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BACKGROUND: Geographical variation and temporal trends in
the incidence of esophageal and gastric cancers vary according to
both tumour morphology and organ subsite. Both diseases are among
the deadliest forms of cancer. The incidence and survival rates for
gastric and esophageal carcinoma in British Columbia (BC) between
1990 and 1999 are described.

METHODS: Incidence data for the period 1990 to 1999 were
obtained from the BC Cancer Registry. Age-adjusted incidence and
survival rates were computed by anatomical subsite, histological type
and sex. All rates were standardized to the 1996 Canadian popula-
tion. The estimated annual percentage change (EAPC) was used to
measure incidence changes over time. Kaplan-Meier curves were
used to show survival rates, and log-rank tests were used to test for
differences in the curves among various groups.

RESULTS: Between 1990 and 1999, 1741 esophageal cancer cases
and 3431 gastric cancer cases were registered in BC. There was an
increase in the incidence of adenocarcinoma of the esophagus over
time (EAPC=9.6%) among men, and of gastric cardia cancer among
both women (EAPC=9.2%) and men (EAPC=3.8%). Patients with
proximal gastric (cardia) cancer had significantly better survival rates
than patients with cancer in the lower one-third of the esophagus.
Among gastric cancers, patients with distal tumours had a signifi-
cantly better survival rate than patients with proximal tumours.
DISCUSSION: The incidences of proximal gastric cancer and
esophageal adenocarcinoma are increasing, and their survival pat-
terns are different. Examining these cancers together may elucidate
new etiological and prognostic factors.
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Cancers de I’estomac et de I’cesophage
diagnostiqués en Colombie-Britannique,
de 1990 a 1999 : incidence et survie

: Les tendances relatives aux variations géographiques e
CONTEXTE : Les tend: 1 t géographiq t
temporelles de I'incidence des cancers de I'estomac et de I'cesophage
varient selon la morphologie des tumeurs et le sous-siege organique. Les
eux maladies figurent parmi les formes les plus mortelles de cancer.
d ladies fig p les f les pl telles d 1l
sera donc question, dans le présent article, de I'incidence des cancers de
estomac et de l'cesophage diagnostiqués en Colombie-Britannique
Pest t de l'cesophage diagnostiq; Colombie-Brit q
(C.-B.), de 1990 a 1999, ainsi que du taux de survie.
METHODE : Les données sur 'incidence, de 1990 a 1999, proviennent
du BC Cancer Registry. Les taux d’incidence et de survie rectifiés selon
age ont été calculés en fonction du sous-siége anatomique, du type histologique et
du sexe. Les taux ont tous été ramenés aux valeurs de 1996, au Canada.
Nous avons utilisé 'estimation de la variation procentuelle annuelle
(EVPA) pour mesurer les variations de I'incidence dans le temps,
la courbe de Kaplan-Meier pour illustrer les taux de survie et le test de
Mantel-Haenzel pour vérifier les écarts de courbes entre les différents
groupes.
RESULTATS : Mille sept cent quarante et un cas de cancer de
P'cesophage et 3431 cas de cancer de I'estomac ont été enregistrés en
C.-B., de 1990 a 1999. Il y a eu une augmentation de l'incidence de 'adéno-
carcinome de I'cesophage (EVPA : 9,6 %) au fil du temps chez les hommes et
du cancer du cardia gastrique tant chez les femmes (EVPA : 9,2 %) que chez
les hommes (EVPA : 3,8 %). Le taux de survie au cancer proximal de
I’estomac (cardia) était sensiblement supérieur a celui enregistré pour le
cancer du tiers inférieur de 'oesophage. En ce qui concerne le cancer de
'estomac, les patients atteints de tumeurs distales avaient un taux de
survie significativement plus élevé que les patients atteints de tumeurs
proximales.
DISCUSSION : Lincidence du cancer proximal de l'estomac et de
l’adénocarcinome de I'cesophage est a la hausse, pourtant les taux de
survie different. Pétude de ces deux types de cancer permettrait peut-étre
de découvrir de nouveaux facteurs étiologiques et pronostiques.

hanging patterns of esophageal and gastric cancer inci-

dences over recent decades have made them of increasing
interest in cancer epidemiology. Geographical and temporal
trends in incidence have been reported to vary according to
both tumour morphology and organ subsite (1-3).

Esophageal cancer incidence shows a striking variation in
different parts of the world (2,4). Approximately 80% of
esophageal cancers occur in developing countries. High-
incidence areas include parts of Asia, southeastern Africa,

eastern South America and western Europe (2,4). The inci-
dence of esophageal cancer in North America is approximately
five to 10 cases per 100,000 population, whereas it is more
than 100 cases per 100,000 population in areas of the Caspian
littoral of Iran (5). Before 1980, approximately 90% of all cases
of esophageal cancers were squamous cell carcinomas (SCCs).
Over the past two decades, however, the incidence of
esophageal SCC has decreased, and that of adenocarcinoma has
increased (6,7). In many Western countries, adenocarcinoma is
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Figure 1) New diagnoses of esophageal (A) and gastric (B) cancer in
British Columbia during 1990 to 1999 by age and sex

now more common than SCC (8). Esophageal cancer is one of
the deadliest types of cancers and the sixth leading cause of
death from cancer worldwide (9).

Gastric cancer incidence and mortality rates have fallen
dramatically over the past 70 years (1,10). Nonetheless, gastric
cancer remains the fourth most commonly diagnosed cancer,
and the second most common cause of cancer-related death
worldwide (1,10). Adenocarcinoma is the most common his-
tological type of gastric cancer, accounting for 90% to 95% of
all gastric malignancies (1,4,11). Despite a decline in the inci-
dence of distal gastric cancers, the incidence of proximal
tumours has been increasing since the 1970s, especially among
men in Western countries (12). Tumours of the gastric cardia
now account for nearly one-half of all gastric cancers among
men in the United States (US) and the United Kingdom
(13). Gastric cancer is a disease of poor prognosis and high
mortality (14). In general, countries with higher incidence
rates of gastric cancer show better survival rates than coun-
tries with lower incidence rates (14).

In the present paper, we describe the incidence and survival
rates for gastric and esophageal cancers in the population of

British Columbia (BC) between 1990 and 1999.

METHODS
Data
Cancer incidence data for invasive primary esophageal and
gastric cancers were obtained from the BC Cancer Registry
for the period from 1990 to 1999. The topography and histol-
ogy of cases were coded according to the International
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Classification of Diseases for Oncology, Second Edition (ICD-O-2)
(15). The topography of esophageal cancers was grouped into
four anatomical subsites: esophagus, upper one-third (ICD-O-2,
C15.0 to C15.3); esophagus, middle one-third (ICD-O-2,
C15.4); esophagus, lower one-third (ICD-O-2, C15.5); and
overlapping lesion and esophagus unknown (ICD-O-2, C15.8
and C15.9). The topography of gastric cancer was grouped into
three subsites: proximal (cardia) in the gastroesophageal junc-
tion or upper one-third of the stomach (ICD-O-2, C16.0 to
C16.1); distal stomach or lower two-thirds of the stomach
(ICD-O-2, C16.2 to C16.7); and unknown or
unspecified/overlapping regions (ICD-O-2, C16.8 to C16.9).
Histological categories for esophageal and gastric cancers were
SCC (ICD-0O-2, 8050 to 8082), adenocarcinoma (ICD-O-2,
8140 to 8573) and other (mainly ICD-O-2, 8000 to 8020)
(16). Diffuse gastric tumours were defined by ICD-O-2 histol-
ogy codes 8142, 8145 and 8490 (16). Five years of follow-up
information was available for each patient. The stage of diag-
nosis was defined according to the American Joint Committee
on Cancer’s tumour-node-metastasis classification (17).

Statistical analysis

Annual age-adjusted incidence rates were computed by
anatomical subsite, histological type and sex. All rates were
standardized to the 1996 Canadian population. The esti-
mated annual percentage change (EAPC) was used to meas-
ure trends or the change in rates over time by fitting a
regression line to the natural logarithm of the rates, using cal-
endar year as an independent variable (18). Overall survival
was calculated as the time between cancer diagnosis and
death. Cases diagnosed at the time of a patient’s death were
excluded, because they were probably registered through
autopsy or death certificate only. Survival curves were calcu-
lated using the Kaplan-Meier method, and log-rank statistics
were used to compare survival differences between groups.
P<0.05 was considered to be statistically significant.

RESULTS

Incidence

Between 1990 and 1999, 1741 cases of esophageal cancer and
3431 cases of gastric cancer were diagnosed in BC. Figure 1
shows the frequency of esophageal and gastric cancers
according to the age at diagnosis and sex. The mean + SD age
at diagnosis was 69.0+11.5 years for esophageal cancer and
69.5+13.2 years for gastric cancer. For both esophageal and
gastric cancers, men were more commonly affected, with
71.0% and 64.5% of diagnoses, respectively. Staging informa-
tion for 60% (n=1132) of esophageal and 20% (n=696) of
gastric cancer patients was available. For esophageal cancer,
10% of patients had stage I, 56% had stage II, 11% had stage
Il and 23% had stage IV disease. For gastric cancer, 14% of
patients had stage I, 16% had stage II, 23% had stage III
(18% Illa, 5% IIIb) and 47% had stage IV disease.

Table 1 shows the incidence rates for gastric and esophageal
cancers by topography, histology and sex. For esophageal can-
cer, 55% were diagnosed in the lower one-third, 22% in the
middle one-third, and 10.5% in the upper one-third. The inci-
dence of men with cancers in the lower esophagus increased
during the study period (EAPC=4.6%, with an average inci-
dence of 3.7 cases per 100,000 population). Fifty-seven per
cent of esophageal cancers were SCCs, 43% were adenocarci-
nomas and 12% were other histological types. There was a
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TABLE 1

Age standardized incidence rate per 100,000 population
(ASR) and estimated annual percentage change (EAPC),
with 95% Cls, for esophageal and gastric cancers, by
topology and histology in British Columbia, 1990 to 1999

Men Women
Cancer ASR EAPC ASR EAPC
type (95%Cl) (95%Cl), % (95%Cl) (95%Cl), %
Esophageal (topology)
Upper 0.6 (0.5-0.7) -1.2(-8.8-7.1) 0.4(0.3-0.4) 6.0 (-1.5-14.1)
Middle 1.3(1.1-1.5) 0.4 (-5-6.1) 0.5(0.5,0.6) -1.9(-6.1-2.5)
Lower 3.7(3.3-4.1) 46(1.1-83) 0.7(0.7,0.8) 0.1(-4.6-5.1)

Gastric (topology)

Cardia 4.4 (4-4.8)
Distal 3.8 (3.6-4)

3.8(0.3-74) 1.0(0.8-1.2) 9.2 (2.6-16.2)
0.4 (-1.9-2.7) 22 (2-24) -1.8(-6-2)
Esophageal (histology)

Scc 29(26-32) -29(-6.6-1) 1.7(1.6-1.8) 04 (-2.8-3.7)
AC 3.3(2.7-3.9) 9.5(5.1-14.2) 0.2 (0.2-0.3) 6.7 (-4.9-19.7)

Gastric (histology)

AC diffuse 1.6 (1.3-1.9) 7.5(1-144) 1.3(1.1-1.5) 8.1(2.5-14)
AC (other) 9.1 (8.6-9.5) —0.3 (-2.3-1.8) 2.9 (2.6-3.2) -2.7 (-6-1)

AC Adenocarcinoma; SCC Squamous cell carcinoma
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Figure 2) Five-year survival curves for patients with esophageal and
gastric cancers

substantial increase in the incidence of esophageal adenocarci-
noma over the study period among men (EAPC=9.5%, with
an average incidence of 3.3 cases per 100,000 population).
There was a lower increase in esophageal adenocarcinoma
incidence among women (EAPC=6.7%, with an average inci-
dence of 0.2 cases per 100,000 population). For gastric cancer,
29% of cases were diagnosed in the proximal one-third and
33% in the distal two-thirds, and 38% had an unspecified
topology. There was an increase in the incidence of proximal
(cardia) gastric cancers over time for both men (EAPC=3.8%,
with an average incidence of 4.4 cases per 100,000 population)
and women (EAPC=9.2%, with an average incidence of
1.0 case per 100,000 population). Eighty-four per cent of gastric
cancer patients were diagnosed with adenocarcinoma, and 16%
were diagnosed with other histological types. Among gastric
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Figure 3) Five-year survival curves by sex for patients with
esophageal (A) and gastric (B) cancers

adenocarcinomas, 20% were the diffuse type (including signet
ring cell carcinoma). The rates of diffuse gastric cancer in both
men (EAPC=7.5%, with an average incidence of 1.6 cases per
100,000 population) and women (EAPC=8.1, with an average
incidence of 1.3 cases per 100,000 population) increased sub-

stantially from 1990 to 1999.

Survival

Figure 2 shows the overall five-year survival curves for patients
with esophageal and gastric cancer. The patients had overall
five-year survival rates of 8.8% for esophageal cancer and 16.2%
for gastric cancer; the survival rate of patients with gastric can-
cer was significantly better than for those with esophageal can-
cer. Sex did not have any significant effect on the survival of
patients with gastric cancer, but for esophageal cancer, women
had significantly better survival rates than men (Figure 3).
There was no significant difference in survival rates for patients
with cancers affecting the lower, middle and upper one-thirds of
the esophagus; however, patients with cancer of the upper one-
third had a slightly better survival rate than patients who had
cancer in the lower one-third (Figure 4A). For gastric cancer,
patients with distal tumours had a significantly better survival
rate than those with proximal tumours (P<0.001) (Figure 4B);
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Figure 4) Five-year survival curves by tumour location for patients
with esophageal (A) and gastric (B) cancer

however, patients with proximal gastric (cardia) cancers had sig-
nificantly better survival rates than those with adenocarcinoma
tumours in the lower one-third of the esophagus (P<0.001).
There were no significant differences in terms of tumour histol-
ogy in the survival rate of patients with esophageal cancer.

DISCUSSION

Over the past decades, the epidemiology of upper gastrointesti-
nal (GI) cancers has changed. In the present study, we found
some similarities and interesting differences between changing
patterns of cancers in the gastroesophageal junction area. The
most notable similarity was the incidence of proximal gastric
cancer and esophageal adenocarcinoma. Major differences
between these cancers were seen in the survival rates of
patients and the incidence classified by sex. Over the study
period, an increased incidence of esophageal adenocarcinoma
was only substantial in men, but women had a greater increase
in incidence than men of proximal gastric cancer. This trend is
different than noted in other parts of Canada (19).

The incidence of esophageal cancer in men showed an
increase over the study period. The pattern of histological
changes for esophageal cancer in BC is compatible with patterns
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in other Western countries. The incidence of esophageal ade-
nocarcinoma in men is rising in most countries, although this
trend is highly varied among ethnicities (19-21). Our study
did not analyze ethnicity, because the BC registry does not
collect this information. The highest incidence rates for white
men in the year 2000 were found in Great Britain (5.0 to
8.7 cases per 100,000 population) and Australia (4.8 cases per
100,000 population), followed by the Netherlands (4.4 cases
per 100,000 population), the US (3.7 cases per 100,000 popu-
lation) and Denmark (2.8 cases per 100,000 population) (21).
Regional differences in esophageal adenocarcinoma incidence
rates have been reported in the US (22). BC has shown a
decrease in the incidence of esophageal SCCs; however, this
decrease was not significant and was different from the trend
in Ontario (23).

Gastric cancer incidence has decreased over the past sev-
eral decades worldwide (4). In 1900, gastric cancer was the
leading cause of death in the US (24). The incidence of distal
gastric cancer in BC has been almost steady over time; how-
ever, the incidence of proximal (cardia) cancer has increased.
The increasing incidence rate of proximal gastric cancer in
men follows an increasing trend in Ontario (23). Like adeno-
carcinoma of the esophagus, the incidence of gastric cardia
cancer has increased significantly since the 1970s (25). In the
US, this increasing trend has stabilized since the late 1980s
(26). Our study indicates that the incidence and the increase
in incidence of proximal gastric cancer is higher in BC than in
the US and Ontario. Unlike other major tumours of the upper
GI tract, incidence of diffuse gastric cancer was not influenced
by sex in BC. The incidence of diffuse gastric cancer in the US
increased from 0.3 cases per 100,000 population in 1973 to
1.8 cases per 100,000 population in 2000 (16).

The five-year overall survival rate for patients with
esophageal cancer in BC (9%) is very poor. In our study, women
had a better esophageal cancer survival rate than men. This
result agrees with a report from Europe (27). We remind readers
that rates in the present paper should be compared with caution
with those in other reports because of the possible effect of stan-
dardizing with a different population. Topology in esophageal
cancer patients did not significantly influence survival.
However, cancer in the upper esophagus has a small survival
benefit compared with cancer in the lower esophagus, possibly
because they are detected or present earlier. According to our
data, there was no significant difference in survival rates
between patients with SCC and those with adenocarcinoma of
the esophagus. These results are in contrast with studies in the
United Kingdom (1987 to 2000) and Germany (1982 to 2000),
which showed that adenocarcinoma has a more favourable prog-
nosis than SCC (28,29) in esophageal cancer patients. In gen-
eral, gastric cancer five-year survival (16%) was poor, but it was
significantly better than that for esophageal cancer. This is a
slightly better survival than previously reported in gastric cancer
patients treated in BC between 1978 and 1997 (30). In our
study, a significant difference in five-year survival was observed
between distal and proximal cancers of the stomach, with a
worse outcome noted in patients with cancer of the cardia. This
agrees with previous studies, which have shown the same prog-
nosis pattern for cardia cancers as with other gastric cancers
(31,32).

The strength of the present study was the availability of
population-based data with details of histology and pathology.
Furthermore, the Gastrointestinal Tumour Group at the BC
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Cancer Agency provides province-wide treatment guidelines
in BC so that most patients receive similar treatment. This is
important, because treatment is one of the greatest determi-
nants of cancer patients’ survival. Over the study period, the
general treatment for esophageal cancer was surgery in stage I
cancer; preoperative radiation (4500 cGy in 25 fractions) and
chemotherapy (5-fluorouracil [5-FU] plus cisplatin) followed
by surgery and further chemotherapy (5-FU plus cisplatin) in
50% of stage Il and III cancers, or surgery followed by radiation
(4500 cGy in 25 fractions) and chemotherapy (5-FU plus cis-
platin) for the other 50%; and chemotherapy (5-FU plus cis-
platin) in 75% of stage IV cancers, with the remainder
receiving symptomatic care only. The general treatment for
resectable gastric cancer (stages I, II or III) was surgery;
chemotherapy with 5-FU or 5-FU plus cisplatin was prescribed
for approximately 65% of stage IV patients, while the rest had
symptomatic care only.

Weaknessess of the present study were the number of cases
with unspecified histology and pathology, and the lack of eth-
nicity information.

Although gastric and esophageal cancers are relatively infre-
quent in Canada, their epidemiology is changing. The trends
are most evident when tumours are classified by histology and
anatomical location. While the incidences of SCC of the
esophagus and adenocarcinoma of the distal stomach appear to
be stable or decreasing, the incidences of esophageal adenocar-
cinoma and gastric cardia cancer are increasing. We offer three
possible explanations for this trend: increased exposure to one
or more risk factors; misclassification and overdiagnosis; and
immigration and the changing population of BC. Risk factors
for gastric cancer include Helicobacter pylori infection (33);
heredity, genetic and immunological variables (11); diet and
lifestyle (34); tobacco smoking (35); obesity (36); ionizing radi-
ation (37); and exposure to the Epstein-Barr virus (38). Risk
factors for esophageal cancer include gastroesophageal reflux
(39), Barrett’s esophagus (40), asthma medication use, lower
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