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Abstract

Esophageal cancer is the eighth most common type of cancer worldwide and constitutes the sixth leading cause of cancer
deaths. It is characterized by its high mortality rate, poor prognosis at time of diagnosis and variability based on geographic
location. Present day, the prevalence of esophageal cancer is in transition. Although esophageal squamous cell carcinoma
continues to be the most prevalent type worldwide, esophageal adenocarcinoma is quickly becoming the most prevalent type
in developed countries. Risk factors for the development of esophageal squamous cell carcinoma include low socioeconomic
status, consumption of tobacco, alcohol, hot beverages, and nitrosamines. Additionally, micronutrient deficiencies have also
been linked to the development of esophageal squamous cell cancer. These include vitamin C, vitamin E, and folate. With
respect to esophageal adenocarcinoma, risk factors include Barrett’s esophagus, gastroesophageal reflux disease, obesity,
and tobacco consumption. Screening for esophageal cancer will likely play an essential role in prevention, and consequently,
mortality in the future. Present day, there are no established guidelines for esophageal squamous cell cancer screening.
Guidelines for esophageal adenocarcinoma are more well established but lack concrete evidence in the form of randomized
controlled trials. This review will discuss the epidemiology, risk factors, and current prevention strategies for esophageal
cancer in depth. It is our aim to raise awareness on the aforementioned topics to increase public health efforts in eradicating
this disease.
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Introduction prevalent histological type worldwide, while the United

States (US) and other Western countries have predominantly

Cancers of the esophagus account for over 500,000 cancer
deaths annually, which is 5.3% of all global cancer deaths
and have significant varying distributions worldwide [1].
Esophageal squamous cell carcinoma (ESCC) is the most
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esophageal adenocarcinoma (EAC) [2, 3]. The US distribu-
tion of esophageal cancers includes 64% adenocarcinoma,
31% squamous cell carcinoma, and 5% basal, transitional,
and other unspecified carcinomas [4]. EAC typically has a
better overall median survival than ESCC, particularly in
early stage disease [5, 73-75]. EAC is thought to be related
to Barrett’s esophagus and typically occurs in the distal
third of the esophagus and at the gastroesophageal junction
(GEJ) though the exact mechanism of malignant transforma-
tion is not fully understood. Barrett’s esophagus increases
a patient’s risk for EAC 30- to 40-fold [6]. Reciprocally,
ESCC is typically found in the proximal two-thirds of the
esophagus [3].

According to GLOBOCAN 2018 data, esophageal can-
cer has the 8th highest incident but is the 6th most deadly
cancer worldwide [1, 2]. Esophageal cancer has dispropor-
tionately higher mortality, because it is rarely found before
it has advanced or metastasized. In fact, in the US, only 18%
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of esophageal cancers are still confined to the primary site
at time of diagnosis [4]. Distant metastasis has been demon-
strated in 40% of cases which portends a significantly worse
prognosis [4]. In 1975, less than 5% of patients survived
5 years but 5-year survival now exceeds 20% in some parts
of the world [3, 4]. The complex anatomy of the mediasti-
num and GEJ, coupled with the high rates of recurrence,
have traditionally led to poor outcomes with surgical inter-
vention alone [3]. A better understanding of the etiology and
risk factors of these cancers will allow patients to make risk
modifying lifestyle choices and clinicians to target and diag-
nose populations at higher risk for these deadly carcinomas.
We present an update from recent data on the incidence,
mortality, and etiological factors of esophageal cancer.

Epidemiology
Incidence

The incidence of esophageal cancer varies across regions
and populations. In 2018, approximately 570,000 people
were estimated to have been diagnosed with cancer of the
esophagus, which constituted 3.2% of all cancer diagnoses
[1]. Globally, roughly 87% of all esophageal cancers are
ESCC with 11% constituting EAC [7].

The age-standardized incidence rate was highest in
Eastern Asia (12.2 per 100,000 people), followed by East-
ern and Southern Africa (8.3 and 7.4 per 100,000 people,
respectively), and Northern Europe (5.5 per 100,000) (see
Fig. 1). The lowest rate was observed in Central America
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(0.98 per 100,000). Differences in incidence rates were
56-fold between the country with the highest rate (Malawi,
Southeastern Africa: 18.7), and the country with the low-
est rate that reports data on both sexes (Guinea, West
Africa: 0.42) [1, 8]. Notably, esophageal carcinoma is the
most common cancer diagnosis in Malawi [9]. Asia, as
a continent, accounted for about 78% of all esophageal
cancer cases [1, 8]; 49% of all cases occurred in China [8].

The incidence of esophageal cancer in the US (5.6
per 100,000) is lower when compared to the world (9.3
per 100,000) [1] and within the US was highest among
Caucasians, accounting for 85% of the total 27,340 his-
tology confirmed cases from 2012-2016 [4]. In the US,
Caucasians accounted for 94% of all EACS but 66% of all
ESCCs. Esophageal cancer in Blacks and Asian/Pacific
Islanders tended to be ESCC (76% of 2621 cases and 69%
of 1208 cases respectively over the same period), while
Hispanics had a tendency toward EAC (56% of 2067
cases) [4].

Like most digestive system cancers (except for gallblad-
der cancer), there is a higher incidence in men than women
with men accounting for 70% off all esophageal cancers
worldwide. The cumulative risk of esophageal cancer, from
birth to age 74, is 1.15% for men and 0.43% for women
[1]. Men are at three to four times higher risk than women
for developing ESCC and seven to ten times higher risk
for developing EAC [6]. The incidence rate for both sexes
increases with age. Esophageal cancer affects the elderly pre-
dominately, as 60% of cases are reported in people greater
than 65 years old, with 12% of cases diagnosed before age
551, 10].

Fig. 1 Map showing estimated age-standardized incidence rates (ASR) in 2018 for esophageal cancer, both sexes, all ages. Created with map-

chart.net. Data obtained from Globocan 2018 [13]
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Within China, rates of esophageal cancer vary widely and
these abrupt differences can be seen over short geographic
distances [76]. It is possible that the environment and/or
exposure to certain risk factors account for the variations
observed between the esophageal cancer histological sub-
types. The tendency to classify cancers of the GEJ as EAC
rather than cancers of the gastric cardia may also be influ-
encing trends [11].

Mortality

Esophageal cancer continues a general trend among gastroin-
testinal cancers presenting with a greater proportion of can-
cer mortality than incidence. While the incidence accounts
for 3.2% of all cancer diagnoses worldwide, esophageal can-
cer mortality accounts for 5.3% of all cancer deaths. Liver,
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Fig.2 Bar chart showing the estimated age-standardized cancer mor-
tality rates (world) in 2018, worldwide, both sexes, all ages ( repro-
duced from https://globocan.iarc.fr/ [13])
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pancreas, stomach, and gallbladder cancers also follow this
trend, with colorectal cancer being the exception. Estimated
age-standardized mortality rates (per 100,000) of esopha-
geal cancer is 5.5. Other gastrointestinal cancers are colo-
rectum (8.9), liver (8.5), stomach (8.2), pancreas (4.4), and
gallbladder (1.7) (see Fig. 2). About 508,000 people died
of esophageal cancer in 2018 worldwide. Of them, about
357,000 were male and 151,000 were female. The gender
disparity is on par with the disparity in incidence. The age-
standardized mortality was 8.3 per 100,000 for men and 3.0
for women. The cumulative risk of dying from esophageal
cancer stands at 1.00% for men and 0.36% for women [1, 8].

Roughly 16,000 people die annually in the US from
esophageal cancer [1, 4]. This constitutes a rate of 7.1 per
100,000 among men and 1.5 per 100,000 for women based
on National Cancer Institute data. As with incidence, mor-
tality in the US was highest among Caucasians. However,
American Indian/Alaska Natives where the sole race/eth-
nicity where the age-adjusted mortality was higher than the
incidence (6.2 per 100,000 mortality vs 5.9 incidence) [4].

Around the world, esophageal cancer age-standardized
mortality rates for both sexes (per 100,000) were highest
in Eastern Asia (10.7), Eastern Africa (8.2), and Southern
Africa (7.2) followed by Southcentral Asia (4.6) and North-
ern Europe (4.3) (see Fig. 3). Kenya had the highest mor-
tality (18.4). Asia, as a continent, accounted for 78% of all
esophageal cancer deaths; 56% of these deaths occurred in
China. Higher mortality rates in females than males were
demonstrated in Nepal, certain central/western African
countries (Cameroon, Central African Republic, Liberia,
and Cote d’Ivoire) and several countries with proximity to

Fig.3 Map showing estimated age-standardized mortality rates (ASR) in 2018 for esophageal cancer, both sexes, all ages. Created with map-

chart.net. Data obtained from Globocan 2018 [13]
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the Arabian Sea (Djibouti, Eritrea, Ethiopia, Oman, Qatar,
Sudan, and Yemen) [8]. In 2018, esophageal carcinoma was
estimated to be the most common cause of cancer related
death in Kenya, Botswana, and Bangladesh [8].

Trends

Within the US, esophageal cancer incidence has been declin-
ing since 1986 (see Fig. 4). The annual percentage change
(APC) in incidence of esophageal cancer was — 1.5% per
year from 2007 to 2016 [3]. Blacks had the largest change
in APC at — 4.4%. American Indian/Alaskan Native females
were the only race/ethnicity that demonstrated an increase
in incidence during this timeframe (APC +0.8%) [3]. Histo-
logically, ESCC incidence APC was — 3.6% per year while
EAC incidence APC was +2.1% per year from 1998 to 2003.
It is predicted that the US will have 15,000 new cases of
EAC annually by 2030 [12].

Worldwide, incident cases of esophageal cancers are
expected to increase by roughly 35% from 2018 to 2030.
Estimated number of deaths are expected to increase by
roughly 37% during this same timeframe [13]. China has
seen a 3.3% decrease in the annual standardized incidence
rate from 1989 to 2008 [76]. In contrast to most of the world,
incidence rates in Africa are uptrending with some of the
highest incidence rates found in East Africa [77]. Incidence
of ESCC are declining worldwide among men, however, this
decline is offset by increasing incidence of EAC, particularly
by the Caucasian population [12]. Incidence of EAC has
remained low in many Asian populations but there has been
increasing trend noted in Singapore and Israel [78].

Rate per 100,000
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o

Survival

Esophageal cancer has historically had a poor prognosis due
to its late diagnosis. In the US, 40% of esophageal cancers
were found after spreading to distant organs or lymph nodes
while another 32% were found to have regional spread to
nearby organs and lymph nodes. Survival based on can-
cer stage follows a predictable pattern, though survival is
still < 50% at 5 years with localized disease (46.7% expected
5-year survival). Esophageal cancer with regional and dis-
tant metastasis demonstrate 5-year survivals of 25.1 and
4.8%, respectively (see Fig. 5) [4].

The average 5-year survival rate in the US for esophageal
cancer is 19.9%. Caucasians demonstrate a 21% 5-year sur-
vival rate, with Blacks having a rate of 13%. Survival dis-
parity between races needs further explanation with future
research. Though incidence rates are quite different between
sexes, 5-year survival is similar, with survival rates of 19.4%
for males and 21.5% for females [4].

Median survival for all esophageal cancers in the US is
9 months. Localized, regional, and distant metastatic dis-
ease demonstrate a median survival of 30, 13, and 6 months,
respectively. The median survival for patients with EAC in
the US is 11 months while the median survival for ESCC is
8 months [5].

China has demonstrated similar 5-year survival rates to
US for esophageal cancer at 20.9% [79]. European survival
rates are lower with 1- and 5-year survival rates at 33.4 and
9.8%, respectively. Similar to other regions worldwide, male
sex, older age, and late stage of disease portend a poorer
relative survival. ESCC was noted to have a poorer 1-year
relative survival [14].

Year of diagnosis
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Fig.4 Trends in esophageal cancer incidence (1975-2017) rates by sex, US [3]
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Etiology and risk factors
Esophageal carcinoma is often preceded by chronic inflam-
ol o mation in the esophagus that disrupts normal cell signaling
Ly and growth. For example, heavy alcohol use has been shown
164 ° to increase risk for ESCC [11, 15]. Barrett’s esophagus is
considered the most important factor in EAC [11]. Tobacco
141 ® use (smoking or chewing) increases rates of either type [11,
s o ° 15]. Multiple studies have demonstrated an increased risk of
B EAC with obesity but reduced risk of ESCC [16-19]. Low
t' 10 s 9 R income, Vitamins A and C, zinc deficiencies, hot drinks,
= ° and infections (such as human papillomavirus) as well as
’no_: 8.0 . o '» a intrinsic esophageal diseases have been demonstrated to
= il . e® * o increase incidence of ESCC (see Table 1) [6, 11]. Studies
' 3' P o : from Africa, China, Europe, Iran, Japan, and the United
4.0 e e ®, °. States demonstrate considerable esophageal cancer etiologic
°%e .‘..o otge oul heterogeneity suggesting major risks factors for one popula-
2.0 % 2%e o ) . e . .
%% % ® tion may by not be as significant in other populations [80].
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Fig.6 Mortality—age-standardized rates (world) versus Human
Development Index, esophageal cancer, in 2018, both sexes, all ages (
reproduced from https://globocan.iarc.fr/ [13])

Like most cancers, esophageal carcinoma mortality dem-
onstrates a negative association with the human development
index (HDI). Nations with higher HDI tend to have lower mor-
tality rates (see Fig. 6) [1, 8].

@ Springer

Age and sex

Esophageal cancer rates become more common with age,
likely because this carcinoma takes decades to develop. The
average age of diagnosis in the US is 68. Esophageal can-
cer is common after the age of 55 when 88% of all cases
occur. The Surveillance, Epidemiology, and End Results
(SEER) database in the US reveals that age-adjusted inci-
dence rates (per 100,000) in 2016 rose from 0.3 for those
aged 20-49 years, to 8.0 for those aged 50-64, to 20.3 for
those aged 65-74 years, and to 24.9 for individuals aged
75 years or older. This corresponded with mortality rates
(per 100,000), which increased from 0.3 for those aged
20-49, to 6.9 for those aged 50-64, and to 17.5 for those
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Table 1 Risk factors for

Esophageal cancer
esophageal cancer [1, 3, 9, 57]

Risk factor

Squamous cell carcinoma Adenocarcinoma

Geography
Sex
Race
Socioeconomic status
Obesity
Alcohol
Tobacco
GERD/Barrett’s Esophagus
Diet
Low fruits/vegetables
Hot beverages/foods

Asia and Southeast African North America, Western Europe

Male > Female Male > Female

Black > Caucasian Caucasian > Black

Low, rural High, industrialized, urban
I "

" -

" T

- 1M1

1

1 —

aged 65-74 years. The highest mortality rate was 25.0 per
100,000 for individuals aged 75 years and older [4].

In the United Kingdom, a country with predominantly
EAC, the average age of diagnosis is 65 for males and 74
for females [81]. The average age of diagnosis in Malaysia is
63 and China demonstrates an even younger average age of
diagnosis at 61 years [81, 83]. Africa, a continent with pre-
dominantly ESCC, has shown a disproportionate number of
patients (approximately 20%) diagnosed before age 40 [80].

Esophageal cancer is more common in males than
females. Men are two to eight times more affected than
women [1, 20]. However, there are several areas within
west/central Africa, the Horn of Africa as well as the Ara-
bian Peninsula where esophageal cancer is more common
in women. In Yemen, the incidence ratio of women to men
is highest at 1.8 [8].

The large sex disparities in esophageal cancer is a well-
known phenomenon, but the reasons for this pattern are not
fully understood. The higher rates of EAC seen in males
are thought to be partially explained by higher prevalence
of abdominal obesity and gastroesophageal reflux disease
(GERD) and the associations of testosterone in males;
estrogen appears to have a protective effect in females [21].
Breastfeeding has also been demonstrated to decrease risk
of EAC [22]. These findings suggest a possible hormonal
component to esophageal cancer.

Genetics and family history

Reports regarding the familial risk of esophageal can-
cer have been contradictory. Studies in the United States,
Italy, and Switzerland have not identified an association
[23, 24]. However, studies in China (a country with much
higher rates of ESCC) demonstrated a nearly doubled risk
of ESCC in individuals with a familial history of ESCC in
a first degree relative; these individuals also tend to have
poorer survival [25-27]. Shared environmental factors

among family members, such as diet, obesity, and tobacco
use, may account for these discordant findings.

Family history of several other cancers have been associ-
ated with increased risks of esophageal cancer: lung, pros-
tate, breast, cervical, oral, and pharyngeal cancers have
shown association [23, 28, 29]. Family history of hiatal
hernia has also been associated with EAC [28]. The rare
autosomal recessive genetic syndrome, Fanconi anemia, has
shown a several hundred- to several thousand-fold higher
risk for esophageal cancer, due to their astonishing elevated
risk of developing solid tumors [30].

Multiple genetic mutations have been implicated among
esophageal cancer cases. TP53 mutations can be seen in
more than 83% of ESCC. Overexpression of EGFR (seen in
up to 76% of cases), CCND1 (46% of cases), CDK4/CDK6
(24% of cases), and MDM2 (6% of cases) are also common
in ESCC [15]. Amplification of CCNE1 (19% of cases), cyc-
lin E (17%), and mutations in MGST1 have been implicated
in EAC [15, 31]. Individuals with higher levels of VEGF-C
expression typically experience shorter periods of event-free
survival, while those with variant alleles of the FLT1 gene
have a 45-60% increased risk of mortality [15].

ALDH2 mutations are thought to be protective against
esophageal cancer. Inactivation of this protein makes an
individual unable to metabolize acetaldehyde, a byproduct
of alcohol metabolism. It is thought that the adverse reac-
tions from consuming alcohol in these individuals decreases
alcohol consumption and thus lowers risk [32].

Obesity and gastroesophageal reflux disease

Obesity has been a well-researched and long understood
risk factor in developing EAC [1, 16-19, 33]. There
appears to be a dose-dependent response between risk of
EAC and increasing BMI or increasing waist circumfer-
ence [15, 19]. A meta-analysis of 221 data sets from 141
articles showed a significant increase in risk for EAC for
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each 5 kg/m? increase in BMI (RR 1.5) [34]. Individuals
with a BMI > 40 have a twofold increased risk in devel-
oping EAC, and this association remains strong regard-
less of GERD symptoms when compared to those with
BMI < 25 [16]. This is potentially explained by higher
rates of GERD and Barrett’s esophagus seen with obe-
sity, particularly those with large amounts of abdominal
fat [18, 19, 21]. Associations between GERD and EAC
have been well demonstrated with estimated odds ratios
(ORs) ranging from 2.5 to 40 based on severity or time
with disease [35]. Obesity has also been shown to have an
inverse relationship with ESCC (relative risk (RR) 0.38)
[18, 19]. Variations in obesity prevalence worldwide, as
well as differences in central obesity seen across sexes and
age, could explain the different incidence patterns seen
between EAC and ESCC [16, 18, 21].

To provide prospective, the absolute risk of EAC to
an individual patient with GERD is quite low. Up to 44%
of adults in the US experience reflux symptoms at least
monthly; however, the incidence of EAC in these individu-
als older than 50 is 65/100,000. Additionally, 40% of EAC
cases report no history of reflux [35].

Alcohol

Alcohol consumption and smoking are well established
risk factors for ESCC, and several studies have demon-
strated a synergistic effect [33, 36-38]. The population-
attributable fraction of ESCC due to alcohol consumption
can vary widely geographically. In the US, 72.4% of ESCC
cases are attributed to alcohol while only 10.9% of cases
are attributable in China, which is likely a reflection in the
levels of exposure [86]. The increase in risk appears to be
dependent on the amount of alcohol consumed and the bev-
erage type [36, 37, 39, 84]. Relative risks range from 1.8 to
7.4, depending on weekly alcohol consumption [39]. One
cohort study in South Korea demonstrated light drinking
(<5 drinks per week) as having a significant adverse effect,
when traditionally the risk was thought to apply to moderate/
heavy alcohol consumption [36]. The authors hypothesized
that the increased risk with light alcohol intake was related
to the high prevalence of abnormal ALDH?2 enzyme activity
seen in Asian populations [36].

Beer intake appears to have a linear relationship with
ESCC, with higher intake signifying increased risk (OR
1.05). However, those with modest intake of wine (3.5-6.4
drinks per week) or spirits (0.7-1.4 drinks per week) dem-
onstrated significantly lower risk for ESCC than nondrink-
ers but demonstrate the same increased risk of ESCC when
consumed in higher amounts [37]. Alcohol consumption has
not been demonstrated to significantly increase risk of EAC
in population-based studies [40].

@ Springer

Tobacco

Prospective epidemiological data have consistently shown
smoking as a major risk factor for ESCC, and this risk
appears to be dose dependent. Studies in Africa, Asia,
Europe, and the US have demonstrated this to varying
degrees suggesting this risk factor is not a geographical
phenomenon [76, 77, 82, 85, 86]. In an Australian popula-
tion-based case—controlled study, greater than 75% of ESCC
cases could be attributed to smokers with heavy alcohol con-
sumption [41]. Another study from Australia found an OR of
21.9 for ESCC with combined tobacco and alcohol use [42].
Even 10 years after cessation of smoking, former smokers
are at twice the risk of ESCC compared to non-smokers [43].

Similar trends in EAC risk are seen with smoking, espe-
cially if Barrett’s esophagus is present, but not to the degree
seen with ESCC [44, 76]. This risk is reduced with smoking
cessation but does not return to the level of one who has
never smoked [45].

Diet

A meta-analysis of 32 studies regarding fruit and vegeta-
bles indicated that high intake has a protective effect against
ESCC. The authors suggest significant thresholds of 160 g/
day of non-starchy vegetables and 20 g/day of fruits pro-
vided a protective benefit but cautioned against overempha-
sis on specific consumption requirements [46]. Case—control
studies worldwide have demonstrated this finding with both
ESCC and EAC [47]. The protective benefits are thought
to derive from the antioxidant properties of fruits and veg-
etables helping reduce oxidative stress and inflammation.
Folate and Vitamin C, which are readily obtained from these
foods, have been shown to reduce risk of esophageal cancer
in some studies [48, 87]. There is also evidence that diets
high in fiber may reduce the risk of esophageal cancer [47,
78] Beta-carotene, vitamin E, and selenium have not shown
reduced ESCC incidence or mortality in high-incidence
ESCC populations in China [76]. Vitamin D has not dem-
onstrated any consistent associations with esophageal cancer
[49].

There is convincing evidence that the consumption of
maté, consumed in the traditional South American manner
(scalding hot liquid through a metal straw) increases the risk
for esophageal cancer in a consistent dose-dependent man-
ner. This finding may be secondary to the epithelial damage
from the heat, rather than the maté itself [47]. Additional
studies have demonstrated that individuals who consume
very hot foods/beverages are almost twice as likely to
develop esophageal cancer, particularly in Asian and South
American populations [47, 50]. Meta-analysis of coffee,
specifically, did not establish a protective or detrimental
association with esophageal cancer; of note, temperature
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was not adequately evaluated in the analysis [51]. When
targeting prevention strategies for esophageal cancer, very
hot foods/drinks may be an important target for behavioral
modification.

Consumption of red, salted, or processed meat can
increase risk for ESCC by as much as 57%, with a nonsig-
nificant increase in risk noted for EAC [47, 52, 85]. How-
ever, population studies have shown an increase in Barrett’s
esophagus, a precursor for EAC, in those that consume a
diet high in meat [53]. One study in China demonstrated
risk reductions in esophageal precancerous lesions with con-
sumption of animal livers and deep well water [54].

Helicobacter pylori

Helicobacter pylori (H. pylori) was famously discovered as a
cause of peptic ulcer disease in 1983 and is now considered
a well-established cause of gastric cancer [55]. In 1994, the
World Health Organization classified H. pylori as a class |
(definite) carcinogen. This process occurs through chronic
inflammation resulting in atrophic gastritis that leads to
intestinal metaplasia followed by dysplasia [56]. In 2015, 4.4
billion individuals were estimated to have H. pylori world-
wide. The prevalence range of H. pylori is quite large with
highest prevalence estimates occurring in Africa (70.1%;
95% CI 62.6 —77.7) and lowest in Oceania (24.4%; 95% CI
18.5-30.4); in comparison, the US prevalence is estimated to
be 35.6% (95% CI30.0-41.1) of the population [57].

Current evidence tends to support a reduced risk of EAC
in those with H. pylori infection (OR 0.50-0.57) [58, 59]. H.
pylori may reduce risk for EAC through atrophic gastritis by
reducing acid production and reflux. The prominent decline
in H. pylori colonization in Western countries may partially
explain the increase in EAC rates seen in those areas. The
effects of H. pylori on ESCC risk are less clear with study
results differing substantially, likely due to the wide hetero-
geneity seen between studies, which makes determining any
association difficult [58].

Medications and additional risk factors

Several medications have been implicated in lowering one’s
risk of esophageal cancer, largely with respect to EAC. Aspi-
rin, nonsteroidal anti-inflammatory drugs (NSAIDs), and
statins have been implicated in multiple studies at reducing
risk, possibly due to their anti-inflammatory effects. The
all-Ireland FINBAR study evaluating aspirin and NSAIDs
showed an OR of 0.57 and 0.58, respectively, in reducing
EAC risk [60]. Another study out of the Netherlands showed
HR 0.46 for NSAIDs and HR 0.46 for statins but did not
demonstrate a benefit with aspirin; the combined use of
NSAIDs and statins had a synergistic protective effect (HR
0.22) [61]. An observational study from the Department of

Veterans’ Affairs showed similar trends suggesting greater
risk reduction in EAC with longer duration of statin use [62].
Proton pump inhibitors have demonstrated a 71% decrease
in risk of progression from Barrett’s esophagus to EAC in
previous studies when used for greater than 2-3 years; this
appears to be independent from the use of aspirin/NSAIDs/
statins [63].

A large Belgian cohort study showed that in patients with
stage [-III esophageal cancer, post-diagnosis use of statins
was associated with decreased overall and cancer-specific
mortality (adjusted HR =0.84 and 0.87, respectively) [64].
A recent meta-analysis out of China was significant for
three reasons as it demonstrated that statin use after diag-
nosis of esophageal cancer was significantly correlated to
decreased all-cause (HR=0.81) and cancer-specific mor-
tality (HR =0.84), that this protective effect was observed
regardless of histologic subtype of cancer, and that statin use
prior to diagnosis also confirmed favorable survival benefit
[88]. These studies suggest a potential importance of statin
use in esophageal cancer treatment, as well as prevention.

There is some evidence that decreased lower esophageal
sphincter tone may contribute to the development of Bar-
rett’s esophagus and thus EAC. A case—control study from
Sweden implicated medications such as anticholinergics,
benzodiazepines, beta agonists, and nitroglycerin as increas-
ing EAC risk when used for more than 5 years [65].

An additional risk factor for ESCC includes betel quid
chewing, most commonly seen in India and southeast Asia.
When combining alcohol, tobacco, and betel quid chewing,
risk for ESCC increases by more than 41-fold [66]. Occupa-
tional exposures of asbestos, pesticides, concrete/masonry
work, and combustion products from biofuels, coal/oil, and
wildfires have been associated with esophageal cancer in a
dose dependent manner [67-69].

Prevention

Esophageal cancer remains an important public health chal-
lenge and significant cause of cancer-related death world-
wide. The significant differences between ESCC and EAC
result in major variances in incidence, geography, and etio-
logical characteristics, which makes fully understanding and
preventing esophageal cancer difficult.

There are currently no screening guidelines for ESCC
[70]. Current recommendations for screening of EAC in
those with precancerous conditions is derived from low lev-
els of evidence. As of 2017, there have been no randomized
controlled trials to compare screening versus no screening
[71].

Significant survival improvements with esophageal
cancer have been occurring since 1973, largely due to ear-
lier detection and the utilization of surgery in treatment;
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however, both types continue to carry a high mortality rate,
though EAC has slightly better long-term survival outcomes
[4, 5]. The poor overall prognosis of esophageal cancer is
due to the advanced nature of the disease at diagnosis, with
a l-year survival rate of 42% in the US [4]. Dysplasia is
the preneoplastic lesion associated with ESCC and Barrett’s
esophagus is the most important risk factor for EAC. Con-
ventional white light endoscopy with biopsy remains the
standard for identifying esophageal premalignant lesions;
however, many studies from Asian countries elucidate the
effectiveness of narrow-band imaging without biopsy pro-
cedure for the detection of ESCC in endoscopic surveillance
[83]. In studies out of Japan and Taiwan, the sensitivities
and specificities of detecting synchronous and metachronous
ESCC have ranged 88.9-97.3 and 88.9-97.2%, respectively
[83]. Early-stage detection of esophageal cancer remains the
best way to improve cure rates and survival [2, 70]. Treat-
ment of early-stage ESCC restricted to the first one-third
of the submucosa (Sm1), without lymph node involvement,
utilizing surgery or endoscopic resection have demonstrated
S5-year survival rates greater than 90% [70].

Various biochemical markers, optic-based chromoendo-
scopic techniques, and balloon cytology have been evalu-
ated for esophageal cancer screening but currently no sin-
gle technique has obtained a sensitivity and specificity, or
an economic feasibility appropriate for broad population-
based application [70, 89]. The psychological and economic
implications must be considered for such a program. Any
future ESCC screening recommendations will likely rely
heavily on risk factor models to identify those at highest
risk who should undergo screening. One study on Japanese
men utilized health risk appraisal models that incorporated
ALDH?2 genotype, alcohol, tobacco, and diet and referred
those identified to be in the top 10% risk group for endos-
copy with iodine staining. Their models were able to detect
up to 3.13% of ESCCs (eight times the national average);
notably, these cancers were diagnosed at earlier stages [72].

When targeting prevention strategies for esophageal can-
cer, the elimination of very hot foods/drinks in the diet com-
bined with alcohol/tobacco cessation likely will provide the
most behavioral modification benefit. The addition of fruits
and vegetables to one’s diet would likely be of benefit, but
may be difficult in developing countries, where more than
80% of ESCC deaths occur [70].

Conclusion

Esophageal cancer continues to be a significant cause of
cancer-related death worldwide. Survival has been slowly
improving since the 1970s, but 5-year survival rates are
generally still less than 20% [4]. Esophageal cancers are not
typically diagnosed until advanced stages, when very few

@ Springer

options are available to extend life expectancy beyond sev-
eral months. Less than one in five esophageal cancers in the
US are diagnosed in an early stage and the median survival
for those with advanced cases is only 6—13 months [5].

In the US, GERD, obesity, smoking, and low fruit/vegeta-
ble intake account for 80% of EAC cases, the type of esopha-
geal cancer most common in the US [65]. Tobacco, alcohol,
and low fruit and vegetable intake account for nearly 90% of
ESCC cases in the US [65]. Reliable biomarkers to predict
outcomes are still limited and current screening guidelines
are derived from low levels of evidence. This highlights the
need for randomized controlled trials of the eighth most
common cancer worldwide. The significant clinical, histo-
logical, and etiological differences between EAC and ESCC
justify different therapeutic approaches. Earlier diagnosis,
likely with improved screening measures, is key in obtain-
ing better outcomes as significant survival benefit has been
demonstrated in small studies where esophageal cancer was
discovered at earlier stages.
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