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ABSTRACT

Background
Previous work has noted variability in cancer incidence and cancer-related outcomes according to place of residence. This study examined geographic
variability in the incidence and mortality of breast cancer among females in Canada.

Data and methods

Data from the 2021 Canadian Cancer Registry (breast cancer incidence) and the Canadian Vital Statistics — Death database (breast cancer mortality) were
examined across provinces and territories, community sizes, and peer groups (i.e., clusters of health regions with similar socioeconomic and demographic
characteristics). Age-standardized incidence rates (ASIRs) and age-standardized mortality rates (ASMRs) per 100,000 females per year and their rate ratios
were calculated, as well as age group-specific and age-standardized stage-specific incidence rates.

Results

From 2010 to 2020, the invasive breast cancer ASIR was 140.1 per 100,000 females annually, with marked geographic and community variation. Mean age at
diagnosis was 62.7 years, and it was lowest in northern and remote regions. Three-quarters of cases were stages | and Il, though stage-specific ASIRs varied.
Overall ASIRs were highest in peer groups B (urban centres with large immigrant and racialized populations) and D (rural regions in Quebec, Ontario and the
Prairies). They were lowest in peer groups F (Northern and remote regions with young populations), G (Montréal, Toronto, and Vancouver), and H (urban
centres in Ontario and British Columbia). From 2010 to 2022, the ASMR was 28.3 per 100,000, highest in rural Eastern Peer Group E and lowest in large urban
centres.

Interpretation
The study found significant variability in female breast cancer incidence and mortality across the geographical classifications considered, highlighting the need
for a closer look at regional- and individual-level factors and their respective associations with cancer incidence and outcomes.
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What is already known on this subject?

Breast cancer is the most commonly diagnosed cancer and the second most common cause of cancer-related deaths among
females in Canada.

Previous research has shown associations between a person’s place of residence and their risk of certain health conditions and
outcomes, including their risk of breast cancer.

Breast cancer screening participation and receipt of certain treatments after diagnosis have also been shown to vary regionally
in Canada.

What does this study add?

Age-standardized breast cancer incidence and mortality rates showed significant geographic variability, as did characteristics
such as age and stage at diagnosis.

Different classifications of geography—such as province or territory of residence, population size of the community, or the
socioeconomic and demographic characteristics of the health region of residence—yield different patterns of breast cancer
incidence and mortality rates.

Geographic patterns for incidence rates are not necessarily the same when examining mortality-related outcomes. For example,
regions with relatively higher breast cancer incidence rates do not necessarily also experience relatively higher breast cancer

Geographic variation in female breast cancer incidence and mortality in Canada

mortality rates.

among females in Canada,! with 30,500 females

estimated to be diagnosed with breast cancer in 2024
and 5,500 females dying of breast cancer in that same year.?
While breast cancer incidence® and mortality* have decreased
over the last decade, national-level estimates mask underlying
variability, including variability by age, socioeconomic
characteristics, and geography.

Breast cancer is the most commonly diagnosed cancer

Previous work has noted variability in cancer incidence and
outcomes according to where an individual lives.’ Lagacé et al.
(2019) found that breast cancer incidence was highest in cities
and neighbourhoods with older female populations and with
higher proportions of non-racialized individuals.® After
diagnosis, Huang et al. (2024) found that post-mastectomy
breast reconstruction rates were significantly lower in rural
regions of Alberta compared with urban regions of the
province.” Similarly, work by Carriére et al. (2018) found
jurisdictional variability in surgical intervention following a
breast cancer diagnosis.®

Preventive screening is recommended to detect breast cancer
earlier, thereby improving a woman’s chance of survival and
her quality of life with the disease.” While all Canadian
provinces and territories, except Nunavut, have organized
breast cancer screening programs, these differ in age of
eligibility, screening modalities, and abnormal mammogram
follow-up procedures.!® Similarly, participation in screening
programs varies jurisdictionally, as do diagnostic wait times and
other screening program quality measures.'"'?  Although
screening does not change the underlying disease, it can result

in higher reported incidence because more cases, especially
small or slow-growing tumours, are found. As such,
programmatic and participation differences in screening could
yield differences in breast cancer rates.

In addition to such system-level differences, other factors
known to be associated with breast cancer risk have also been
shown to vary geographically. For example, alcohol
consumption, a known breast cancer risk factor,'3-!> has been
shown to vary across provinces,'® with alcohol-related harms
being higher in rural rather than urban regions.!®!7 Similarly,
smoking patterns vary significantly by province, with rates
typically being higher in Quebec and the Atlantic provinces
than elsewhere.'® Genetic variants may also be more prevalent
in some regional communities than others because of significant
founder effects.!®2

The present study examined geographic variability in breast
cancer incidence and mortality among females in Canada.
Drawing upon a range of data sources, this study characterized
residential location according to a variety of factors, with the
objective of highlighting where geography is associated with
disparities in breast cancer incidence and outcomes.

Data and methods

This study used the Canadian Cancer Registry (CCR) to
examine the incidence of breast cancer among females in
Canada, as well as age and stage at diagnosis, and the Canadian
Vital Statistics — Death (CVSD) database to examine breast
cancer mortality among females.
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Table 1

Description of socioeconomic and demographic characteristics of health region peer groups, 2018 classification

Proportion of  Proportion of
racialized population

Long-term
unemployment

Five-year

Population internal

Peer group and short descriptor density population younger than 20  rate migration
A: Rural and remote regions in the Western provinces and the territories Very low High Very high High High

B: Urban centres with high employment and large immigrant and racialized populations High High Medium Low Low

C: Sparsely populated urban and rural mix from coast to coast with a large population of seniors (i.e., aged 65 and older) Medium Medium Low Medium Medium
D: Rural regions in Quebec, Ontario, and the Prairies Medium Medium Medium Low High

E: Rural Eastern regions with a very large population of seniors (i.e., aged 65 and older) Medium Very low Very low Very high Low

F: Northern and remote regions with a large population of children and youth (i.e., younger than 20) Very low Very low Very high Very high Low

G: Montréal, Toronto, and Vancouver Very high Very high Low Medium Very low
H: Urban centres in Ontario and British Columbia with very high dwelling values Very high Very high Medium Low Medium

Source: Adapted from Table 5.3.1 and Appendix C in Statistics Canada (2018).

2021 Canadian Cancer Registry

The CCR is a national, population-based registry of cancers
diagnosed among Canadian residents since 1992. The present
study identified all primary cases of invasive breast cancer
(using Surveillance, Epidemiology, and End Results site rules,
version 2008) diagnosed in females (based on sex at birth) from
January 1, 2010, to December 31, 2020. Records were excluded
if they were staged as in situ breast cancer cases (i.c., Stage 0)
or were not the first primary breast cancer during the
observation period; a final sample of 255,680 individuals was
retained for analysis. In sub-provincial and sub-territorial
analyses, only cases with valid residential postal codes (i.e.,
postal code exists and was not associated with a post-office or
non-residential buildings) were included (n=243,915).

In the 2021 CCR, cancer cases were unavailable for Quebec
residents after 2017 and for Nova Scotia residents after 2019.
Additionally, analyses that consider the stage at diagnosis
exclude Quebec, because that information was unavailable over
the full study period. Furthermore, stage-specific analyses
included data for a particular province or territory in a given
year only if at least two-thirds of the cases were staged. This
resulted in the exclusion of records from Nova Scotia (2019),
New Brunswick (2018 to 2019), Saskatchewan (2018), and
Nunavut (2010 to 2020).

Canadian Vital Statistics — Death database

The CVSD is an administrative database that collects
demographic and cause of death information from all provincial
and territorial vital statistics registries on all deaths in Canada.
For the present study, all deaths attributable to breast cancer
(i.e., where the primary cause of death was coded with
International Statistical Classification of Diseases and Related
Health Problems, 10th Revision codes C50.*) among females
(based on sex at birth) from January 1, 2010, to December 31,
2022, were included. Deaths for years 2019 through 2022 are
considered preliminary in the CVSD. Additionally, Yukon
deaths were not available for 2017 onwards.

Geographic classifications

This study used three geographic classifications: (1) province or
territory, (2) community size, and (3) health region peer group.
Province or territory is defined as the province or territory of
usual residence at the time of cancer diagnosis (CCR) or death
(CVSD). Using the Postal Code®™ Conversion File Plus

(PCCF+) software, version 7E, community size and health
region peer groups were assigned according to the postal code
of patients’ usual place of residence. Community size, defined
in terms of the 2016 Census population in each census
metropolitan area (CMA) or census agglomeration (CA), was
classified as: (1) 1,500,000 or more, (2) 500,000 to 1,499,999,
(3) 100,000 to 499,999, (4) 10,000 to 99,999 (any CMA or CA
less than 100,000), and (5) less than 10,000 (any non-CMA or
non-CA).

Health regions are legislated administrative areas defined by
provincial ministries of health and represent geographic areas
of responsibility for hospital boards or regional health
authorities. Statistics Canada used a clustering technique to
group health regions with similar socioeconomic characteristics
into peer groups. The PCCF+ was used to assign patients’ postal
codes to health regions, which were subsequently mapped to the
2018 classification of peer groups (i.e., eight groups, A through
H).?* Key socioeconomic and demographic characteristics
defining the peer groups are summarized in Table 1.

Statistical analysis

Age was categorized as younger than 40, 40 to 49, 50 to 59, 60
to 69, 70 to 79, and 80 or older. Stage at diagnosis was classified
as I, II, III, IV, or unstaged. Staging was based on the American
Joint Committee on Cancer (AJCC) version 7 for diagnoses
from 2010 to 2017, and AJCC version 8 clinical staging
thereafter.

Population counts of females (or women+) for relevant
geographies (i.e., Canada; the provinces and territories;?
CMAs, CAs, and areas outside CMAs and CAs;?® and health
regions?’) were used in the denominator for incidence and
mortality rate calculations. Population data were included
according to the availability of the incidence or mortality data.
For example, population counts for incidence rate calculations
excluded geographies within Quebec from 2018 to 2020 and
geographies within Nova Scotia in 2020.

Incidence and mortality rates and their 95% confidence
intervals (CIs) were calculated per 100,000 females per year and
were age-standardized to the 2016 female population of
Canada.® Incidence rates were additionally examined by age
group (crude rates) and stage at diagnosis (age-standardized
rates). Rate ratios (RRs) and their 95% CIs were calculated
relative to a reference group. Geographies whose RR 95% Cls
did not contain the value of 1.0 were considered statistically
significantly different from the reference category (0.05
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significance level). Reference categories were selected either
because they were the most populous (e.g., Ontario) or because
they had representation across the county (e.g., Peer Group C or
mid-sized communities).

Mean age at diagnosis was compared between geographic
regions using ANOVA (0.05 significance level), with pairwise

Chart 1

tests adjusted using Dunnett’s method. Stage at diagnosis was
compared across age groups with females diagnosed in their 50s
using t-tests with Bonferroni adjustment (0.05/5=0.01
significance level). Analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, North Carolina) and SAS-callable
SUDAAN v11.

Age-standardized incidence rates of invasive breast cancer among females (2010 to 2020) and female breast cancer mortality
rates (2010 to 2022), rates per 100,000 females, nationally and by geographic region

age-standardized incidence rate (ASIR) per 100,000

age-standardized mortality rate (ASMR) per 100,000
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* statistically significantly different from the reference category (p < 0.05) based on the rate ratios and their confidence intervals

T reference category for comparisons

Notes: CMA = census metropolitan area; CA = census agglomeration. Rates were age standardized to the female population as per population estimates on July 1, 2016. Incidence data
were available only from 2010 to 2017 for Quebec and from 2010 to 2019 for Nova Scotia. Yukon mortality data were available only from 2010 to 2016.

Sources: Canadian Cancer Registry, 2021 diagnosis year; and Canadian Vital Statistics - Death database, 2010 to 2022.
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Results

Breast cancer incidence from 2010 to 2020

From 2010 to 2020, the age-standardized incidence rate (ASIR)
of invasive breast cancer was 140.1 per 100,000 females per
year (Appendix Table A). ASIRs varied across provinces and
territories; they were significantly higher in Quebec and
Alberta, and significantly lower in New Brunswick, Manitoba,
Saskatchewan, British Columbia, and Nunavut, compared with
Ontario (Chart 1, upper panel).

Communities with a population of 1,500,000 or more (129.6 per
100,000) and small non-CMA or non-CA communities (130.0
per 100,000) had significantly lower ASIRs than communities
with 100,000 to 499,999 residents (134.4 per 100,000).
Conversely, females in communities with 500,000 to 1,499,999

Chart 2

residents had a significantly higher ASIR (142.3 per 100,000;
Chart 1, middle panel) compared with the reference group.

Compared with Peer Group C (131.3 per 100,000)—the
reference group, composed of a mix of urban and rural
communities from coast to coast with a large population of
seniors (i.e., aged 65 and older)—two peer groups had
statistically significantly higher ASIRs: peer groups B and D
(Chart 1, bottom panel). Peer Group B (138.5 per 100,000)
includes primarily urban centres with high rates of employment
and high proportions of immigrant and racialized residents,
while Peer Group D (133.5 per 100,000) includes primarily
rural regions in Quebec, Ontario and the Prairies. By contrast,
statistically significantly lower ASIRs were found for Peer
Group F (106.1 per 100,000), Peer Group G (129.3 per
100,000), and Peer Group H (128.9 per 100,000; Chart I,
bottom panel). Whereas Peer Group F is composed of Northern

Mean age at diagnosis of invasive breast cancer cases among females (2010-2020), nationally and

by geographic region

Newfoundland and Labrador
Prince Edward Island

MNova Scotia

New Brunswick

Quebec

OntarioT

Manitoba

Saskatchewan

Alberta

Province or territory

British Columbia
Yukaon
Northwest Territories

MNunawvut

1,500,000 or more
500,000 to 1,495,999

100,000 to 493,9301

10,000 to 99,999 (any CMA
or CA less than 100,000)
Less than 10,000
(any non-CMA or non-CA)

Community size
(population)

Health region peer group

BMean age at diagnosis

30 40 50 &80 70
mean age at diagnosis (years)

= = = National mean age at diagnosis (62.7 years)

* statistically significantly different from geographic reference based on the ANOVA (test of equality of means at the 0.05 significance level and
subsequent pairwise tests against the reference group using Dunnett's method)

T reference category

Notes: CMA = census metropolitan area; CA = census agglomeration. Incidence data are available only from 2010 to 2017 for Quebec and from

2010 to 2019 for Nova Scotia,
Source: Canadian Cancer Registry, 2021 diagnosis year.
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and remote regions with relatively younger populations, peer
groups G and H are densely populated urban centres. Although
the RRs for peer groups G and H are statistically significantly
different from 1.0, their values approach those of non-
significance, whereas the ASIR for Peer Group F is well below
that of the reference group (Appendix Table A).

Age at diagnosis

Nationally, the mean age at diagnosis of invasive breast cancer
was 62.7 years, varying significantly across the country
(Chart 2). Mean age at diagnosis was significantly lower in
Nunavut (54.2), the Northwest Territories (56.7), and Alberta
(61.2) compared with Ontario (62.5); other provinces had
significantly higher mean ages at diagnosis (Chart 2).

In general, the mean age at diagnosis increased with decreasing
community size (Chart 2). Across peer groups, Peer Group F—
i.e., Northern and remote regions with younger populations—
had the lowest mean age at diagnosis (58.4 years), while the
highest mean ages at diagnosis were found in peer groups C
(64.4) and E (64.5; Chart 2). Both these peer groups have a high
proportion of seniors, although Peer Group E communities tend

Table 2

Crude incidence rate of invasive breast cancer cases among fi

to be in rural Eastern regions, while Peer Group C regions are
found across the country. All other peer groups had significantly
lower mean ages at diagnosis (Chart 2).

While age group-specific incidence rates largely mirrored ASIR
patterns, there were some notable exceptions. For example,
whereas the overall ASIR was higher in Alberta than in Ontario
(Chart 1, upper panel), age group-specific incidence rates were
only higher in Alberta for females in their 60s and 70s.
Conversely, incidence rates for younger age groups were
significantly lower in Alberta compared with Ontario (Table 2).
Likewise, whereas the overall ASIR in the largest communities
(i.e., population of 1,500,000 or more) was significantly lower
than that in mid-sized communities (i.e., population from
100,000 to 499,999; Chart 1, middle panel), age group-specific
incidence rates were significantly higher for young females
(i.e., females younger than 50) in the former than the latter
(Table 2). This pattern is also seen in peer groups G (i.e.,
Montréal, Toronto, and Vancouver) and H (i.e., other urban
centres in Ontario and British Columbia), where overall ASIRs
were lower than the reference group, but incidence among
females younger than 50 was actually significantly higher
(Table 2). Age group-specific incidence only becomes

(2010 to 2020)," by age group, nationally and by geographic region

Younger than 40 years 40 to 49 years 50 to 59 years 60 to 69 years 70 to 79 years 80 years and older
95% 95% 95% 95% 95% 95%
confidence confidence confidence confidence confidence confidence
Incidence interval Incidence interval Incidence interval Incidence interval Incidence interval Incidence interval

Geography rate from to rate from to rate from to rate from to rate from to rate from to
National 12.8 125 13.0 1375 136.0 1389 220.3 2186 2221 324.4 3220 3268 375.5 3722 3788 347.0 343.2 350.8
Province or territory2

Newfoundland and Labrador 13.0 11.0 150 1234 * 112.8 1339 200.4 * 187.7 2132 3236 306.5 340.7 389.2 3643 4142 365.6 3333 3978

Prince Edward Island 10.7 74 141 116.4 * 96.4 136.4 184.4 *  160.8 208.0 324.0 2905 357.5 405.7 357.3 454.1 384.9 327.0 442.7

Nova Scotia 122 10.7 137 136.8 127.9 1457 196.5 * 186.7 206.4 3253 3114 339.1 372.0 353.0 3911 362.6 * 339.8 385.4

New Brunswick 116 101 132 116.6 * 107.9 1254 195.9 * 185.3 206.4 2975 * 2836 3114 357.4 3376 377.1 349.9 326.2 3736

Quebec 143 *  13.7 149 1485 * 1449 152.2 256.5 * 252.1 261.0 3729 * 3669 3789 385.0 * 377.2 3927 388.6 * 379.4 397.7

Ontario’ 13.1 12.8 135 140.5 1383 1428 220.0 217.3 2227 314.2 3104 3179 366.2 361.1 371.2 3389 3331 3447

Manitoba 10.1 * 9.1 112 1234 * 116.2 130.6 2086 * 199.4 217.7 318.7 306.0 331.4 383.7 365.8 401.6 339.6 320.8 358.4

Saskatchewan 10.7 * 9.5 118 120.1 * 112.2 1280 2023 * 1925 2120 315.0 301.2 3288 3940 * 3743 4136 346.5 326.7 366.3

Alberta 12.4* 117 13.0 133.0 * 1289 137.1 2135 * 2083 2188 3289 * 3211 336.6 4100 * 3984 421.6 329.0 316.5 3415

British Columbia 120 * 114 126 1325 * 128.8 136.2 200.2 * 195.8 204.6 298.4 * 2924 3043 364.8 356.4 3733 3212 * 3116 3307

Yukon 9.4 36 152 94.9 * 61.0 1289 224.6 173.8 2754 3376 261.2 4140 404.7 270.6 5387 505.2 283.8 726.6

Northwest Territories 10.6 52 159 144.2 1042 1842 260.3 205.0 315.6 3236 238.1 409.1 298.3 167.6 429.0 490.8 2424 739.2
Community size (population)

1,500,000 or more 129 * 125 133 1379 * 135.5 140.2 207.9 205.0 210.9 2942 *  290.1 2983 3309 * 3254 336.5 307.3 * 3010 3136

500,000 to 1,499,999 13.1* 126 136 1386 * 1353 1418 2249 * 220.8 229.0 330.1 * 3243 3359 387.4 379.2 3955 340.2 3313 3491

100,000 to 499,999" 11.9 114 124 126.5 1232 1298 208.5 2045 2125 311.1 3057 316.6 377.0 369.4 384.5 334.4 326.1 342.6

10,000 to 99,999

(any CMA or CA less than 100,000) 11.4 107 121 1182 * 1139 1225 207.1 2019 2123 319.1 3121 326.0 369.8 360.4 379.2 337.1 326.6 347.6

Less than 10,000

(any non-CMA or non-CA) 10.0 * 9.4 105 116.7 * 113.2 1201 2016 * 197.6 205.6 309.9 304.6 315.2 359.8 * 3523 367.3 338.0 329.0 3471
Health region peer group

A: Rural and remote regions in

the Western provinces and the territories 10.0 89 111 121.8 1142 1294 202.9 193.2 2126 3249 * 3103 339.6 397.4* 3756 419.2 320.2 296.1 344.4

B: Urban centres with high employment and

large immigrant and racialized populations 127 * 124 131 1345 * 1321 1369 2156 * 2126 2187 3222 * 3180 326.5 3786 * 3726 3845 337.7 3311 3442

C: Sparsely populated urban and rural mix

from coast to coast with a large population

of seniors (i.e., aged 65 and older)' 11.0 105 116 120.0 116.7 1233 205.4 201.6 209.2 308.6 303.6 3136 362.9 356.1 369.8 3331 3253 3410

D: Rural regions in Quebec, Ontario,

and the Prairies 112 10.6 118 119.8 116.0 123.7 209.4 204.8 2141 316.0 309.7 3224 365.7 357.0 3745 342.1 3319 3523

E: Rural Eastern regions with a very large

population of seniors (i.e., aged 65 and older) 12.0 102 13.9 114.1 1046 1235 202.7 1914 2139 311.0 296.2 3257 369.0 3482 389.7 3689 * 3428 395.0

F: Northern and remote regions with a large

population of children and youth

(i.e., younger than 20) 4.7 * 30 64
G: Montréal, Toronto, and Vancouver 13.1* 125 137
H: Urban centres in Ontario and

British Columbia with very high

dwelling values 129 * 122 135

85.5 * 67.9 103.2
140.7 * 136.9 1445

139.4 * 135.7 143.2

165.0 * 138.2 1919 294.8 247.6 3419
2111 206.4 215.9 289.5 *  283.2 295.8

265.4 * 1982 332.6 261.4 158.9 363.9
3244 * 3162 3326 3023 * 2936 311.0

206.2 201.6 210.9 291.5 *  285.0 298.0 3312 * 3221 3403 299.5 *  288.6 310.3

* associated rate ratio (not shown) is statistically significantly different from 1.0 (p < 0.05)

" Reference category for statistical comparisons

1. Incidence data are available only from 2010 to 2017 for Quebec and from 2010 to 2019 for Nova Scotia.

2. Because of small case counts resulting in high variability in estimates, the rates for Nunavut are suppressed.
Notes: CMA = census metropolitan area; CA = census agglomeration.

Source: Canadian Cancer Registry, 2021 diagnosis year.
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significantly lower than the reference group for peer groups G
and H among females aged 60 and older.

Stage at diagnosis and stage-specific incidence rates

Over the study period, 74.9% of invasive breast cancers were
diagnosed at Stage I or II; 5.2% of cases were diagnosed at
Stage IV, while 9.7% of examined cancers were unstaged
(Chart 3). Invasive breast cancers diagnosed among females
younger than 40 were most often diagnosed at Stage II (38.4%),
while females diagnosed at 40 or older were more commonly
diagnosed at Stage I (Chart 3). Conversely, females diagnosed
before age 40 or after age 69 were significantly more likely than
those diagnosed in their 50s to be diagnosed at Stage IV. The
prevalence of unstaged cancers was higher among females
diagnosed at age 70 or older or before the age of 50 compared
with those diagnosed in their 50s (Chart 3).

Compared with ASIRs in Ontario, some Atlantic provinces had
significantly higher Stage I (i.e., Newfoundland and Labrador
and Prince Edward Island) and Stage IV (i.e., Newfoundland
and Labrador, Nova Scotia, and New Brunswick; Table 3)
ASIRs, even though these provinces had similar or lower
overall ASIRs than Ontario (Chart 1, upper panel). Stage IV
ASIRs were also significantly higher in Manitoba,
Saskatchewan, and Alberta compared with Ontario (Table 3).
Most provinces and territories had similar Stage III ASIRs as
Ontario, except for Nova Scotia and British Columbia, where
Stage III ASIRs were significantly lower (Table 3). Unstaged
ASIRs were similarly high in Ontario, Nova Scotia, Yukon, and
the Northwest Territories, but significantly lower in other
provinces (Table 3).

Chart 3

Across community sizes, variability in stage-specific ASIRs
was largely restricted to early-stage rates (i.e., stages I and II).
For communities under 1,500,000 residents, Stage I and II
ASIRs tended to increase with population size, while Stage 111
and IV ASIRs were relatively stable. The largest communities
deviated from this trend. Compared with communities with
populations from 100,000 to 499,999, those with 1,500,000
residents or more had significantly lower ASIRs for all stages,
except for Stage III (Table 3), consistent with an overall lower
ASIR in these communities (Chart 1, middle panel).

Similarly, some variation in stage-specific ASIRs was noted
across peer groups. Compared with Peer Group C communities
(i.e., a mix of urban and rural communities from coast to coast
with a large population of adults aged 65 and older), Stage I
ASIRs were significantly lower in Peer Group D and H
communities (Table 3), despite the fact that Peer Group D
communities are largely rural while Peer Group H communities
are primarily urban centres. Two peer groups had significantly
higher Stage I and Stage 11 ASIRs compared with the reference
group: Peer Group A, which is composed of rural and remote
regions in the Western provinces and the territories, and Peer
Group B, which is primarily composed of urban centres with
high employment and large racialized or immigrant
populations. Less variability was seen for Stage III ASIRs
compared with other stages (Table 3).

Breast cancer mortality from 2010 to 2022

Over the study period, the age-standardized mortality rate
(ASMR) attributable to breast cancer was 28.3 females per
100,000 every year (Chart 1, upper panel). Compared with the
ASMR in Ontario (27.8 per 100,000), five provinces had

Distribution of stage at diagnosis of invasive breast cancer cases among females (2010 to 2020),
nationally (excluding Quebec and Nunavut) and by geographic region
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Motes: Stage at diagnosis was classified per the American Joint Committee on Cancer (£JCC) Cancer Staging Manual 7th edition from 2010 to
2017 and the AJCC Cancer Staging Manual 8th edition (clinical staging) from 2018 to 2020. Incidence data for Nova Scotia are for 2010 to 2019
only, and no staging data were available for Quebec. Furthermore, data were excluded for the following years in a particular province or territory
because fewer than 66.6% of incident cases had staging information: Nova Scotia (2019), New Brunswick (2018 to 2019), Saskatchewan (2018),

and Nunavut (2010 to 2020).
Source: Canadian Cancer Registry, 2021 diagnosis year.
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statistically significantly higher rates: (1) Newfoundland and
Labrador (31.5 per 100,000), (2) Nova Scotia (31.6 per
100,000), (3) Quebec (30.1 per 100,000), (4) Manitoba (29.3
per 100,000), and (5) Saskatchewan (30.3 per 100,000).
Conversely, three provinces had statistically significantly lower
rates compared with Ontario: (1) Prince Edward Island (23.7 per
100,000), (2) Alberta (27.0 per 100,000), and (3) British
Columbia (26.1 per 100,000; Chart 1, upper panel).

The lowest ASMR across community sizes was for
communities with a population of 1,500,000 or more (26.3 per
100,000): communities of other sizes had statistically similar
ASMRs (Chart 1, middle panel). Of note, whereas the ASIR
was highest in communities with a population from 500,000 to
1,499,999, the ASMR for these communities was comparable
to that of smaller communities (Chart 1, middle panel).

Compared with Peer Group C (28.9 per 100,000), the ASMR
was significantly higher in Peer Group E (30.8 per 100,000),
i.e., rural Eastern regions with an older population. It was
significantly lower in peer groups G (27.1 per 100,000) and H
(22.9 per 100,000; Chart 1, bottom panel), which are composed
of the largest cities of Montréal, Vancouver and Toronto (Peer
Group G) and other urban centres in Ontario and British
Columbia (Peer Group H). Notably, peer groups with higher
ASIRs do not necessarily have higher ASMRs.

Discussion

The present study found significant variability in invasive breast
cancer incidence, including age and stage-specific rates, and
mortality among females in Canada. Compared with Ontario,
ASIRs were significantly lower in New Brunswick, Manitoba,
Saskatchewan, British Columbia, and Nunavut, but
significantly higher in Quebec and Alberta. However,
interprovincial and territorial incidence patterns do not
necessarily carry through to mortality patterns. For example,
when compared with Ontario, ASIRs in Manitoba and
Saskatchewan were significantly lower, but ASMRs were
significantly higher. While age standardization is meant to
remove the influence of different regional age structures,
discrepancies between ASIRs and ASMRs may be attributable
to other individual- or cancer-related characteristics. In this
case, Manitoba and Saskatchewan had significantly higher
Stage IV ASIRs, with advanced stage being related to increased
mortality. While the present study used standalone incidence
(i.e., CCR) and mortality (i.e., CVSD) data sources, future work
may wish to integrate diagnosis and mortality information to
examine how characteristics at the time of diagnosis are related
to survival and mortality. The CCR was recently linked to
updated mortality information, including the CVSD, through to
the end of 2021; such data would be useful for examining

Table 3
Stage-specific' age-standardized incidence rate (per 100,000) of invasive breast cancer cases among females (2010 to 2020),” nationally (excluding Quebec and Nunavut)® and by geographic
region
Stage | Stage Il Stage Il Stage IV Unstaged
95% 95% 95% 95% 95%
confidence confidence confidence confidence confidence
interval interval interval interval interval
Geography ASIR from to ASIR from to ASIR from to ASIR from to ASIR from to
National 62.7 62.3 63.1 39.8 395 401 13.9 13.7 141 7.1 7.0 7.2 132 13.0 13.4
Province or territory
Newfoundland and Labrador 649 * 621 67.6 373* 352 395 14.8 134 161 10.7 * 95 118 9.4 * 8.3 10.5
Prince Edward Island 67.7* 623 731 39.9 358 441 12.0 9.7 143 7.2 5.4 8.9 8.0 * 6.1 9.8
Nova Scotia 59.7 575 619 38.4 36.6 40.2 125 * 115 136 82* 7.4 9.0 18.2 17.0 19.5
New Brunswick 61.1 58.6 63.6 41.8 39.8 439 14.4 13.2 157 78 * 6.9 8.7 5.9 * 5.2 6.7
Ontario” 60.2 59.6 60.7 39.8 39.3 40.2 14.2 14.0 145 6.5 6.4 6.7 17.7 17.4 17.9
Manitoba 64.0 * 621 659 40.0 385 415 14.2 133 151 86 * 7.9 9.3 8.0 * 7.3 8.7
Saskatchewan 61.2 59.1 63.4 41.7 * 400 435 13.8 12.8 148 9.2 * 8.4 10.1 8.2 * 7.5 9.0
Alberta 740 * 727 752 41.1* 402 420 13.8 13.2 143 7.7 * 7.3 8.1 3.9 * 3.6 4.2
British Columbia 62.4* 614 633 386 * 379 394 13.1* 126 135 6.8 6.5 7.1 10.1 * 9.7 10.4
Yukon 60.3 479 727 40.5 305 50.4 16.3 103 222 8.9 3.6 14.1 18.6 10.6 26.5
Northwest Territories 67.2 53.6 80.8 42.4 317 532 17.7 10.2 25.2 3.7 1.2 6.3 13.9 5.5 222
Community size (population)
1,500,000 or more 587 * 58.0 59.4 38.1* 375 386 13.4 13.0 137 6.6 * 6.4 6.9 15.0 * 14.6 153
500,000 to 1,499,999 67.9* 670 689 421 % 413 428 152 * 148 157 71 6.8 7.4 83 * 8.0 8.6
100,000 to 499,999 62.6 617 63.5 39.9 39.2 40.6 13.7 133 141 73 7.0 76 123 119 12.7
10,000 to 99,999
(any CMA or CA less than 100,000) 60.9 * 59.7 62.1 38.6 * 377 396 133 12.8 139 7.0 6.6 7.4 133 * 12.8 13.9
Less than 10,000
(any non-CMA or non-CA) 603 * 594 613 378 * 37.0 386 13.1 12,6 135 7.3 7.0 7.6 12.1 11.7 12.6
Health region peer group
A: Rural and remote regions in the Western provinces and the territories 66.5* 643 68.8 40.4 * 387 422 13.2 122 142 83 * 7.5 9.1 5.8 * 5.1 6.5
B: Urban centres with high employment and large immigrant and racialized populations 66.0 * 653 66.8 416 * 411 422 147 * 143 150 71 6.8 7.3 9.9 * 9.7 10.2
C: Sparsely populated urban and rural mix from coast to coast with a large population
of seniors (i.e., aged 65 and oIderJ' 61.5 60.7 62.4 38.4 37.7 391 133 129 137 7.1 6.8 7.4 13.2 12.8 13.6
D: Rural regions in Ontario and the Prairies 58.7 * 57.5 59.8 37.6 36.7 385 13.2 12.7 137 6.8 6.4 7.2 14.5 * 139 15.0
E: Rural Eastern regions with a very large population of seniors
(i.e., aged 65 and older) 61.2 58.4 63.9 38.1 359 404 14.6 13.2 16.0 9.5 * 8.4 10.6 123 111 13.5
F: Northern and remote regions with a large population of children and youth
(i.e., younger than 20) 55.5 46.8 64.2 33.9 273 404 17.0 122 219 8.3 4.8 11.9 44 * 1.7 7.2
G: Toronto and Vancouver 60.4 59.3 615 382 373 391 13.9 134 145 7.2 6.8 7.6 14.4 * 13.9 14.9
H: Urban centres in Ontario and British Columbia with very high dwelling values 56.8 * 559 57.8 38.0 37.2 388 12.7 12.3 132 6.4 * 6.1 6.7 15.0 * 14.4 15.5

* associated rate ratio (not shown) is statistically significantly different from 1.0 (p < 0.05)
" Reference category for statistical comparisons

1. Stage at diagnosis was classified per the American Joint Committee on Cancer (AJCC) Staging Manual 7th edition from 2010 to 2017 and the AJCC Staging Manual 8th edition (clinical staging) from 2018 to 2020.

2. Incidence data for Nova Scotia are available only for 2010 to 2019.

3. No staging data are available for Quebec. Furthermore, data are excluded for the following years in a particular province or territory because fewer than 66.6% of incident cases have staging information: Nova Scotia (2019), New Brunswick (2018

to 2019), Saskatchewan (2018), and Nunavut (2010 to 2020).
Notes: ASIR = age-standardized incidence rate; CMA = census metropolitan area; CA = census agglomeration.
Source: Canadian Cancer Registry, 2021 diagnosis year.
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survival patterns by geographic location while accounting for
characteristics at the time of diagnosis.

Breast cancer is usually diagnosed either through screening
(i.e., no symptoms of illness) or clinically by a physician (i.e.,
symptoms of illness present). In Canada, screening programs
differ across a variety of factors, including age of eligibility. For
example, whereas most provinces provide screening up to
age 75, Quebec ended eligibility at age 70 until February 1,
2024, when females aged 70 to 74 became -eligible.
Additionally, while most programs initiate screening for
females starting at age 50, Alberta lowered the age of eligibility
to 45 in 2022,%8 and other programs allow females to self-refer
starting at age 40.2° Such screening program differences could
explain some of the geographic variability in breast cancer
incidence, including age- and stage-specific rates, in the current
study.

A strength of this study is the consideration of peer groups,
which group together health regions with similar
sociodemographic and economic characteristics.?* While this
study did not include individuals’ sociodemographic or
economic characteristics, the use of peer groups acknowledges
the health-related importance of such factors.?>3% In the present
study, females in Peer Group E regions (i.e., rural Eastern
regions with a higher proportion of seniors) had a similar overall
ASIR and mean age at diagnosis as females in Peer Group C
communities (i.e., urban and rural communities with sparse
populations and a large population of seniors). However,
residents of Peer Group E regions had significantly higher
incidence at or after age 80 and Stage IV ASIRs, which may be
related to their significantly higher ASMRs than females in Peer
Group C communities. Conversely, ASIRs and ASMRs were
lower for females in peer group G and H communities (i.e.,
Montréal, Toronto, and Vancouver and other large urban
centres in Ontario and British Columbia). Residents of large
urban centres may have different levels of access to particular
health services, including diagnostic and treatment services,
than residents of rural and less populated regions of the
country.33¢ The socioeconomic characteristics of individuals
living in these regions may also be associated with varying
health and care-seeking behaviours.3”* The present study’s
findings highlight the need for additional observation of both
regional- and individual-level socioeconomic factors and their
respective associations with cancer incidence and outcomes.

In their recent examination of early-onset breast cancer in the
United States, Kehm et al. noted significant geographic
variability in incidence trends, which they likened to “the risk
gap between individuals in the highest and lowest percentiles of
absolute risk, as determined by polygenic risk scores.”* The
authors went on to suggest that place-based factors be
incorporated into risk prediction algorithms alongside other
established risk factors, such as age, ethnicity, and genetics.>
The geographic variability in the present study also supports
considering the impact of geography and place-based risk for
breast cancer incidence and mortality in Canada. By contrast to
cancer screening strategies that emphasize individual-level

characteristics, geographically targeted approaches may be
more feasible to implement, given their clear delineation and
practical applicability.

The present study includes some limitations. The first, as
previously noted, is missing information in both the CCR and
CVSD. While the present study used as much information as
was available at the time of analysis, the findings only reflect
the regions and years examined. Given decreasing trends in
breast cancer incidence® and mortality* over the last decade, the
exclusion of data for more recent years may result in increased
estimates of these outcomes. Future examinations of cancer and
cancer-specific survival could use more recent data, when
available. Relatedly, the present study pooled information from
multiple years but did not examine time trends in the
relationship between geography and breast cancer outcomes.
While pooled data provided a large sample, thereby allowing
for greater disaggregation of analyses, this approach may have
masked variability over time. Additionally, pooled years
include the COVID-19 pandemic period. Studies in both the
United States*®*! and Canada*>** have noted a drop in cancer
incidence rates generally, and breast cancer rates specifically, in
2020 compared with what would have been expected, as well as
a shift towards later stages at diagnosis and poorer survival.
Specifically, work by Decker et al. (2023) found that pandemic
impacts were not equal across all geographic regions. While the
inclusion of pandemic-era data may reflect more current
realities, pandemic-related changes to cancer diagnoses and
outcomes may obscure other patterns of geographic variability.
Also, over the study period, Quebec transitioned from an
exclusively hospital discharge-based registry to a more
integrated central registry. In particular, Quebec cancer cases
reported during the transition years (i.e., from 2011 to 2012)
may not be comparable to those before or after this period.*
Last, the present study assigned geographic classifications to
individuals’ postal codes based on a single year. While regions
and their classification may change over time, such cases are
likely at the margins of a category (e.g., a population that is just
below 500,000 one year and over that threshold the next year).
The impact of this issue may be minimized in the present study
because multiple classifications are used (e.g., community size
and peer group).

This study highlights important geographic variability in female
breast cancer incidence and mortality in Canada. While such
differences may simply be because of the characteristics of
residents of these regions, the current findings indicate that
where a person lives may have an important impact on their
cancer-related risk. These findings may provide an argument for
examining geographic regions in this country that require
additional consideration to minimize or eliminate health
disparities.

Statistics Canada, Catalogue no. 82-003-X

Health Reports, Vol. 37, no. 5, May 2026



Research Article Geographic variation in female breast cancer incidence and mortality in Canada

Appendix Table A
Age—standardized1 incidence rates of invasive breast cancer among females (2010 to 202(:))2 and female breast cancer mortality rates (2010 to 2022),3 rates per 100,000 females and rate
ratios, nationally and by geographic region

Age-standardized incidence rate (ASIR) Age-standardized mortality rate (ASMR)
95% 95% 95% 95%
confidence confidence i
interval Rate interval interval Rate interval
Geography ASIR from to ratio’ from to ASMR from to ratio’ from to
National 140.1 139.6 1407 283 28.1 285
Province or territory
Newfoundland and Labrador 137.0 133.0 1411 099 0.96 1.02 315 * 297 333 113 1.07 1.20
Prince Edward Island 134.8 1272 1424 097 092 1.03 23.7* 208 26.6 0.85 0.75 0.96
Nova Scotia 137.0 133.9 1402 099 097 1.01 31.6 * 303 329 114 1.09 119
New Brunswick 128.9 * 1256 1321 0.93 091 0.96 276 26.2 29.0 0.99 0.94 1.04
Quebec 156.3 * 155.0 157.7 113 112 114 30.1* 29.6 305 1.08 1.06 1.10
Ontariot 1384 137.5 139.2 1.00 27.8 275 281 1.00
Manitoba 134.8 * 132.0 1376 0.97 095 1.00 293 * 281 305 105 101 110
Saskatchewan 1343 * 1313 1373 097 095 0.99 303 * 291 316 1.09 1.04 114
Alberta 140.4 * 1387 1421 1.01 1.00 1.03 27.0* 263 277 0.97 0.94 1.00
British Columbia 1309 * 129.6 1323 095 093 0.96 26.1* 255 266 094 091 0.96
Yukon 144.4 125.0 163.9 1.04 091 119 37.8 224 532 136 091 205
Northwest Territories 144.9 1241  165.7 1.05 091 1.21 285 19.2 379 1.03 0.74 142
Nunavut 70.0 * 46.7 93.2 051 036 0.71 115 * 43 187 041 022 077
Community size (population)
1,500,000 or more 129.6 * 1287 1305 096 095 0.98 263 * 260 267 0.90 0.88 0.92
500,000 to 1,499,999 142.3 * 141.0 1436 1.06 1.05 1.07 28.8 283 293 098 096 1.01
100,000 to 499,9991 1344 133.2 1356 1.00 29.2 287 298 1.00
10,000 to 99,999 (any CMA or CA less than 100,000) 133.5 1319 1350 0.99 098 1.01 289 283 296 0.99 0.96 1.02
Less than 10,000 (any non-CMA or non-CA) 130.0 * 1287 131.2 097 095 0.98 29.3 28.8 29.8 1.00 0.98 1.03
Health region peer group
A: Rural and remote regions in the Western provinces and the territories 134.4 1311 1376 1.02 100 1.05 29.1 27.6 305 1.01 0.96 1.06
B: Urban centres with high employment and large immigrant and racialized populations 138.5 * 137.6 139.5 1.06 1.04 1.07 29.3 289 296 1.01 0.99 1.03
C: Sparsely populated urban and rural mix from coast to coast with a large population of seniors
(i.e., aged 65 and 0|d9r)' 1313 130.1 1325 1.00 289 284 294 1.00
D: Rural regions in Quebec, Ontario, and the Prairies 1335 * 132.1 1349 1.02 1.00 1.03 29.2 286 29.8 101 099 1.04
E: Rural Eastern regions with a very large population of seniors (i.e., aged 65 and older) 133.2 129.7 136.7 1.01 099 1.04 30.8 * 29.3 322 1.07 101 1.12
F: Northern and remote regions with a large population of children and youth (i.e., younger than 20) 106.1 * 959 116.4 081 073 0.89 27.7 227 328 096 0.80 1.15
G: Montréal, Toronto, and Vancouver 1293 * 1279 1307 0.99 0.97 1.00 271* 266 277 0.94 091 0.96
H: Urban centres in Ontario and British Columbia with very high dwelling values 1289 * 127.4 1303 0.98 0.97 1.00 229 * 223 234 0.79 0.77 0.82

... not applicable

* statistically significantly different from the reference category (p < 0.05) based on the rate ratios and their confidence intervals
" Reference category for statistical comparisons

* compared with the reference category

1. Age standardized to the female population as per population estimates on July 1, 2016.

2. Incidence data are available only from 2010 to 2017 for Quebec and from 2010 to 2019 for Nova Scotia.

3. Yukon mortality data are available only from 2010 to 2016.

Notes: CMA = census metropolitan area; CA = census agglomeration.

Sources: Canadian Cancer Registry, 2021 diagnosis year; and Canadian Vital Statistics - Death database, 2010 to 2022.
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