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BACKGROUND: Esophageal adenocarcinoma has one of the fastest
rising incidence rates and one of the lowest survival rates of any cancer
type in the Western world. However, in many countries, trends in
esophageal cancer differ according to tumour morphology and ana-
tomical location. In Canada, incidence and survival trends for esopha-
geal cancer subtypes are poorly known.

METHODS: Cancer incidence and mortality rates were obtained from
the Canadian Cancer Registry, the National Cancer Incidence
Reporting System and the Canadian Vital Statistics Death databases
for the period from 1986 to 2006. Observed trends (annual per cent
change) and five-year relative survival ratios were estimated separately
for esophageal adenocarcinoma and squamous cell carcinoma, and
according to location (upper, middle, or lower one-third of the esopha-
gus). Incidence rates were projected up to the year 2026.

RESULTS: Annual age-standardized incidence rates for esophageal
cancer in 2004 to 2006 were 6.1 and 1.7 per 100,000 for males and
females, respectively. Esophageal adenocarcinoma incidence rose by
3.9% (males) and 3.6% (females) per year for the period 1986 to 2006,
with the steepest increase in the lower one-third of the esophagus
(4.8% and 5.0% per year among males and females, respectively). In
contrast, squamous cell carcinoma incidence declined by 3.3% (males)
and 3.2% (females) per year since the early 1990s. The five-year rela-
tive survival ratio for esophageal cancer was 13% between 2004 and
2006, approximately a 3% increase since the period from 1992 to
1994. Projected incidence rates showed increases of 40% to 50% for
esophageal adenocarcinoma and decreases of 30% for squamous cell
carcinoma by 2026.

DISCUSSION: Although esophageal cancer is rare in Canada, the inci-
dence of esophageal adenocarcinoma has doubled in the past 20 years,
which may reflect the increasing prevalence of obesity and gastroe-
sophageal reflux disease. Declines in squamous cell carcinoma may be
the result of the decreases in the prevalence of smoking in Canada.
Given the low survival rates and the potential for further increases in
incidence, esophageal adenocarcinoma warrants close attention.
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Le cancer de I'cesophage au Canada : les tendances
d’apreés la morphologie et le foyer anatomique

HISTORIQUE : L’adénocarcinome de I'cesophage affiche I'un des
taux d’incidence les plus rapides et 'un des taux de survie les plus fai-
bles de tous les cancers de ’hémisphere occidental. Toutefois, dans de
nombreux pays, les tendances de cancer de I'cesophage different selon
la morphologie de la tumeur et le foyer anatomique. Au Canada, on ne
sait pas grand-chose de I'incidence et des tendances de survie d’apres
les sous-types de cancer de 'cesophage.

METHODOLOGIE : Les chercheurs ont extrait I'incidence de can-
cer et les taux de mortalité du Registre canadien du cancer, du Systéme
national de déclaration des cas de cancer et des bases de données sur
les déces de la statistique de I’état civil entre 1986 et 2006. Ils ont
évalué séparément les tendances observées (changement annuel en
pourcentage) et les ratios de survie relatifs sur cinq ans a I'égard de
I'adénocarcinome de I'cesophage et du carcinome spinocellulaire, et
compte tenu de leur foyer (tiers supérieur, central ou inférieur de
'cesophage). Ils ont projeté le taux d’incidence jusqu’en 2026.
RESULTATS : Entre 2004 et 2006, le taux d’incidence annuel nor-
malisé de cancer de 'cesophage selon 'age était de 6,1 hommes et 1,7
femmes sur 100 000 habitants, respectivement. L’incidence
d’adénocarcinome de I'cesophage a augmenté de 3,9 % (hommes) et
de 3,6 % (femmes) par année entre 1986 et 2006, I'augmentation la
plus marquée s’observant dans le tiers inférieur de I'cesophage (4,8 %
et 5,0 % par année chez les hommes et les femmes, respectivement).
Par contre, I'incidence de carcinome spinocellulaire a diminué de 3,3 %
(hommes) et de 3,2 % (femmes) par année depuis le début des années
1990. Le ratio de survie relatif du cancer de I'cesophage correspondait a
13 % entre 2004 et 2006, soit une augmentation d’environ 3 % depuis
la période de 1992 a 1994. Le taux d’incidence projeté révele des aug-
mentations de 40 % a 50 % des adénocarcinomes de "cesophage et une
diminution de 30 % des carcinomes spinocellulaires d’ici 2026.
EXPOSE : Méme si le cancer de Icesophage est rare au Canada,
I'incidence d’adénocarcinome de I'cesophage a doublé depuis 20 ans, ce
qui peut refléter la prévalence croissante d’obésité et de reflux gastro-
cesophagien pathologique. La diminution des carcinomes spinocellu-
laires pourrait découler de la baisse de prévalence du tabagisme au
Canada. Etant donné le faible taux de survie et la possibilité
d’augmentation continue de l'incidence, il serait justifié d’évaluer
attentivement I’'adénocarcinome de I’cesophage.

Esophageal cancer is the eighth most commonly diagnosed cancer
type and sixth leading cause of cancer deaths worldwide (1).
Average rates of incidence in eastern Asia and southern Africa (15 per
100,000 among men, seven per 100,000 among women) are approxi-
mately triple those in the Americas, Europe and Oceania (six per

100,000 among men, two per 100,000 among women) (2,3). In less
developed parts of the world, esophageal squamous cell carcinoma
(ESCC) has long been the predominant subtype of this cancer, with
rates up to 100 per 100,000 in parts of China, India and central Asia
(the so-called, ‘esophageal cancer belt’ [4]). However, esophageal
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TABLE 1

New cases, age-standardized incidence rates and
predicted five-year relative survival ratio (RSR) for
esophageal cancer according to anatomical location,
morphology, sex and age in Canada, 2004 to 2006

Age-
New standardized
cases, rate, Five-year RSR*
n per 100,000 % (95% ClI)

All esophageal cancers 4388 3.73 13 (12-15)
Sex
Male 3233 6.09 13 (11-14)
Female 1155 1.72 15 (13-18)
Location
Upper esophagus 267 0.23 12 (8-17)
Middle esophagus 724 0.62 13 (10-16)
Lower esophagus 2199 1.88 14 (12-15)
Not specified as upper, 1198 0.20 13 (11-16)

middle or lower™
Morphology
Squamous cell carcinoma 1567 1.35 14 (12-16)
Adenocarcinoma 2201 1.87 14 (12-15)

Lower esophageal 1563 1.33 14 (12-16)

adenocarcinoma

All other adenocarcinoma 638 0.54 12 (9-16)
Other specified and 620 0.10 9 (6-12)

unspecified types
Aget, years
15-44 108 0.23 18 (12-26)
45-54 471 3.12 16 (12-20)
55-64 1031 9.94 16 (13-18)
65-74 1235 18.17 14 (12-16)
75-99 1543 25.83 10 (8-12)

*Excludes cases diagnosed in the province of Quebec; Tincludes cancers
classified as cervical (76 cases), thoracic (59 cases), abdominal (16 cases),
overlapping across subsites (145 cases) or unspecified with respect to loca-
tion (902 cases); *No new cases observed among individuals <15 years of
age. Data adapted from reference 49

adenocarcinoma (EAC) incidence is increasing rapidly in Western
countries (5-13), while ESCC incidence is generally stable (6,11) or
declining (5,14).

In Canada, esophageal cancer is a relatively rare but deadly disease.
Although it is only the 19th most common cancer type, it is the 10th
leading cause of cancer deaths nationally. During 2012, there will be
an estimated 1400 new cases among men and 450 new cases among
women in Canada (15). Previous studies reported rising rates of EAC
in two provinces: British Columbia (16) and Ontario (17,18).
However, a national picture of esophageal cancer incidence and sur-
vival, according to tumour morphology and anatomical location, is
still lacking for Canada.

METHODS
Cancer incidence and mortality data were obtained from the Canadian
Cancer Registry, the National Cancer Incidence Reporting System,
and the Canadian Vital Statistics Death (CVS:D) databases for the
period 1986 to 2006. Statistics Canada maintains these databases and
updates them annually with data received from the provincial and ter-
ritorial cancer and vital statistics registries (19-21). The topography
and morphology of cases followed the International Classification of
Diseases for Oncology, Third Edition (22). Anatomical categories were as
follows: esophagus, upper one-third (C15.3), middle one-third (C15.4),
lower one-third (C15.5), and overlapping, unspecified or other loca-
tions (C15.0-C15.2, C15.8 and C15.9). Morphological categories were

724

squamous cell carcinoma (types 8050 to 8078, 8083 to 8084) and adeno-
carcinoma (types 8140 to 8141, 8143 to 8145, 8190 to 8231, 8260 to
8263, 8310, 8401, 8480 to 8490, 8550 to 8551, 8570 to 8574 and
8576).

Age-standardized incidence rates (ASIRs) were calculated accord-
ing to age, sex, and anatomical and morphological categories. All rates
were standardized to the 1991 Canadian population. Annual per-
centage change was estimated as the (back transformed) slope from a
linear regression of log-transformed annual ASIRs on the calendar
year (23). All reported annual percentage change values were statis-
tically significant at P<0.05. Observed trends in EAC and ESCC
from 1987 to 2006 were projected to the year 2026 using the Nordpred
software package (24). Nordpred is a standard cancer projection
method that predicts future rates from a regression model with age,
calendar period and birth cohort effects. The model was fit to the
observed incidence counts for EAC and ESCC (aggregated into five-
year periods and five-year age groups). Future values were estimated for
four five-year periods (20 years ahead in total) by projecting forward
the model’s linear time trend, with successive reductions in each per-
iod while fixing the period and cohort effects. Nordpred default set-
tings were used for all projections. A detailed description of the
projection model and methods can be found in Mgller et al (25).

Period relative survival analyses (26,27) were calculated based on a
publicly available algorithm (28) to which minor adaptations were
made. Expected survival proportions were derived from sex-specific,
complete provincial life tables using the Ederer II approach (29).
Mortality follow-up through December 31, 2006 was determined by
record linkage of the Canadian Cancer Registry to the CVS:D
(excluding deaths registered in the province of Quebec) and from
information reported by provincial/territorial cancer registries. Data
from Quebec were excluded from the analysis primarily because of issues
in correctly ascertaining the vital status of cases. Records were also
excluded if: age at diagnosis was younger than 15 or older than 99 years;
diagnosis was established through autopsy only or death certificate
only; or the year of birth or death was unknown. Otherwise, all pri-
mary cancers were considered (30). Additional detail regarding the
survival methodology is provided elsewhere (31).

RESULTS

Incidence trends in Canada

Incidence rates for EAC and ESCC in Canada showed opposing
trends. Across all subtypes of esophageal cancer, annual rates have
changed little since the mid 1980s, increasing slightly in men (0.3%
per year) and decreasing slightly in women (0.5% per year). The aver-
age incidence rate was approximately three times higher among men
(6.1 per 100,000) than among women (1.7 per 100,000) (Table 1).
However, from 1986 to 2006, the rate of EAC doubled in men (1.8 to
3.5 per 100,000) and women (0.2 to 0.5 per 100,000), amounting to
average annual increases of 3.9% and 3.6% per year, respectively
(Figure 1). EAC has become increasingly common across age groups,
with the fastest rising rates seen in individuals 15 to 44 years of age
(6.9% per year, both sexes). Projections of the observed trends suggests
that rates of EAC will increase by an additional 40% in men (up to 4.8 per
100,000) and 50% in women (up to 0.8 per 100,000) by 2026.

In terms of anatomical location, EAC has increased to the greatest
extent in the lower one-third of the esophagus, rising on average by
4.8% per year in men (1.1 to 2.4 per 100,000) and 5.0% per year in
women (0.1 to 0.4 per 100,000). Of all new esophageal cancer cases
ascribed to a specific location, 69% now occur in the lower one-third
of this organ (Table 1) and the majority of cases in the lower one-third
are EAC (71%) (Table 1). In the nearby gastroesophageal junction
and gastric cardia (region of the stomach nearest to the esophagus), in
contrast, incidence rates for adenocarcinoma increased only slightly in
the period from 1986 to 2006 (0.6% per year, both sexes; data not
shown).

Compared with the rising rates of EAC, ESCC incidence in
Canada has declined across all age groups and in all parts of the
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Figure 1) Age-standardized incidence rates for esophageal adenocarcinoma
(EAC) and esophageal squamous cell carcinoma (ESCC) according to sex
in Canada. Solid lines represent actual observed rates during the period from
1986 to 2006. Dashed lines indicate projected rates up to 2026

esophagus. Since the early 1990s, incidence rates for ESCC have
decreased by a mean of 3.3% per year in men (3.0 to 1.8 per 100,000,
1992 to 2006) and 3.2% per year in women (1.3 to 0.9 per 100,000,
1994 to 2006). Among all ESCC cases ascribed to a specific location,
63% occur in the middle and upper one-thirds of the esophagus.
ESCC is still twice as common as EAC in Canadian women, but only
one-half as common in Canadian men (Figure 1). Projection of these
trends suggests that rates of ESCC will decline an additional 30% in
both men (to 1.3 per 100,000) and women (to 0.6 per 100,000) by
2026. If these projections hold, ESCC will be approximately four times
less common than EAC among men by 2026, whereas the two sub-

types will occur at approximately equivalent rates among women
(Figure 1).

Relative survival

Survival rates for individuals with esophageal cancer are low. In
Canada, individuals diagnosed with this cancer had a five-year relative
survival ratio of 13% compared with similar individuals in the general
population (Table 1). Five-year survival was similar regardless of the
sex of the person diagnosed, whether the cancer occurred in the
upper, middle or lower esophagus, or whether the cancer was EAC or
ESCC. However, survival generally decreases with age at diagnosis,
from 18% among individuals 15 to 44 years of age to 10% among
those 75 to 99 years of age. The age-standardized five-year relative
survival ratio increased by 3% from 1992 to 1994 (10%), to 2004 to
2006 (13%).

DISCUSSION

Rates of esophageal cancer in Canada are relatively low, and similar to
those in the United States, Australia, New Zealand and northern
Europe, but less than those in China, India, southern Asia and south-
eastern Africa (1). However, the two major subtypes of esophageal
cancer — EAC and ESCC - show opposing incidence trends: rates of
EAC roughly doubled (increase of approximately 4% per year),
whereas rates of ESCC declined by one-third (decrease of approxi-
mately 3% per year) in Canada during the period 1986 to 2006.
Similar or greater changes in EAC and ESCC have been reported for
British Columbia and Ontario (16,18). Regional variation in EAC
across Canada may be attributable, in part, to differing rates among
ethnic groups (17). Our projections suggest that rates of EAC will
continue to rise in Canada (approximately 50% increase by 2026,
compared with 2006 levels) and rates of ESCC will continue to fall
(approximately 30% decrease by 2026, compared with 2006 levels). It
should be noted, however, that the projected rates are only estimates,
and depend on the assumption that past trends continue.

Can J Gastroenterol Vol 26 No 10 October 2012
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TABLE 2
Risk factors and strength of association for esophageal
cancers

Risk factor EAC ESSC
Old age +++ +++
Male sex +++ +++
Barrett's esophagus +++ n/a
Gastroesophageal reflux ++ n/a
Obesity ++ n/a
Tobacco use ++ +++
Family history + +
Helicobacter pylori infection - +

Frequent consumption of:

Alcohol + +++
Saturated fats and red meat + +
Hot or spicy foods and liquids n/a +

Fruits and vegetables - -

+++ Very strong effect; ++ Moderate effect; + Marginal effect; + Equivocal
evidence; — Protective effect. EAC Esophageal adenocarcinoma; ESSC
Esophageal squamous cell carcinoma; n/a No proven effect

Risk factors

The risk factors for esophageal cancer differ between EAC and ESCC
(summarized in Table 2) (32-35). EAC is most strongly associated with
three often related conditions: gastroesophageal reflux disease (GERD),
damage to the lower esophagus resulting in the development of abnor-
mal tissue (‘Barrett’s esophagus’) and obesity. In contrast, the domin-
ant risk factors for ESCC are tobacco smoke and alcohol consumption.
In terms of protective effects, dietary fruits and vegetables reduce the
risk of both subtypes of esophageal cancer. Chronic inflammation of
the stomach due to infection by Helicobacter pylori may also reduce the
risk of EAC by decreasing gastric acidity (36). Worldwide, variation in
the incidence of esophageal cancer may reflect the fact that EAC risk
factors are more common in developed countries, whereas those for
ESCC are more common in developing countries (34).

The prevalences of GERD and obesity have increased rapidly in
Western countries over the past two decades (37-40), supporting
causal associations with EAC. Nevertheless, the actual incidence of
EAC among individuals with GERD is still very low except among
white males >60 years of age (41). Given the relative rarity of EAC
compared with the high incidence of GERD, developing a screening
program for EAC may be impractical and has not been shown to be
effective (42). Obesity, in addition to its contribution to the develop-
ment of GERD, is an important independent risk factor for EAC (43).
In particular, abdominal obesity (‘male-pattern obesity’) may be
important and help explain the higher rates of EAC among men com-
pared with women (43). Tobacco smoke, family history, and consump-
tion of red meats and saturated fats also contribute to EAC risk, but
less strongly than do GERD and obesity (32). Although there is no
strong evidence that established therapies to treat GERD reduce the
incidence of EAC (44), certain therapies, such a proton pump inhibit-
ors, have shown promise in preventing the dysplasia that can lead to
EAC (45).

Regarding ESCC, tobacco smoke and alcohol consumption both
elevate risk in a dose-dependent fashion and, together, increase risk
synergistically (46). Reduced rates of cigarette smoking in Canada
(47,48) may help explain the declining incidence of ESCC. A diet
lacking in fruits and vegetables can also increase the risk of ESCC and,
together with smoking and alcohol, may account for 90% of this type
of esophageal cancer (35).

Staging and treatment

Treatment of esophageal cancer depends on tumour stage. Diagnosis is
usually by endoscopy and biopsy. Additional investigations may
include endoscopic ultrasound, computed tomography scan and
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positron emission tomography scan. In Canada, data from the
Manitoba cancer registry (2005 to 2007) show that one-half of the
cases (of a known stage) of esophageal cancer were late stage (stage
IV) at diagnosis, while the remaining were roughly equally distributed
among earlier stages (stage I, Il and I1I) (49). This pattern is consistent
for EAC and ESCC. The survival rate of people diagnosed with stage
IV is low, whereas those diagnosed in stages I to III have a good to
moderate prognosis (50).

The standard treatment for early esophageal cancer is surgery (51).
Patients with esophageal carcinoma in situ and very early invasive
cancer may be treated with local therapies using endoscopy. More
advanced tumours can be treated by surgery or combined chemother-
apy and radiation therapy. Triple modality therapy (usually chemor-
adiation followed by surgery) is being recommended more frequently
(52). In Canada, the five-year relative survival rate for individuals
diagnosed with esophageal cancer is 13%, which is slightly higher than
that in Europe (53) but slightly lower than that in the United States
(54). Such poor survival reflects the fact that many people are diag-
nosed after the esophageal cancer has metastasized or spread to other
organs. For these people, treatment may include a stent to relieve
obstruction of the esophagus, radiotherapy or chemotherapy, or a com-
bination of these treatments.

CONCLUSION

In Canada, the incidence of lower EAC has increased rapidly
among men and women, while ESCC has declined. Increasing rates
of EAC may reflect the rising prevalence of obesity and gastroesopha-
geal reflux disease. Decreases in ESCC may be the result of the
declining prevalence of smoking. Efforts aimed at controlling
tobacco use and obesity (eg, public education regarding tobacco
cessation, healthy diet and healthy weight), could reduce the inci-
dence of esophageal cancer. Although the prognosis for individuals
with esophageal cancer is generally poor, five-year relative survival
rates have improved slightly since the early 1990s, possibly due to
earlier detection and multimodality treatments. Promising future
directions include identifying high-risk individuals who may bene-
fit from screening, continued research into better therapeutic treat-
ment regimens and improved palliative therapies given the low
survival rates of esophageal cancer.
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