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Introduction

The incidence of esophageal cancers worldwide has 
been changing over the twentieth century, with rates 
of adenocarcinoma in comparison to squamous cell 
carcinoma (SCC).  SCC historical ly  has  been the 
predominate neoplasm encompassing 90% to 95% of 
all esophageal cancers. However, the transition from 
SCC to adenocarcinoma (AC) has been noted by many 
epidemiological series and has been shown since the mid 
1990’s (1). This finding was initially observed in Western 

countries, with more recent increases in some Eastern 
countries as well as AC now accounts for 50% to 80% of 
esophageal cancer cases. In the United States, esophageal 
AC is the most predominant histology (2). This shift has 
led to much debate regarding the etiology of the disease, as 
well as the therapeutic options available for a malignancy 
with such rapid growth and high mortality with a 5-year 
survival of 15–20% at best. Common risk factors are shared 
between the two classifications; however, characteristics 
have been identified that distinctly separate them. Although 
the increase is most notable in Western and high human 
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development index (HDI) countries, the burden can also 
be recognized in the esophageal cancer “hotspots.” The 
population comprising the “Asian esophageal cancer belt” 
represents more than 50% of all esophageal cancer cases 
worldwide, which allows for a large population size along 
with a broader array of “hotspots” that are easily compared. 
Although the vast majority of these esophageal cancers are 
due to SCC, we hypothesize that AC is an emerging hidden 
issue. In this review we analyzed trends within China that 
could be contributing to the changing histological patterns 
of esophageal cancer. Specifically, the analysis of trends 
and contributing factors were evaluated with the ultimate 
goal of aiding the development of health care policies for 
screening and prevention to allow control measures in the 
future. Screening high-risk populations with endoscopy has 
shown to be beneficial, however, a set of global guidelines 
still needs to be established to define who should be chosen 
for the screening process.

Squamous cell carcinoma of the esophagus

Esophageal SCC is predominant in the esophageal cancer 
“Asian belt” (Figure 1), including Northern Iran, Central 
Asia, and North-Central China with an incidence estimated 
as high as 100/100,000 annually (3). In western countries, 
including the USA, the incidence of esophageal SCC has 
been declining over the last several decades, and esophageal 
AC now predominates (4). Although the general trend in the 
US is from esophageal SCC to AC, this is disproportionate 
among all population subgroups in the US; African 
American males are 7 times more likely be diagnosed with 
esophageal SCC than esophageal AC, and US whites are 
4 times more likely to be diagnosed with esophageal AC 
than SCC (5). Although most Western societies have the 
same reduction in esophageal SCC as the US, it is noted 
that SCC incidence rates are predicted to remain constant 
in areas such as the UK and Australia (6). Risk factors for 
esophageal SCC include smoking and alcohol use, diet 
and nutrition, and HPV. Changes in smoking and alcohol 
usage in Western countries has decreased the incidence of 
esophageal SCC, but worldwide esophageal SCC remains a 
major health concern. 

Smoking and alcohol

Smoking has been known to be a causal risk factor for 
esophageal SCC for many years now, increasing the risk 
3–7-fold in current smokers (7-9). Smoking cigars and pipes 

have also been shown to increase the risk of esophageal 
SCC, although to a lesser degree than cigarettes (10,11). 
Changes in smoking patterns, especially in Western 
countries, is believed to contribute to the decline in 
incidence of esophageal SCC (12). Alcohol consumption 
has also been shown to increase rates of esophageal SCC 
independently (13,14), and synergistically with tobacco 
consumption (15). Alcohol consumption in excessive 
amounts (>3 drinks per day) increases cancer risk 3–5-
fold, regardless of the type of alcohol (7,16). Even small 
quantities of alcohol consumption of less than 10 g/day, 
which correlates to one small glass of wine, have been 
shown to increase esophageal SCC risk (17). In general 
the incidence of esophageal SCC is decreasing in the 
US. However, it is still 7 times more frequent in African 
Americans in the US, likely due to alcohol and tobacco use 
patterns (16,18,19). In 2016 a case control observational 
study including 703 patients with SCC did show an 
increased risk of esophageal cancer with second-hand smoke 
in a dose dependent manner (20). In terms of second hand 
smoke and the associated risk of esophageal cancer, further 
studies are needed to determine if there is an associated risk. 

Diet and nutrition

There are many associations between diet, hot beverages, 
and nutritional deficiencies that have been implicated 
with esophageal SCC. Diets high in pickled vegetables 
and N-nitrosamines are commonly found in China and 
Eastern countries and have been linked to esophageal 
SCC (16,21,22). Maté, a tea consumed either hot or cold, 
contains polycyclic aromatic hydrocarbons, a known 
carcinogen. Maté is heavily consumed in South America 
where there is a high incidence of esophageal SCC (16). 
Certain hot beverages and prepared food have also been 
hypothesized to be associated with esophageal SCC, thought 
to be due to thermal injury (23). Several studies have also 
shown that diets deficient in fruits and vegetables, zinc, 
selenium and vitamins are also associated with increased 
rates of esophageal SCC (16,24-26). Nutritional deficiencies 
are often seen with alcohol use and likely contribute to the 
increased rates of esophageal SCC in alcohol users. Betel 
nuts are the seeds of the fruit of the areca palm, which 
grows in the tropical Pacific, Southeast and South Asia, 
and parts of east Africa. It is very popular in areas such as 
Taiwan and India, and has addictive properties due to the 
energy boost it produces. The association between betel 
nut and esophageal cancer has been in question for many 
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Figure 1 The Central Asian Esophageal Cancer Belt extending from Iran to China. Including countries and regions, such as Turkmenistan, 
Mongolia, Tajikstan, Bangladesh, Turkey, Iran, north-central China. The Asian Esophageal Cancer Belt accounts for more than 50% of all 
esophageal cancers worldwide. (A) Geographic reference with labeled countries (B) Geographical boundaries of the Asian Esophageal Belt.
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years due to the high incidence of SCC in the areas where 
it is popular. In 2012 a meta-analysis of case-control studies 
(2,836 cases; 9,553 controls) was done that showed betel nut 
chewing independently was associated with an increased risk 
of SCC. However, when combined with tobacco smoking 
the risk increased substantially (27). 

Human papilloma virus (HPV) related to esophageal cancer

Human papilloma virus is a DNA virus well associated 
with SCC of the cervix, penis, oropharynx and anus. 
It can also affect the esophagus similarly due to the 
squamous histological  s imilarit ies  as  these other 
locations. Virus subtypes HPV16 and HPV18 are 
the  oncogenic  subtypes  associated with  cerv ica l 
cancer, however, the association between HPV and 
esophageal SCC has not been well established (28). 
Studies investigating HPV in esophageal SCC found 
the virus in tumor cells ranging from 0–70% (29).  
Other studies, however, did not find HPV DNA integrated 
into the tumor genome (30). A recent article did identify a 
three times higher incidence of esophageal cancer in HPV 
positive individuals. In terms of prognosis of esophageal 
cancer due to HPV infection, Guo et al. performed a 
meta-analysis of 1184 cases to determine the associated 

progression of esophageal cancer (31). They were unable 
to show that there was any prognostic utility of the virus 
and its contributing factors. This analysis was limited 
by the degree of heterogeneity in the HPV subtypes. Of 
the studies that were included in the meta-analysis, only 
one was able to show a good survival prognosis among 
HPV positive patients with esophageal SCC. The HPV 
vaccine is unlikely to have a significant effect on rates of 
esophageal SCC worldwide since vaccination is typically 
performed in western countries. Further work is required 
to more clearly identify the link between HPV and certain 
types of ESCC (32). 

Squamous cell carcinoma in China 

In 2012, there was estimated to be 398,000 global cases of 
SCC, with the Asian belt comprising over 70 percent of 
the global total. Although esophageal cancer is decreasing 
in China over the last few decades, it is responsible for 
over 50% of all esophageal cancers. Figure 2 quantifies the 
global burden of esophageal cancer by histological type (33). 
Further studies have been underway in China to identify 
the major risk factors of the disease. Other studies reported 
a higher incidence in rural areas and men, with rates in 
rural areas double that of urban (34). This most likely is 

Figure 2 China represents 53% and 18% of global esophageal SCC and AC respectively. Regional distribution of estimated esophageal 
cancer cases by histological subtype in 2012. CA, Central Asia; EE, Eastern Europe; LAC, Central & Southern America and Caribbean; 
NAm, Northern America; NAf & WA, Northern Africa/Western Asia; NWE, North Western Europe; OC, Oceania; SE, Southern Europe; 
SEA, South-East Asia; SSA, Sub-Saharan Africa.
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related to socioeconomic status and lifestyle with common 
risk factors like those discussed previously. Figure 3 shows 
the incidence of esophageal cancer in both sexes and their 
country of residence in China.

Rise of adenocarcinoma of the esophagus

Over the past four decades, the frequency of adenocarcinoma 
of the esophagus, esophagogastric junction (EGJ), and 
gastric cardia has been increasing dramatically (35).  
The rising trend was first noted in Western countries with 
it surpassing SCC in the United States; however, recently 
increases have been noted in Eastern countries as well. This 
has led to more focus on the etiology behind development 
of esophageal adenocarcinoma, as well as the risk factors 
associated with its increasing frequency.

Adenocarcinoma arises from intestinal type cells 
(transition of squamous to intestinal type histology) and is 
more frequently located in the lower third of the esophagus. 
Barrett’s esophagus and chronic gastroesophageal reflux 
disease are the main risk factors associated with its 
pathology, with Barrett’s esophagus associated with a 30 
to 125-fold increase in esophageal adenocarcinoma (36). 
Barrett’s metaplasia results from chronic reflux and leads 
to injuring the esophageal squamous cell epithelium and 
transition to metaplastic columnar epithelium. With 
further injury and genetic changes, progression occurs in a 
metaplasia-dysplasia-adenocarcinoma sequence. 

The other risk factors of esophageal adenocarcinoma 
that we will discuss in this review include obesity, smoking, 
diets high in saturated fat and red meat, treatment of 
Helicobacter pylori and medications that relax the 

esophageal sphincter. All these factors have a direct 
association with the increase in esophageal adenocarcinoma. 

Obesity and nutrition

The risk for esophageal adenocarcinoma is associated with 
an increasing BMI, due to gastroesophageal reflux disease 
in obese individuals. Obesity is defined based on body mass 
index (BMI), which is a weight-to-height ratio classification 
that is defined as a person’s weight in kilograms divided 
by the square of their height in meters (kg/m2). Obesity is 
a BMI greater than or equal to 30 (37). Hiatal hernias are 
also more common in individuals with higher BMIs, which 
then leads to higher risk of reflux disease as well. With the 
understanding of Barrett’s esophagus and the transition 
from metaplasia-dysplasia-cancer, we can see how this 
relationship will lead to higher incidence of esophageal 
adenocarcinoma with higher BMI. 

In addition to increased BMI, low consumption of 
fruit and vegetables is an important risk factor for the 
development of adenocarcinoma of the esophagus. Studies 
have shown an inverse association between fruit and 
vegetable consumption and esophageal adenocarcinoma. 
On the contrary, diets high in calories and fat have a direct 
association with esophageal adenocarcinoma. Diets high in 
fiber, lutein, niacin, vitamin B6, and zinc were associated 
with a decreased cancer risk (4). 

Barrett’s esophagus and gastroesophageal reflux disease 
(GERD)

Generally, it is accepted that Barrett’s esophagus develops 

Figure 3 2011 age‐specific esophageal cancer incidence in China. Adapted from (34). Urban male and rural female incidence rates of 
esophageal cancer are comparable. Similarities in their lifestyle, such as obesity, could be associated. 
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from GERD, and that most adenocarcinomas develop 
from chronic reflux of acidic gastric contents into the lower 
portion of the esophagus eventually leading to malignant 
transformation at the cellular level (38). The initial intestinal 
metaplasia is defined as a transition of the esophageal 
squamous cells to tall columnar cells, which leads to a 30-
fold increased risk of an individual with Barrett’s esophagus 
to develop esophageal cancer compared to the general 
population (39). In this issue, Grover et al. identified a shift in 
the normal esophageal microbiome in the setting of GERD 
or Barrett’s esophagitis toward gram-negative bacterial 
organisms. This shift is postulated to contribute malignant 
transformation to esophageal adenocarcinoma (40).  
Due to the moderate to high probability of Barrett’s 
esophagus transforming into cancer, individuals with high-
risk dysplasia require frequent endoscopic surveillance 
throughout their lifetime.

Individuals with GERD have the classic symptoms of 
heartburn and acid regurgitation, and the prevalence of the 
disease varies significantly among different countries (41).  
There has been a significant increase in the prevalence 
of the disease over the past decade, most notably in 
North America. The incidence of reflux symptoms within 
geographic areas can reach above 25% on a monthly basis, 
which directly parallels the rising trends in esophageal 
adenocarcinoma (42). Statistics show that 10% of people 
with GERD will have underlying Barrett’s esophagus that 
could potentially transform into esophageal adenocarcinoma 
if not managed appropriately. The symptoms of GERD 
seem to be equally distributed among men and women, 
however, men most notably have a higher incidence of 
complications from GERD including Barrett’s esophagus, 
erosive esophagitis and esophageal adenocarcinoma (43). 

Smoking and alcohol

Smoking and alcohol are known to be strong, modifiable 
risk factors for the development of squamous cell 
carcinoma of the esophagus, and together they have 
a synergistic effect on its development. Regarding 
esophageal adenocarcinoma, studies have been unable to 
prove a relationship between alcohol consumption and 
its development. However, studies have shown a direct 
correlation between tobacco smoking and development 
of esophageal adenocarcinoma, which exhibits a dose-
response pattern. The risk of development is found to be 

more than doubled and unlike squamous cell carcinoma, 
this risk persists even after smoking cessation (44). 

Medications that relax the esophageal sphincter

Transient lower esophageal sphincter relaxation (TLESR) 
is a physiologic response of the lower esophageal sphincter 
to relax without swallowing. This response is triggered by 
gastric distension and will initiate either the reflux of air or 
fluid into the esophagus, dependent on patient positioning. 
Fluid most frequently refluxes while in the recumbent 
position, while air has been noted to reflux in the upright 
position. TLESR is observed in normal individuals as well as 
individuals with GERD. Studies have been done with HRM 
(high resolution manometry), which have shown that the 
frequency of TLESR seems to be similar in patients with 
and without GERD (45). Limited information is available 
regarding the duration of acid exposure to the esophagus 
during the episodes of TLESR. This should further be 
evaluated as the widespread use of medications that relax the 
lower esophageal sphincter (LES) has raised many questions 
regarding the potential association with the development of 
esophageal cancer. The LES-relaxing effect of these drugs 
promotes gastroesophageal reflux disease and has been 
documented for various classes of medication including 
nitroglycerines, anticholinergics, beta-adrenergic agonists, 
aminophyllines, benzodiazepines, and calcium channel 
blockers. As the incidence of esophageal adenocarcinoma 
has been rising, investigations have been done to document 
any increases risk from the use of these LES-relaxing 
medications. Lagergren and associates investigated the issue 
to determine the risk of developing adenocarcinoma of 
the esophagus and an estimated incidence rate ratio of 3.8 
(95% CI: 2.2–6.4) was found among daily, long-term users  
(>5 years) of LES-relaxing drugs, compared with persons 
who had never used these drugs (46). A recent meta-analysis 
done by Alexandre and associates which involved 9,412 
participants showed that esophageal adenocarcinoma was 
strongly associated with the use of theophylline [OR 1.55, 
95% confidence interval (CI): 1.05–2.28; P=0.03, I2 =0%] 
and anticholinergic medications (OR 1.66, 95% CI: 1.13–
2.44; P=0.01, I2 =84%). However, calcium channel blockers 
and nitrates did not show an increased association with its 
development (47). As theophyllines and anticholinergics 
are used in the treatment of obstructive lung disease 
processes, this association with esophageal adenocarcinoma 
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development warrants further investigation. 

Helicobacter pylori

Helicobacter pylori is a gram-negative bacteria infecting the 
stomach of half of the population and causing a great deal of 
gastrointestinal morbidity. The role of H. pylori in gastritis, 
ulceration and gastric adenocarcinoma is well established 
(48,49), however, the role of H. Pylori in esophageal AC is 
controversial. There is some evidence that H. Pylori plays a 
role in each of the steps from GERD to Barrett’s esophagus 
to dysplasia to esophageal AC (50). Eradication of H. 
Pylori can also reduce GERD symptoms and esophagitis in 

certain populations (51), thereby decreasing the likelihood 
of esophageal AC. Other meta analysis show an inverse 
relationship between H. Pylori infection and esophageal 
AC and suggest that H. Pylori has a protective effect against 
esophageal AC (52). In general, it appears that data on H. 
Pylori and esophageal AC is inconclusive and further studies 
are needed to properly establish the relationship between H. 
Pylori and esophageal AC whether it is protective, causal or 
unrelated.

Adenocarcinoma in the Asian esophageal belt 

Although we see the greatest increased incidence of 

Figure 4 Relationship between the ratio of crude incidence rates of adenocarcinoma (AC): squamous cell carcinoma (SCC) and Human 
Development Index in male (left upper panel) and female (left lower panel). Relationship between the ratio of crude incidence rates of 
adenocarcinoma (AC): squamous cell carcinoma (SCC) and Gross Domestic Product per capita in male (right upper panel) and female (right 
lower panel). HDI is defined by life expectancy, education, and per capita income. The ratio of AC to SCC increases as an individual’s HDI 
and GDP per capita increases. 
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adenocarcinoma of the esophagus in the Western countries 
and North America, China still contributed about 18% of 
all global cases in 2012, with the “Asian belt” accounting for 
more than 30% of all cases (Figure 1) (33). There has been a 
correlation between incidence and mortality of esophageal 
cancer versus HDI (human development index) and GDP 
per capita. The higher incidence, which is SCC, is seen 
in lower HDI and GDP countries and the incidence of 
adenocarcinoma is increasing in “Western” countries, which 
tend to have a higher GDP and HDI (53). This correlation 
with HDI and GDP shows that there are socioeconomic 
factors related to the incidence of esophageal cancer and the 
areas of the China that have increased incidence of AC tend 
to be more developed with a higher socioeconomic status 
(Figure 4).

Prevention 

As the incidence of AC of the esophagus continues to rise, a 
focus on prevention and screening in high-risk populations 
is a major global health topic. The high-risk populations 
should include those with chronic gastroesophageal reflux 
disease, older age, male sex, obesity and family history. 
There is a definite recognition of the importance to 
eliminate global obesity with the creation of prevention 
programs, exercise campaigns, and nutrition projects. In 
terms of esophageal cancer as a whole, there are some 
policies that have been implemented regarding smoking in 
Western countries; however, smoking rates are not being 
addressed worldwide. With approximately half of all new 
esophageal cancer cases occurring in China, a prospective 
cohort protocol, National Cohort of Esophageal Cancer- 
Prospective Cohort Study of Esophageal Cancer and 
Precancerous Lesions based on High-Risk Population 
(NCEC-HRP), has been developed in China focusing 
on its high-risk rural populations—rural areas with the 
highest incidence of esophageal SCC. The goal of this 
study is to develop a set of guidelines for esophageal 
cancers screening for early diagnosis, as well as identify 
risk factors and develop a proper database (54). Liu  
et al., performed a community-based study that proved the 
effectiveness of endoscopic upper GI screening in high-
risk populations in China. Their analysis proved that after 
a 9-year follow up, incidence and mortality were lowered 
by 43% (standardized incidence ratio =0.57, 95% CI: 0.38–
0.86) and 53% (standardized mortality ratio =0.47, 95% 
CI: 0.25–0.88) respectively (55). The implementation of 
secondary prevention programs is important, as cure rates 

for esophageal cancer are low with five-year survival rates 
between 10-15% (56). This will allow for identification of 
early disease as currently most cases are being diagnosed in 
late stages. 

Conclusion

Esophageal cancer is frequently a lethal disease that is 
often diagnosed in the late stages with a high mortality 
rate. As we continue to see a rise in adenocarcinoma of 
the esophagus, it is essential to implement prevention and 
screening policies for early diagnosis, which will allow for 
better chance of survival. The pattern of presentation of 
esophageal AC is different from that of SCC and is most 
likely due to different lifestyles and genetic backgrounds. As 
we note a correlation between the rise in adenocarcinoma 
and obesity, we can utilize this information to implement 
primary and secondary prevention policies in high risk-
populations. With implementation of these screening 
policies, such as screening endoscopy and lifestyle 
modification actions, further studies need to be done to 
determine if this will have a substantial effect on the rates of 
esophageal adenocarcinoma. 
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