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Abstract: The incidence of BM among Canadian cancer patients is unknown. We aimed to estimate
IP of BM at the time of cancer diagnosis and during the lifetime of patients with selected primary
cancers. Data on BM at diagnosis from 2010–2017 was obtained from the CCR. Site-specific IPs of
BM were estimated from provincial registries containing ≥90% complete data on BM. The CCR IP
estimates and the IP estimates from literature were applied to the total diagnosed primary cancers to
estimate the number of concurrent BM and lifetime BM from 2010–2017 in Canada, respectively. The
annual average number of patients with BM at diagnosis from all cancer sites was approximately
3227. The site-specific IPs of BM at diagnosis were: lung (9.42%; 95% CI: 9.16–9.68%), esophageal
(1.58%; 95% CI: 1.15–2.02%), kidney/renal pelvis (1.33%; 95% CI: 1.12–1.54%), skin melanoma (0.73%;
95% CI: 0.61–0.84%), colorectal (0.22%; 95% CI: 0.18–0.26%), and breast (0.21%; 95% CI: 0.17–0.24%).
Approximately 76,546 lifetime BM cases (or 5.70% of selected fifteen primary cancers sites) were
estimated to have occurred from the 2010–2017 cancer patient cohort. These findings reflect results
of population analyses in the US and Denmark. We recommend improved standardization of the
collection of BM data within the CCR.
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1. Introduction

Brain metastases from systemic malignancies (BM) occur almost twice as often as
all primary malignant brain tumors including glioma [1,2]. Incidence rates of BM range
from 7 to 14 persons per 100,000 population per year across population-based studies [3].
Incidence of BM is thought to be increasing mainly due to improved survival of patients
owing to aggressive treatment of primary cancers [4], and improved detection of cancer
due to wider introduction of advancing neuroimaging diagnostic technologies [5,6].

The primary cancers that most commonly metastasize to the brain are lung, breast,
esophageal, skin melanoma, colorectal, and kidney/renal pelvis [5–7]. Among patients
of these six cancers, 9% develop BM during their course of disease [5,8]. A population-
based study from the US using cancer registry data found that over 27,000 (1.7%) were
detected with BM at the time of diagnosis (from over 1.6 million primary cancers detected
from 2010–2013) [9]. An earlier population-based study conducted in the US population
estimated that 70,000 BM are expected to occur over the lifetime of 1,194,282 primary
cancers patients diagnosed in the US in the year of 2007 [4]. Brain metastases at diagnosis
may be a surrogate measure of cancer aggressiveness and/or diagnostic delay caused
by patient or health care system related factors. In contrast, brain metastases lifetime
occurrence in cancer patients is affected by more complex factors that include the above
plus post-diagnosis system of care and survival factors. Population based estimates for BM
in Canada are not available except for Alberta and Ontario [7,8].
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In the last decade, treatments for brain metastases have started to improve what has
been a dismal survival prognosis [10,11]. Survival rate of BM patients depends on the
type and histology of the primary cancer, treatment of the primary cancer, and clinical
characteristics such as age, size/number of BM, Karnofsky performance score, and effect
of extra-cranial disease [11,12]. Treatment approaches for primary cancers and brain
metastases (i.e., local therapy or systemic therapy) are crucial for the prognosis of patients
with BM [5,10]. In addition to high rates of mortality, patients experience poor quality of
life and various physical, cognitive, and neurological manifestations [13]. Hospitals and
clinicians need to coordinate with brain cancer centers to achieve optimal outcomes for
BM patients.

The specific objectives of the current study are to estimate proportions of primary
cancers (total, site, and histology) that metastasize to the brain using two time periods: at
the time of diagnosis (hereafter referred to as concurrent BM) and over a cancer patients’
lifespan from the time of their diagnosis (hereafter referred to as lifetime BM). These data
reflect the experience of Canadian patients with an initial diagnosis of primary cancer
between 2010 and 2017. The lifetime numbers are estimates to help characterize the
complete patient workload in the Canadian neuro-oncology community. The findings
provide insight into the current and future needs of cancer patients at high risk for BM
in Canada.

2. Materials and Methods
2.1. Data Source

In Canada, provincial and territorial cancer registries report cancer data to the Cana-
dian Cancer Registry (CCR) managed by Statistics Canada. CCR includes population-based
information on brain involvement at the time of diagnosis of a primary cancer, i.e., con-
current BM. We analyzed data collected on incidence of BM at diagnosis using the CCR
2017 version 2 data file 13. The data was accessed through the Statistics Canada’s Re-
search Data Centre branch located at University of Alberta. Due to delays in reporting,
undercounting of cases is most prominent in the last reported diagnosis year of 2017. The
under-reporting is estimated to be 2% to 3% for all cancers combined and could contribute
to the underestimation of both concurrent and lifetime BM counts [14].

2.2. Study Population

Canada has ten provinces and three territories with a population of 38.2 million in
2021. The 2017 CCR dataset has information on all Canadian residents (alive or dead) who
had a new cancer diagnosis from 1992 to 2017. The CCR information on concurrent BM is
available from most of the provinces and territories as the data in the CCR have been staged
using the Collaborative Stage (CS) Data Collection System, which incorporates the TNM
staging system. Distant metastatic involvement of the brain found at the time of diagnosis
of primary cancer is coded within the CCR and metastases that occur after initial diagnosis
are not recorded. Some provincial cancer registries code concurrent BM only for selected
primary sites such as lung, breast, colorectal, and cervix. Logistical constraints limit the
availability of data in the CCR from different provinces/territories to varying degrees.

2.3. Inclusion/Exclusion Criteria

Cancer cases, regardless of age, diagnosed from 2010 to 2017 were included. Earlier
data were not included in an effort to provide recent information and to be consistent
with increasing focus on brain tumour data collection practices since 2010. To calculate
concurrent BM incidence proportion (IP), we excluded cases from Quebec as data from
Quebec is missing from the CCR. To utilize sparse data on some cancers, we grouped
Eastern provinces (New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland
and Labrador) into one regional group “Eastern provinces” and the Territories (Yukon,
Nunavut, and Northwest territories) into another group “Territories”.
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2.4. Cancer Selection and Classification

We investigated the proportion of concurrent BM in six primary cancer sites: lungs,
breast, skin melanoma, colorectal, kidney/renal pelvis, and esophagus. These sites were
chosen because previous findings from Alberta Cancer Registry data indicated that more
than 90% of the brain metastases at diagnosis of primary cancers originated from these
six sites [7]; a finding consistent with broader literature [9]. Remaining sites were cat-
egorized as “All other sites-combined”. Primary sites were coded using ICD-O-3 topo-
graphical/histological definitions and SEER site recodes (Table A1 in Appendix A). The
most common cancers, lung and breast were further categorized. Lung cancers were
grouped into non-small cell lung cancers (NSCLC) and small cell lungs cancers (SCLC)
using ICD-O-3 histological codes. NSCLC histologies included adenocarcinoma, squamous
cell carcinoma, and large cell lung carcinoma. Breast cancers were grouped into three
categories representing hormone receptor status using combinations of estrogen receptors
(ER), progesterone receptors (PR), and Human Epidermal Growth Factor Receptor 2 (HER2)
results. These three groups are based on collaborative stage site-specific factor 16.

2.5. Data Analysis

All analysis was done with SAS 9.4. The current analyses involved two components: (1)
estimation of concurrent BM using IP from CCR data and (2) population-based estimation
of expected lifetime BM incidence IP from the literature applied to CCR data. Site specific
IP was defined as the number of individuals diagnosed with brain metastases who had a
specific single primary cancer divided by the total number of individuals diagnosed with
that single primary cancer excluding individuals with missing data on BM. The IP was then
expressed as a percentage. Crude IPs (IPC) (Table 1) were calculated from the data from all
provinces and territories and was refined to minimize the effect of missing data (Table 2).

Table 1. Frequency of concurrent brain metastases and crude incidence proportions (IPc) in Canada
by selected cancer sites (2010–2017).

Cancer
Site

Sub-
Category/Histology

Number of
Primary Cases * IPc (%)

Brain Metastasis at Diagnosis
Missing % No % Yes %

Lung
All 160,525 10.40 24,805 15.45 121,600 75.75 14,120 8.80
NSCLC 104,770 9.37 11,630 11.10 84,080 80.25 9060 8.65
SCLC 16,620 13.39 1725 10.38 12,900 77.62 1995 12.00

Breast

All 193,970 0.24 29,485 15.20 164,085 84.59 400 0.21
ER− PR− HER2− 12,945 0.50 70 0.54 12,810 98.96 65 0.50
HER2+ 19,325 0.49 115 0.60 19,115 98.91 95 0.49
ER+ PR+ HER2− 86,185 0.10 570 0.66 85,530 99.24 85 0.10

Skin melanoma 98,080 0.28 69,145 70.50 28,665 29.23 270 0.28
Colorectal 168,610 0.20 34,120 20.24 134,150 79.56 340 0.20
Kidney/Renal Pelvis 39,590 0.39 27,905 70.48 11,530 29.12 155 0.39
Esophagus 14,145 0.39 10,665 75.40 3425 24.21 55 0.39
All other sites 721,470 0.09 453,760 62.89 267,070 37.02 640 0.09
Total 1,396,390 2.14 649,885 46.54 730,525 52.32 15,980 1.14

* Excluding Quebec.

Table 2. Percentage of ‘unknown and not applicable data’ on brain metastases at diagnosis in Canada
by province/territories by primary cancer sites (2010–2017).

Province/
Territories

Lung
(%)

Breast
(%)

Skin Melanoma
(%)

Colorectal
(%)

Kidney/Renal
Pelvis (%)

Esophagus
(%)

All other Sites-
Combined (%)

Alberta 0.00 0.00 0.00 0.00 0.00 0.00 0.00
British

Columbia 15.82 3.06 100.00 25.62 100.00 100.00 80.76
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Table 2. Cont.

Province/
Territories

Lung
(%)

Breast
(%)

Skin Melanoma
(%)

Colorectal
(%)

Kidney/Renal
Pelvis (%)

Esophagus
(%)

All other Sites-
Combined (%)

Manitoba 2.54 1.19 8.84 2.38 4.91 1.85 26.33
New

Brunswick 6.02 1.18 100.00 5.77 100.00 100.00 75.23

Newfoundland
and Labrador 2.99 1.23 10.15 17.21 2.59 18.18 23.03

Nova Scotia 2.47 2.04 4.00 3.89 2.18 2.24 25.38
Ontario 15.41 21.08 86.88 23.71 100.00 100.00 78.34
Prince

Edward
Island

7.34 3.07 3.68 4.63 4.17 15.00 23.97

Quebec 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Saskatchewan 4.22 2.04 7.89 3.03 2.68 3.37 25.66

Territories 10.42 8.42 55.56 11.76 45.45 66.67 50.35

Provinces with less than 10% missing data on concurrent brain metastases diagnosis were bolded and their data
were used to calculate IPR in Table 3.

Table 3. Estimated refined concurrent incidence proportion (IPR) and frequency of BM in Canada by
selected cancer sites adjusting for missing data (2010–2017).

Cancer Site Sub-
Category/Histology

Total Number of
Primary Cancer

Cases **

IPR from Selected
Provinces (95%CI)

Estimated Concurrent
BM Incidence Cases

from IPR

Average Annual
Estimates of

Concurrent BM

Lung
All 215,335 9.42 (9.16–9.68) 1 20,285 2536
NSCLC 136,725 9.55 (9.34–9.76) 2 13,057 1632

SCLC 22,270 13.21 (12.62–13.80)
3 2921 365

Breast

All 246,545 0.21 (0.17–0.24) 4 518 65
ER− PR− HER2− * 12,945 0.50 (0.38–0.62) 5 65 8
HER2+ * 19,325 0.49 (0.39–0.59) 5 95 12
ER+ PR+ HER2− * 86,185 0.10 (0.08–0.12) 5 86 11

Skin melanoma 108,265 0.73 (0.61–0.84) 6 790 99
Colorectal 214,615 0.22 (0.18–0.26) 7 472 59
Kidney/Renal Pelvis 49,984 1.33 (1.12–1.54) 8 665 83
Esophagus 17,110 1.58 (1.15–2.02) 9 270 34
All other sites-combined 907,505 0.31 (0.28–0.34) 10 2813 352
Total (from all sites) 1,759,360 1.47 25,813 3227

Notes (selected provinces/territories): 1 Alberta, Manitoba, New Brunswick, Newfoundland and Labrador, Nova
Scotia, Prince Edward Island, Saskatchewan; 2 Alberta, Manitoba, New Brunswick, Newfoundland and Labrador,
Nova Scotia, Ontario, Prince Edward Island, Saskatchewan, Territories; 3 Alberta, Manitoba, New Brunswick,
Newfoundland and Labrador, Nova Scotia, Ontario, Prince Edward Island, Saskatchewan; 4 Alberta, Manitoba,
New Brunswick, Newfoundland and Labrador, Nova Scotia, Prince Edward Island, Saskatchewan, Territories; 5

Alberta, British Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario, Prince
Edward Island, Saskatchewan, Territories; 6 Alberta, Manitoba, Nova Scotia, Prince Edward Island, Saskatchewan;
7 Alberta, Manitoba, New Brunswick, Nova Scotia, Prince Edward Island, Saskatchewan; 8 Alberta, Manitoba,
Newfoundland and Labrador, Nova Scotia, Prince Edward Island, Saskatchewan; 9 Alberta, Manitoba, Nova
Scotia, Saskatchewan; 10 Only Alberta. * Hormone receptor status not available for breast cancer in Quebec data
from 2010; ** Due to unavailability of data, incidence of cancer for 2011–2017 is assumed to be the same as 2010
for Quebec adjusted for population growth.

2.6. Estimation of Concurrent BM

To derive national estimates for concurrent BM incidence (for the selected six sites
and “all other sites” combined), we calculated the total number of primary cancers and
proportions of BM (number of BM at diagnosis divided by total number of new cancers)
overall, by site and histology from the complete CCR datafile, excluding Quebec (Table 1).
To minimize potential biases from regions with missing data, we calculated refined IP
(IPR) estimates from only those provinces with >90% complete data in the BM at diagnosis
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variable as shown in Table 2. Within provinces with less than 10% missing data, the missing
data was assumed to be missing completely at random. These IPR BM estimates were then
applied to the total number of patients of the selected primary cancer within the entire
cohort to create national (Table 3) and provincial (Table A3) estimates. Quebec primary
cancer data was only available in 2010. To impute Quebec total primary cancer cases, we
applied the proportion of individuals with the specified primary cancer in 2010 to the
midpoint Quebec population of each year between 2010–2017 and took the summation of
the cases from every year.

2.7. Estimation of Expected Lifetime BM

Since we lacked data to directly estimate lifetime IP (IPL) of BM, we conducted a
literature search for this information for our target primary sites (Table A2). The literature
search was carried out using the MEDLINE database available from the University of
Alberta library using the search terms ‘brain metastases’, ‘brain metastasis’, ‘incidence’
‘incidence proportion’, combined with ‘[name of selected cancer sites]’. References within
some papers were also reviewed to find additional studies. Studies identified through
search and reference review were screened based on site of primary cancer and study
objectives (measuring incidence of brain metastases). From the studies that passed through
initial screening, following criteria were used to select the four most appropriate stud-
ies [5,8,15,16] for each selected primary cancer sites with lifetime IP estimates: (1) those
with IPL reflecting recent treatment approaches, (2) studies conducted in Canada or similar
developed countries, (3) those with population based estimates, and (4) those with longer
median follow up periods from diagnosis of primary cancers to ascertainment of BM status.
Studies reporting IPL based on autopsy findings were not considered.

To estimate the expected lifetime occurrence of BM, we applied site-specific IPL ob-
tained from the literature as described above (Table A2) to known national (Table 4) and
provincial (Table A4) frequencies of primary cancers. National frequencies used for cal-
culations of lifetime BM included the imputed Quebec population. We incorporated 15
primary sites into the lifetime estimates which accounts for 76.4% of the total new cases.
The basis for exclusion for remaining 23.6% of total new cases include: in situ primary sites
with smaller number of cases were not considered, unavailability of IPL in the literature
possibly due to limited incidence of BM, and primary malignant brain and central nervous
system (CNS) tumours which don’t metastasize to the brain.

Table 4. Estimated lifetime incidence proportion (IPL) and frequency of brain metastases by selected
primary site (2010–2017) for all Canadian provinces and territories.

Cancer Site Sub-Category/Histology Total Number of Primary
Cancer Cases ** IPL (Table A2)

Estimated Lifetime
BM Incidence Cases

From IPL

Lung
All 215,335 19.92 42,895
NSCLC 136,725 8.91 12,262
SCLC 22,270 17.95 3997

Breast

All 246,545 5.08 12,524
ER− PR− HER2− * 12,945 5.85 757
HER2+ * 19,325 5.63 1088
ER+ PR+ HER2− * 86,185 1.54 1327

Skin melanoma 108,265 6.88 7449
Colorectal 214,615 1.82 3906
Kidney 49,984 6.48 3239
Esophagus 17,110 5.19 887
Stomach 31,535 2.14 675
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Table 4. Cont.

Cancer Site Sub-Category/Histology Total Number of Primary
Cancer Cases ** IPL (Table A2)

Estimated Lifetime
BM Incidence Cases

From IPL

Liver 18,070 1.02 184
Uterus 49,025 1.30 637
Ovary 26,250 2.06 541
Prostate 172,990 0.66 1142
Testes 8930 1.30 116
Urinary bladder 84,390 1.35 1139
Thyroid gland 47,795 0.48 229
Non-Hodgkin lymphoma 52,790 1.86 982
Total of 15 sites 1,343,620 5.70 76,546

* Hormone receptor status not available for breast cancer in Quebec data from 2010. ** Due to unavailability of data,
incidence of cancer for 2011–2017 was assumed to be same as 2010 for Quebec adjusted for population growth.

3. Results

There was a total of 1,396,390 primary cancers reported between 2010 and 2017 from
nine provinces (excluding Quebec) (Table 1). Among them, 15,980 (1.14%) patients had
concurrent BM. However, it was noted that among the six primary sites, breast and lung
cancer had the least missing data at roughly 15%, colorectal had around 20% missing,
while esophageal cancer, kidney/renal pelvis cancer, skin melanoma, and all other sites-
combined had more than 60% missing data on concurrent BM (Table 1). Data completeness
was largely dependent on reporting province (Table 2). Alberta reported no unknown/not
applicable data on BM at diagnosis for all primary sites (Table 2).

3.1. Concurrent BM

Table 3 shows the estimated number of primary cancers diagnosed from 2010–2017, along
with the estimated national counts for concurrent BM using IPR from selected provinces with
less than 10% missing BM data. We estimated that 3227 concurrent BM occurred annually in
patients diagnosed between the 2010 to 2017 cohort (Table 3). This amounted to roughly 1.47%
of the patients from all primary tumor sites developing concurrent brain metastases within
the time period. The most frequent sites for concurrent BM per annum was lung (n = 2536)
followed by skin melanoma (n = 99), kidney/renal pelvis (n = 83), breast (n = 65), colorectal
(n = 59), and esophagus (n = 34). In addition, 352 concurrent BMs were estimated to occur
annually from all other sites-combined per year.

Of total primary lung cancer cases from selected provinces, 9.42% (95% CI: 9.16–9.68%)
presented with concurrent BM (Table 3). Among lung cancers, there was a higher IPR
among SCLC patients (13.21, 95% CI: 12.62–13.80) compared to NSCLC patients (9.55,
95% CI: 9.34–9.76). The next highest IPR were observed in cancers at the following sites:
esophagus (1.58%, 95% CI:1.15–2.02%), kidney/renal pelvis (1.33%, 95% CI: 1.12–1.54%),
skin melanoma (0.73%, 95% CI: 0.61–0.84%), colon/rectum (0.22%, 95% CI: 0.18–0.26%), and
breast (0.21%, 95% CI: 0.17–0.24%). Among breast cancer cases, triple negative hormone
receptor status (ER− PR− HER2−) patients and HER2+ patients had higher IPR (0.50%, 95%
CI: 0.38–0.62 and 0.49%, 95% CI: 0.39–0.59, respectively) compared to those with ER+ PR+

HER2− status (0.10%, 95% CI: 0.08–0.12). The IPR for “all other sites-combined” was 0.31%
(95% CI: 0.28–0.34), however as all provinces had greater than 10% missing data except for
Alberta, this is essentially the Alberta IP. The concurrent development of BM across various
cancer sites and provinces is shown in Table A3.

As Alberta data contained complete concurrent BM data for all primaries with no
missing values, we opted to calculate the concurrent BM using IP from Alberta alone and
compared them to selected provinces. Compared to selected provinces, Alberta has a higher
IP for lung cancer (10.13% in Alberta vs. 9.42%), while it has a lower IP for breast cancer
(0.15% vs. 0.21%). The IPs for skin melanoma, kidney/renal pelvis, and colorectal were
similar or slightly lower for Alberta compared to the selected province sample. Using the
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Alberta IP to estimate the annual concurrent BM within the 2010–2017 Canadian cohort,
an additional 191 concurrent BM (annual estimate from Alberta IP: 2727) for patients
with lung cancer and an additional 149 concurrent BM (annual estimate from Alberta IP:
3376) for all primaries were estimated to occur. Most excess BM cases from Alberta were
contributed from lung cancer diagnoses. Alberta had a similar survival rate among lung
cancer patients compared to other Canadian provinces but a higher proportion of lung
cancer diagnosis at later stage (Stage III and IV) than other provinces except Saskatchewan,
Prince Edward Island, and Territories [17]. As such, using IP from Alberta alone to create
national estimates may misrepresent the Canadian cancer patient population. This sub-
analysis further indicates that the estimates using multiple selected provinces roughly
remains similar to the estimates using only Alberta where there is no missing data. As
such, we elected to report estimates in Table 3 using the IPR from multiple provinces as
described above.

3.2. Lifetime BM

Between 2010 and 2017, an estimated 1,759,360 new cancer cases were diagnosed
in Canada. Among them, 1,343,620 (76%) were from selected 15 sites for which IPL esti-
mates were available in the literature. Applying the incidence proportions from literature
(Table A2), 76,546 cases of lifetime BM are estimated to develop within the Canadian
2010–2017 cohort (Table 4). The estimated distribution of lifetime BM is 42,895 from lung
cancer; 12,524 from breast cancers; 7449 from skin melanomas, 4013 from colorectal cancers,
3239 from kidney cancers, 887 from esophageal cancers, and 5646 from the other nine pri-
mary cancer sites (Table 4). Among the six cancer sites described above, 8.32% of patients
are expected to develop cancer over the course of their disease (Table 4), comparable to that
of the US [5,8]. The lifetime development of BM across various cancer sites and provinces
is shown on Table A4.

4. Discussion

This study was undertaken to estimate the expected numbers of brain metastases in
Canada. It is estimated that nearly 3227 concurrent BM occur with all cancer sites each
year. The IPR for the six cancer sites (lung, breast, skin melanoma, colorectal, kidney/renal
pelvis, and esophagus) were similar to findings reported in studies conducted in the US
and the Netherlands [9,18]. The highest IPR and frequency of concurrent BM (9.42% and
2536 annually) was observed among lung cancer cases. Cancer cells from most cancer
primaries must achieve passage through the lungs to reach the brain. However, there is
direct circulation of lung cancer cells from the pulmonary venous system, through the
heart to the brain which makes lung cancer the most commonly metastasizing cancer to
the brain [9]. Furthermore, almost half of the lung cancer in Canada between 2011–2017
were stage IV, i.e., diagnosed at stage IV after they have metastasized [19]. The incidence
proportion of BM was higher among SCLC (13.21%) patients compared to NSCLC (9.55%)
patients in the current study. Similar findings were reported in a US study where the
proportion of BM at diagnosis was 15.1% and 10.7%, respectively [9]. More than two-thirds
of SCLC (67.4%) were diagnosed at stage IV in Canada between 2011–2015 compared to
below half of the NSCLCs (47.1%) [20]. The later diagnosis stages of SCLC may play a
confounding role in the increase in IP of BM in comparison to NSCLC which has a greater
percentage of cases diagnosed at an earlier stage.

The IPR of BM in breast cancer patients in the current analysis was 0.21%, while in the
US the incidence proportion was 0.41% from the 2010–2013 period [21]. Comparing primary
sites that have similar IPL, the IPR for breast cancer is relatively low at 0.21% (IPL: 5.08%) in
comparison to esophagus at 1.58% (IPL: 5.19%) and kidney/renal pelvis at 1.33% (IPL: 6.48%).
Although incidence of BM from breast cancer is thought to be increasing in recent years [22,23],
metastatic breast tumours migrate to the brain later in the course of disease than to the liver,
lung, or bone [24]. Additionally, organized breast cancer screening programs in Canada might
have led to detection of breast cancers at a localized stage when brain metastases are less likely
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to occur, as less than 5% of breast cancers were diagnosed at stage IV between 2011–2015 in
Canada [20]. Among breast cancer patients, triple negative hormone receptor status (ER−

PR− HER2−) and HER2+ showed a higher risk of developing BM at the time of diagnosis
compared to ER+ PR+ HER2− breast cancers. Triple negative breast cancers comprise 10–15%
of all breast cancers and have a higher incidence and earlier development of BM in comparison
to other hormone receptor status [25,26]. Analysis of SEER data among patients who received
a breast cancer diagnosis from 2010 to 2014 showed that HER2+ (1%) and triple negative breast
cancer (0.7%) had higher incidence of BM than other subtypes [27]. HER2+ and triple negative
breast cancers had the highest rate of metastases in lung and liver compared to other subtypes.
It is suggested that HER2 over-expression may be associated with increased propensity to
migrate to the lungs or brain [28].

The number of BM occurring from skin melanoma is the third highest in comparison
to most other primary sites with a relatively high IPL of 6.88%. The higher propensity
of melanoma to migrate to the brain—higher than any other primary site for tumours
diagnosed at later stages—was also reported using the metropolitan Detroit Cancer surveil-
lance system data [5]. A Canadian Cancer Society report showed that 14.3% of melanoma
diagnosed between 2011–2015 were diagnosed at stage III or stage IV [17]. A study from
Ontario, Canada found that among patients with metastatic melanoma who were tested
for BRAF mutation, more than one-third (38.3%) tested positive [29]. The BRAF mutation
causes constitutive activation of the MAPK/ERK pathways promoting rampant cell growth
and division, and it has been suggested that inhibition of the B-Raf protein may be an
important strategy in inhibiting advanced stages of metastatic melanoma disease [30]. Tar-
geted therapies often work against metastatic lesions for a time among melanoma patients,
however, BM eventually develop resistance to targeted therapies [31,32]. Melanoma cells
are suggested to adopt a phenotypic switching mechanism to resist the effect of drugs and
gain a greater ability to metastasize under targeted therapy [31]. Among targeted thera-
pies used, immunotherapy administration of anti-CTLA-4 antibodies has been described
as leading to the uncommon occurrence of pseudoprogression of melanoma, potentially
causing new lesions [33]. However, subsequent tumor repression is observed with this
phenomenon. This may lead to false positives of BM diagnoses leading to overestimation
of BM incidence cases with the increasing prevalence of immunotherapy usage.

This analysis showed that there are a high proportion of unknown status of BM at
the time of diagnosis with greater than 15% missing for the six cancer sites: lung, breast,
skin melanoma, colorectal, kidney/renal pelvis, and esophagus. Accurate coding and
staging of cancer cases is a time-consuming process that requires highly trained cancer
registrars with subject matter expertise in staging systems and cancer-specific factors. The
varying degrees of missingness across province/territory likely reflects resource constraints,
which limit person-time available to complete staging for all cancers. High quality data on
metastases, and more broadly stage at diagnosis, is necessary for efficient health system
planning, and monitoring the impacts of health system changes and service interruptions.
This analysis highlights that there is an unacceptable amount of missing data across Canada
and underscores the need to advocate for resources to support provincial/territorial cancer
registries in capturing more complete data. The reporting of the Alberta Cancer Registry
provides a snapshot of the distribution of BMs over all primaries that can be expected if all
primary sites had BM documented.

Among the cancer patients with initial diagnosis of cancer in 15 primary cancer sites
that commonly metastasize to the brain, 76,546 lifetime BM case (concurrent BM and those
diagnosed during follow up) were estimated to occur within the 2010–2017 Canadian
cohort equating to 5.70% of cohort. This is slightly over three times the number of primary
malignant brain tumors diagnosed from 2010–2017 in Canada [34]. For estimating lifetime
BM incidence, we included 76.4% of the newly diagnosed primary cancers between 2010
and 2017. As the remaining 23.6% of total new cases were not considered for this report
due to previously mentioned reasons, the total lifetime BM cases within the total 2010–2017
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Canadian cohort could not be estimated. The 76,546 lifetime BM cases calculated from the
15 sites are an underestimation of the total lifetime BM cases within the Canadian cohort.

The lack of consistent recording of brain metastases for all primary cancers across
provinces limits the accuracy of estimates for concurrent incidence of site specific and
overall BM. The potential under coverage for rare cancers (skin melanoma, esophagus,
kidney, and others) would also result in an overall BM underestimation [35]. As we applied
the same IP to all provinces of Canada (from literature for lifetime BM and from the CCR
for concurrent BM) we may also be missing diversity among regions. The IPR of BM at
diagnosis from the selected province sample for lung, breast, skin melanoma, and colorectal
cancer was lower than in the IPC estimate from the total sample. This might have caused
underestimation of national and provincial estimates for BM of these cancer sites. The lower
IPR in our selected sample may be due to higher IPs recorded in the excluded provinces
creating a recording bias if recording routinely occurred when BM were present and not
routinely recorded if this information was unknown or not present.

Accuracy of our lifetime estimates depends upon quality of data from selected studies.
Since the paper describing IPL in Ontario by Habbous et. al. included a limited number
of years, 2010 up to 2018, the estimation of the IPL we used might be lower than the
underlying actual value [8]. This underestimation would lead to lower lifetime estimates.
Additionally, since Quebec data after 2010 was not available, estimates for Quebec were
based only on 2010 data while those for other provinces were based on the average of
8 years of data (2010–2017). Furthermore, as lifetime estimates of brain metastases only
included 15 primary sites, there were primary cancer cases outside of the 15 primary sites
analyzed (excluding CNS tumors) that were not included. The lifetime brain metastases
of the total Canadian cohort from 2010–2017 could not be calculated due to this lack of
information from the exclusion criteria as described above.

To our knowledge, national level estimates for concurrent or lifetime BM for primary
cancer types have not been previously published in Canada. Our report gives important in-
formation about a group of patients that have a significant need for supportive or palliative
care which may incur high health-care costs. More research is needed to understand risk
factors for BM, examine factors influencing survival of patients with BM, and understand
the changing distributions of BM by patient and disease characteristics. As such, provincial
cancer registries need support to improve the standardization of BM data collection. Esti-
mating frequency of BM by population sub-groups will facilitate specialty care centers to
plan patient services. With changes in patterns of primary cancer incidence, population
dynamics, emerging treatment methods and access to care, population level BM incidence
in Canada needs to be regularly monitored.

5. Conclusions

Using Canadian Cancer registry data and recent clinical experience from the literature,
we present the first national estimates of BM incidence. The proportion (IP) of concurrent
metastases to the brain were: lung cancer (9.42%), esophageal (1.58%), kidney/renal pelvis
(1.33%), skin melanoma (0.73%), colorectal (0.22%), and breast (0.21%) cancers. Both the
refined IP and actual numbers of patients with metastases to the brain at diagnosis were
highest for lung cancer (n = 2536). It is estimated that over 3227 individuals with concurrent
brain metastases among new cancer diagnoses present annually. Using the available clinical
and population data, we estimate that approximately 76,546 BM patients will be diagnosed
in the 2010–2017 Canadian cancer cohort over their lifetime. This is an underestimate as
were limited to the 15 primary sites with lifetime estimates for these secondary tumours.

We previously estimated that approximately 2500 individuals with malignant brain
tumours are newly diagnosed each year in Canada [34], with a total of 20,000 malignant
brain tumour diagnosis between 2010 to 2017. These current findings indicate that another
76,546 individuals with other types of cancer will present with subsequent brain metastases
creating approximately 96,546 malignant brain tumour patients within the lifetimes of the
2010–2017 cohort for neuro-oncology specialists to address. Future estimates will include
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those patients with an initial non-malignant brain tumour diagnosis. With changes in pat-
terns of primary cancer incidence, population dynamics, emerging treatment methods, and
access to care, population level BM incidence in Canada needs to be regularly monitored.
With the continual emergence of new data on brain metastases, we encourage the CCR to
work towards standardizing the way these data are collected.
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Appendix A

Table A1. Cancer Definitions by SEER ICD-O-3 codes.

Cancer ICD-O-3(Site/Type)
Lung C340-C343, C348–349
Breast C500-C506, C508–509
Skin melanoma C440-C449
Colorectal C180-C189, C199, C209
Kidney/Renal pelvis C649, C659
Esophagus C150-C155, C158, C159
Stomach C160-C166, C168-C169
Liver C220
Uterus C540-C543, C548-C549, C559
Ovary C569
Prostate C619
Testes C620-C621, C629
Urinary bladder C670-C679
Thyroid C739

Non-Hodgkin lymphoma 9590–9597, 9670–9719, 9724–9729, 9735, 9737, 9738
9811–9818, 9823, 9827, 9837 all sites except C42.0,.1,.4

Lung: NSCLC

Adenocarcinoma: 8140, 8211, 8230– 8231, 8250–8260, 8323,
8480–8490, 8550–8551, 8570–8574, 8576
Squamous cell carcinoma: 8050–8078 and 8083–8084
Large cell lung carcinoma: 8010–8012, 8014–8031, 8035,
8046, 8310.

Lung: SCLC 8041–8045
Breast: ER−, PR−, HER2− Collaborative stage site-specific factor 16: 000

Breast: HER2+ Collaborative stage site-specific factor 16: 001, 101,011, and
111

Breast: ER+, PR+, HER2− Collaborative stage site-specific factor 16: 110.
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Table A2. Lifetime incidence proportion (IPL) of BM from selected studies by site of cancer.

Authors,
Year

Country/
Region

Study Time
Period Study Population Primary Site Median (IQR) Duration

to BM Onset (Months)
IPL
(%)

Barnholtz-
Sloan et al.,
2004 [5]

Detroit,
Michigan,
USA

1973–2001

Patients diagnosed with
primary cancer,
population-based study
with chart review

Lung ns 19.92
Breast ns 5.08
Melanoma ns 6.88
Colorectal ns 1.82
Kidney ns 6.48

Habbous
et al., 2020 [8]

Ontario,
Canada

2010–2019

Adult Ontario residents
with valid health card
number diagnosed with
primary cancer within
the Ontario Cancer
Registry

Esophagus 5.9 (1.1, 13.7) 5.19
Liver 12.8 (1.1, 29.4) 1.02
Non-Hodgkin
lymphoma

Nodal: 7.8 (3.5, 13.6)
Extranodal: 6.7 (2.2, 13.6) 1.86

Ovary 20.5 (13.0, 40.5) 2.06
Prostate 21.6 (7.2, 44.8) 0.66
Testes 5.6 (1.5, 9.0) 1.30
Thyroid 18.1 (5.3, 40.6) 0.48
Urinary
Bladder 11.0 (4.6, 20.2) 1.35

Uterus 14.9 (6.5, 32.3) 1.30
Stomach 8.8 (1.3, 19.0) 2.14

Gonclaves
et al., 2016
[15]

Detroit,
Michigan,
USA

1973–2011

Patients diagnosed with
nonmetastatic first
primary lung cancer in
the Metropolitan Detroit
Surveillance,
Epidemiology, and End
Results (SEER) registry

Lung, SCLC ns 17.94

Lung,
NSCLC

ns 8.91

Arvold et al.,
2012 [16]

Boston,
Mas-
sachusetts,
USA

1997–2006

Women with clinical
stage I or II invasive
breast cancer who
received breast
conserving therapy

Breast, ER−

PR− HER2− 37.1 (8.9, 58.7) 5.85

Breast, HER2+

Luminal-HER2:
55.0 (24.3–102.8)

HER2:
34.5 (18.9–107.6)

5.63

Breast, ER+ PR+

HER2−

Luminal A:
65.7 (27.4–76.7)

Luminal B:
63.7 (7.6–106.1)

1.54

ns: not specified.

Table A3. Average annual estimates of concurrent brain metastases by provinces/territories among
cancer patients diagnosed in Canada (2010–2017) by selected primary cancer sites.

Number
of Cases

Cancer
Sites

Region/Province

Eastern
Provinces Quebec * Ontario Manitoba Saskatchewan Alberta British

Columbia Territories Total

Concurrent
BM

Lung 225 735 907 86 74 202 302 6 2536

Breast 5 16 26 2 2 6 8 0 65

Skin
melanoma 9 11 52 3 2 9 13 0 99

Colorectal 6 14 22 3 2 5 7 0 59

Kidney/Renal
Pelvis 8 20 31 3 3 8 10 0 83

Esophagus 3 7 14 1 1 3 5 0 34

All other
sites 25 82 146 12 10 33 44 1 352
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Table A3. Cont.

Number
of Cases

Cancer
Sites

Region/Province

Eastern
Provinces Quebec * Ontario Manitoba Saskatchewan Alberta British

Columbia Territories Total

Total 280 884 1198 110 93 265 390 7 3227

Total
Primary
Cancers

Lung 2384 7803 9625 911 784 2141 3209 60 26,917

Breast 2258 7485 12,222 994 858 2901 4041 59 30,818

Skin
melanoma 1191 1450 7106 459 285 1189 1842 11 13,533

Colorectal 2503 6548 9898 1208 969 2326 3311 64 26,825

Kidney/Renal
Pelvis 629 1481 2358 254 210 584 718 14 6249

Esophagus 178 420 907 68 56 193 311 6 2137

All other
sites 8136 26,483 47,078 3865 3069 10,520 14,109 178 113,435

Total 17,278 51,671 89,192 7760 6230 19,853 27,540 392 219,915

* Due to unavailability of data, annual average estimates for Quebec used 2010 frequencies adjusted for population
growth.

Table A4. Average number of lifetime brain metastases by provinces/territories among cancer
patients diagnosed in Canada (2010–2017) by primary cancer sites.

Number
of

Cases

Cancer
Sites

Region/Province

Eastern
Provinces Quebec * Ontario Manitoba Saskatchewan Alberta British

Columbia Territories Total

Lifetime
BM

Lung 3799 12,435 15,338 1451 1250 3412 5113 96 42,895

Breast 918 3042 4967 404 349 1179 1642 24 12,524

Skin
melanoma 656 798 3911 253 157 654 1014 6 7449

Colorectal 364 954 1441 176 141 339 482 9 3906

Kidney 326 768 1222 132 109 303 372 7 3239

Esophagus 74 174 377 28 23 80 129 2 887

Stomach 53 150 300 24 20 51 77 1 675

Liver 10 36 78 5 4 18 33 0 184

Uterus 48 136 267 27 18 60 80 1 637

Ovary 39 144 200 20 17 46 74 1 541

Prostate 96 238 451 37 36 122 160 2 1142

Testes 7 23 47 4 4 15 16 0 116

Urinary
bladder 88 304 435 35 33 96 148 1 1139

Thyroid
gland 15 50 119 6 4 19 17 0 229

Non-
Hodgkin
lym-
phoma

75 290 346 35 26 86 122 2 982
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Table A4. Cont.

Number
of

Cases

Cancer
Sites

Region/Province

Eastern
Provinces Quebec * Ontario Manitoba Saskatchewan Alberta British

Columbia Territories Total

Total of 15
sites 6567 19,543 29,499 2636 2190 6478 9479 154 76,546

Total
Pri-

mary
Cancers

Lung 19,070 62,425 77,000 7285 6275 17,130 25,670 480 215,335

Breast 18,065 59,880 97,775 7955 6865 23,205 32,325 475 246,545

Skin
melanoma 9530 11,600 56,845 3675 2280 9510 14,735 90 108,265

Colorectal 20,020 52,395 79,180 9665 7755 18,605 26,485 510 214,615

Kidney 5035 11,845 18,865 2035 1680 4675 5745 110 49,990

Esophagus 1425 3360 7255 540 445 1540 2485 45 17,095

Stomach 2460 7010 14,020 1105 930 2365 3580 65 31,535

Liver 985 3525 7680 500 375 1745 3220 40 18,070

Uterus 3715 10,495 20,530 2095 1370 4600 6145 75 49,025

Ovary 1905 7010 9695 985 815 2215 3585 40 26,250

Prostate 14,515 36,110 68,400 5550 5445 18,415 24,295 260 172,990

Testes 520 1805 3595 340 280 1150 1205 35 8930

Urinary
bladder 6495 22,500 32,200 2590 2455 7095 10,955 100 84,390

Thyroid
gland 3090 10,410 24,750 1180 820 4010 3480 55 47,795

Non-
Hodgkin
lym-
phoma

4055 15,575 18,620 1860 1415 4615 6565 85 52,790

Total of 15
sites 110,885 315,945 536,410 47,360 39,205 120,875 170,475 2465 1,343,620

* Due to unavailability of data, annual average estimates Quebec used 2010 frequencies adjusted for population
growth.
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