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Abstract
Background/purpose  Breast cancer is the malignancy with the highest incidence rate excluding non-melanoma skin cancers, 
and the second leading cause of cancer-related deaths among Canadian women. Many modifiable risk factors have been linked 
to the pathogenesis of this disease. The purpose of this study is to analyze the epidemiology of breast cancer in Canada and 
to examine its geographic distribution to help identify new risk factors for this disease.
Methods  Three independent population-based cancer registries were used to retrospectively analyze demographic data 
from Canadian women diagnosed with invasive breast cancer across all provinces and territories between 1992 and 2010. 
The incidence and mortality rates were assessed at the provincial, city, and forward sortation area (FSA) postal code levels.
Results  The overall age-adjusted incidence rate was 114.4 cases per 100,000 females per year. Six provinces and several 
groups of FSAs had significantly higher incidence rates. There was a significant increase in incidence and decrease in mor-
tality rates between 1992 and 2010. The overall mortality rate was 31.5 deaths per 100,000 females per year. However, three 
provinces had significantly higher mortality rates.
Conclusion  By identifying high-incidence areas for breast cancer, our study will help identify patient populations that are at 
higher risk for this malignancy. It will also act as a foundation for future studies to establish novel risk factors for this disease.
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Introduction

Breast cancer is the malignancy with the highest incidence 
rate -excluding non-melanoma skin cancers- and the sec-
ond leading cause of cancer-related deaths among Canadian 

women [1]. In fact, breast cancer represented 25% of all 
new cancer cases in 2017 and 13% of cancer-related deaths 
in Canadian women during the same time period [1]. It has 
been estimated that 1 in 8 Canadian women will develop 
breast cancer throughout their lifetime [1]. The temporal 
trends for breast cancer show that Canadian incidence rates 
increased between 1969 and 1999, decreased in the early 
2000s, and have stabilized since 2004 [1, 2]. Moreover, the 
overall Canadian mortality rates show a 25% decline since 
the mid 1980s [1, 2].

There are many established modifiable risk factors for 
developing breast cancer, including increased age at first 
full-term pregnancy, low parity, increased body mass index, 
active and passive smoking, alcohol consumption, use of 
hormone therapies (estrogen and progesterone), exposure to 
ionizing radiation, and physical inactivity [3–14]. In fact, it 
has been estimated that 25–33% of breast cancers are attrib-
utable to modifiable risk factors [15, 16]. In addition, migra-
tion studies show that women who move from low-incidence 
countries to high-incidence countries develop similar breast 
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cancer incidence rates as the women from high-incidence 
countries [17]. This further suggests that lifestyle and envi-
ronmental risk factors may play an important role in the 
pathogenesis of this disease. An extensive list of modifiable 
and non-modifiable risk factors are summarized in Supple-
mentary Table 1 [6, 7, 10–12, 14, 16, 18–20].

This study was conducted to help identify areas of geo-
graphic clustering for this malignancy. The identification of 
these geographic clusters may help determine the relevant 
risk factors for Canada. To our knowledge, no research has 
attempted to map the incidence and mortality rates of breast 
cancer at the municipal and forward sortation area (FSA) 
postal code levels in Canada.

Methods

This study was conducted in accordance with the CISS-
RDC-668035 protocol approved by the Social Sciences 
and Humanities Research Council of Canada (SSHRC) as 
well as the 13-SSH-MCG-3749-S001 protocol approved 
by the Quebec Inter-University Centre for Social Statistics 
(QICSS). Furthermore, the Research Ethics Board Review 
of McGill University exempted this project in accordance 
with their policy.

Data collection

Data on incidence and mortality rates of invasive breast 
cancer in Canada between 1992 and 2010 were collected 
from three different population-based cancer registries. 
The Canadian Cancer Registry (CCR) and Le Registre 
Québécois du Cancer (LRQC) databases were used to 
collect data on incidence, as previously reported [21–32]. 
Only invasive breast cancers were included in the analysis 
since benign tumors are not recorded in these registries. 
The CCR provides information on Canadian residents from 
all provinces and territories outside of Quebec with a pri-
mary malignant tumor diagnosis between 1992 and 2015. 
For Quebec, the LRQC provides information on residents 
with a primary malignant tumor diagnosis between 1992 
and 2010. These databases provide demographic informa-
tion including: the patient’s sex, year of diagnosis, age at 
the time of diagnosis, forward sortation area (FSA; first 3 
entries of postal code—smallest geographical unit that is 
permitted for analysis as per SSHRC/QICSS regulations), 
city, and province of residence, laterality of the malig-
nancy, as well as the ICD-O-3 code of the neoplasm. For 
consistency purposes, we chose to analyze incidence rates 
from 1992 to 2010 given that the data from the LRQC 
were only available until 2010. The Canadian Vital Sta-
tistics (CVS) database was used to collect the mortality 
data. This database provided demographic information on 

patients including: sex, year deceased, age at the time of 
death, FSA of residence, and the International Statistical 
Classification of Diseases and Related Health Problems 
(cause-of-death) code for the malignancy. To be consistent 
with the breast cancer incidence data, we analyzed mor-
tality rates from 1992 to 2010. This study only included 
invasive cancers since the databases did not include data 
on in situ cancers.

The codes for the tumor’s primary site (topography) 
were used to collect incidence data from the CCR and 
LRQC (C50.0 denoting a malignant neoplasm of the nip-
ple, C50.1 for a malignant neoplasm of the central portion 
of breast, C50.2 for a malignant neoplasm of the upper-
inner quadrant of breast, C50.3 for a malignant neoplasm 
of the lower-inner quadrant of breast, C50.4 for a malig-
nant neoplasm of the upper-outer quadrant of breast, C50.5 
for a malignant neoplasm of the lower-outer quadrant of 
breast, C50.6 for a malignant neoplasm of the axillary tail 
of breast, C50.8 for malignant neoplasm of breast with 
overlapping lesion of breast, and C50.9 for malignant 
neoplasm of the breast NOS). The International Clas-
sification of Diseases for Oncology ICD-O-3 codes for 
all breast cancer subtypes were also used. The ICD-O-3 
codes and breast cancer subtypes that were included in the 
analysis are listed in Table 1. The International Statistical 
Classification of Diseases and Related Health Problems, 
ninth revision (ICD-9) was used to assess mortality by 
breast cancer between the years 1992 and 1999. The cor-
responding tenth revision (ICD-10) was used for deaths by 
breast cancer between the years 2000 and 2010. Population 
counts for the country, provinces, cities, and forward sor-
tation areas (FSAs) were used to calculate incidence and 
mortality rates. These counts were obtained from Statis-
tics Canada’s Census of Population for 1996, 2001, 2006, 
and 2011. Cities and FSAs that had a female population 
< 5000 were not included in the analysis to avoid artifi-
cially inflated incidence and mortality rates.

Data on visible minorities and socioeconomic status 
(SES) were obtained from the Canadian Census of Pop-
ulation from 2001 and 2006 for each FSA. The median 
household income was used to represent SES. Each FSA 
was categorized into a quintile based on its average median 
income. The FSAs with the lowest SES were in the first 
quintile (Q1SES) and the FSAs with the highest SES were 
in the fifth (Q5SES). FSAs were categorized in a similar 
way based on the percentage of its population that is not 
a visible minority (i.e., Caucasian). FSAs with the lowest 
percentage of Caucasian individuals were in the first quin-
tile (Q1%Caucasian) and FSAs with the highest percentage 
of Caucasian individuals were placed in the fifth quintile 
(Q5%Caucasian). Quintiles were compared using incidence 
rate ratios (IRR) and their corresponding 95% confidence 
intervals (95% CI).
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Mandatory data rounding

A number of confidentiality rules must be respected before 
the publication of the data obtained from the CCR, LQRC, 
and CVS registries. For this reason, researchers working 
at the SSHRC and Statistics Canada are required to round 
each frequency count to a multiple of 5 (lower or higher) 
via a random rounding scheme. In addition, as per the 
SSHRC rules, frequency counts cannot be released if they 
are ≥ 1 and ≤ 5 to protect patient confidentiality. However, 
we were able to search for communities, where zero cases/
deaths were documented.

Data analysis

This study analyzed the complete data on all breast cancer 
cases in Canada from 1992 to 2010. Incidence and mor-
tality rates as well as their 95% confidence intervals were 
calculated and are presented per 100,000 females per year. 
They are reported by age group, by year of diagnosis, and 
by specific region (province, city, FSA). Exact Poisson 
distributions were used to calculate the 95% confidence 
intervals. Regression models were used to assess trends 
over time. The ArcMap software was used for geographic 

Table 1   List of malignancies included in this study along with their corresponding ICD-O-3 codes, the number of cases reported in Canada 
between the years 1992 and 2010, and the mean age at the time of diagnosis

The same ICD-O3 code can be used to represent more than one breast cancer subtype
a Number of cases was rounded to a multiple of 5 as per SSHRC regulations

ICD-O3 code Neoplasm Number of casesa % of total Mean age at diagnosis (95% CI)

8200 Adenoid cystic carcinoma 235 0.1 60.53 (58.95–62.11)
Bronchial adenoma, cylindroid

8201 Cribriform carcinoma NOS 705 0.2 61.54 (60.52–62.56)
8211 Tubular adenocarcinoma 3760 1.1 60.13 (59.77–60.50)
8246 Neuroendocrine carcinoma NOS 150 0.0 66.19 (64.01–68.38)
8401 Apocrine adenocarcinoma 475 0.1 63.52 (62.24–64.81)
8480 Mucinous adenocarcinoma 5900 1.8 68.40 (68.04–68.75)

Pseudomyxoma peritonei with unknown primary site
8500 Invading ductal carcinoma NOS 248,965 74.9 60.54 (60.49–60.60)
8501 Comedocarcinoma, NOS 3610 1.1 56.62 (56.19–57.04)
8503 Intraductal papillary adenocarcinoma with invasion 1300 0.4 65.05 (64.27–65.83)

invasive papillary carcinoma
8504 Noninfiltrating intracystic carcinoma (2) 505 0.2 68.25 (67.13–69.36)
8507 Invasive micropapillary carcinoma 425 0.1 60.92 (59.59–62.26)
8510 Medullary carcinoma NOS 675 0.2 53.52 (52.46–54.57)

Medullary adenocarcinoma
8520 Lobular carcinoma 27,670 8.3 64.16 (64.00–64.31)
8521 Infiltrating ductal carcinoma 7785 2.3 60.48 (60.18–60.78)
8522 Infiltrating duct and lobular carcinoma 17,050 5.1 61.36 (61.16–61.56)
8523 Infiltrating duct mixed with other types of carcinoma 6200 1.9 62.41 (62.07–62.76)
8524 Infiltrating lobular mixed with other types of carcinoma 790 0.2 63.97 (63.08–64.86)
8530 Inflammatory carcinoma 2335 0.7 56.81 (56.25–57.38)
8540 Paget disease, mammary 640 0.2 66.18 (65.04–67.33)
8541 Paget disease and infiltrating duct carcinoma of breast 1525 0.5 62.59 (61.83–63.36)
8543 Paget disease and intraductal carcinoma of breast 1030 0.3 63.62 (62.74–64.49)
8550 Acinar cell carcinoma 30 0.0 60.44 (55.25–65.63)
8560 Adenosquamous carcinoma 130 0.0 62.33 (60.03–64.64)
8572 Adenocarcinoma with spindle cell metaplasia 30 0.0 64.14 (58.47–69.80)
8575 Metaplastic carcinoma NOS 665 0.2 61.66 (60.53–62.80)

Mixed epithelial/mesenchymal metaplastic carcinoma
– Total 332,585 100.0 61.05 (61.00–61.10)



686	 Breast Cancer Research and Treatment (2019) 178:683–691

1 3

analysis. Incidence and mortality rates were mapped by 
province, city, and FSA.

Results

Demographic characteristics of patients diagnosed 
with breast cancer in Canada between 1992 
and 2010

Approximately 332,590 Canadian women were diagnosed 
with one of the subtypes of invasive breast cancer listed in 
Table 1 between the years 1992 and 2010. Cases predomi-
nantly represented invading ductal carcinoma NOS (75%), 
followed by lobular carcinoma (8%), and infiltrating ductal 
and lobular carcinoma (5%). Details on the tumors primary 
site are presented in Supplementary Table 2. There were no 
reported cases of ductal carcinoma in situ or lobar carcinoma 
in situ, since the databases only provided information on 
invasive breast cancers. Between 1992 and 2010, there were 
1395 cases (< 1%) of breast cancer in patients ≤ 29 years 
of age; 16,050 cases (5%) in patients between ages 30 and 
39; 139,015 cases (42%) in patients between ages 40 and 
59; 141,380 cases (43%) in patients between age 61 and 
79; and 34,750 cases (10%) in women ≥ 80 years of age 
(Table 2). The average age at diagnosis was 61.051 (95% CI 
61.0038–61.10).

Incidence of breast cancer cases in Canada 
between 1992 and 2010 and their geographic 
distribution

The national age-adjusted incidence rate of all cases from 
1992 to 2010 was 114.41 cases per 100,000 women per year 
(95% CI 114.022–114.79). The annual incidence rates for 
1992 to 2010 years are displayed in Fig. 1a. There was an 
overall increase in breast cancer incidence with an annual 
increase of 1.57 ± 0.11 cases per 100,000 females between 
1992 and 2010 (coefficient of determination [R2] = 0.93; 
p < 0.0001). If the incidence rate for 1992 persisted for 
the period 1992–2010, there would be 4810 fewer cases of 

Table 2   Breast cancer incidence 
rates by age group for the years 
1992–2010

Age-adjusted incidence rates are expressed per 100,000 women per year
a Number of cases was rounded to a multiple of 5 as per SSHRC/Statistics Canada regulations

Age group Number of casesa Female population (rounded 
to 1000)

Incidence per 100,000 
women (95% CI)

0–29 1395 5829,000 1.26 (1.19–1.33)
30–39 16,050 2,312,000 36.54 (35.97–37.11)
40–59 139,015 4,347,000 168.32 (167.44–169.21)
60–79 141,380 2,264,000 328.63 (326.92–330.34)
> 80 34,750 614,000 297.96 (294.83–301.11)
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Fig. 1   Age-standardized incidence and mortality rates (cases per 
100,000 females per year) for all cases of breast cancer between 1992 
and 2010 with the line of best fit, and linear regression analysis of the 
incidence rate over time. a Incidence trends (coefficient of determi-
nation [R2] = 0.93; p < 0.0001; CI = confidence intervals). The slope 
of the line was 1.57 ± 0.11 cases per 100,000 females per year. The 
average age-standardized incidence rate of this malignancy in Canada 
from 1992 to 2010 was 114.41 cases per 100,000 females per year. 
b Mortality trends [R2] = 0.89; p < 0.0001. The slope of the line was 
− 0.27 ± 0.023 cases per 100,000 females per year. The average age-
standardized mortality rate of this malignancy in Canada from 1992 
to 2010 was 31.58 deaths per 100,000 females per year
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breast cancer in 2010 (22% decrease). Interestingly, these 
trends differ when examining ductal and lobular breast 
cancers separately. For ductal breast cancer, there was also 
an overall significant increase with an annual increase of 
0.88 ± 0.11 cases per 100,000 women per year (coefficient 
of determination [R2] = 0.79; p < 0.0001) and an average 
incidence rate of 93.97 cases per 100,000 women per year 
in Canada from 1992 to 2010 (Fig. 2a). On the other hand, 
for lobular breast cancer, there was an annual decrease of 
0.27 ± 0.023 cases per 100,000 women per year (coefficient 
of determination [R2] = 0.89; p < 0.0001) and an average 

overall incidence rate of 31.58 cases per 100,000 women 
per year (Fig. 2b).

Six provinces had statistically significantly higher inci-
dence rates than the national average: Nova Scotia (123.67; 
95% CI 121.39–125.99), New Brunswick (119.29; 95% CI 
116.78–121.84), Prince Edward Island (118.42; 95% CI 
112.64–124.42), Manitoba (118.20; 95% CI 116.18–120.24), 
British Columbia (115.96; 95% CI 114.88–117.034), and 
Quebec (115.57; 95% CI 114.78–116.36) (Table 3, Supple-
mentary Fig. 1A). Six provinces and territories had statisti-
cally significantly lower incidence rates than the national 
average: Ontario (109.12; 95% CI 108.51–109.73), Alberta 
(101.031; 95% CI 99.88–102.19), Newfoundland and Lab-
rador (100.59; 95% CI 97.86–103.37), Yukon (87.72; 95% 
CI 77.18–99.29), Northwest Territories (68.42; 95% CI 
60.36–77.26), and Nunavut (24.29; 95% CI 18.54–31.27) 
(Table 3). Additional incidence analyses were conducted 
at the city and FSA postal code levels (Supplementary 
Tables 3–6 and Supplementary Figs. 2–4).

The average age of residents in the high-incidence FSAs 
was 42.55, whereas it was 35.65 in the low-incidence FSAs. 
This difference was statistically significant (p < 0.001). In 
addition, there was an average of 2.79 nursing care facili-
ties and 3.17 continuing care retirement centers per high-
incidence FSA, and an average of 1.92 nursing care facilities 
and 2.081 continuing care retirement centers per low-inci-
dence FSAs. These differences were significant with both p 
values < 0.001. Hence, the geographic differences in breast 
cancer incidence could be in part explained by older women, 
who might be relocating to these FSAs due to the availability 
of retirement and nursing care facilities.

There was a significant positive relationship between the 
provincial incidence rates and the percentage of the popu-
lation that is above the age of 65 (R2 = 0.63, p = 0.0064). 
However, there was no significant relationships between the 
provincial incidence rates and the percentage of the popula-
tion that smokes (R2 = 0.065, p = 0.48) or with obesity preva-
lence (R = 0.14, p = 0.28). There was an association between 
incidence rates of breast cancer by FSA and socioeconomic 
status (SES) quintiles, as well as between breast cancer inci-
dence rates by FSA and ethnicity. Incidence rates for this 
malignancy were significantly lower in the highest SES quin-
tile compared to the lowest quintile (IRRSES Q5 vs. Q1 = 0.91; 
95% CI 0.90–0.91). However, incidence rates were sig-
nificantly higher in the second (IRRSES Q4 vs. Q1 = 1.038; 
95% CI 1.026–1.050) and third highest SES quintile 
IRRSES Q3 vs. Q1 = 1.11; 95% CI 1.094–1.12) compared to 
the lowest quintile. Additionally, our data demonstrated 
that breast cancer incidence was significantly higher in the 
quintiles with the highest percentage of Caucasian individu-
als compared to the quintile with the lowest percentage of 
Caucasian individuals (IRR%Caucasian Q5 vs. Q1 = 1.25, 95% CI 
1.24–1.26).

Linear regression
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Fig. 2   Incidence rates (cases per 100,000 women per year) of all 
cases of ductal and lobular breast cancer between 1992 and 2010. The 
figure includes the line of best fit, and linear regression analysis of 
the incidence rate over time. a Ductal breast cancer incidence rates 
between 1992 and 2010 (coefficient of determination [R2] = 0.79; 
p < 0.0001; CI = confidence intervals). The slope of the line was 
0.88 ± 0.11 cases per 100,000 women per year. The average incidence 
rate of this malignancy in Canada from 1992 to 2010 was 93.97 cases 
per 100,000 women per year. b Lobular breast cancer incidence rates 
between 1992 and 2010 (coefficient of determination [R2] = 0.89; 
p < 0.0001; CI = confidence intervals). The slope of the line was 
− 0.27 ± 0.023 cases per 100,000 women per year. The average inci-
dence rate of this malignancy in Canada from 1992 to 2010 was 
31.58 cases per 100,000 women per year
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Mortality rates and geographical distribution 
of deaths for breast cancer in Canada between 1992 
and 2010

In total, approximately 93,890 Canadian women died 
from breast cancer between 1992 and 2010. The overall 
national age-standardized mortality rate was 31.50 (95% 
CI 31.30–31.70) deaths per 100,000 women per year and 
the average age at the time of death was 67.19 (95% CI 
67.050–67.33). All age-standardized mortality rates per 
100,000 women by age group are presented in Table 4. 
The annual mortality rates for 1992–2010 are displayed in 
Fig. 1b. There was an overall significant decrease in the mor-
tality rate between 1992 and 2010 with a yearly decrease of 
0.27 ± 0.023 deaths per 100,000 females per year (R2 = 0.89, 
p < 0.0001). If the mortality rate for 1992 persisted for 
1992–2010, there would be 810 more deaths from breast 
cancer in 2010 (16% increase).

The overall provincial mortality rates are listed in 
Table  5. Three provinces had statistically significantly 

higher mortality rates than the national average: Nova Sco-
tia (36.60; 95% CI 35.36–37.87), Quebec (34.66; 95% CI 
34.23–35.10), and Manitoba (34.066; 95% CI 32.99–35.17) 
(Supplementary Fig. 1B). Two provinces and three terri-
tories had statistically significantly lower mortality rates 
than the national average: British Columbia (28.52; 95% 
CI 27.99–29.054), Alberta (25.065; 95% CI 24.49–25.65), 
Yukon (17.54; 95% CI 13.020–23.19), Northwest Territories 
(13.16; 95% CI 9.77–17.39), and Nunavut (4.049; 95% CI 
1.94–7.63). Additional analyses on breast cancer mortality 
were conducted at the FSA level and this information is pre-
sented in Supplementary Tables 7 and 8.

Discussion

In this study, we present a comprehensive analysis of the 
epidemiology of breast cancer in Canada between 1992 and 
2010. To our knowledge, this is the first Canadian study to 
geographically analyze incidence and mortality rates at the 

Table 3   Overall breast cancer 
incidence rates by province 
between 1992 and 2010

Incidence rates are expressed per 100,000 women per year
a Number of cases was rounded to a multiple of 5 as per SSHRC/Statistics Canada regulations

Province/Territory Number of casesa Female Population 
(rounded to 1000)

Incidence per 100,000 
women (95% CI)

Nova Scotia 11,185 476,000 123.67 (121.39–125.99)
New Brunswick 8,590 379,000 119.29 (116.78–121.84)
Prince Edward Island 1575 70,000 118.42 (112.64–124.42)
Manitoba 13,115 584,000 118.20 (116.18–120.24)
British Columbia 44,790 2,033,000 115.96 (114.88–117.03)
Quebec 82,780 3,770,000 115.57 (114.78–116.36)
Saskatchewan 10,635 508,000 110.18 (108.10–112.30)
Ontario 124,705 6,015,000 109.12 (108.51–109.72)
Alberta 29,485 1,536,000 101.03 (99.88–102.19)
Newfoundland and Labrador 5160 270,000 100.58 (97.86–103.37)
Yukon 250 15,000 87.72 (77.18–99.29)
Northwest Territories 260 20,000 68.42 (60.36–77.26)
Nunavut 60 13,000 24.29 (18.54–31.27)

Table 4   Breast cancer mortality 
rates by age group for the years 
1992–2010

Mortality rates are expressed per 100,000 women per year
a Number of cases was rounded to a multiple of 5 as per SSHRC/Statistics Canada regulations

Age Group Number of casesa Female population (rounded 
to 1000)

Mortality rate per 
100,000 women (95% 
CI)

0–29 150 5,829,000 0.13 (0.11–0.16)
30–39 2690 2,312,000 6.12 (5.89–6.36)
40–59 25,960 4,347,000 31.43 (31.05–31.82)
60–79 40,645 2,264,000 94.48 (93.56–95.40)
80+ 24,435 614,000 209.51 (206.90–212.16)
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city and FSA levels. Our results are consistent with those 
found in the literature. To illustrate, an American study by 
DeSantis et al. [8] found that between 2006 and 2010 the 
national incidence rate was 127.3 cases per 100,000 females 
per year and the national mortality rate was 22.7 deaths per 
100,000 females per year. It is important to note that, in that 
study, ductal and lobular and mixed breast cancer subtypes 
were not analyzed separately [33].

Breast cancer incidence rates increased significantly 
between 1992 and 2010 by 1.57 ± 0.11 cases per 100,000 
females per year (p < 0.0001). In a cohort study by Clavel-
Chapelon et al. [6], the age of menarche decreased from 
13.3 to 12.7 on average in the 1930 and 1950 birth cohorts, 
respectively. This 6-month decrease in age of menarche over 
a 20 year period is hypothesized to have contributed to the 
increase in incidence [6]. In addition, the increase seen in the 
late 1990s has been hypothesized to be caused by increased 
screening via mammography, increased use of hormone 
replacement therapy (HRT) in postmenopausal women, and 
increased obesity rates [14, 34]. In Canada, mammography 
screening programs existed in every province by 1998 [35]. 
This resulted in breast cancer being diagnosed 1–3 years 
sooner, which could in part explain the increase in incidence 
rates [34]. According to a study by Statistics Canada, 40% of 
women aged 50–69 reported that they had a mammogram in 
the last 2 years [35]. This percentage increased to 72% in the 
year 2000 and remained stable until the end of the study in 
2008 [35]. The long-term increase in incidence rates is likely 
due to delayed childbearing and decreased number of births 
and the overall aging of the Canadian population [14, 34]. 
Interestingly, incidence of lobular carcinoma of the breast 
shows the opposite: a decreasing trend. A study by Dossus 

and Benusiglio [36] also reports a similar decline in lobular 
breast cancer incidence since 1999. It is known that lobular 
breast cancer incidence is more strongly related to endog-
enous and exogenous female hormones [36]. Therefore, it 
is hypothesized that this decline is most likely due to the 
decreasing use of postmenopausal hormone therapy [36].

Mortality rates for breast cancer decreased significantly 
between 1992 and 2010 by -0.27 ± 0.023 deaths per 100,000 
females per year (p < 0.0001), which represents a 29% 
decline in 19 years. An American study found similar results 
with breast cancer mortality rate dropping from 33.0 deaths 
per 100,000 per year in 1990 to 21.3 deaths per 100,000 per 
year in 2010 [37]. Some studies suggest that this decline is 
likely due to earlier detection by mammography and treat-
ment improvements [1, 14, 34]. Some studies have also 
hypothesized the introduction of more effective drugs, such 
as adjuvant chemotherapy, in the 1970s are responsible for 
the decline in mortality rates [37]. A timeline outlining the 
advances in breast cancer treatment and screening methods 
in Canada is presented in Supplementary Table 9 [38–40].

This study was able to identify high-incidence FSAs that 
were adjacent or in close proximity to one another. Most 
of these geographic clusters were found in cities and other 
urban areas, and very few were in rural areas. Studies by 
Hystad et al. [7] and Crouse et al. [10] found that breast can-
cer incidence rates were higher in areas with higher levels 
of air traffic pollution, notably in urban areas. In addition, 
urban areas have higher SES and density of primary care 
providers that contribute to higher breast cancer detection 
rates [41]. Also, our analysis highlighted that high incidence 
of breast cancer correlated with the overall older popula-
tion living in these areas and availability of retirement and 

Table 5   Overall breast cancer 
mortality rates by province 
between 1992 and 2010

Mortality rates are expressed per 100,000 women per year
a Number of cases was rounded to a multiple of 5 as per SSHRC/Statistics Canada regulations

Province/Territory Casesa Female population 
(rounded to 1000)

Incidence per 
100,000 women 
(95% CI)

Nova Scotia 3310 476,000 36.60 (35.36–37.87)
Quebec 24,830 3,770,000 34.66 (34.23–35.10)
Manitoba 3780 584,000 34.07 (32.99–35.17)
Prince Edward Island 440 70,000 33.08 (30.06–36.33)
New Brunswick 2365 379,000 32.84 (31.53–34.19)
Newfoundland and Labrador 1640 270,000 31.97 (30.44–33.55)
Saskatchewan 3045 508,000 31.55 (30.44–32.69)
Ontario 35,935 6,015,000 31.44 (31.12–31.77)
British Columbia 11,015 2,033,000 28.52 (27.99–29.05)
Alberta 7,315 1,536,000 25.07 (24.49–25.65)
Yukon 50 15,000 17.54 (13.02–23.19)
Northwest Territories 50 20,000 13.16 (9.77–17.39)
Nunavut 10 13,000 4.05 (1.94–7.63)
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nursing facilities. While realizing that some geographic dif-
ferences are due to external risk factors, random variation 
could also be responsible for part of these differences.

Many large population-based studies have been shown 
to possess inherent limitations, including missing data and 
a risk of misclassification of patients. These limitations are 
discussed in more detail in an article by Sanders et al. [42]. 
In particular, the databases used in this study do not provide 
information on the patients’ race, socioeconomic status, life-
style habits, and occupation, which could act as confounding 
factors. In addition, the databases did not provide informa-
tion on the stage of the breast cancer.

In conclusion, through this study, many Canadian geo-
graphic clusters for breast cancer have been identified. This 
is the first Canadian study that analyzes the incidence and 
mortality rates for this malignancy at the city and forward 
sortation area levels. Our results demonstrate that new exter-
nal risk factors may be involved in the pathogenesis of breast 
cancer and will act as a foundation for future studies that 
will seek to identify new risk factors and etiologic agents 
for this malignancy.

Acknowledgements  We thank all the staff that administer the data 
registries included in this analysis. The interpretation, analysis, and 
reporting of these data are the sole responsibility of the authors.

Funding  This study was funded by the Cole Foundation Grant to 
Dr. Litvinov, the Fonds de la recherche en santé du Québec Research 
Grants (FRSQ# 34753 and 36769) to Dr. Litvinov, and by the Canadian 
Dermatology Foundation Grants to Dr. Litvinov and Dr. Sasseville.

Compliance with ethical standards 

Conflict of interest  All authors declare that they have no conflicts of 
interest to disclose.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 
This study was conducted in accordance with the CISS-RDC-668035 
protocol approved by the Social Sciences and Humanities Research 
Council of Canada (SSHRC) as well as the 13-SSH-MCG-3749-S001 
protocol approved by the Quebec Inter-University Centre for Social 
Statistics (QICSS). Furthermore, the Research Ethics Board Review 
of McGill University exempted this project in accordance with their 
policy.

Informed consent  Not applicable.

References

	 1.	 Breast Cancer Statistics (2018) In: Canadian Cancer Society. 
http://www.cance​r.ca/~/media​/cance​r.ca/CW/cance​r%20inf​ormat​
ion/cance​r%20101​/Canad​ian%20can​cer%20sta​tisti​cs/Canad​ian-
Cance​r-Stati​stics​-2018-EN.pdf?la=en. Accessed 10 Apr 2019

	 2.	 Mai V, Sullivan T, Chiarelli AM (2009) Breast cancer screening 
program in Canada: successes and challenges. Salud Publica Mex 
51(Suppl 2):s228–s235

	 3.	 Ataollahi MR, Sharifi J, Paknahad MR, Paknahad A (2015) Breast 
cancer and associated factors: a review. J Med Life 8:6–11

	 4.	 Catsburg C, Miller AB, Rohan TE (2015) Active cigarette smok-
ing and risk of breast cancer. Int J Cancer 136:2204–2209. https​
://doi.org/10.1002/ijc.29266​

	 5.	 Ciree A, Michel L, Camilleri-Broet S, Jean Louis F, Oster M, 
Flageul B, Senet P, Fossiez F, Fridman WH, Bachelez H, Tartour 
E (2004) Expression and activity of IL-17 in cutaneous T-cell 
lymphomas (mycosis fungoides and Sezary syndrome). J Int Can-
cer 112:113–120. https​://doi.org/10.1002/ijc.20373​

	 6.	 Clavel-Chapelon F (2002) Differential effects of reproductive fac-
tors on the risk of pre- and postmenopausal breast cancer. Results 
from a large cohort of French women. Br J Cancer 86:723. https​
://doi.org/10.1038/sj.bjc.66001​24

	 7.	 Crouse DL, Goldberg MS, Ross NA, Chen H, Labrèche F (2010) 
Postmenopausal breast cancer is associated with exposure to traf-
fic-related air pollution in montreal, canada: a case–control study. 
Environ Health Perspect 118:1578–1583. https​://doi.org/10.1289/
ehp.10022​21

	 8.	 DeSantis C, Ma J, Bryan L, Jemal A (2014) Breast cancer statis-
tics, 2013. CA Cancer J Clin 64:52–62. https​://doi.org/10.3322/
caac.21203​

	 9.	 Hvidtfeldt UA (2014) Mechanisms underlying social inequality 
in post-menopausal breast cancer. Dan Med J 61:B4922

	10.	 Hystad P, Villeneuve PJ, Goldberg MS, Crouse DL, Johnson K 
(2015) Exposure to traffic-related air pollution and the risk of 
developing breast cancer among women in eight Canadian prov-
inces: a case–control study. Environ Int 74:240–248. https​://doi.
org/10.1016/j.envin​t.2014.09.004

	11.	 Johnson KC, Hu J, Mao Y (2000) Passive and active smoking and 
breast cancer risk in Canada, 1994–97. Cancer Causes Control 
11:211–221. https​://doi.org/10.1023/a:10089​06105​790

	12.	 Majeed W, Aslam B, Javed I, Khaliq T, Muhammad F, Ali A, Raza 
A (2014) Breast cancer: major risk factors and recent develop-
ments in treatment. Asian Pac J Cancer Prev 15:3353–3358

	13.	 Pan SY, the Canadian Cancer Registries Epidemiology Research 
G, the Canadian Cancer Registries Epidemiology Research G, 
Johnson KC, the Canadian Cancer Registries Epidemiology 
Research G, Ugnat A-M, the Canadian Cancer Registries Epide-
miology Research G, Wen SW, the Canadian Cancer Registries 
Epidemiology Research G, Mao Y, the Canadian Cancer Regis-
tries Epidemiology Research G (2004) Association of obesity and 
cancer risk in Canada. Am J Epidemiol 159:259–268. https​://doi.
org/10.1093/aje/kwh04​1

	14.	 Stuckey A (2011) Breast cancer: epidemiology and risk fac-
tors. Clin Obstet Gynecol 54:96–102. https​://doi.org/10.1097/
GRF.0b013​e3182​08005​6

	15.	 Lammert J, Grill S, Kiechle M (2018) Modifiable lifestyle fac-
tors: opportunities for (hereditary) breast cancer prevention—a 
narrative review. Breast Care (Basel) 13:109–114. https​://doi.
org/10.1159/00048​8995

	16.	 Wilson LF, Page AN, Dunn NA, Pandeya N, Protani MM, Taylor 
RJ (2013) Population attributable risk of modifiable risk factors 
associated with invasive breast cancer in women aged 45–69 years 
in Queensland, Australia. Maturitas 76:370–376. https​://doi.
org/10.1016/j.matur​itas.2013.09.002

	17.	 Ahn J, Schatzkin A, Lacey JV Jr, Albanes D, Ballard-Barbash 
R, Adams KF, Kipnis V, Mouw T, Hollenbeck AR, Leitzmann 
MF (2007) Adiposity, adult weight change, and postmenopausal 
breast cancer risk. Arch Intern Med 167:2091–2102. https​://doi.
org/10.1001/archi​nte.167.19.2091

	18.	 Lundqvist A, Andersson E, Ahlberg I, Nilbert M, Gerdtham U 
(2016) Socioeconomic inequalities in breast cancer incidence and 

http://www.cancer.ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/Canadian%20cancer%20statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
http://www.cancer.ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/Canadian%20cancer%20statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
http://www.cancer.ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/Canadian%20cancer%20statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
https://doi.org/10.1002/ijc.29266
https://doi.org/10.1002/ijc.29266
https://doi.org/10.1002/ijc.20373
https://doi.org/10.1038/sj.bjc.6600124
https://doi.org/10.1038/sj.bjc.6600124
https://doi.org/10.1289/ehp.1002221
https://doi.org/10.1289/ehp.1002221
https://doi.org/10.3322/caac.21203
https://doi.org/10.3322/caac.21203
https://doi.org/10.1016/j.envint.2014.09.004
https://doi.org/10.1016/j.envint.2014.09.004
https://doi.org/10.1023/a:1008906105790
https://doi.org/10.1093/aje/kwh041
https://doi.org/10.1093/aje/kwh041
https://doi.org/10.1097/GRF.0b013e3182080056
https://doi.org/10.1097/GRF.0b013e3182080056
https://doi.org/10.1159/000488995
https://doi.org/10.1159/000488995
https://doi.org/10.1016/j.maturitas.2013.09.002
https://doi.org/10.1016/j.maturitas.2013.09.002
https://doi.org/10.1001/archinte.167.19.2091
https://doi.org/10.1001/archinte.167.19.2091


691Breast Cancer Research and Treatment (2019) 178:683–691	

1 3

mortality in Europe—a systematic review and meta-analysis. Eur J 
Public Health 26:804–813. https​://doi.org/10.1093/eurpu​b/ckw07​
0

	19.	 Nie J, Beyea J, Bonner MR, Han D, Vena JE, Rogerson P, Vito D, 
Muti P, Trevisan M, Edge SB, Freudenheim JL (2007) Exposure 
to traffic emissions throughout life and risk of breast cancer: the 
Western New York Exposures and Breast Cancer (WEB) study. 
Cancer Causes Control 18:947–955. https​://doi.org/10.1007/s1055​
2-007-9036-2

	20.	 Pan SY, Morrison H, Gibbons L, Zhou J, Wen SW, DesMeules 
M, Mao Y, Group tCCRER (2011) Breast cancer risk associated 
with residential proximity to industrial plants in Canada. J Occup 
Environ Med 53:522–529. https​://doi.org/10.1097/jom.0b013​
e3182​16d0b​3

	21.	 Amar L, Le M, Ghazawi FM, Rahme E, Segal A, Netchiporouk 
E, Popradi G, Moreau L, Roshdy O, Sasseville D, Litvinov IV 
(2019) Prevalence of human T cell lymphotropic virus 1 infec-
tion in Canada. Curr Oncol 26:e3–e5. https​://doi.org/10.3747/
co.26.4593

	22.	 Darwich R, Ghazawi FM, Rahme E, Alghazawi N, Burnier JV, 
Sasseville D, Burnier MN, Litvinov IV (2019) Retinoblastoma 
incidence trends in Canada: a national comprehensive population-
based study. J Pediatr Ophthalmol Strabismus 56:124–130. https​
://doi.org/10.3928/01913​913-20190​128-02

	23.	 Ghazawi FM, Cyr J, Darwich R, Le M, Rahme E, Moreau L, 
Netchiporouk E, Zubarev A, Roshdy O, Glassman SJ, Sassev-
ille D, Litvinov IV (2019) Cutaneous malignant melanoma inci-
dence and mortality trends in Canada: a comprehensive popula-
tion-based study. J Am Acad Dermatol 80:448–459. https​://doi.
org/10.1016/j.jaad.2018.07.041

	24.	 Ghazawi FM, Darwich R, Le M, Jfri A, Rahme E, Burnier JV, 
Sasseville D, Burnier MN Jr, Litvinov IV (2019) Incidence trends 
of conjunctival malignant melanoma in Canada. Br J Ophthalmol. 
https​://doi.org/10.1136/bjoph​thalm​ol-2019-31397​7

	25.	 Ghazawi FM, Darwich R, Le M, Rahme E, Zubarev A, Moreau L, 
Burnier JV, Sasseville D, Burnier MN, Litvinov IV (2019) Uveal 
melanoma incidence trends in Canada: a national comprehensive 
population-based study. Br J Ophthalmol. https​://doi.org/10.1136/
bjoph​thalm​ol-2018-31296​6

	26.	 Ghazawi FM, Le M, Alghazawi N, Rahme E, Moreau L, Netch-
iporouk E, Zubarev A, Roshdy O, Glassman SJ, Sasseville D, 
Litvinov IV (2018) Trends in Incidence of Cutaneous Malignant 
Melanoma in Canada: 1992–2010 versus 2011–2015. J Am Acad 
Dermatol. https​://doi.org/10.1016/j.jaad.2018.10.055

	27.	 Ghazawi FM, Le M, Cyr J, Netchiporouk E, Rahme E, Alakel A, 
Zubarev A, Powell M, Moreau L, Roshdy O, Glassman SJ, Sasse-
ville D, Popradi G, Litvinov IV (2019) Analysis of acute myeloid 
leukemia incidence and geographic distribution in Canada from 
1992 to 2010 reveals disease clusters in Sarnia and other industrial 
US border cities in Ontario. Cancer 125:1886–1897. https​://doi.
org/10.1002/cncr.32034​

	28.	 Ghazawi FM, Le M, Lagace F, Cyr J, Alghazawi N, Zubarev A, 
Roy SF, Rahme E, Netchiporouk E, Roshdy O, Glassman SJ, Sas-
seville D, Litvinov IV (2019) Incidence, mortality, and spatiotem-
poral distribution of cutaneous malignant melanoma cases across 
Canada. J Cutan Med Surg 1:2. https​://doi.org/10.1177/12034​
75419​85204​8

	29.	 Ghazawi FM, Litvinov IV (2018) Distribution and cluster-
ing of cutaneous T-cell lymphoma (CTCL) cases in Canada: a 
response to a letter. J Cutan Med Surg 22:657–658. https​://doi.
org/10.1177/12034​75418​78621​5

	30.	 Ghazawi FM, Netchiporouk E, Rahme E, Tsang M, Moreau L, 
Glassman S, Provost N, Gilbert M, Jean SE, Pehr K, Sasseville D, 
Litvinov IV (2017) Comprehensive analysis of cutaneous T-cell 
lymphoma (CTCL) incidence and mortality in Canada reveals 
changing trends and geographic clustering for this malignancy. 
Cancer 123:3550–3567. https​://doi.org/10.1002/cncr.30758​

	31.	 Ghazawi FM, Netchiporouk E, Rahme E, Tsang M, Moreau L, 
Glassman S, Provost N, Gilbert M, Jean SE, Roshdy O, Pehr 
K, Sasseville D, Litvinov IV (2018) Distribution and cluster-
ing of cutaneous T-cell lymphoma (CTCL) cases in canada dur-
ing 1992 to 2010. J Cutan Med Surg 22:154–165. https​://doi.
org/10.1177/12034​75417​74582​5

	32.	 Tsang M, Le M, Ghazawi FM, Cyr J, Alakel A, Rahme E, Lagace 
F, Netchiporouk E, Moreau L, Zubarev A, Roshdy O, Glassman 
SJ, Sasseville D, Popradi G, Litvinov IV (2019) Multiple myeloma 
epidemiology and patient geographic distribution in Canada: a 
population study. Cancer 125:2435–2444. https​://doi.org/10.1002/
cncr.32128​

	33.	 Phipps AI, Li CI, Kerlikowske K, Barlow WE, Buist DSM (2010) 
Risk factors for ductal, lobular, and mixed ductal-lobular breast 
cancer in a screening population. Cancer Epidemiol Biomark 
Prevent 19:1643–1654. https​://doi.org/10.1158/1055-9965.
EPI-10-0188

	34.	 DeSantis CE, Ma J, Goding Sauer A, Newman LA, Jemal A 
(2017) Breast cancer statistics, 2017, racial disparity in mortality 
by state. CA Cancer J Clin 67:439–448. https​://doi.org/10.3322/
caac.21412​

	35.	 An update on mammography use in Canada (2015) In: Statistics 
Canada. https​://www15​0.statc​an.gc.ca/n1/pub/82-003-x/20090​03/
artic​le/10873​/findi​ngs-resul​tats-eng.htm. Accessed 10 Apr 2019

	36.	 Dossus L, Benusiglio PR (2015) Lobular breast cancer: incidence 
and genetic and non-genetic risk factors. BCR 17:37. https​://doi.
org/10.1186/s1305​8-015-0546-7

	37.	 Narod SA, Iqbal J, Miller AB (2015) Why have breast cancer 
mortality rates declined? J Cancer Policy 5:8–17. https​://doi.
org/10.1016/j.jcpo.2015.03.002

	38.	 History of Breast Cancer Treatment (2018) In: Canadian Breast 
Cancer Network Ottawa. https​://www.ncbi.nlm.nih.gov/pmc/artic​
les/PMC54​81194​/. Accessed 10 Apr 2019

	39.	 Lakhtakia R (2014) A brief history of breast cancer: part I: 
surgical domination reinvented. Sultan Qaboos Univ Med J 
14:e166–e169

	40.	 Sledge GW, Mamounas EP, Hortobagyi GN, Burstein HJ, Good-
win PJ, Wolff AC (2014) Past, present, and future challenges in 
breast cancer treatment. J Clin Oncol 32:1979–1986. https​://doi.
org/10.1200/JCO.2014.55.4139

	41.	 Moss JL, Liu B, Feuer EJ (2017) Urban/rural differences in breast 
and cervical cancer incidence: the mediating roles of socioeco-
nomic status and provider density. Womens Health Issues 27:683–
691. https​://doi.org/10.1016/j.whi.2017.09.008

	42.	 Sanders CM, Saltzstein SL, Schultzel MM, Nguyen DH, Stafford 
HS, Sadler GR (2012) Understanding the limits of large data-
sets. J Cancer Educ 27:664–669. https​://doi.org/10.1007/s1318​
7-012-0383-7

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/eurpub/ckw070
https://doi.org/10.1093/eurpub/ckw070
https://doi.org/10.1007/s10552-007-9036-2
https://doi.org/10.1007/s10552-007-9036-2
https://doi.org/10.1097/jom.0b013e318216d0b3
https://doi.org/10.1097/jom.0b013e318216d0b3
https://doi.org/10.3747/co.26.4593
https://doi.org/10.3747/co.26.4593
https://doi.org/10.3928/01913913-20190128-02
https://doi.org/10.3928/01913913-20190128-02
https://doi.org/10.1016/j.jaad.2018.07.041
https://doi.org/10.1016/j.jaad.2018.07.041
https://doi.org/10.1136/bjophthalmol-2019-313977
https://doi.org/10.1136/bjophthalmol-2018-312966
https://doi.org/10.1136/bjophthalmol-2018-312966
https://doi.org/10.1016/j.jaad.2018.10.055
https://doi.org/10.1002/cncr.32034
https://doi.org/10.1002/cncr.32034
https://doi.org/10.1177/1203475419852048
https://doi.org/10.1177/1203475419852048
https://doi.org/10.1177/1203475418786215
https://doi.org/10.1177/1203475418786215
https://doi.org/10.1002/cncr.30758
https://doi.org/10.1177/1203475417745825
https://doi.org/10.1177/1203475417745825
https://doi.org/10.1002/cncr.32128
https://doi.org/10.1002/cncr.32128
https://doi.org/10.1158/1055-9965.EPI-10-0188
https://doi.org/10.1158/1055-9965.EPI-10-0188
https://doi.org/10.3322/caac.21412
https://doi.org/10.3322/caac.21412
https://www150.statcan.gc.ca/n1/pub/82-003-x/2009003/article/10873/findings-resultats-eng.htm
https://www150.statcan.gc.ca/n1/pub/82-003-x/2009003/article/10873/findings-resultats-eng.htm
https://doi.org/10.1186/s13058-015-0546-7
https://doi.org/10.1186/s13058-015-0546-7
https://doi.org/10.1016/j.jcpo.2015.03.002
https://doi.org/10.1016/j.jcpo.2015.03.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5481194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5481194/
https://doi.org/10.1200/JCO.2014.55.4139
https://doi.org/10.1200/JCO.2014.55.4139
https://doi.org/10.1016/j.whi.2017.09.008
https://doi.org/10.1007/s13187-012-0383-7
https://doi.org/10.1007/s13187-012-0383-7

	Analysis of incidence, mortality trends, and geographic distribution of breast cancer patients in Canada
	Abstract
	Backgroundpurpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data collection
	Mandatory data rounding
	Data analysis

	Results
	Demographic characteristics of patients diagnosed with breast cancer in Canada between 1992 and 2010
	Incidence of breast cancer cases in Canada between 1992 and 2010 and their geographic distribution
	Mortality rates and geographical distribution of deaths for breast cancer in Canada between 1992 and 2010

	Discussion
	Acknowledgements 
	References




