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Abstract: In northern Canada where there is a high prevalence of Helicobacter pylori infection, there is
a paucity of information on gastric cancer by the topographical subsites cardia (CGC) and non-cardia
(NCGC). Here we describe the incidence of CGC and NCGC, separately, among northern Canadian
populations. We used data from the Cancer Incidence in Five Continents Volumes X (CI5X) and XI
(CI5XI) to obtain CGC and NCGC incidence for Canada and for Yukon (YT), a northern Canadian
territory. Using these data with those provided by the Government of the Northwest Territories (NT),
we estimated standardized incidence ratios comparing northern populations to Canada as a whole.
We also estimated age-standardized incidence rates to permit comparisons across populations globally.
NT and YT populations were disproportionately impacted by gastric cancer, particularly NCGC. This
was especially true for Indigenous populations: NCGC incidence rates among NT Indigenous men
were 2.7 times the rates among all men in Canada, while rates among NT Indigenous women were
3.1 times the rates among all women in Canada. Similarly, age-standardized rates of NCGC among
Indigenous NT residents were comparable to global regions where there is a high burden of NCGC.
This study has, for the first time, quantified the incidence of CGC and NCGC for the NT and YT,
providing new insights into the burden of these cancers among northern Canadian populations.

Keywords: gastric cancer; cardia; incidence; epidemiology; Arctic; Canada; Indigenous health;
Helicobacter pylori

1. Introduction

Gastric cancer is a major contributor to the global burden of cancer: in 2018, there were an
estimated 1,033,701 new cases and 782,685 deaths due to gastric cancer, making it the 6th most
commonly diagnosed and 3rd most fatal cancer worldwide [1]. Gastric cancer incidence varies by sex,
with rates among men on average twice those observed among women. Variation also exists across
geographic regions: Gastric cancer incidence rates are high in countries within Asia, Eastern Europe,
and parts of Central and South America, while rates are comparatively low in many higher-resourced
regions such as North America and Western Europe [1].

Although often reported as a single entity, gastric cancers can be subdivided into two topographical
categories: cardia gastric cancer (CGC) arising in the proximal area of the stomach, and non-cardia
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gastric cancers (NCGC) arising in more distal regions. As with all gastric cancers combined, there
is considerable geographic variation in incidence across these subsites [2]. This may result, in part,
from differences in risk factors by subsite that vary by geography. These might include genetic risk
factors: For example, genetic polymorphisms in certain DNA repair processes can contribute to an
increased risk of carcinogenesis [3,4]. Environmental factors also play a role: NCGC risk is increased
by Helicobacter pylori infection [5–7] and cancers of this subsite are more common in less-resourced
countries [8,9]. In contrast, CGC is positively associated with obesity and gastroesophageal reflux
but not with H. pylori infection, evidence that suggests a distinct etiology from H. pylori-associated
NCGC. Due at least in part to its association with H. pylori infection, NCGC is also associated with
indicators of low socioeconomic status such as household crowding, low income, low education levels
and increased number of siblings [10]. The mechanisms by which genetic and environmental risk
factors interact to modify gastric cancer risk remain unclear [3,4].

Lower and steadily declining incidence of NCGC among higher-resourced countries may be
attributable to improved sanitation and other factors that reduced the prevalence of H. pylori infection,
as well as other technological advances of the early 20th century that reduced the occurrence of diseases
of the pre-modern era [11–13]; however, some populations within more developed areas are still at
high risk. Studies have documented, for example, a higher burden of gastric cancer in Indigenous
populations worldwide compared to their non-Indigenous counterparts [14,15]. Similarly, others
have shown elevated incidence rates across the circumpolar region, particularly among Indigenous
populations [16,17]. Given the disproportionate impact of H. pylori on NCGC incidence relative to
CGC incidence, the distribution of gastric cancer by subsite varies by H. pylori prevalence within
higher-resourced countries. Ethnic minorities in the US, such as African-Americans or Asian-Americans,
have higher rates of NCGC and lower rates of CGC compared to non-Hispanic white Americans [18,19].
This differing pattern in NCGC and CGC incidence rates has also been observed among Indigenous
populations compared to their country-specific non-Indigenous counterparts [14]. There remains
a paucity of information, however, on differences in gastric cancer incidence by subsite among
high-risk populations.

In northern Canada, where Indigenous groups comprise a high proportion of the population,
communities have expressed concern over their perceived high frequency of stomach cancer [20].
To address these concerns, a community-driven research program conducted by the Canadian
North Helicobacter pylori (CANHelp) Working Group brings together academic researchers, healthcare
providers, health officials, and members of communities in the Northwest Territories (NT) and
Yukon (YT), Canada to conduct community H. pylori projects. These projects have estimated a high
prevalence of H. pylori infection in participating communities [20,21]. Furthermore, participants
assessed pathologically through biopsies of the stomach lining had a high prevalence of precancerous
lesions of the stomach [20]. To characterize the burden of stomach cancer in the northern regions where
these communities reside, we aimed to describe the incidence of gastric cancer overall and by subsite
and compare these estimates to those observed elsewhere.

2. Results

2.1. Gastric Cancer Overall

During 2003 through 2012, there was an annual average of 2638 cases of gastric cancer in Canada;
in each of the two northern territories included here, YT during 2003–2012 and NT during 1997–2015,
there was an annual average of 3 cases (Table 1). In all populations defined by geography or Indigenous
status, there were proportionally more cases of gastric cancer observed among men than women.
Disparities in the distribution of age at diagnosis were apparent by geography and Indigenous status.
In Canada, less than 25% of gastric cancer cases were diagnosed in individuals under the age of 60
(Figure 1). Among northern populations, however, over 40% of cases were observed in those younger
than 60 years of age: 42% of total cases in YT and the non-Indigenous NT population, and 48% in the



Cancers 2019, 11, 534 3 of 13

Indigenous NT population. The disproportionate impact on younger populations was particularly
pronounced among Indigenous people in the NT: 16% of cases among NT Indigenous people were
observed in 0–39-year-olds (7/44) compared to 2% in Canada as a whole (646/26,382).

Table 1. Number of gastric cancer cases and person-years by gastric cancer subsite, population and sex;
northern territories, Canada; various years.

Population Gastric Cancer
Subsite 1

Calendar
Years

Men Women

Number of
Cases Person-Years Number of

Cases Person-Years

Canada
All 2003–2012 16,872 144,495,378 9510 147,171,135

CGC 2003–2007 3151 79,864,738 857 81,320,815

NCGC 2003–2007 6489 79,864,738 4544 81,320,815

Yukon
All 2003–2012 21 169,680 12 162,500

CGC 2003–2012 7 169,680 3 162,500

NCGC 2003–2012 14 169,680 9 162,500

NT—non-
Indigenous

All 1997–2015 16 225,396 3 199,893

CGC 1997–2015 7 225,396 0 199,893

NCGC 1997–2015 9 225,396 3 199,893

NT—
Indigenous

All 1997–2015 26 215,886 18 214,022

CGC 1997–2015 1 215,886 0 214,022

NCGC 1997–2015 25 215,886 18 214,022
1 CGC, cardia gastric cancer; NCGC, non-cardia gastric cancer. CGC defined as C16.0; non-cardia gastric NCGC
defined as C16.1-9; NT, Northwest Territories.
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Figure 1. Age distribution of total gastric cancer cases by population; northern territories, Canada;
various years. Canada and Yukon include cases diagnosed 2003–2012; Northwest Territories (NT)
includes cases diagnosed 1997–2015.

2.2. Cardia and Non-Cardia Subsites

The proportion of total gastric cancer cases classified as cardia varied by geography and Indigenous
status (Figure 2). In Canada, YT, and the non-Indigenous NT population, the proportional CGC
incidence ranged from 29–37% of total gastric cancer cases. In contrast, only 2% of gastric cancer cases
in the Indigenous NT population were classified as CGC (1/44). This population also had the lowest
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proportion of cases classified as ‘other and not otherwise specified’. The distribution of gastric cancer
by subsite also varied by sex. Among men, CGC cancers comprised an average across subgroups of
25% (range 4–44%) of total gastric cancer cases; among women, this proportion was 9% (range 0–25%)
on average across subgroups.Cancers 2019, 11, x FOR PEER REVIEW  4 of 12 
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Figure 2. Proportional NCGC incidence (NCGC cases divided by total gastric cancer cases); northern
territories, Canada; various years. Canada and Yukon include cases diagnosed 2003–2012; Northwest
Territories (NT) includes cases diagnosed 1997–2015. Non-cardia gastric (NCGC) defined as C16.1-9.
95% confidence intervals are based on the binomial exact distribution.

2.3. Comparisons Across Populations

NCGC incidence rates were higher among Indigenous NT men compared to all Canadian men
(SIR 2.7, 95% CI 1.7–3.9) (Table 2). Similarly, Indigenous NT women had a higher incidence of NCGC
compared to all women in Canada (SIR 3.1, 95% CI 1.8–4.8). For non-Indigenous NT men and women,
incidence rates were similar to Canada. However, in YT, NCGC rates among both men and women
were elevated compared to Canada (30% and 50% higher, respectively). It should be noted, however,
that for YT and non-Indigenous NT groups, these differences were statistically imprecise. For CGC,
with the exception of YT men and women and non-Indigenous NT men in whom there was an apparent
elevation, rates were lower compared to Canadian rates. However, for most groups there were no or
very few cases of CGC, resulting in imprecise estimates vulnerable to small fluctuations in incidence.

Comparisons with other regions across the globe revealed similar patterns of variation in the
distribution of gastric cancer subsites by geography and Indigenous status. For CGC among men,
ASRs for Canada, YT, and the non-Indigenous NT population (Table 3) were comparable to regions
such as Oceania, Southern Europe, Northern Africa & Western Asia (ASRs ranging from 2.5 to 3.3 per
100,000). These estimates were low relative to high-incidence regions such as Eastern/Southeastern
Asia and Eastern Europe. Among Indigenous and non-Indigenous NT women, there were no cases of
CGC. For Indigenous NT men, CGC incidence rates were based on a very small number of cases and,
as a result, were very low. Conversely, NCGC incidence rates were markedly high in the Indigenous
NT population (ASRs 13.3 and 7.7 per 100,000 among men and women, respectively), similar to
high-incidence regions like Eastern Europe. For all of Canada, and in YT men and women and
non-Indigenous NT men, NCGC rates were comparable to regions such as Northern and Western
Europe (ASRs in Canada, YT and non-Indigenous NT groups ranged from 5.0 to 6.1 per 100,000 men
and 2.8 to 4.5 per 100,000 women). The NCGC incidence rate among non-Indigenous NT women was
even lower (ASR 2.0 per 100,000) (Figure 3a,b).
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Table 2. Number of cases and estimated standardized incidence ratios (SIR) comparing northern
populations to Canada as a whole on gastric cancer incidence rates by gastric cancer subsite, population,
and sex; various years.

Population Gastric Cancer
Subsite 1

Men Women

Cases 2 SIR 3 95% CI 4 Cases 2 SIR 3 95% CI 4

Yukon
All 21 1.3 0.78 1.9 12 1.8 0.89 3.0

CGC 7 1.2 0.48 2.5 3 2.6 0.53 7.5

NCGC 14 1.3 0.71 2.2 9 1.5 0.71 2.9

NT—non-
Indigenous

All 16 1.1 0.61 1.7 3 0.52 0.11 1.5

CGC 7 1.3 0.51 2.6 0 0.00 0.00 3.8

NCGC 9 0.94 0.43 1.8 3 0.62 0.13 1.8

NT—
Indigenous

All 26 1.9 1.2 2.7 18 2.6 1.5 4.1

CGC 1 0.21 0.01 1.2 0 0.00 0.00 3.3

NCGC 25 2.7 1.7 3.9 18 3.1 1.8 4.8

SIR, standardized incidence ratio; CI, confidence interval; CGC, cardia gastric cancer; NCGC, non-cardia gastric
cancer; NT, Northwest Territories. 1 CGC defined as C16.0; NCGC defined as C16.1-9; 2 Yukon includes cases
diagnosed during 2003–2012; NT includes cases diagnosed during 1997–2015; 3 SIRs compare study population to
Canada during 2003–2007; 4 95% CIs are based on the Poisson distribution.

Table 3. Estimated gastric cancer age-standardized incidence rates (ASRs per 100,000) by subsite,
population, and sex; northern territories and Canada; various years.

Population Gastric Cancer
Subsite 1

Men Women

Cases 2 ASR 3 95% CI 4 Cases 2 ASR 3 95% CI 4

Canada
All 16,872 7.0 6.9 7.1 9510 3.2 3.1 3.3

CGC 3151 2.5 2.4 2.6 857 0.6 0.6 0.6

NCGC 6489 5.0 4.9 5.1 4544 2.8 2.7 2.9

Yukon
All 21 9.2 5.2 13.2 12 5.8 2.4 9.2

CGC 3 3.3 0.0 7.2 1 0.9 0.0 2.7

NCGC 6 6.1 1.1 11.1 4 4.5 0.0 9.1

NT—non-
Indigenous

All 16 8.8 3.9 13.7 3 2.0 0.0 4.3

CGC 7 3.0 0.6 5.4 0 0.0 0.0 0.0

NCGC 9 5.8 1.5 10.1 3 2.0 0.0 4.3

NT—
Indigenous

All 26 13.8 8.4 19.2 18 7.7 4.1 11.2

CGC 1 0.5 0.0 1.4 0 0.0 0.0 0.0

NCGC 25 13.3 8.0 18.6 18 7.7 4.1 11.3

ASR, age-standardized incidence rate; CI, confidence interval; CGC, cardia gastric cancer; NCGC, non-cardia gastric
cancer; NT, Northwest Territories; 1 CGC defined as C16.0; NCGC defined as C16.1-9; 2 For Canada and Yukon,
all gastric cancer cases combined include cases diagnosed during 2003–2012; gastric cancer subsites include cases
diagnosed during 2003–2007. NT includes cases diagnosed during 1997–2015; 3 ASRs standardized to the World
Population; 4 95% CIs are based on the Poisson distribution.
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Figure 3. (a) Estimated cardia gastric cancer age-standardized incidence rates (ASRs per 100,000) by
population and sex; (b) Estimated non-cardia gastric cancer ASRs (per 100,000) by population and
sex; northern territories, Canada, and world regions, various years. Age-standardized incidence rates
(ASRs) standardized to the World Population. Canada and Yukon include cases diagnosed during
2003–2007; Northwest Territories (NT) includes cases diagnosed during 1997–2015. World and regional
cardia and non-cardia gastric cancer ASR estimates from Colquhoun, et al. (2014) [2].

2.4. Sensitivity Analyses

As part of a sensitivity analysis to assess the impact of the attribution of all C16.8-9 (gastric cancers
classified as overlapping and not-otherwise specified) cases to NCGC, we estimated SIRs for NCGC
defined as C16.1-4 (Table S1). SIR estimates based on this revised NCGC case definition were similar to
those estimated using the original definition for NCGC (C16.1-9). For Indigenous people in the NT,
SIR estimates increased with the more restricted case definition: In men, the SIR for NCGC increased
33.3% to 3.6 (95% CI 1.9–6.0); in women, the SIR increased 58% to 4.9 (95% CI 2.5–8.6).
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Compared to ASRs estimated using the broader case definition, ASRs estimated using NCGC
defined as C16.1-4 were lower for Canada and for the study populations in the NT and YT. This, in turn,
resulted in lower estimates among the study groups and for Canada relative to the global populations
that maintained a broader definition of NCGC (Table S2).

3. Discussion

To characterize stomach cancer burden in NT and YT, we estimated the incidence of gastric
cancer overall and by subsite and compared these estimates to rates estimated for Canada nationwide.
We observed that NT and YT populations are disproportionately impacted by gastric cancer compared
to Canada, particularly at younger ages when a larger proportion of NT and YT cases are diagnosed.
This was especially true for the Indigenous NT population, in whom 16% of cases were observed
in those under the age of 40, in contrast to 2% of cases in Canada as a whole diagnosed in this age
group. Further, NCGC incidence rates among NT Indigenous men and women were 2.7 and 3.1 times,
respectively, rates of Canada as a whole. To provide a global context for these observations, we also
compared the estimated NT and YT rates to those observed elsewhere globally and found that NCGC
incidence rates in the Indigenous NT population were similar to regions such as Eastern Europe where
there is a high burden of gastric cancer.

Our analysis is consistent with previous work that demonstrated elevations in gastric cancer
rates across northern populations. Young, et al. (2016), for example, reported that gastric cancer
rates among Inuit populations in the circumpolar region of Canada are higher than global rates [16].
Similarly, other work has shown that gastric cancer rates are higher in northern regions compared to
rates observed in more southern parts of the same country [22,23]. In addition to geographic variation,
our findings are consistent with reports of differences in the stomach cancer burden among Indigenous
populations compared to their non-Indigenous counterparts [14]. In some regions, gastric cancer rates
among Indigenous peoples were over two times the rates of non-Indigenous people living in the same
area [14]: in Alberta for example, a Canadian province south of NT, during 2009-2016 gastric cancer
rates among First Nations men and women were 1.5 and 2.3 times, respectively, rates of their non-First
Nations counterparts [24].

As with all gastric cancers combined, there is also geographic variation in the incidence of gastric
cancer subsites [2]. Because H. pylori is a risk factor for gastric cancer arising in distal portions of the
stomach [6], it is not surprising that regions with higher prevalence of this infection are impacted more
greatly by NCGC. Further, elevations in NCGC incidence have been observed to coincide with an
increased burden of H. pylori infection among Indigenous populations [25–27]. Comparing Indigenous
ethnic groups (designated as American Indians and Alaska Natives) to non-Hispanic whites in the
United States, for example, estimated NCGC incidence rates during 1999–2004 were 5.8- and 14.9-fold
higher among men and women, respectively [28]. Other reports similarly estimated NCGC incidence
rates to be higher among Native Americans compared to other ethnic groups in the United States [29,30]
and among Maori New Zealanders compared to non-Maori New Zealanders [31]. Despite the higher
burden of H. pylori infection and gastric cancer among Indigenous populations, there is relatively little
information on CGC and NCGC in these groups across the globe.

While our analysis of gastric cancer incidence by subsite in northern Canada contributed to
reducing this information gap, there were data restrictions that limited this assessment. When
disaggregating rates by age category, the CI5X and CI5XI datasets combined gastric cancers of the
lesser and greater curvature (C16.5 and C16.6) with those classified as ‘overlapping lesion of stomach’
and ‘stomach, not otherwise specified’ (C16.8 and C16.9). Because C16.5-6 are typically classified as
cancers of the non-cardia gastric region [19,32,33], and because other analysts have reclassified all or
some C16.8-9 cases as NCGC when these classifications are relatively common [2,34–36], we chose
to attribute all cases classified as C16.5-9 to NCGC. It is possible that some of the cases classified as
overlapping or unknown topography (C16.8-9) are, in fact, cancers of the cardia and were misclassified
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here; however, given the low proportion of cases classified as CGC in global populations, the degree of
any potential misclassification is likely small.

To assess the extent to which misclassification of cases could have impacted comparisons of
NCGC incidence estimates across populations, we also performed a sensitivity analysis where NCGC
cases were redefined as C16.1–4: We found that SIR estimates with the more restricted definition
were similar to those estimated using the original definition for NCGC (C16.1-9). In contrast, ASRs
based on the restricted definition of NCGC (C16.1-4) resulted in lower estimated rates for the study
groups and Canada relative to the global populations, which maintained a broader definition of NCGC.
Despite this, ASRs of NCGC among Indigenous populations in the NT remained high relative to
global estimates.

The relatively small number of gastric cancer cases observed in northern Canadian populations
created imprecise ASR estimates that are vulnerable to large fluctuations if the numerator is off

by as little as one case. To account for this, we used SIRs to compare the observed number of
cases in the study populations with the number of cases expected based on Canadian rates. This
method of age-adjustment is beneficial when age-specific rates are unstable due to small numbers [37].
Unfortunately, because the age distribution of the study population is used as the standard for these
methods, age adjustment through the use of SIRs limits comparisons over time or across multiple
populations [38]. To support comparisons with global rates, we also estimated ASRs, using CIs to
acknowledge imprecision in these age-standardized rates due to small numbers of cases.

It should be noted that we used data on gastric cancer in Canada during 2003–2007 as a comparison
to rates that included cases diagnosed in more recent years in NT and YT. Given that gastric cancer rates
are decreasing in Canada [39], in line with observations that NCGC rates are declining in developed
regions of the world [40–42], our SIRs comparing NT and YT rates to Canadian rates are likely to
be underestimated. While gastric cancer rates are decreasing overall in developed regions of the
world, Anderson, et al. (2018) demonstrated through stratification by age group that NCGC rates may
be increasing in younger non-Hispanic white populations in the United States, particularly among
women [33]. Although the number of cases in NT and YT populations were too small to examine
age-specific incidence rates in detail, increasing incidence in younger age groups over time could
explain why the proportion of gastric cancer cases corresponding to younger age groups was larger in
NT and YT than in Canada as a whole, given that NT and YT data included cases diagnosed in more
recent years.

This study has, for the first time, estimated the incidence of CGC and NCGC among NT and YT
populations. Consistent with other work describing gastric cancer among northern and Indigenous
populations, we found that NT and YT populations were disproportionately impacted by gastric cancer,
particularly of the non-cardia gastric region. These estimates provide new insights into the burden
of gastric cancer in northern Canadian populations. As a result, this work supports the on-going
community-driven CANHelp Working Group research program. In particular, it will be used to inform
gastric cancer control strategies aimed at achieving the goal identified by impacted Indigenous Arctic
communities of implementing effective interventions to reduce their disproportionate gastric cancer
disease burden.

4. Materials and Methods

4.1. Comparison Populations

The northern populations available for comparison in this analysis are the NT population
dichotomized as Indigenous or non-Indigenous, and the YT population without classification by
Indigenous status. As a reference population, we use the total population of Canada, including the
NT and YT populations, without classification by Indigenous status. In 2016, Indigenous groups
comprised approximately 51% of the NT population of 41,135, 23% of the YT population of 35,110,
and 4.9% of the total Canadian population of 34,460,065 [43]. Sex-specific frequencies were available for
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all comparison populations. Classification by Indigenous status was available for the NT population,
but not for the YT or total Canadian populations. NT residents were dichotomized as Indigenous,
including individuals who identify as Inuit, First Nations, or Métis, or non-Indigenous, including
everyone else.

4.2. Data Sources

We used data from the Cancer Incidence in Five Continents (CI5), volumes X (CI5X) and XI (CI5XI)
published online by the International Agency for Research on Cancer [44,45]. These volumes are the
most recent CI5 publications: They report data from select registries around the world for 2003–2007
and 2008–2012, respectively. We used CI5 data on numbers of cases and person-years from the YT and
nationwide Canadian registries, available by cancer site, sex, and 5-year age group. CI5X includes
disaggregated data by gastric cancer subsite; however, at the time of analysis, CI5XI did not include
stratification within subsite groupings, precluding the identification of subsite-specific cases by age
group and sex. Furthermore, these data sources do not contain histological information that would
permit estimates based on the Lauren histological classification of gastric cancers [46]. For NT-specific
analyses, we used data provided directly by the NT government. These data included gastric cancer
cases by subsite, sex, 5-year age group, Indigenous status, and year of diagnosis during 1997 and 2015.
The NT dataset included dichotomized Indigenous status linked from vital statistics data housed by
the NT government and mid-year populations for estimating person-years.

4.3. Statistical Analyses

We aimed to describe the incidence of gastric cancer overall and by subsite across study groups in
the NT and YT and to compare these estimates to those observed in other populations. Our analyses
used an estimation approach: We estimated relevant parameters to describe their magnitude and used
confidence intervals (CIs) as measures of precision, to report the range of values compatible with the
expected degree of random error in the data [47,48]. Accordingly, our comparisons of rates across
populations were not based on statistical significance testing; instead, we focused on the magnitude,
direction and precision of estimated associations.

We estimated the proportional incidence of NCGC as the number of NCGC cases divided by
the total number of gastric cancer cases; to report the precision of estimated proportional incidence,
we present 95% confidence intervals (CIs) based on the binomial exact distribution. To permit
comparisons across groups with varying population age distributions, we estimated a weighted
average of age-specific incidence rates using weights from a standard population, a process known as
standardization. Here, we used two methods to accomplish this: standardized incidence ratios (SIRs)
and age-standardized cancer incidence rates (ASRs).

SIRs are the functional equivalent of age- and sex-standardized incidence rate ratios using the
study population distribution as the standard. We estimated SIRs by sex for all gastric cancer combined,
CGC, and NCGC in YT (2003–2012) and NT Indigenous and non-Indigenous populations (1997–2015);
to report the precision of estimated SIRs, we present 95% CIs based on the Poisson distribution. As the
referent, which is the denominator, we used incidence rates in Canada; these were restricted to the years
2003–2007 due to the limited availability of data by gastric cancer subsite, age group, and sex. For SIRs,
the numerator of the ratio is the total number of cases in the study group, which does not require
stratification of cases by age group; thus, for SIRs we were able to include cases from a longer time
period for YT despite the shorter time period for which the required data were available for Canada.
SIRs provide a comparison of rates in the numerator and denominator populations unconfounded
by the variables used for standardization; however, one SIR cannot be compared to another if the
numerator populations differ substantially on the distribution of these variables.

For global comparisons, we estimated age-standardized cancer incidence rates (ASRs) by gastric
cancer subsite, geography, and sex; to report the precision of estimated ASRs, we present 95% CIs
based on the Poisson distribution. Due to limitations in the years of data available by subsite that were
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also disaggregated by age group and sex, ASRs by gastric cancer subsite for Canada and YT were
limited to 2003–2007; ASRs for NT included data from 1997–2015. ASRs were age-standardized using
the World Standard Population as defined by Segi [49]; we used world and regional CGC and NCGC
ASR estimates reported by Colquhoun, et al. (2014) [2]. All data analyses, including SIR and ASR
estimates and their CIs, were performed using SAS 9.4 software as outlined in the SAS/STAT® 14.3
User’s Guide [50].

4.4. Case Definitions and Sensitivity Analyses

In the CI5 and NT datasets, gastric cancer cases were classified according to the International
Classification of Diseases, 10th Revision (ICD-10): Gastric cancer (C16), CGC (C16.0), and NCGC (C16.1-9).
NCGC typically includes the following anatomical regions of the stomach: fundus, body, antrum,
pylorus, lesser curvature, and greater curvature (C16.1-6) [19,32,33]. However, the CI5X datasets group
cancers of the greater and lesser curvature (C16.5 and C16.6) with cancers classified as overlapping
and not-otherwise specified (C16.8 and C16.9). Knowing that a portion of this group includes NCGC
cases (C16.5-6), and that other works have allocated some or all C16.8-9 sites to NCGC when data
were limited [2,34–36], here we chose to classify C16.5-9 as NCGC. Because some of these cases might
have been misclassified CGC cases, we also estimated SIRs and ASRs for NCGC defined as C16.1-4.
Furthermore, in addition to age-standardization using the world population, we also repeated analyses
using the Canadian 2011 standard population to permit comparisons across populations within Canada
(Table S3).

5. Conclusions

This study has, for the first time, estimated the incidence of CGC and NCGC in NT and YT
populations. Consistent with other work describing gastric cancer among northern and Indigenous
populations, we found that NT and YT populations were disproportionately impacted by gastric cancer,
particularly of the non-cardia gastric subsite. This was especially true for Indigenous populations:
NCGC incidence rates among NT Indigenous men were 2.7 times the rates among all men in Canada,
while rates among NT Indigenous women were 3.1 times the rates among all women in Canada.
Similarly, age-standardized rates of NCGC among Indigenous NT residents were comparable to global
regions where there is a high burden of NCGC. These estimates provide new insights into the burden
of gastric cancer in northern Canadian populations; as a result, this work has value for informing
gastric cancer control strategies aimed at reducing the disproportionate gastric cancer disease burden
of these populations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/11/4/534/s1,
Table S1: Comparison of the number of cases and estimated standardized incidence ratios (SIRs) using two
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rates (ASRs per 100,000) by subsite, population, and sex using two different standard populations.
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Pacific, and European Birth cohorts in New Zealand. Helicobacter 2015, 20, 139–145. [CrossRef]

27. McMahon, B.J.; Bruce, M.G.; Koch, A.; Goodman, K.J.; Tsukanov, V.; Mulvad, G.; Borresen, M.L.; Sacco, F.;
Barrett, D.; Westby, S.; et al. The diagnosis and treatment of Helicobacter pylori infection in Arctic regions
with a high prevalence of infection: Expert Commentary. Epidemiol. Infect. 2016, 144, 225–233. [CrossRef]

28. Wiggins, C.L.; Perdue, D.G.; Henderson, J.A.; Bruce, M.G.; Lanier, A.P.; Kelley, J.J.; Seals, B.F.; Espey, D.K.
Gastric cancer among American Indians and Alaska Natives in the United States, 1999–2004. Cancer 2008,
113, 1225–1233. [CrossRef]

29. Kubo, A.; Corley, D.A. Marked Multi-Ethnic Variation of Esophageal and Gastric Cardia Carcinomas within
the United States. Am. J. Gastroenterol. 2004, 99, 582–588. [CrossRef]

30. Brown, L.M.; Devesa, S.S. Epidemiologic trends in esophageal and gastric cancer in the United States.
Surg. Oncol. Clin. N. Am. 2002, 11, 235–256. [CrossRef]

31. Armstrong, R.W.; Borman, B. Trends in incidence rates of adenocarcinoma of the oesophagus and gastric
cardia in New Zealand, 1978–1992. Int. J. Epidemiol. 1996, 25, 941–947. [CrossRef]

32. Mahadevan, V. Anatomy of the stomach. Surg. Oxf. Int. Ed. 2014, 32, 571–574. [CrossRef]
33. Anderson, W.F.; Rabkin, C.S.; Turner, N.; Fraumeni, J.F.; Rosenberg, P.S.; Camargo, M.C. The Changing Face

of Noncardia Gastric Cancer Incidence Among US Non-Hispanic Whites. J. Natl. Cancer Inst. 2018, 110,
608–615. [CrossRef] [PubMed]

34. Freedman, N.D.; Abnet, C.C.; Leitzmann, M.F.; Mouw, T.; Subar, A.F.; Hollenbeck, A.R.; Schatzkin, A. A
prospective study of tobacco, alcohol, and the risk of esophageal and gastric cancer subtypes. Am. J. Epidemiol.
2007, 165, 1424–1433. [CrossRef] [PubMed]

35. Abnet, C.C.; Freedman, N.D.; Kamangar, F.; Leitzmann, M.F.; Hollenbeck, A.R.; Schatzkin, A. Non-steroidal
anti-inflammatory drugs and risk of gastric and oesophageal adenocarcinomas: Results from a cohort study
and a meta-analysis. Br. J. Cancer 2009, 100, 551–557. [CrossRef]

36. Keszei, A.P.; Schouten, L.J.; Goldbohm, R.A.; Brandt, V.D. Red and processed meat consumption and the risk
of esophageal and gastric cancer subtypes in The Netherlands Cohort Study. Ann. Oncol. 2012, 23, 2319–2326.
[CrossRef]

37. Szklo, M.; Nieto, J. Epidemiology: Beyond the Basics, 3rd ed.; Jones & Bartlett Learning: Burlington, MA, USA,
2014; ISBN 978-1-4496-0469-1.

38. Julious, S.A.; Nicholl, J.; George, S. Why do we continue to use standardized mortality ratios for small area
comparisons? J. Public Health Med. 2001, 23, 40–46. [CrossRef]

39. Xie, L.; Semenciw, R.; Mery, L. Cancer incidence in Canada: Trends and projections (1983–2032). Health Promot.
Chronic Dis. Prev. Can. 2015, 35 (Suppl. 1), 2–186. [CrossRef]

40. Devesa, S.S.; Blot, W.J.; Fraumeni, J.F. Changing patterns in the incidence of esophageal and gastric carcinoma
in the United States. Cancer 1998, 83, 2049–2053. [CrossRef]

41. Steevens, J.; Botterweck, A.A.M.; Dirx, M.J.M.; van den Brandt, P.A.; Schouten, L.J. Trends in incidence
of oesophageal and stomach cancer subtypes in Europe. Eur. J. Gastroenterol. Hepatol. 2010, 22, 669–678.
[CrossRef]

42. Holster, I.L.; Aarts, M.J.; Tjwa, E.T.T.L.; Lemmens, V.E.P.P.; Kuipers, E.J. Trend breaks in incidence of
non-cardia gastric cancer in the Netherlands. Cancer Epidemiol. 2014, 38, 9–15. [CrossRef]

43. Government of Canada, S.C. Aboriginal Peoples Highlight Tables, 2016 Census. Available
online: http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/abo-aut/Table.cfm?Lang=Eng&
T=101&S=99&O=A (accessed on 30 May 2018).

44. Forman, D.; Bray, F.; Brewster, D.; Gombe Mbalawa, C.; Kohler, B.; Pineros, M.; Steliarova-Foucher, E.;
Swaminathan, R.; Ferlay, J. Cancer Incidence in Five Continents, Vol. X (Electronic Version). Available online:
http://ci5.iarc.fr (accessed on 6 July 2014).

http://dx.doi.org/10.1111/hel.12186
http://dx.doi.org/10.1017/S0950268815001181
http://dx.doi.org/10.1002/cncr.23732
http://dx.doi.org/10.1111/j.1572-0241.2004.04131.x
http://dx.doi.org/10.1016/S1055-3207(02)00002-9
http://dx.doi.org/10.1093/ije/25.5.941
http://dx.doi.org/10.1016/j.mpsur.2014.09.009
http://dx.doi.org/10.1093/jnci/djx262
http://www.ncbi.nlm.nih.gov/pubmed/29361173
http://dx.doi.org/10.1093/aje/kwm051
http://www.ncbi.nlm.nih.gov/pubmed/17420181
http://dx.doi.org/10.1038/sj.bjc.6604880
http://dx.doi.org/10.1093/annonc/mdr615
http://dx.doi.org/10.1093/pubmed/23.1.40
http://dx.doi.org/10.24095/hpcdp.35.S1.02
http://dx.doi.org/10.1002/(SICI)1097-0142(19981115)83:10&lt;2049::AID-CNCR1&gt;3.0.CO;2-2
http://dx.doi.org/10.1097/MEG.0b013e32832ca091
http://dx.doi.org/10.1016/j.canep.2013.11.001
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/abo-aut/Table.cfm?Lang=Eng&T=101&S=99&O=A
http://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/abo-aut/Table.cfm?Lang=Eng&T=101&S=99&O=A
http://ci5.iarc.fr


Cancers 2019, 11, 534 13 of 13

45. Bray, F.; Colombet, M.; Mery, L.; Pineros, M.; Znaor, A.; Zanetti, R.; Ferlay, J. Cancer Incidence in Five Continents,
Vol. XI; International Agency for Research on Cancer: Lyon, France; Available online: http://ci5.iarc.fr
(accessed on 30 January 2018).

46. Lauren, P. The two histological main types of gastric carcinoma: Diffuse and so-called intestinal-type
carcinoma. An attempt at a histo-clinical classification. Acta Pathol. Microbiol. Scand. 1965, 64, 31–49.
[CrossRef]

47. Rothman, K.J.; Greenland, S.; Lash, T.L. Precision and Statistics in Epidemiologic Studies. In Modern
Epidemiology; Wolters Kluwer: Philadelphia, PA, USA, 2008; pp. 151–152.

48. Rothman, K.J. Random Error and the Role of Statistics. In Epidemiology: An Introduction; Oxford University
Press: New York, NY, USA, 2012; pp. 151–152.

49. Segi, M. Cancer Mortality for Selected Sites in 24 Countries (1950–1957); Department of Public Health, Tohoku
University School of Medicine: Sendai, Japan, 1960.

50. SAS Institute Inc. The STDRATE Procedure. In SAS/STAT(R) 14.3 User’s Guide; SAS Institute Inc.: Cary, NC,
USA, 2017; p. 78.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://ci5.iarc.fr
http://dx.doi.org/10.1111/apm.1965.64.1.31
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Gastric Cancer Overall 
	Cardia and Non-Cardia Subsites 
	Comparisons Across Populations 
	Sensitivity Analyses 

	Discussion 
	Materials and Methods 
	Comparison Populations 
	Data Sources 
	Statistical Analyses 
	Case Definitions and Sensitivity Analyses 

	Conclusions 
	References

