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Abstract

Esophageal cancer (EsC) is one of the least studied and
deadliest cancers worldwide because of its extremely
aggressive nature and poor survival rate. It ranks sixth
among all cancers in mortality. In retrospective studies
of EsC, smoking, hot tea drinking, red meat consump-
tion, poor oral health, low intake of fresh fruit and
vegetables, and low socioeconomic status have been
associated with a higher risk of esophageal squamous
cell carcinoma. Barrett's esophagus is clearly recognized
as a risk factor for EsC, and dysplasia remains the only
factor useful for identifying patients at increased risk,
for the development of esophageal adenocarcinoma in
clinical practice. Here, we investigated the epidemiologic
patterns and causes of EsC. Using population based
cancer data from the Surveillance, Epidemiology and
End Results Program of the United States; we gener-
ated the most up-to-date stage distribution and 5-year
relative survival by stage at diagnosis for 1998-2009.
Special note should be given to the fact that esophageal
cancer, mainly adenocarcinoma, is one of the very few
cancers that is contributing to increasing death rates
(20%) among males in the United States. To further
explore the mechanism of development of EsC will
hopefully decrease the incidence of EsC and improve
outcomes.

© 2013 Baishideng. All rights reserved.
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Core tip: Here, we investigated the epidemiologic pat-
terns and causes of esophageal cancer. Using popula-
tion based cancer data from the Surveillance, Epidemi-
ology and End Results Program of the United States;
we generated the most up-to-date stage distribution
and 5-year relative survival by stage at diagnosis for
1998-2009.
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INTRODUCTION

Esophageal cancer (EsC) including squamous cell catcino-
ma (SCC) and adenocarcinoma is considered as a serious
malignancy with respect to prognosis and a fatal outcome
in the great majority of cases'”. Esophageal carcinoma
affects more than 450000 people wotldwide and the inci-
dence is rapidly increasing”. Currently, EsC is the eighth
most common incident cancer in the world because of its
extremely aggressive nature and poor survival rate!”,

EsC exhibits an epidemiologic pattern distinct from
all other cancers'®”. The incidence of esophageal ad-
enocarcinoma has increased sharply over the past few
decades, both by period and birth cohort. Etiological
studies are required to explain the rapid increase of this
lethal cancer™. Understanding the epidemiology of EsC
will be the key to elucidating the causes and risk factors
for esophageal cancer and thus the cornerstone of devel-
oping any prevention strategies.

PATHOLOGY AND ANATOMY

Cancer of the esophagus typically occurs in one of two
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forms, SCCs arising from the stratified squamous epithe-
lial lining of the organ, and adenocarcinomas affecting
columnar glandular cells that replace the squamous epi-
thelium®. Sarcomas and small cell carcinomas generally
represent less than 1%-2% of all esophageal cancers' ',
On rare occasions, other carcinomas, melanomas, leio-
myosarcomas, carcinoids, and lymphomas may develop in
the esophagus as well”,

SCC is the predominant histologic type of esophageal
cancer wotldwide!"”. The incidence of squamous cell can-
cer of the esophagus increases with age as well and peaks
in the seventh decade of life. The incidence of squamous
cell esophageal cancer is three times higher in blacks than
in whites, whereas adenocarcinomas are more common
in white men.

The natural histories of SCCs and adenocarcinomas
of esophagus appear to differ substantially. For squamous
cell cancers, transition models have described squamous
epithelium undergoing inflammatory changes that prog-
ress to dysplasia and in situ malignant changem’m.

Most adenocarcinomas, however, tend to arise in the
distal esophagus from columnar-lined metaplastic epithe-
lium, commonly known as Barrett’s esophagus“s’m, which
replaces the squamous epithelium during the healing
reflux esophagitis and may progress to dysplasia. Gas-
troesophageal reflux disease (GERD), or just reflux"™"”
can damage the lining of esophagus which causes Barrett’
s esophagusm, characterized by abnormal “tongues” of
salmon-colored mucosa extending proximally from the
gastroesophageal junction into the normal pale esopha-
geal mucosa, develops in approximately 5 to 8 percent of
patients with gastroesophageal reflux disease.

Cancers that start at the area where the esophagus
joins the stomach (the GE junction), which includes
about the first 2 inches of the stomach (called the cardia),
tend to behave like esophagus cancers (and are treated
like them, as well), so they are grouped with esophagus
cancers. Approximately three quarters of all adenocarci-
nomas are found in the distal esophagus, whereas SCCs
are more evenly distributed between the middle and
lower third. The cervical esophagus is an uncommon site
of disease. Nowadays the terminology used for the defi-
nition of adenocarcinomas at the GE junction is “cardiac
carcinoma”, which can be easily misunderstood. This
definition of adenocarcinomas of the GE junction does
not allow correct comparison of diagnosis (endoscopic,
radiological and pathologic), epidemiology and surgical
therapy in national and international aspects, because dif-
ferent tumor can develop in the same atea, and all called
cardia tumors™. Siewert and Stein recommended a classi-
fication to solve this problemm. The classification of the
tumots is morphological/topographicalm’zzl. Type I is
adenocarcinoma of the distal part of the esophagus.
Type II is adenocarcinoma of the real cardia and type
Il is subcardial gastric adenocarcinoma. The importance
of this classification is it enables unified pre-operative
assessment and it can also help to decide the type of the

. . . [202327]
surgical intervention .
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INCIDENCE

Cancers arising from the esophagus, including the
GE junction, are relatively uncommon in the United
States™”. The rate of cancer of the distal esophagus is
about equal to that of the more proximal two-thirds™.
SCC is the predominant histologic type of esophageal
cancer worldwide. The incidence of SCC increases with
age as well and peaks in the seventh decade of life, which
is three times higher in blacks than in whites, whereas ad-
enocarcinomas are more common in white men.

The most important precancerous disease is Barrett’s
esophagusm&”. Patients with Barrett’s esophagus have
a 50 to 100 times increase in their risk of developing
cancer compared to the general population. People with
Barrett’s esophagus are much more likely to develop can-
cer of the esophagus. These people require close medical
follow-up in order to find cancer early. Still, although they
have a higher risk, most people with Barrett’s esophagus
do not go on to develop cancer of the esophagus. In
their population-based cohort study, Hvid-Jensen ez a/”
reported an annual risk of esophageal adenocarcinoma

of 0.12% among patients with Barrett’s esophagus.

For different types of esophageal cancer, the risk
increases with age, with a mean age at diagnosis of 67
years. Esophageal cancer age-adjusted incidence of
blacks was about twice that of whites (8.63/100000 s
4.39/100000, P < 0.05)"". Squamous cell carcinoma was
more commonly diagnosed in blacks and white females,
whereas adenocarcinoma was more common among
white males.

Although the disease is relatively uncommon in the
United States, it is a major global health threat””. Esopha-
geal cancer is four times more common and slightly more
lethal in men than in women. According to the National
Cancer Institute (Cancer.gov) in 2012, it is estimated that
17460 persons (13950 men and 3510 women) will be di-
agnosed with and 15070 persons will die of cancer of the
esophagus in 2012.

Esophageal cancer occurs at a rate 20 to 30 times
higher in China than in the United States. An esophageal
“cancer belt,” primarily squamous cell cancers, extends
from northeast China to the Middle East™*". Evidence
of an association between environment and diet and
esophageal cancer comes from the profound differences
in incidence obsetrved in various parts of the wotld. The
majority of the factors so far implicated in cancer of the
esophagus appear to act directly on the esophagus rather
than systemically. Nutritional deficiencies can develop
by chronic alcohol use as well as by poverty and lack of
an adequate food supply, but diet does not explain the
whole picture. External carcinogens are necessary to af-
fect the end result. The association between nutrition and
esophagitis may suggest methods of primary prevention
of esophageal cancer and provide a chance of lowering
the incidence of this deadly disease™.

From 1996-2009, the annual percentage change was
increased by 0.5% in all races and 0.4% in white. How-
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Figure 2 Relative survivals for esophageal cancer for all races.

evet, the increase of incidence is because of the increase
incidence in men. Actually, the incidence in woman
dropped by 0.4% (Surveillance, Epidemiology and End
Results, SEER).

MORTALITY

Figure 1 shows the age-adjusted esophageal cancer moz-
tality. It is in line with the incidence rate in the world but
there is no difference between men and women. Age-
adjusted mortality for blacks, although showing a declin-
ing trend, was neatly twice that of whites (7.79 »s 3.96, P
< 0.05). Squamous cell carcinoma was more commonly
diagnosed in blacks and white females, whereas adeno-
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Figure 1 Estimated esophageal cancer mortality world-
wide in 2008 (GLOBOCAN 2008). A: Men; B: Women.

carcinoma was more common among white males (P <
0.001)""). The reasons are economic status, diet, and poor
eating habits, ez.

SURVIVAL

Survival varied widely according to cancer site. The dif-
ferences in survival related to histology were also ex-
pected™. Although survival was poor for all groups, it
was significantly poorer in blacks than in whites (Figure 2).
The overall 5-year relative survival for 2002-2008 from 18
SEER geographic areas was 16.9%. Five-year relative sur-
vival by race and sex was: 18.1% for white men; 17.0%
for white women; 10.4% for black men; 12.6% for black
women.

The overall relative 5-year survival rates over time in-
crease gradually in white and black, man and women. For
example, the rate was below 2% in 1995 to over 10% in
2008 in black men (SEER).

Although the overall outlook for patients diagnosed
with esophageal cancer has improved in the past 30 years,
most patients still present with advanced disease, and
their survival remains poot'”, One-third to one-half of
patients treated with either chemoradiation therapy or
chemoradiation therapy plus surgery are alive at 2 years,
without recurrence of esophageal cancer.

The reason is because esophageal cancer is diagnosed
at rather late stage. Overall, more than 30 percent of pa-
tients have metastatic disease at the time of presentation
(32.15% in white and 31.83% in black). None was found
that has in situ cancer, due to the fact that it can be diffi-
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Table 1 Stage distribution and 5-year relative survival by

stage at diagnosis for 1998-2009, all races, both sexes

Stage at diagnosis Stage 5-year relative
distribution survival
Localized (confined to primary site) 22% 37.80%
Regional (spread to regional lymphnodes) 30% 19.80%
Distant (cancer has metastasized) 35% 3.40%
Unknown (unstaged) 13% 10.50%

cult to diagnose esophageal cancer early. Among patients
who are undergoing primary surgery, 22 percent have lo-
calized disease, 30 percent have regional cancer (Table 1).

RISK FACTORS

The patterns of esophageal cancer are dramatically
changing in the United States. However, the mechanisms
of esophageal tumorigenesis are not fully understood"”.
Three decades ago the large majority of these cancers
were SCCs, but the incidence of esophageal adenocarci-
noma has been steadily increasing[w. Tobacco and alco-
hol consumption are the primary causes of SCCs of the
esophagus™. One of the strongest emerging risk factors,
however, is obesity. Increases in the prevalence of obesity
and the incidence of esophageal adenocarcinoma are
parallel, and several epidemiologic studies have shown
upwards of threefold excess risks among overweight indi-
viduals. Further research into the causes of these usually
fatal cancers may help identify other potential determi-
nants and provide needed information to help stem their
increase.

Cigarettes, red meat, alcohol and hookah smokingm,
nass use (a chewing tobacco product), opium consump-
tion, hot tea drinking, poor oral health, low intake of fresh
fruit and vegetables, and low socioeconomic status have
been associated with a higher risk of esophageal SCC (Table
2). Barrett’s esophagus is cleatly recognized as a risk factor
for EsC, and dysplasia remains the only factor useful for
identifying patients at increased risk, for the development
of esophageal adenocarcinoma in clinical practice.

Smoking increases risk of SCC and adenocarcinoma of
the esophagus

Moderate to heavy smokers face an increased risk of
both SCC and adenocarcinoma of the esophagus. Re-
search suggests that when a smoker ingests tobacco
condensates, it causes tobacco carcinogens, particularly
nitrosamines, to come in contact with the esophageal
mucosa. There is a direct correlation between the number
of cigarettes a smoker smokes per day; the length of time
the smoker spends smoking, and the risk of esophageal

2]
cancer .

The effects of chronic irritation and inflammation on
SCC

The incidence of SCC of the esophagus has been found
to dramatically increase in the presence of any factor that
causes chronic irritation and inflammation, such as exces-
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Table 2 Esophageal cancer risk factors™***”!

Risk factor Squmous-cell Adenocarcinoma
carcinoma
First or second hand smoke Siaisls Sas
Alcohol consumption Siaisls -
Consumption of red meat 1 T
Barrett’s esophagus - Siatgizh
Reflux symptoms - Siatais
Being overweight - T
Poverty ++ -
Caustic injury to the esophagus Saisist -
History of head and neck cancer +H++ -
History with radiotherapy +++ +++
Frequent consumption of extremely hot 1 -
drinks
Polymorphism Cyclin D1 (CCND1) - +
G870A polymorphism
p53 + -
polymorphism
TERT A279T + +
polymorphism

-t No effect; +: Suspicious effect; ++: Positive effect; +++, ++++: Strong

positive effect.

sive alcohol intake, especially in combination with smok-
ingl46’47j. This does not hold true for adenocarcinoma.
This may account for more than 90 percent of all cases
of SCC of the esophagus in developed countries™
Chronic esophageal irritation also occurs when food
is retained and decomposed by bacteria, releasing vatious
chemical irritants. Frequent consumption of hot bever-
ages also appears to increase the incidence of scct,

Obesity

Esophageal squamous cell carcinoma (ESCC) is cleatly
linked to a low socioeconomic status. The increasing
prevalence of obesity in the Western world is thought to
add to the rising incidence of esophageal adenocarcino-
ma. More specifically, it has been postulated that obesity
increases intraabdominal pressure and gastroesophageal
reflux by a specific mechanism, although some studies
provided contradictory results. On the other hand, adi-
pose tissue itself influences tumor development™ ™. Adi-
pocytes and inflammatory cells secrete adipokines and
cytokines which ate known to promote tumor develop-
ment. The abundant availability of lipids from adipocytes
in the tumor microenvironment, SUPPOrts tumMor progres-
sion and uncontrolled growth. Given that adipocytes are
a major source of adipokines and energy for the cancer
cell, understanding the mechanisms of metabolic sym-
biosis between cancer cells and adipocytes, should reveal
new therapeutic possibilities.

Genetic changes

The genetic and molecular changes underlying the devel-

opment of EsC remain poorly understood. Genetic analy-

sis of these cancers reveals frequent chromosomal losses

(4q, 59, 9p, and 18q), chromosomal gains (8q, 17q, and

20q), and occasional gene amplifications (7, 8, and 17q)[5].
In the past decade, efforts have been made to use can-
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didate gene approaches to identify genetic susceptibility
factors for ESCC. The genome-wide association studies
(GWAS) has emerged as a powerful and successful tool
to identify common disease alleles by using high-through-
put genotyping technology to interrogate a large number
of tagging single nucleotide polymorphisms (SNPs) that
serve as surrogates for untested common SNPs across
the genome. So far, GWAS of esophageal cancers in-
cluding ESCC in individuals of European and Japanese
ancestry, have shown that variants in ADH genes and/or
ALDH2 are associated with risk of ESCC”™". More
recently, Wu ¢# a/ further reported that nine new ESCC
susceptibility loci, of which seven, at chromosomes 4q23,
16q12.1, 17q21, 22q12, 3q27, 17p13 and 18p11, had a
significant marginal effect (P = 1.78 X 10” to P = 2.49
X 10’“) and two of which, at 2q22 and 13q33, had a
significant association only in the gene-alcohol drinking
interaction [gene-environment interaction P (Pc xr) =
439 x 10" and Po xr = 4.80 X 107, respectively|. Vari-
ants at the 4q23 locus, which includes the ADH cluster,
each had a significant interaction with alcohol drinking
in their association with ESCC risk (P xr = 2.54 X 10"
to 3.23 X 107). They confirmed the known association
of the ALDH?2 locus on 12q24 to ESCC, and a joint
analysis showed that drinkers with both of the ADHT7B
and ALDH? risk alleles had a fourfold increased risk for
ESCC compared to drinkers without these risk alleles.
Their results underscore the direct genetic contribution
to ESCC risk, as well as the genetic contribution to ESCC
through interaction with alcohol consumption™,

There are also some studies on polymorphism on oth-
er locations for esophageal adenocarcinoma with smaller
samples. Cyclin D1 (CCND7) G&870A polymorphism has
been known to be a risk factor in multiple cancers”™ *,
However, investigations concerning the association of
CCND1 G&870A4 polymorphism with esophageal cancer
risk have generated conflicting results’””. The overall
data suggest that CCND1 G870A variations might have
an association with increased esophageal cancer suscep-
tibility. The eatliest findings, published in 2005, reported
that CCND1 G870A was a risk factor for esophageal ad-
enocarcinoma®”’. A study conducted by Liu’s group, drew
the exact opposite conclusion: CCND1 G870A was not
associated with susceptibility to esophageal adenocarci-
noma'", Liu’s group explained the discrepancy by noting
that all previous studies were based on small samplings.

Since the definition of G870A is the same for both
groups, the significant difference lies in the methods that
they used. Casson’s group did polymerase chain reaction
(PCR) followed by enzyme digestion, and visualized the
result by running the products in a 15% acrylamide gel,
and is referred to as “PCR-restriction fragment length
polymorphism (RFLP),” which was widely used ten years
ago. Liu’s group genotyped by the 5'-nuclease assay (Taq-
Man), using the ABI Prism 7900HT Sequence Detection
System (Applied Biosystems, Foster City, CA, United
States). This is currently considered the gold standard
in genotyping. Casson’s group included patients with

(49
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GERD. Since GERD is rather common in the general
population, they selected strictly asymptomatic individu-
als for their control groups. Liu’s group chose instead
to use healthy visitors as their control group. And those
healthy controls might have had some undiagnosed dis-
eases related to GERD, such as Barrett’s esophagus.

One source of bias between the two groups may lie
in the different controls that were used. This may explain
why the rate of G/G is different between the two groups.
The second reason may be due to the detection method
used. Usually, sequencing is viewed as the gold standard,
but it is not always correct”". To detect polymorphism,
the PCR-RFLP that Casson’s group used, might have
been a better choice because PCR-RFLP tests detect the
correct genotype. Direct sequencing of the PCR prod-
ucts, obtained with one of the primers located adjacent
to a mutated nucleotide, may cause unequal amplification
of alleles in heterozygous samples. This effect is even
stronger when mismatched primers are used. Therefore,
there is a potential pitfall in DNA sequencing, indicat-
ing that sequencing may not always be the gold standard.
The third reason may be due to the inherent differences
between the two groups. As we know, the minor allele
frequency (maf) of a SNP is different among different
populations. Since it is ethnicity related, more informa-
tion is needed to know the demographic information of
the patient and the control group.

Although Li argues that others may be drawing differ-
ent conclusions than his group, due to smaller samplings,
it cannot be ruled out that other factors are involved,
such as how the different control groups were recruited.
Zhuo et al*” reported that homozygous AA alleles might
elevate esophageal cancer risk among Asians, but not
Caucasians. This might partially explain why the two
groups drew different conclusions.

CCND1 G870A polymorphism might be a low-pen-
etrant risk factor for esophageal carcinoma, particularly
among Asians. More information is needed to study large
samples in relationship to pertinent demogtaphic data.

PREVENTIVE FACTORS

The keys to prevention of esophageal cancer vary by cell
type. For SCC, reduction or elimination of tobacco and
alcohol consumption provide the best means to reduce
the incidence of this cancer. However, no one particu-
lar risk factor is responsible for the rising incidence of
esophageal adenocarcinoma. Several preventive strategies
are under investigation using such agents as nonsteroidal
anti-inflammatory drugs, selenium, alpha-difluorometh-
ylornithine, and retinoids'”. Vegetable intake, and fruit
intake is consideted to be a preventive role. Carotene,
vitamin C, and vitamin E are protective, most likely in
combination with each other and other micronutrients.
The role of vitamin A is not clear because of conflicting
findings in the studies reviewed””. When intake of raw
vegetables and cooked vegetables was analyzed sepa-
rately, raw vegetables were found to be more protective.
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Because fruits are relatively expensive in most places,
increased consumption may reflect higher socioeconomic
status.

Since obesity is closely related to the incidence of the
esophageal cancer, it would be interesting to follow up
those patients with precancerous lesion to monitor their
weight.

In patients with high-grade dysplasia, the options for
preventive approaches include surveillance, endoscopic
therapies, and surgical resection, but the optimum ap-
proach is debated”. In an analysis of more than 15 stud-
ies, the mean incidence of occult adenocarcinoma in
patients with a preoperative diagnosis of high-grade dys-
plasia treated with esophagectomy was 41%. This high
incidence provides a rationale for use of esophagectomy,
but there is concern about the risk of morbidity. Use of
endoscopic treatments for high-grade dysplasia has been
supported in two randomised trials. In one trial of photo-
dynamic therapy plus proton-pump inhibitors compared
with proton-pump inhibitors alone, progression to cancer
was significantly decreased in the photodynamic-therapy
group (13% vs 28%). In the other, which assessed endo-
scopic radiofrequency ablation in patients with Barrett’
s esophagus and high-grade dysplasia, radio frequency
ablation was more effective in eradication of high-grade
dysplasia than a proton-pump inhibitor alone, and the
progression to cancet was lower (4% »s 22%) during
short-term follow-up”™" .

SCREENING AND EARLY DETECTION

Although several potential preventive measures exist,
none has been proven to decrease the risk of esophageal
carcinoma in prospective well-designed trials”. The rela-
tively low incidence of esophageal cancer, the absence of
early symptoms, and the rarity of a hereditary form of
the disease make population-based screening untenable
except in certain high-risk areas of the wortld”.

Patients who are found to have Barrett’s esophagus,
however, may be candidates for regular endoscopic
surveillance, since the incidence of low-grade dysplasia,
high-grade dysplasia, and cancer is approximately 4 per-
cent, 1 percent, and 0.5 percent per year, respectively,
among such patientslsj. Whether endoscopic screening
programs to detect Barrett’s esophagus in patients with
chronic reflux disease symptoms are useful has been de-
bated. Critics point out the high number of people in the
general population who have reflux symptoms and the
fact that at least 40% of patients with Barrett’s esopha-
gus do not have reflux symptoms, and question the cost-
effectiveness of screening. Proponents of screening
for Barrett’s esophagus point to the clear associations
between reflux, Barrett’s esophagus, and esophageal ad-
enocarcinoma, and suggest that the rising incidence of
esophageal adenocarcinoma justifies screening. No de-
finitive data are available on whether endoscopic screen-
ing for Barrett’s esophagus is associated with a reduction
in cancer-related mortality and, therefore, screening is
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Boishidengs  WIG | www.wjgnet.com

Zhang Y. Risk factors of esophageal cancer

not routinely recommended.

However, some experts have recommended that
endoscopy be performed every three to five years in pa-
tients who have Barrett’s esophagus in the absence of ep-
ithelial dysplasia and more frequently if they are found to
have low-grade dysplasia. Diagnostic endoscopy for early
detection can be conducted in 2 steps: at first detection
of an abnormal area through changes in relief, in color or
in the course of superficial capillaries; then characteriza-
tion of the morphology of the lesion. Then treatment
decision offers 3 options according to histologic predic-
tion: abstention, endoscopic resection, surgery. The rig-
orous quality control of endoscopy will reduce the miss

. . 78]
rate of lesions and the occurrence of interval cancer”.

CONCLUSION

The precise causes of EsC have not been identified.
Despite uncertainties in our understanding of the causes

of mechanistic pathways of esophageal cancer, there is
sufficient evidence to take effective steps to prevent the
majority of SCC in western countries, while more infor-
mation is needed to curb the epidemic increase in adeno-

. 7.79)
carcimnoma .
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