,  head  and  neck  cancer,
human  papilloma  virus  (HPV)  infection,  Tylosis,  low
socioeconomic  status,  and  poor  oral  hygiene.  The  relative
importance  of  specific  risk  factors  may  also  vary  across
different geographic locations in the globe (34,35).

Dietary factors

The existing research in Asia  has  identified several  dietary
factors  associated  with  ESCC.  For  a  long  time,  foods
containing  N-nitroso  compounds,  such  as  pickled
vegetables and meat, have been considered to be associated
with  ESCC.  These  compounds  are  carcinogenic  and  can
exert their mutagenic potential by inducing alkyl adducts in
DNA.  Aflatoxin  producing  fungi  have  also  been  found  in
raw food  materials  in  some Chinese  areas  where  ESCC is
prevalent.  To  some  extent,  these  fungi  can  exert  their
mutagenic  potential  by  reducing  nitrate  to  nitroso
compounds.

In China and some areas of South Asia where areca nuts
chewing  is  prevalent,  relevant  studies  have  revealed  an

association  between  ESCC  and  the  areca  nut  chewing
behaviors (36). The underlying mechanism may be that the
released  copper  ions  induce  fibroblasts  to  synthesize
collagen and eventually lead to carcinogenesis.

High temperature tea and foods can cause heat damage
to esophageal mucosa, thus increasing the risk of EC. Few
studies  have  reported  the  results  related  to  ESCC and
EAC, respectively (37-39).  In a  systematic  review of  59
studies  (37),  more  than  half  of  the  studies  found  a
statistically significant correlation between intake of high-
temperature liquids and increased risk of EC. There is no
evidence  suggesting  that  the  intake  of  tea  beverage  is
associated  with  the  risk  of  EC,  or  the  chemicals  in  the
beverages  can  affect  the  association  between  high-
temperature  liquid  and  EC  risk  as  an  independent
factor (40).

However, a population cohort study from China does
suggest  a  correlation between drinking hot  tea  and EC
incidence rate. Moreover among smokers and alcoholics,
the excessive risk of EC caused by drinking hot tea will be
relatively more salient (39). A study from northern Iran also
showed that drinking hot tea was significantly associated
with an increased risk of ESCC (41).

Other dietary factors may also affect the risk of EC. A
meta-analysis  of  observational  studies  showed  that  the
intake of fruits and vegetables was negatively correlated
with the risk of ESCC (42). Red meat intake is positively
correlated with the risk of ESCC (43,44). Low selenium
levels  can  increase  the  risk  of  EC,  while  selenium
supplementation can reduce the risk (45). Low zinc levels
may increase the risk of EC by enhancing the carcinogenic
effects  of  nitrosamines  and  the  overexpression  of
cyclooxygenase (COX)-2 (46). It has been reported that a
low-folic acid diet can also increase the risk of EC (47,48).

Smoking and alcohol

Despite  some  variations  of  the  relative  importance  across
different  geographic  locations,  the  consumption  of
cigarette  and  alcohol  is  found to  be  a  consistent  predictor
of  ESCC  (25,49-51).  Both  smoking  and  drinking  have  a
synergistic  and  positive  interaction  effect,  which  induces
normal  tissue  cancerization  (52).  Due  to  the  existence  of
regional carcinogenesis, smoking and drinking are also risk
factors  for  other  respiratory  and  digestive  cancers
(including head and neck cancer and lung cancer).

Both pipe and cigar smoking increase the risk of ESCC,
although being seemingly lower than that of cigarettes (53).
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The  type  and  amount  of  alcohol  consumed  also  have
different  effects  on  increasing  the  risk  of  ESCC.  For
example, the risk of cancer caused by spirits may be higher
than that of wine or beer. That is, the effect of cumulative
alcohol  intake  may  be  more  important.  In  addition,
individual differences in the sensitivity and tolerance of
alcohol may also have an impact. For example, some studies
have reported that mutations in the alcohol dehydrogenase
gene  can  prevent  the  occurrence  of  respiratory  and
digestive tract cancer (54,55).

Basic  underlying  gastrointestinal  diseases  and  upper
gastrointestinal cancer

The  presence  of  specific  esophageal  diseases  such  as
achalasia  and  corrosive  esophageal  stricture  can  increase
the risk of ESCC. A population study involving 1,062 cases
of  achalasia  showed  that  the  risk  of  ESCC  increased  by
more  than  16  folds  within  1−24  years  after  diagnosis,  and
patients have detected EC an average of 14 years after the
diagnosis of achalasia. Another retrospective study analyzed
2,414 cases of ESCC patients with previous complications.
Among  them,  63  cases  of  esophageal  corrosion  caused  by
ingestion of lye in childhood, the average diagnosis time of
ESCC  was  41  (range:  13−71)  years  after  ingestion  of  lye.
Atrophic gastritis  and other conditions that  cause stomach
atrophy  can  increase  the  risk  of  ESCC  to  approximately
twice the original  (56).  A number of studies have reported
that  head  and  neck  cancers,  including  oral  cancer,
nasopharyngeal  cancer,  hypopharyngeal  cancer,  and
laryngeal  cancer,  are  related  to  simultaneous  or
metachronous  ESCC  (56-58).  This  may  reflect  the
existence  of  similar  risk  factors,  such  as  smoking  or
drinking.  In  several  prospective  studies  on  head  and  neck
cancers,  the  probability  of  EC occurring  at  the  same time
or at different times was 3%−14% (57,58).

HPV

HPV infection is thought to be related to the pathogenesis
of  ESCC,  especially  serotypes  16  and 18.  There  are  more
than  100  meta-analyses  about  the  correlation  between
HPV and ESCC. Thus,  umbrella analysis  and overview of
systematic  review  are  needed  to  summarize  the  relevant
evidence  and  evaluate  the  quality  of  the  evidence.  A
systematic  review  and  meta-analysis  of  66  case-control
studies  showed  that  HPV  infection  was  significantly
associated with ESCC (59). However, the detection rate of
HPV  and  HPV-16  was  only  22.4%  and  11.4%,

respectively.  The  obvious  heterogeneity  among  the
included  studies  also  affected  the  credibility  of  the
combined  results.  Another  systematic  review  and  meta-
analysis  with  124  studies  from  six  continents  involving
13,832  ESCC  patients  evaluated  the  HPV  detection  rate
(60).  The  results  showed  that  less  than  40%  of  EESC
patients have been infected by HPV before.

Genetic factors

The role of genetic factors in the pathogenesis of EC is still
uncertain.  That  is,  it  is  still  unclear  whether  the  familial
aggregation  of  EC  is  induced  by  common  environmental
risk factors or genetic factors. The inherited type of Tylosis
(Howell-Evans  syndrome)  is  an  autosomal  dominant
genetic disease caused by RHBDF2 gene mutation, which is
highly  associated  with  ESCC  (61).  In  a  case  series  study,
70%  of  patients  with  ESCC  had  this  gene  deletion.  It  is
also  reported  that  Peutz-Jeghers  syndrome  and  autosomal
dominant  genetic  disease caused by germline mutations of
the tumor suppressor gene PTEN may also increase the risk
of EC (62,63).

Among patients with EAC, about 80% had the history of
gastroesophageal reflux disease (GERD), smoking, obesity
and  low  intake  of  fruits  and  vegetables  (32,64).  As  an
independent risk factor of EAC, the role of GERD has not
been fully understood yet. More than half of patients with
EAC have  no  history  of  symptomatic  GERD.  A  meta-
analysis  that  included  five  studies  showed  that  weekly
symptoms of GERD at least increased the odds of EAC
fivefold  [OR=4.92,  95% confidence  interval  (95% CI),
3.90−6.22],  while  daily  symptoms  increased  the  odds
sevenfold (OR=7.40, 95% CI, 4.94−11.11) (65). Even in
patients after anti-reflux surgery, the risk of esophageal and
gastric cardia developing EAC still showed an increasing
trend  (66).  Patients  with  BE  have  an  increased  risk  of
developing EC with a 30-fold rate above that of the general
population  (67).  However,  patients  with  BE  have  a
relatively  low  absolute  risk  of  developing  EC.  Obesity
seems to be an indirect risk factor for EAC and BE (68,69).
A meta-analysis including case-control and cohort studies
found that the relative risk of EAC and gastric cardia EAC
was 1.71 (95% CI,  1.50−1.96)  for patients  with BMI of
25−30 kg/m2, and 2.34 (95% CI, 1.95−2.81) for patients
with BMI≥30 kg/m2 (70). At the same time, it seems that
obesity  does  not  increase  the  risk  of  ESCC  (68,71).
Increased esophageal acid exposure may increase the risk of
EAC for patients with acid hypersecretion (71),  such as
Zollinger Ellison syndrome. Moreover, for potential factors
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such  as  lower  esophageal  sphincterotomy,  balloon
dilatation, or scleroderma, they will not only increase risks
for gastroesophageal reflux, but also may increase risk for
esophageal acid exposure. Taking drugs that reduce the
pressure  of  the  lower  esophageal  sphincter,  such  as
nitroglycerin, anticholinergic drugs, β-adrenergic agonists,
aminophylline and benzodiazepines, may increase the risk
of  adenocarcinoma,  but  the strength of  this  association
remains unclear (72). There are many differences in risk
factors  between  ESCC and  EAC due  to  their  different
pathological characteristics. EAC mostly were diagnosed
among male Caucasians, and the etiology of BE and EAC
has been investigated comprehensively (73). As this is not
the focus of  the present article,  we will  not review it  in
depth here.

Screening of EC

As  the  main  pathogenic  factors  of  EC  are  not  yet  clear,
there  is  lack  of  effective  intervention  for  this  disease  in
present.  Secondary  prevention  is  to  achieve  the  goal  of
early diagnosis and early treatment through screening, and
it  has  become  a  practical  means  to  reduce  the  risk  of
advanced EC as well as its mortality rate. There are obvious
regional  and  ethnic  differences  in  the  incidence  of  ESCC
and  EAC.  The  gastroenterology  societies  of  the  United
Kingdom,  the  United  States,  and  China  have  developed  a
series of guidelines for the screening and surveillance of BE
and EAC (7-11).  The incidence  of  EC in  China  is  mainly
consist  of  ESCC,  and  EAC  accounts  for  only  about  5%.
Although  the  incidence  of  EAC  has  increased  in  recent
years,  the  screening  process  for  BE  and  EAC  is  still  not
costly efficient in China (74). Given the negative impact of
population  screening,  its  benefits  in  low-risk  areas  do  not
seem  to  be  satisfactory  (75).  Even  for  most  of  the  people
who  participate  in  the  screening,  the  screening  might  be
harmful  rather  than  beneficial  due  to  invasive  tests,
additional  invasive  procedures  caused  by  false  positive
diagnosis,  psychological  burden,  as  well  as  time  and
economic costs.

Since  the  1960s,  China  has  conducted  a  series  of
population-level  screenings  in  areas  with  high  ESCC
prevalence. As of the end of 2018, more than 2.16 million
people had undergone upper gastrointestinal endoscopy at
194 project implementation sites across China, and more
than 34,000 cases of malignant lesions were diagnosed, with
an early diagnosis rate exceeding 70% (76). Overall, China
has made great contributions to the early prevention and
treatment of ESCC, as the first randomized controlled trial

study on screening for ESCC is also being carried out in
China (77). In response to the high incidence of ESCC,
China  has  formulated  a  series  of  consensus  on  the
screening and surveillance of early EC and precancerous
lesions in 2014, 2015, and 2019 (12-14). Based on these
consensuses,  recommendations  have  been  made  to  the
target population of EC screening, regarding of screening
age,  screening  intervals,  screening  technology,  and
endoscopic  procedures.  The  release  of  the  relevant
consensus  further  standardizes  the  process  and
management  of  ESCC screening  in  China,  making  the
screening more targeted, as well as enabling people in high
risk to obtain greater benefits despite limited resources.

Although  the  rising  incidence  of  EC  is  of  concern,
screening is  limited to a very specific group of patients.
While  the  screening  is  encouraged  among  the  target
population, it is not recommended to use endoscopic or
non-endoscopic methods to screen the general population.
The definition of high-risk population of ESCC is quite
different from that of high-risk population of EAC. The
target  population  of  the  guideline  for  EAC  screening
mainly  includes  male,  Caucasians,  patients  with  family
history of BE, patients with increased duration of reflux
symptoms, smoking, obesity and other risk factors, while
the target population of ESCC are from high-risk areas
(78).  For  the  starting  and  ending  age  of  the  target
population, the guidelines for BE and EAC recommend
that the high-risk population should start routine screening
at the age of 50 years, and the latest guidelines for ESCC
recommend  that  the  high-risk  population  should  start
routine screening at the age of 40 years until the age of 75
years, except for those who have life expectancy less than
five years (7,9,12). The definition of high-risk population
for  EC screening  in  different  guidelines  is  provided  in
Table 2. In the consensus on ESCC screening published in
China  in  2019,  the  classification  criteria  of  target
population  were  defined  (12).  The  last  item about  the
definition of target population in this consensus, that is, the
combination of other high-risk factors of EC, is relatively
nonspecific.  This  necessitates  making  the  definition  of
high-risk  population  more  inclusive,  correspondingly
expanding the scope of screening population. There is a
lack of clear evidence regarding whether this part of the
population  will  benefit  from  screening  and  the  cost-
effectiveness of screening also remains uncertain.

There is a lack of high-quality evidence to support the
surveillance  intervals  of  EC  screening.  The  Chinese
consensus on ESCC screening in 2019 for the first time
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recommended  the  frequency  of  ESCC  screening  (12).
Given  China’s  population  base,  financial  investment,
endoscopic equipment and the accessibility of endoscopists,
it is recommended that mass endoscopic screening should
be carried out once every five years in areas with extremely
high  incidence.  For  other  areas  with  relatively  low
incidence  of  EC,  the  limitations  of  screening  for  the
general population include the lack of accurate and widely
applicable risk assessment tools, the lack of cost-effective
screening methods, and the lack of beneficial impact on
mortality. Therefore, only the high-risk population should
be screened once every five years. In addition, for some
economically underdeveloped areas with a lack of medical
resources,  a  10-year  intervals  endoscopic  screening  of

surveillance could be considered (79,80). British Society of
Gastroenterology (7) and American Gastroenterological
Association (8) suggest that patients with BE shorter than 3
cm  or  without  dysplasia  should  receive  endoscopic
screening every 3−5 years.

The key to EC screening is to find a screening tool that
is  minimal  or  non-invasive,  cost-effective,  widely
applicable, safe and accurate for the diagnosis of EC (81).
The  research  prospects  in  this  field  are  broad,  mainly
focusing on improving optical technology and advanced
sampling technology (82,83).

High-definition (HD) upper gastrointestinal endoscopy
is currently being used as the gold standard for screening
target populations. The image resolution of HD can exceed

Table 2 Definition of target population in current guidelines and consensus for screening of EC

Guidelines or consensus (year
published) Subtypes Target population

Chinese expert consensus on
screening and endoscopic
management of early EC (2014) (14)

ESCC; EAC Primary: older than 40 years, and at least one risk factors including: 1) from a
high-incidence area of EC; 2) symptoms of the upper gastrointestinal tract; 3)
family history of EC; 4) precancerous diseases or precancerous lesions of the
esophagus; and 5) other high-risk factors for EC (smoking, heavy drinking,
head and neck tumors, and respiratory squamous cell carcinoma)

Chinese consensus: Screening,
diagnosis and treatment of early
esophageal squamous cell carcinoma
and precancerous lesions (2015) (13)

ESCC Long-term residence in a high-risk area of ESCC; family history of ESCC;
previous history of esophageal lesions (esophageal intraepithelial neoplasia);
personal history of cancer; long-term smoking history; long-term drinking
history; poor eating habits such as eating too fast, blanching diet, high-salt
diet, and eating pickled vegetables

Chinese expert consensus on
screening of early EC and
precancerous lesions (2019) (12)

ESCC Primary: older than 40 years, and at least one risk factors including: 1) born or
living in an area with a high incidence of EC for a long time; 2) family history
of EC; 3) precancerous diseases or precancerous lesions of the esophagus;
4) head and neck tumors; and 5) combined with other high-risk factors for
EC: blanching diet, alcohol consumption (15 g/d), smoking, eating too fast,
indoor air pollution, and missing teeth

American Gastroenterological
Association medical position
statement on the management of
Barrett’s esophagus (2011) (8)

EAC Male sex, older than 50 years, Caucasian, chronic GERD, hiatal hernia and
obesity

ASGE guideline on screening and
surveillance of Barrett’s esophagus
(2019) (9)

EAC Male sex, older than 50 years, Caucasian, family history of BE, increased
duration of reflux symptoms, smoking and obesity

British Society of Gastroenterology
guidelines on the diagnosis and
management of Barrett’s oesophagus
(2014) (7)

EAC Primary: patients with GERD, and at least three risk factors including: 1) male;
2) older than 50 years; 3) Caucasian; and 4) obesity. Family history of BE or
EAC would lower included threshold

ACG clinical guideline: Diagnosis and
management of Barrett’s esophagus
(2016) (10)

EAC Primary: male patients with either >5 years of GERD or with more than weekly
GERD symptoms, and at least two other risk factors including: 1) age >50
years; 2) central obesity; 3) smoking history; 4) Caucasian; and 5) first-degree
relatives with BE or EAC

The Chinese consensus for screening,
diagnosis and management of
Barrett’s esophagus and early
adenocarcinoma (2017) (11)

EAC 1) Older than 50 years; 2) male; 3) family history of BE; 4) long-term GERD (>5
years); 5) history of heavy smoking; and 6) obesity (BMI>25 kg/m2 or
abdominal obesity)

EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; GERD, gastroesophageal
reflux disease; BE, Barrett’s esophagus; BMI, body mass index.
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1 million pixels, which enhances the ability to identify small
mucosal  changes,  so that more accurate biopsies can be
performed (84). In the past few years, HD endoscopy has
gradually replaced standard definition endoscopy (85). Cost
is  still  the  main factor  restricting the  use  of  HD upper
gastrointestinal  endoscopes  as  a  screening  tool  for  the
general population. In addition to cost, there are several
other concerns about the false negative rate of hyperplastic
or  neoplastic  lesions.  In  a  study  that  used  standard
protocols to evaluate the efficiency of biopsy, the missed
diagnosis  rate  was  as  high  as  57%.  Advanced  imaging
technologies continue to emerge to improve the screening,
monitoring and treatment of EC patients (85,86).

Dye-based chromoendoscopy improves the detection of
abnormalities  and  target  biopsies  by  enhancing  the
visualization of mucosal and vascular absorption patterns
(87,88). Common stains include indigo carmine, methylene
blue, acetic acid and Lugol’s solutions. Lugol’s solution is a
composite stain containing iodine and potassium iodide,
which stains brown once being absorbed by the squamous
mucosa  of  the  esophagus.  By  staining  the  squamous
epithelium  brown,  Lugol’s  chromoendoscopy  (LCE)
highlights  any  metaplastic  columnar  epithelium in  the
esophagus  (89) .  In  general ,  the  advantages  of
chromatography endoscopy are that it is relatively cheap,
and chemical solutions are easy to use, provide wide-angle
imaging,  and  are  conducive  to  mucosal  enhancement.
However,  the  use  of  dye-based  chromoendoscopy  has
several disadvantages. For example, the ability to identify
abnormal  mucosa  varies  greatly  among  observers,
additional steps in the procedure are time-consuming, and
some people are worried about the harm of contrasts.

Virtual chromoendoscopy such as narrow-band imaging
(NBI),  Fujinon  intelligent  chromoendoscopy,  i-SCAN,
blue-light  imaging,  and  linked-color  imaging  usually
enhances the mucosal surface and blood vessels through
contrast  agent  enhancement  (87,90).  The  difference
between NBI, which is  relatively widely used in clinical
practice, and color endoscope is that it does not use any
dyes.  In  contrast,  NBI  improves  the  resolution  of  the
mucosal surface by limiting the wavelength range of light.
A number of meta-analysis studies have shown that NBI
performs  well  in  detecting  high-grade  dysplasia,  with
sensitivity  and  specificity  reaching  96%  and  94%,
respectively (91). At the same time, compared with white
light endoscopy, several studies have shown that there is no
difference between the two in detecting neoplastic tumors
(92,93). The advantage of NBI is its minimal toxicity risk in

comparison with dye-based chromoendoscopy. Moreover,
NBI is relatively cheap and has been integrated in most
standard equipment with better applicability.

There are a wide variety of optical technologies available
for diagnosis, including white light endoscopy, dye-based
chromoendoscopy,  virtual  chromoendoscopy,  auto
fluorescence  imaging,  microscopic  endoscopy,  optical
coherence tomography/volumetric laser endomicroscopy,
tethered capsule endomicroscopy, and spectroscopy. Some
other  advanced  technologies  as  potential  alternatives
include  wide  area  transepithelial  sampling  with  3-
dimensional  tissue  analysis,  Cytosponge™,  transnasal
endoscopy, biomarker panels, and breath testing using an
electronic  nose  device  (82,94-96).  When  it  comes  to
choosing screening method, the most effective way to be
recommended is the endoscopic monitoring combined with
histopathological  assessment,  regardless  of  ESCC  or
adenocarcinoma. Among multiple options for endoscopic
monitoring  method,  white  light  endoscopy  is  the  first
choice (97-99). Dye-based or virtual chromoendoscopy can
be used as auxiliary screening methods in combination with
white light endoscopy to increase the accuracy of diagnosis.
At  the  present  time,  neither  individual  biomarkers  nor
panels  of  markers  are  ready for  clinical  practice  can be
recommended.

Conclusions

The epidemiological and pathological characteristics of EC
vary  significantly  between  the  Eastern  and  the  Western
world,  Moreover,  the  reference  value  of  prevention  and
screening  management  for  EAC  in  Western  countries,
China and other high-risk areas of ESCC is limited. Since
the risk factors of EC are still unclear and not specific, it is
a  powerful  preventive  measure  to  carry  out  population
screening  of  EC  in  high-risk  areas.  In  light  of  poor
prognosis  of  advanced  EC,  especially  when  the
precancerous  lesions  are  known  to  be  monitored  by
endoscopy,  it  is  important  to  determine  an  efficient  and
economic  method  for  accurate  screening  of  EC.  Chinese
experts  are  working  together  to  solve  this  major  health
problem  in  the  next  few  decades,  and  to  provide  Chinese
experience  for  the  prevention  and  control  of  ESCC
worldwide.

Acknowledgements

This  study  was  supported  by  the  Non-profit  Central

542 Li et al. EC: Epidemiology, risk factors and screening

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547



Research  Institute  Fund  of  Chinese  Academy  of  Medical
Sciences  (No.  2020-PT330-001);  Beijing  Nova  Program
(No.  Z201100006820070)  from  Beijing  Municipal
Science/Technology  Commission; the  Non-profit  Central
Research  Institute  Fund  of  Chinese  Academy  of  Medical
Sciences (No. 2019PT320027); and Cooperation Project in
Beijing, Tianjin and Hebei of China (No. J200017).

Footnote

Conflicts  of  Interest:  The  authors  have  no  conflicts  of
interest to declare.

References

Sung  H,  Ferlay  J,  Siegel  RL,  et  al.  Global  cancer
statistics 2020: GLOBOCAN estimates of incidence
and  mortality  worldwide  for  36  cancers  in  185
countries. CA Cancer J Clin 2021;71:209-49.

1.

Siegel  RL,  Miller  KD,  Fuchs  HE,  et  al.  Cancer
statistics, 2021. CA Cancer J Clin 2021;71:7-33.

2.

Merkow  RP,  Bilimoria  KY,  Keswani  RN,  et  al.
Treatment trends, risk of lymph node metastasis, and
outcomes  for  localized  esophageal  cancer.  J  Natl
Cancer Inst 2014;106:dju133.

3.

Cao W, Chen HD, Yu YW, et al. Changing profiles
of cancer burden worldwide and in China: a secondary
analysis of the global cancer statistics 2020. Chin Med
J (Engl) 2021;134:783-91.

4.

Zheng  RS,  Sun  KX,  Zhang  SW,  et  al.  Report  of
cancer  epidemiology  in  China,  2015.  Zhonghua
Zhong Liu Za Zhi (in Chinese) 2019;41:19-28.

5.

Thrumurthy SG, Chaudry MA, Thrumurthy SSD,
et  al.  Oesophageal  cancer:  risks,  prevention,  and
diagnosis. BMJ 2019;366:l4373.

6.

Fitzgerald RC, di Pietro M, Ragunath K, et al. British
Society  of  Gastroenterology  guidelines  on  the
diagnosis and management of Barrett’s oesophagus.
Gut 2014;63:7-42.

7.

American Gastroenterological Association, Spechler
SJ,  Sharma P,  et  al.  American Gastroenterological
Association  medical  position  statement  on  the
management of Barrett’s esophagus. Gastroenterology
2011;140:1084-91.

8.

Asge Standards of Practice Committee, Qumseya B,
Sultan  S,  et  al.  ASGE guideline  on  screening  and
surveillance  of  Barrett’s  esophagus.  Gastrointest

9.

Endosc 2019;90:335-59.e2.
Shaheen NJ, Falk GW, Iyer PG, et al. ACG clinical
guideline:  Diagnosis  and management  of  Barrett’s
esophagus. Am J Gastroenterol 2016;111:30-50;quiz 51.

10.

National  Clinical  Research  Center  for  Digestive
Diseases,  Chinese  Digestive  Endoscopy  Society,
Chinese Digestive Doctor Association. The Chinese
consensus for screening, diagnosis and management
of  Barrett’s  esophagus  and  early  adenocarcinoma
(2017,  Wanning).  Zhonghua  Nei  Ke  Za  Zhi  (in
Chinese) 2017;56:701-11.

11.

National  Digestive  Endoscopy  Quality  Control
Center,  National  Clinical  Research  Center  for
Digestive  Diseases  (Shanghai),  National  Early
Gastrointestinal-Cancer  Prevention  & Treatment
Center  Alliance  (GECA),  et  al.  China  experts
consensus on screening of early esophageal cancer and
pre-cancerous  lesion  screening  (2019,  Xinxiang).
Zhonghua Xiao Hua Nei Jing Za Zhi (in Chinese)
2019;36:793-801.

12.

Chinese  Society  of  Digestive  Endoscopy,  Chinese
Society  of  Gastroenterology.  Chinese  consensus:
Screening, diagnosis and treatment of early esophageal
squamous cell  carcinoma and precancerous lesions
(2015,  Beijing).  Zhonghua  Nei  Ke  Za  Zhi  (in
Chinese) 2016;55:73-85.

13.

Chinese  Society  of  Digestive  Endoscopy,  Cancer
Endoscopy Professional Committee of China Anti-
Cancer  Association.  Chinese  expert  consensus  on
screening  and  endoscopic  management  of  early
esophageal  cancer  (Beijing,  2014).  Zhonghua  Shi
Yong Nei Ke Za Zhi (in Chinese) 2015;35:320-37.

14.

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

15.

GBD  2019  Diseases  and  Injuries  Collaborators.
Global  burden of  369  diseases  and  injuries  in  204
countries  and  territories,  1990-2019:  a  systematic
analysis for the Global Burden of Disease Study 2019.
Lancet 2020;396:1204-22.

16.

Chen F,  Wang YQ.  Disease  burden and trends  of
esophageal  cancer  in  China  during  1990-2019.
Zhongguo Zhong Liu (in Chinese) 2021;30:401-7.

17.

Liang H, Fan JH, Qiao YL. Epidemiology, etiology,
and  prevention  of  esophageal  squamous  cell

18.

Chinese Journal of Cancer Research, Vol 33, No 5 October 2021 543

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547



carcinoma in China. Cancer Bio Med 2017;14:33-41.
Lu CL, Lang HC, Luo JC, et al. Increasing trend of
the incidence of esophageal squamous cell carcinoma,
but not adenocarcinoma, in Taiwan. Cancer Causes
Control 2010;21:269-74.

19.

Schneider  JL,  Corley  DA.  A  review  of  the
epidemiology  of  Barret t ’ s  oesophagus  and
oesophageal  adenocarcinoma.  Best  Pract  Res  Clin
Gastroenterol 2015;29:29-39.

20.

Thrift AP. The epidemic of oesophageal carcinoma:
Where  are  we  now?  Cancer  Epidemiol  2016;41:
88-95.

21.

Tran  GD,  Sun  XD,  Abnet  CC,  et  al.  Prospective
study of risk factors for esophageal and gastric cancers
in  the  Linxian  general  population  trial  cohort  in
China. Int J Cancer 2005;113:456-63.

22.

He  Z,  Zhao  Y,  Guo  C,  et  al.  Prevalence  and  risk
factors  for  esophageal  squamous  cell  cancer  and
precursor  lesions  in  Anyang,  China:  a  population-
based endoscopic survey. Br J Cancer 2010;103:1085-8.

23.

Lin Y, Totsuka Y, Shan B, et al. Esophageal cancer in
high-risk  areas  of  China:  research  progress  and
challenges. Ann Epidemiol 2017;27:215-21.

24.

Abnet  CC,  Arnold M, Wei  WQ. Epidemiology of
e s o p h a g e a l  s q u a m o u s  c e l l  c a r c i n o m a .
Gastroenterology 2018;154:360-73.

25.

Lin  Y,  Totsuka  Y,  He  Y,  et  al.  Epidemiology  of
esophageal cancer in Japan and China. J Epidemiol
2013;23:233-42.

26.

Zhou  MG,  Wang  XF,  Hu JP,  et  al.  Geographical
distribution of cancer mortality in China, 2004-2005.
Zhonghua  Yu  Fang  Yi  Xue  Za  Zhi  (in  Chinese)
2010;44:303-8.

27.

Zeng HM, Zheng RS, Zhang SW, et al. Analysis and
prediction of  esophageal  cancer incidence trend in
China.  Zhonghua  Yu  Fang  Yi  Xue  Za  Zhi  (in
Chinese) 2012;46:593-7.

28.

American  Cancer  Society  Cancer  Statistics  2021
Report. J Nucl Med 2021;62:12N.

29.

Pohl  H,  Sirovich  B,  Welch  HG.  Esophageal
adenocarcinoma incidence: are we reaching the peak?
Cancer Epidemiol Biomarkers Prev 2010;19:1468-70.

30.

Edgren G, Adami HO, Weiderpass E, et al. A global
assessment  of  the  oesophageal  adenocarcinoma
epidemic. Gut 2013;62:1406-14.

31.

Engel LS, Chow WH, Vaughan TL, et al. Population32.

attributable risks of esophageal and gastric cancers. J
Natl Cancer Inst 2003;95:1404-13.
McCormack  VA,  Menya  D,  Munishi  MO,  et  al.
Informing etiologic research priorities for squamous
cell esophageal cancer in Africa: A review of setting-
specific exposures to known and putative risk factors.
Int J Cancer 2017;140:259-71.

33.

Abnet CC, Kamangar F, Islami F, et al. Tooth loss
and lack of regular oral hygiene are associated with
higher risk of esophageal squamous cell carcinoma.
Cancer Epidemiol Biomarkers Prev 2008;17:3062-8.

34.

Guha  N,  Boffetta  P,  Wunsch  Filho  V,  et  al.  Oral
health  and risk  of  squamous  cell  carcinoma of  the
head  and  neck  and  esophagus:  results  of  two
multicentric  case-control  studies.  Am J  Epidemiol
2007;166:1159-73.

35.

Akhtar S, Sheikh AA, Qureshi HU. Chewing areca
nut, betel quid, oral snuff, cigarette smoking and the
risk of oesophageal squamous-cell carcinoma in South
Asians: a multicentre case-control study. Eur J Cancer
2012;48:655-61.

36.

Islami F, Boffetta P, Ren JS, et al. High-temperature
beverages and foods and esophageal cancer risk — a
systematic review. Int J Cancer 2009;125:491-524.

37.

Islami  F,  Poustchi  H,  Pourshams  A,  et  al.  A
prospective study of tea drinking temperature and risk
of esophageal squamous cell carcinoma. Int J Cancer
2020;146:18-25.

38.

Yu C, Tang H, Guo Y, et al. Hot tea consumption
and its interactions with alcohol and tobacco use on
the  risk  for  esophageal  cancer  a  population-based
cohort study. Ann Intern Med 2018;168:489-97.

39.

Wu  M,  Liu  AM,  Kampman  E,  et  al.  Green  tea
drinking, high tea temperature and esophageal cancer
in  high-  and  low-risk  areas  of  Jiangsu  Province,
China: a population-based case-control study. Int J
Cancer 2009;124:1907-13.

40.

Islami F, Pourshams A, Nasrollahzadeh D, et al. Tea
drinking habits and oesophageal cancer in a high risk
area in northern Iran: population based case-control
study. BMJ 2009;338:b929.

41.

Liu  J,  Wang  J,  Leng  Y,  et  al.  Intake  of  fruit  and
vegetables  and  risk  of  esophageal  squamous  cell
carcinoma: a meta-analysis of observational studies.
Int J Cancer 2013;133:473-85.

42.

Cross  AJ,  Freedman  ND,  Ren  J,  et  al.  Meat43.

544 Li et al. EC: Epidemiology, risk factors and screening

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547



consumption and risk of esophageal and gastric cancer
in  a  large  prospective  study.  Am  J  Gastroenterol
2011;106:432-42.
Keszei AP, Schouten LJ, Goldbohm RA, et al. Red
and  processed  meat  consumption  and  the  risk  of
esophageal  and  gastric  cancer  subtypes  in  The
Netherlands Cohort Study. Ann Oncol 2012;23:2319-26.

44.

Steevens J, van den Brandt PA, Goldbohm RA, et al.
Selenium status and the risk of esophageal and gastric
cancer  subtypes:  the  Netherlands  cohort  study.
Gastroenterology 2010;138:1704-13.

45.

Abnet CC, Lai B, Qiao YL, et al. Zinc concentration
in esophageal  biopsy specimens measured by x-ray
fluorescence  and  esophageal  cancer  risk.  J  Natl
Cancer Inst 2005;97:301-6.

46.

Larsson SC, Giovannucci E, Wolk A. Folate intake,
MTHFR  polymorphisms,  and  risk  of  esophageal,
gastric,  and  pancreatic  cancer:  a  meta-analysis.
Gastroenterology 2006;131:1271-83.

47.

Xiao Q, Freedman ND, Ren J, et al. Intakes of folate,
methionine, vitamin B6, and vitamin B12 with risk of
esophageal and gastric cancer in a large cohort study.
Br J Cancer 2014;110:1328-33.

48.

Pandeya N, Williams G, Green AC, et  al.  Alcohol
consumption and the risks  of  adenocarcinoma and
squamous  cel l  carcinoma  of  the  esophagus.
Gastroenterology 2009;136:1215-24.

49.

Islami  F,  Fedirko  V,  Tramacere  I,  et  al.  Alcohol
drinking  and  esophageal  squamous  cell  carcinoma
with  focus  on light-drinkers  and never-smokers:  a
systematic  review and  meta-analysis.  Int  J  Cancer
2011;129:2473-84.

50.

Freedman  ND,  Abnet  CC,  Caporaso  NE,  et  al.
Impact of changing US cigarette smoking patterns on
incident cancer: risks of 20 smoking-related cancers
among  the  women  and  men  of  the  NIH-AARP
cohort. Int J Epidemiol 2016;45:846-56.

51.

Prabhu A, Obi KO, Rubenstein JH. The synergistic
effects of alcohol and tobacco consumption on the risk
of  esophageal  squamous  cell  carcinoma:  a  meta-
analysis. Am J Gastroenterol 2014;109:822-7.

52.

Randi G, Scotti L, Bosetti C, et al. Pipe smoking and
cancers  of  the  upper  digestive  tract.  Int  J  Cancer
2007;121:2049-51.

53.

Hashibe M, McKay JD, Curado MP, et al. Multiple
ADH genes are associated with upper aerodigestive

54.

cancers. Nat Genet 2008;40:707-9.
Druesne-Pecollo  N,  Tehard  B,  Mallet  Y,  et  al.
Alcohol and genetic polymorphisms: effect on risk of
alcohol-related cancer. Lancet Oncol 2009;10:173-80.

55.

Islami F, Sheikhattari P, Ren JS, et al. Gastric atrophy
and  risk  of  oesophageal  cancer  and  gastric  cardia
adenocarcinoma — a  systematic  review and  meta-
analysis. Ann Oncol 2011;22:754-60.

56.

Erkal  HS,  Mendenhall  WM,  Amdur  RJ,  et  al.
Synchronous  and  metachronous  squamous  cell
carcinomas of the head and neck mucosal sites. J Clin
Oncol 2001;19:1358-62.

57.

Petit  T,  Georges  C,  Jung  GM,  et  al.  Systematic
esophageal endoscopy screening in patients previously
treated for head and neck squamous-cell carcinoma.
Ann Oncol 2001;12:643-6.

58.

Li X, Gao C, Yang Y, et al. Systematic review with
meta-analysis:  the  association  between  human
papillomavirus  infection  and  oesophageal  cancer.
Aliment Pharmacol Ther 2014;39:270-81.

59.

Petrick JL, Wyss AB, Butler AM, et al. Prevalence of
human papillomavirus among oesophageal squamous
cell  carcinoma cases:  systematic  review and  meta-
analysis. Br J Cancer 2014;110:2369-77.

60.

Blaydon DC, Etheridge SL, Risk JM, et al. RHBDF2
mutations  are  associated  with  tylosis,  a  familial
esophageal  cancer  syndrome.  Am  J  Hum  Genet
2012;90:340-6.

61.

Sherman SK, Maxwell JE, Qian Q, et al. Esophageal
cancer in a family with hamartomatous tumors and
germline  PTEN frameshift  and  SMAD7 missense
mutations. Cancer Genet 2015;208:41-6.

62.

Gu  Y,  Lin  S,  Li  JL,  et  al.  Altered  LKB1/CREB-
regulated transcription co-activator (CRTC) signaling
axis promotes esophageal cancer cell migration and
invasion. Oncogene 2012;31:469-79.

63.

Zhai  R,  Chen F,  Liu  G,  et  al.  Interactions  among
genetic variants in apoptosis  pathway genes,  reflux
symptoms,  body mass  index,  and smoking indicate
two  distinct  etiologic  patterns  of  esophageal
adenocarcinoma. J Clin Oncol 2010;28:2445-51.

64.

Rubenstein  JH,  Taylor  JB.  Meta-analysis:  the
association  of  oesophageal  adenocarcinoma  with
symptoms  of  gastro-oesophageal  reflux.  Aliment
Pharmacol Ther 2010;32:1222-7.

65.

Lagergren J, Ye W, Lagergren P, et al. The risk of66.

Chinese Journal of Cancer Research, Vol 33, No 5 October 2021 545

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547



esophageal adenocarcinoma after antireflux surgery.
Gastroenterology 2010;138:1297-301.
Hvid-Jensen  F,  Pedersen  L,  Drewes  AM,  et  al.
Incidence of  adenocarcinoma among patients  with
Barrett’s esophagus. N Engl J Med 2011;365:1375-83.

67.

Lauby-Secretan  B,  Scoccianti  C,  Loomis  D,  et  al.
Body fatness and cancer — Viewpoint of the IARC
Working Group. New Engl J Med 2016;375:794-8.

68.

Thrift AP, Shaheen NJ, Gammon MD, et al. Obesity
and risk of esophageal adenocarcinoma and Barrett’s
esophagus: A mendelian randomization study. J Natl
Cancer Inst 2014;106:dju252.

69.

Turati F, Tramacere I, La Vecchia C, et al. A meta-
analysis of body mass index and esophageal and gastric
cardia adenocarcinoma. Ann Oncol 2013;24:609-17.

70.

Lagergren  J,  Bergström  R,  Nyrén  O.  Association
between  body  mass  and  adenocarcinoma  of  the
esophagus  and  gastric  cardia.  Ann  Intern  Med
1999;130:883-90.

71.

Corley  DA,  Levin  TR,  Habel  LA,  et  al.  Barrett’s
esophagus  and  medications  that  relax  the  lower
esophageal sphincter. Am J Gastroenterol 2006;101:
937-44.

72.

Thrift AP, Pandeya N, Whiteman DC. Current status
and future perspectives on the etiology of esophageal
adenocarcinoma. Front Oncol 2012;2:11.

73.

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

74.

Zeng L, Helsingen LM, Kenji Nampo F, et al. How
do  cancer  screening  guidelines  trade  off  benefits
versus harms and burdens of screening? A systematic
survey. BMJ Open 2020;10:e038322.

75.

Wang  GQ,  Wei  WW.  A  new  transition  of  the
screening, early diagnosis and early treatment project
of  the  upper  gastrointestinal  cancer:  opportunistic
screening.  Zhonghua  Yu  Fang  Yi  Xue  Za  Zhi  (in
Chinese) 2019;53:1084-7.

76.

He Z,  Liu Z,  Liu M, et  al.  Efficacy  of  endoscopic
screening for esophageal cancer in China (ESECC):
design and preliminary results of a population-based
randomised controlled trial. Gut 2019;68:198-206.

77.

He  Z,  Ke  Y.  Precision  screening  for  esophageal
squamous cell carcinoma in China. Chin J Cancer Res

78.

2020;32:673-82.
Yang J, Wei WQ, Niu J, et al. Cost-benefit analysis of
esophageal cancer endoscopic screening in high-risk
areas of China. World J Gastroenterol 2012;18:2493-
501.

79.

Hur C, Choi SE, Kong CY, et al.  High-resolution
microendoscopy for esophageal cancer screening in
China:  A  cost-effectiveness  analysis.  World  J
Gastroenterol 2015;21:5513-23.

80.

Blevins  CH,  Iyer  PG.  Who  deserves  endoscopic
screening  for  esophageal  neoplasia?  Gastrointest
Endosc Clin N Am 2017;27:365-78.

81.

Steele D, Baig KKK, Peter S. Evolving screening and
surveillance  techniques  for  Barrett’s  esophagus.
World J Gastroenterol 2019;25:2045-57.

82.

Sami  SS,  Ragunath  K,  Iyer  PG.  Screening  for
Barrett’s esophagus and esophageal adenocarcinoma:
rationale,  recent  progress,  challenges,  and  future
directions.  Clin  Gastroenterol  Hepatol  2015;13:
623-34.

83.

Singh R, Yeap SP. Endoscopic imaging in Barrett’s
esophagus.  Expert  Rev  Gastroenterol  Hepatol
2015;9:475-85.

84.

Kandel P, Wallace MB. The role of adjunct imaging
in  endoscopic  detection  of  dysplasia  in  Barrett’s
esophagus. Gastrointest Endosc Clin N Am 2017;27:
423-46.

85.

Saxena  N,  Inadomi  JM.  Effectiveness  and  cost-
effectiveness of endoscopic screening and surveillance.
Gastrointest Endosc Clin N Am 2017;27:397-421.

86.

Komatsu Y, Newhams KM, Jobe BA. Enhancing the
detection  of  Barrett  esophagus.  Thorac  Surg  Clin
2018;28:453-64.

87.

Boerwinkel DF, Swager A, Curvers WL, et al. The
clinical consequences of advanced imaging techniques
in Barrett’s esophagus. Gastroenterology 2014;146:
622-9.e4.

88.

Morita FH, Bernardo WM, Ide E, et al. Narrow band
imaging versus lugol chromoendoscopy to diagnose
squamous  cell  carcinoma  of  the  esophagus:  a
systematic  review and meta-analysis.  BMC Cancer
2017;17:54.

89.

Everson MA, Lovat LB, Graham DG, et al. Virtual
chromoendoscopy  by  using  optical  enhancement
improves  the  detection  of  Barrett’s  esophagus-
associated neoplasia.  Gastrointest  Endosc 2019;89:

90.

546 Li et al. EC: Epidemiology, risk factors and screening

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547



247-56.e4.
Zwakenberg  MA,  Dikkers  FG,  Wedman  J,  et  al.
Detection of high-grade dysplasia, carcinoma in situ
and  squamous  cell  carcinoma  in  the  upper  aero-
digestive  tract:  Recommendations  for  optimal  use
and  interpretation  of  narrow-band  imaging.  Clin
Otolaryngol 2019;44:39-46.

91.

Sharma P, Bergman JJ, Goda K, et al. Development
and validation of a classification system to identify
high-grade dysplasia and esophageal adenocarcinoma
in Barrett’s  esophagus using narrow-band imaging.
Gastroenterology 2016;150:591-8.

92.

Zwakenberg  MA,  Dikkers  FG,  Wedman  J,  et  al.
Narrow band imaging improves observer reliability in
evaluation  of  upper  aerodigestive  tract  lesions.
Laryngoscope 2016;126:2276-81.

93.

Maes S, Sharma P, Bisschops R. Review: Surveillance
of patients with Barrett oesophagus. Best Pract Res
Clin Gastroenterol 2016;30:901-12.

94.

Chaber-Ciopinska A,  Kiprian D,  Kawecki  A,  et  al.95.

Surveillance of patients at high-risk of squamous cell
esophageal cancer. Best Pract Res Clin Gastroenterol
2016;30:893-900.
Liu F, Liu M, Liu Y, et al. Oral microbiome and risk
of malignant esophageal lesions in a high-risk area of
China: A nested case-control study. Chin J Cancer
Res 2020;32:742-54.

96.

Protano MA, Xu H, Wang G, et al. Low-cost high-
resolution  microendoscopy  for  the  detection  of
esophageal squamous cell neoplasia: An international
trial. Gastroenterology 2015;149:321-9.

97.

Shimizu  Y,  Takahashi  M,  Mizushima  T,  et  al.
Chromoendoscopy with  iodine staining,  as  well  as
narrow-band imaging, is still useful and reliable for
screening  of  early  esophageal  squamous  cell
carcinoma. Am J Gastroenterol 2015;110:193-4.

98.

Duits  LC,  Lao-Sirieix  P,  Wolf  WA,  et  al.  A
biomarker  panel  predicts  progression  of  Barrett’s
esophagus  to  esophageal  adenocarcinoma.  Dis
Esophagus 2019;32:doy102.

99.

Cite this article as: Li J, Xu J, Zheng Y, Gao Y, He S, Li H,
Zou K,  Li  N,  Tian J,  Chen W, He J.  Esophageal  cancer:
Epidemiology, risk factors and screening. Chin J Cancer Res
2021;33(5):535-547.  doi:  10.21147/j.issn.1000-9604.
2021.05.01

Chinese Journal of Cancer Research, Vol 33, No 5 October 2021 547

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2021;33(5):535-547


