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Background: Cutaneous melanoma (CM) is one of the most fatal types of skin
cancer. Alarmingly, increases in incidence and mortality were noted globally for this
malignancy, despite increase in understanding of melanoma pathogenesis and enhanced
prevention efforts.

Methods: Data was extracted for CM patients for provinces and territories (except
Quebec) using two independent, population-based registries. Analysis was performed
using both clinical and pathological characteristics: tumor morphologic classification,
age, sex, anatomic site affected and place of residence. Mortality trends were assessed
over a 7-year period. Results were compared to prior findings for 1992-2010.

Results: During 2011-2017 39,610 patients were diagnosed with CM, with 5,890
reported deaths. National crude CM incidence was 20.75 (age-standardized incidence:
14.12) cases per 100,000 individuals per year. Females accounted for 45.8% of cases
and 37.1% of deaths. While CM incidence rates continue to increase in both sexes,
since 2013 the CM mortality is declining. We observed important differences across the
provinces/territories, where Nova Scotia, Prince Edward Island, southern Ontario/British
Columbia and certain coastal communities of New Brunswick demonstrated higher
CM incidence and mortality rates. The observed incidence and mortality trends for
2011-2017 validate and extend earlier observations from 1992 to 2010 for CM.

Conclusion: This population-based study highlights that while melanoma’s incidence
is increasing in Canada, mortality rates are for the first time decreasing since 2013. We
detail regional distribution of this cancer highlighting communities in southern/coastal
areas, as being most at risk as well as the latest trends of melanoma incidence by age,
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sex and anatomic site. In males, melanoma is more common on the head/trunk, while
in females on the extremities. Notably, Acral Lentiginous Melanoma was the only CM
subtype that was more commmon in females, which primarily affects hands and feet.

Keywords: cutaneous melanoma, acral lentiginous melanoma, incidence, mortality, Canada, risk factors,

epidemiology

INTRODUCTION

Cutaneous melanoma (CM) causes more deaths than any other
skin cancer (1), accounting for ~1.9 and 1.2% of all cancer
deaths in males and females, respectively, in Canada (2). Globally,
there were ~290,000 new cases of CM in 2018 (3). Countries
with the highest incidence rate per capita include Australia, New
Zealand, Norway, Denmark, Netherlands, Sweden and Germany
(3). Overall, there was a 44% increase in the incidence rate of CM
between 2008 and 2018, with a corresponding surge of 32% in
mortality (3). In recent decades, the incidence of CM has been
on the rise in fair-skinned individuals in Europe, North America
and other parts of the world (4). The incidence rate was further
linked to the ongoing climate crisis, as depletion in ozone layer
was correlated with subsequent increase in CM incidence (3).

The relationship between ultraviolet (UV) radiation exposure
and the risk of developing a skin cancer has been well-
established for decades. While solar/artificial UV exposure plays
a critical role in the development of melanoma, keratinocyte
carcinoma and Merkel cell carcinoma, many host/other exposure
factors (Fitzpatrick skin phototype, individual’s number of
melanocytic nevi, personal/family history of melanoma and
other skin cancers, previous therapy with psoralen UVA or
broad band UV therapy, history of sunburns, residing closer to
the equator or at higher elevation, immunosuppression, other
genetic factors/mutations) interplay with the environment to
determine the ultimate risk for this deadly disease (5, 6). Despite
extensive knowledge on the detrimental impact of UV radiation
on skin photoaging, skin cancer development and direct/indirect
causation of other common cutaneous diseases [e.g., melasma,
rosacea (7-9)], many still fail to exercise sun protection and
sun avoidance.

Our group has previously studied the epidemiologic trends
of CM in Canada (10-12). In the present study we provide an
updated detailed analysis of national CM incidence and mortality
trends during 2011-2017 period and compare these findings to
the 1992-2010 trends (12).

MATERIALS AND METHODS

This study was conducted in accordance with the QICSS-
RDC-668035 and 13-SSH-MCG-3749-S001 protocols approved
by the Social Sciences and Humanities Research Council of
Canada (SSHRC) and the Quebec Inter-University Centre for
Social Statistics (QICSS), respectively. In addition, in accordance
with the institutional policy, this study received an exemption
from the McGill University Research Ethics Board review.
We examined the data on the incidence and mortality of
CM using two distinct population-based cancer databases: the

Canadian Cancer Registry (CCR) and Canadian Vital Statistics
(CVS) for the period of 2011-2017 using the International
Classification of Diseases for Oncology ICD-O-3 and ICD-
10 codes for all subtypes of CM (Supplementary Table 1),
as previously reported (10-33). Only invasive melanoma was
included in the analysis (i.e., melanoma in-situ and lentigo
maligna cases were not included). We conducted analyses of
the complete data on all CM patients across Canada, with
the exception of Quebec, between 2011 and 2017. All crude
rates are presented per 100,000 individuals per year. Where
indicated in this study, 95% confidence intervals were calculated
based on the exact Poisson distribution (10). P-values were
calculated with the Chi-square goodness of fit test and that
p < 0.05 were considered statistically significant. Incidence
and mortality rates were plotted using linear regression models
using GraphPad software to assess trends over time (10). Age-
standardized incidence (ASIR) and age-standardized mortality
(ASMR) rates for Canada were calculated using the WHO
2000-2025 standard population (10, 34), while in Canadian
jurisdictions incidence/mortality was standardized based on
Canadian national average, as previously described (10, 11,
16). Geographic maps of Canada divided by FSA codes
indicating the residence of patients with CM documented by
the CCR or CVS databases were generated using geographic
information systems software (ArcMap 10.4; Environmental
Systems Research Institute, Redlands, Calif) (10, 22, 23).

RESULTS

Incidence Trends of CM

Analysis of invasive CM incidence revealed that there were
39,610 cases diagnosed in Canada (excluding Quebec) during
the 2011-2017 period (Table 1A). Quebec was excluded since Le
Régistre Québécois du Cancer (LRQC) has not released the data
past 2010.

The average crude incidence rate for CM during 2011-2017
was 20.75 cases per 100,000 individuals per year (95% CI: 20.54-
20.95). When compared to the world population (WHO 2000-
2025 standard population), the ASIR was 14.12 cases per 100,000
individuals per year (95% CI: 14.10-14.14). For comparison, the
1992-2010 Canadian crude incidence rate was 12.29 and ASIR
was 9.63 cases per 100,000 individuals per year. Linear regression
analysis of annual incidence highlighted an increasing trend in
invasive CM rates across the country, with an annual increase
of 0.59 cases per 100,000 individuals (R*> = 0.90; p = 0.0011)
(Figure 1). With regards to CM subtypes, the rates of incidence
for skin malignant melanoma (not otherwise specified), nodular
melanoma, malignant melanoma (regressing) and superficial
spreading melanoma increased in 2011-2017, when compared
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TABLE 1 | Clinical characteristics of CM patients in Canada during 2011-2017: (A) analysis by sex and melanoma subtype (B) analysis by age, sex and anatomic site for

all CM subtypes.

A.
CMM Subtypes ICD-0O-3 code # of patients* % of total Male (%) Female (%) Meanage +SD P-value
Malignant melanoma, NOS 8720 16,480 41.6 54.3 45.7 62.97 £ 17.42 <0.001
Superficial spreading melanoma 8743 14,375 36.3 51.1 48.9 60.00 £+ 15.46 0.007
Nodular melanoma 8721 4,390 11.1 59.9 40.1 68.03 £ 15.56 <0.001
Lentigo maligna melanoma 8742 3,055 7.7 60.2 39.8 7212 £11.99 <0.001
Acral Lentiginous melanoma 8744 510 1.3 43.1 56.9 66.07 £ 15.10 0.002
Desmoplastic melanoma 8745 390 1.0 60.3 39.7 70.14 £ 1413 <0.001
Amelanotic melanoma 8730 85 0.2 52.9 471 68.14 £ 16.16 0.59
Malignant melanoma, regressing 8723 195 0.5 64.1 35.9 64.07 £ 14.51 <0.001
Malignant melanoma in junctional nevus 8740 35 0.1 57.1 42.9 61.14 £ 15.38 0.40
Malignant melanoma in a giant nevus 8761 80 0.2 56.3 43.8 51.76 £ 17.48 0.26
Balloon cell melanoma 8722 <10 0.03 N/A N/A 67.25 £ 15.00 -
Mucosal lentiginous melanoma 8746 <5 0.01 N/A N/A 66.80 £+ 8.38 -
Overall - 39,610 100 54.2 45.8 63.26 + 16.48 <0.001
B.
Males Females Both sexes
#* % #* % #* %
Age (years) 0-19 35 0.2 70 0.4 105 0.3
20-39 1,145 5. 2,045 1.3 3,185 8.0
40-59 5,735 26.7 6,230 34.3 11,970 30.2
60-79 10,740 50.0 7,105 39.2 17,845 45.1
>80 3,820 17.8 2,685 14.8 6,510 16.4
Anatomic site of melanoma Skin of lip 25 0.1 30 0.2 55 0.1
Eyelid 65 0.3 65 0.4 130 0.3
External ear 795 3.7 195 1.1 990 25
Skin of other parts of face 2,210 10.3 1,500 8.3 3,710 9.4
Skin of scalp and neck 1,985 9.2 655 3.6 2,640 6.7
Skin of trunk 8,435 39.3 4,060 22.4 12,500 31.6
Skin of upper limb and shoulder 4,745 221 5,290 29.2 10,035 25.3
Skin of lower limb and hip 2,155 10.0 5,705 315 7,865 19.9
Overlapping lesion of skin 90 0.4 40 0.2 135 0.3
Skin, NOS 965 4.5 590 3.4 1,665 3.9
Total 21,470 100 18,130 100 39,615 100.00

"Rounded to the nearest 5.

to 1992-2010. In contrast, incidence rates for lentigo maligna
melanoma and acral lentiginous melanoma decreased in recent
years (Figure 2) (10).

Incidence of other CM subtypes is detailed in Table 1A and
Figure 2. Notably, the only subtype that was more common in
females was the acral lentiginous melanoma (56.9 vs. 43.1% of
cases; p = 0.002), which primarily affects hands and feet. The
same trend was observed in our 1992-2010 analysis (10).

Analysis of CM Incidence by Age and Sex

The mean age at diagnosis increased from 58.5 £ 21.6 years
during 1992-2010 (10) to 63.3 £ 16.5 years in 2011-2017 years
[65.3 + 14.6 years for males, 60.8 & 18.2 years for females
(Tables 1A,B) provide data for 2011-2017 years, prior data is

presented in (10)]. Notably, there was an increase in the number
of patients diagnosed with CM >60 years of age, increasing
from 48.7% in 1992-2010 to 61.5% in 2011-2017 (Table 1B),
compared to 54.0% of males and 42.9% of females being >60,
when receiving a diagnosis of melanoma during 1992-2010 (10).
The majority of CM subtypes were diagnosed in the 60-79 years
of age bracket (Tables 1A,B). Based on 1992-2010 data, most
subtypes were diagnosed in their late 50’s and early 60’s with the
exception of patients with desmoplastic melanoma and lentigo
maligna melanoma, where average age at diagnosis was 70.1
and 72.1 years, respectively. The diagnosis age for these two
subtypes remained unchanged for 1992-2010 and 2011-2017
years (10).

With regards to the analysis by sex, we continued to observe
a higher incidence in males than in females (54.2 vs. 45.8%),
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FIGURE 1 | CM incidence and mortality trends. (A) Incidence and mortality rates for all cases during 2011-2017 with the line of best fit, and linear regression analysis
by sex. The average incidence rate of CM in Canada for both sexes from 2011 to 2017 was 20.75 cases per 100,000 individuals per year. [R?] = 0.902; p = 0.0011.
The slope of the line = 0.594 4+ 0.0878 cases per 100,000 individuals per year. Incidence of CM for male sex average rate was 22.70. [R?] = 0.942; p = 0.0003. The
slope of the line = 0.741 4 0.0822. Incidence of CM for female sex average rate was 18.84, [R?] = 0.701; p = 0.0188. The slope of the line = 0.449 4 0.131.
Mortality of CM for both sexes (Y = —231611 + 230.0X—0.0571X?). The average mortality rate in Canada was 3.09 cases per 100,000 individuals per year (95% Cl:
3.00-3.16). Mortality of CM for male sex (Y = —108970 + 108.2X — 0.0269%?). Mortality of CM for female sex, [R?] = 0.549; p = 0.0568. The slope of the line
= —0.0193 + 0.00784. Male to Female Incidence Rate Ratio (IRR). Linear regression analysis of CM incidence rate over time. Coefficient of determination [R?] = 0.28;
p = 0.22; Cl and the slope of the line = 0.011 + 0.0078. Line of best fit indicates an average IRR of 1:20:1. Male to Female Mortality Rate Ratio (MRR). [R%] = 0.14; p
= 0.4018 and the slope of the line = 0.022 + 0.024. Line of best fit indicates an average MRR of 1.73:1. (B) Trends of CM incidence by anatomic site (head, upper
extremities, trunk and lower extremities) over time for males and females. Right panel: Schematic diagram highlighting that the trunk was the most frequent site of CM
for male patients, whereas the lower extremities were the most common among female patients. Left panel: Males: head, [R?] = 0.677, p = 0.023 and the slope of
the line = 0.14 cases per 100,000 individuals per year; trunk, [R?] = 0.917; p = 0.0007 and the slope of the line = 0.36. For upper extremities, [R?] = 0.911; p =
0.0008 and the slope of the line = 0.146; lower extremities, [R?] = 0.518; p = 0.0682 and the slope of the line = 0.0639. Females: head, [R?] = 0.288; p = 0.2413
and the slope of the line = 0.0393; trunk, [R?] = 0.817; p = 0.0052 and the slope of the line = 0.123; upper extremities, [R%] = 0.666; p = 0.0251 and the slope of
the line = 0.192; lower extremities, [R?] = 0.582; p = 0.0460 and the slope of the line = 0.106.

and this trend remained consistent throughout the majority of
CM subtypes (Table 1A). Figure 1A depicts the male-to-female
incidence rate ratios (IRR) for 2011 to 2017. The mean IRR
for this period was 1.20, signifying an ever-increasing male to
female ratio. This is consistent with previously noted trends
(IRR of 1.12 for 1992-2010) (10). While the overall incidence
was higher in males than in females, young (0-39 years) and
middle-aged (40-59) females had a higher incidence rate than
their male counterparts.

Analysis of CM by Anatomic Site
Analysis of CM by anatomic location revealed similar trends
to those observed in 1992-2010 (10). The majority (63.0%) of

CM in males developed on the head, neck and trunk, while
in females, upper and lower extremities accounted >60% of
cases. Overall, there was an increase in incidence rates in all
anatomic sites in both sexes, with the trunk and upper extremities
exhibiting the most significant increase in incidence (Figure 1B).
The annual rate of increase of CM incidence (using the line
of best fit) on the trunk in males was 0.36 cases per 100,000
individuals, while it was 0.19 cases per 100,000 individuals
for the upper extremities of females (Figure 1B). We observed
a substantial increase in incidence of CM on the trunk in
males (0.14 cases per 100,000 individuals per year during 1992
2010 and 0.36 during 2011-2017) on the trunk in females
(0.062 during 1992-2010 and 0.123 during 2011-2017) and on

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 830254


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Conte et al.

Cutaneous Melanoma Incidence/Mortality in Canada

Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Malignant Melanoma,
Not Otherwise Specified

6 1 1 1 1 1 1
2011 2012 2013 2014 2015 2016 2017
Year

Nodular Melanoma
2.8-
2.6
2.4
2.2
[
2.0
18 1 1 1 1 1 1
2011 2012 2013 2014 2015 2016 2017
Year
Malignant Melanoma, Regressing
0.20 -
0.15 . //
I —
[ ® °
0.101 o
[ ] - .~
005-//
0.00 1 1 1 1 ) 1

2011 2012 2013 2014 2015 2016 2017

Year

Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Superficial Spreading Melanoma

8.0
7.8 _—

\\\‘\\- _,_///,/

P —

7.6

e @O

[ ]
7.4 [
— ‘\\

’// ~—-

7.2 1 I 1 I I 1
2011 2012 2013 2014 2015 2016 2017
Year
Lentigo Maligna Melanoma

2.0-
1.8

[
1.6
1.4
1.2 I 1 I 1 ) 1

2011 2012 2013 2014 2015 2016 2017
Year
Acral Lentiginous Melanoma

0.32-
0309 T~

0.24

0.22

&28_\"h‘\‘\‘“:““*3-~‘~‘\_‘_\_\‘_‘
® °
0.26 -

2011

2012 2013 2014 2015 2016 2017
Year

FIGURE 2 | Incidence rates for CM subtypes during 2011-2017. Linear regression analysis of CM subtype incidence rates over time along with Cls. (A) Malignant
Melanoma, Not Otherwise Specified (NOS) (MM, NOS), slope= 0.569 + 0.0457, [R?] = 0.969; p < 0.0001, (B) Superficial Spreading Melanoma (SSM), slope=
0.00905 + 0.0292, [R?] = 0.0188; p = 0.7692, (C) Nodular melanoma (NM), slope = 0.0574 =+ 0.0139, [R?] = 0.773; p = 0.0091, (D) lentigo maligna melanoma
(LM), slope= —0.0413 4 0.0246, [R°] = 0.360; p = 0.1541, (E) Acral lentiginous melanoma (ALM), slope = —0.00315 =+ 0.00369, [R°] = 0.128; p = 0.4312, (F)
Malignant Melanoma, Regressing (MMR), slope = 0.00543 + 0.00445, [R?] = 0.229; p = 0.2768.
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upper extremities in females (0.086 during 1992-2010 and 0.192
during 2011-2017).

Geographic Distribution of CM

When analyzing CM rates by province, we discovered that
maritime provinces of Prince Edward Island (crude incidence
rate of 33.86 cases per 100,000 individuals per year), Nova
Scotia (30.77) had notably high incidence rates [Tables 2A,B;
crude and age-standardized rates (ASIR) provided]. CM
crude incidence rates in New Brunswick (22.55), Ontario
(22.47) and British Columbia (20.89) were higher, but
comparable to the national average of 20.75 cases per
100,000 individuals per year. Newfoundland and Labrador,
territories and the prairie provinces had lower rates than
the Canadian average. Adjusting for age further confirmed
these findings (Table2). Nova Scotia and Prince Edward
Island demonstrated the highest incidence rates in the country
based on our 1992-2010 results (10). Notably, all provinces
demonstrated an appreciable increase in melanoma incidence in
recent years.

We further analyzed CM incidence rates by postal code
[forward sortation area (FSA); the first 3 entries in the postal code
- e.g., H4A]. This analysis highlighted that postal codes/FSAs
located in the southern regions of Canada, especially in the
proximity of warmer waters (southern and coastal British
Columbia, southern Ontario, Nova Scotia, Prince Edward
Island and New Brunswick communities) as well as certain
regions located near well-known vacation areas (e.g., postal
codes near Banff National Park, AB) had higher rates of CM
(Figure 3 and Supplementary Tables 2, 3). Outside of these
high-risk areas select locations in city centers (AIE postal
code in St. John’s, NL; R2G, R3F and R3P postal codes in
Winnipeg, MB; T2V and T2L postal codes in Calgary, AB)
were also noted to have higher CM incidence (Figure 3 and
Supplementary Tables 2, 3).

Analysis of CM Mortality Across Canada
The CVS database enabled us to examine deaths caused by CM
(Table 2C). Mortality trends were reflective of the detailed above
incidence trends, whereby there were more deaths due to CM in
males than in females (62.9 vs. 37.1%; p < 0.001) and differences
were observed by region. Notably, melanoma mortality in both
sexes since 2013 has been decreasing in Canada (Figure 1A).
Analysis by age group found that deaths peaked in the 70-80’s
age group (Table 2C).

DISCUSSION

Using the CCR and CVS databases, this paper provides a
detailed description of the epidemiologic trends of CM in Canada
between 2011 and 2017 highlighting variation by age, sex,
anatomic site involved as well as striking geographic differences.
While CM is increasing in Canada at an alarming rate, based
on the mapping analysis, it is evident that southern regions of
Ontario, British Columbia, and maritime provinces, especially,
when surrounded by warmer waters, had significantly higher
incidence rates. These results also correlate well with our and

other previous reports highlighting variation in population
by province/territory by Fitzpatrick skin phototype in Canada
(12, 35). Specifically, the provinces of high CM incidence
(NS and PEI) had the highest percentage of individuals
with a British Isles background, which includes people of
Cornish, English, Irish, Manx, Scottish and Welsh descent,
who are known to have a predominance of Fitzpatrick skin
types I-1I (12, 35).

Notably, previous reports comparing coastal vs. inland areas
documented that there was a greater incidence of CM cases along
the coast, with an IRR of 1.23 after adjusting for socioeconomic
status, UV index and latitude (36). Our mapping results visually
underscore these findings in Canada, while providing specific
details on the communities at risk. Hence, CM incidence in high-
risk population (e.g., Fitzpatrick phototype I-III skin) greatly
depends on climate/geography, which impacts human behavior,
clothing styles and sun protection practices leading to higher
or lower melanoma rates. Our findings are also in-line with the
recently reported melanoma analysis on NL highlighting similar
trends (35).

Our study highlights that CM incidence rates continue to
increase in both sexes, while CM mortality is declining since
2013 likely due to the emergence of effective targeted and
immunotherapy treatments (37). The overall incidence rate of
CM in Canada was 20.75 cases per 100,000 individuals per year
(22.70 in males and 18.84 in females) and the ASIR per 100,000 in
Canada was 14.12 cases per 100,000 individuals per year. In 2017,
the United States’ Surveillance, Epidemiology, and End Results
Program (SEER) database found the ASIR of melanoma to be
30.1 cases per 100,000 males, and 18.5 cases per 100,000 females
across all ethnicities (38). When observing the United States
ASIR trends for 2000-2018, a steady increase in incidence in
both sexes was noted, similar to the evolution of CM in Canada,
although the rate of change for males was more pronounced.
Considering the north-to-south gradient that has been previously
established (10), it is expected that the United States, with a
great majority of its population living in warmer, sunnier climates
has higher rates of CM than Canada. Furthermore, as expected,
warmer countries with substantial population comprised of fair
skin individuals have even higher rates of CM. The 2012 CM
ASIRs for New Zealand and Australia were 35.8 and 34.9 cases
per 100,000 individuals per year, respectively (39).

Ultraviolet radiation is the primary risk factor for CM,
with sunlight acting as the main source for UV rays, along
with artificial sources, such as tanning beds, booths or sun
lamps (40-45). We noted an increase in incidence in all
anatomic sites, with the male trunk and female extremities
showing the most significant increases in incidence. Notably,
out of all CM subtypes studied, acral lentiginous melanoma was
the only one demonstrating a female predominance (56.9 vs.
43.1% in males) and was previously hypothesized to have been
associated with increased exposure to UV nail lamps (at times
in individuals taking a photosensitizing medication) (46-48).
Considering this, in addition to targeting high risk geographic
areas, it is of utmost importance to tailor recommendations
for each sex/gender differently. According to the American
Cancer Society, melanoma of the trunk and legs have the highest
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TABLE 2 | Distribution of CM patient (A) incidence and B) mortality in Canadian provinces and territories. Incidence rate is per 100,000 individuals per year. (C) Clinical
characteristics (anatomic site involved, sex and age) of CM in deceased individuals during 2011-2017.

A.
Province Cases* Population* Crude Lower CI Upper Cl (95%) Age- Variance Rate, Lower CI (95%) Upper Cl (95%)
Incidence (95%) standardized Poisson
incidence

Nova Scotia$ 2,030 942,000 30.77 29.45 32.14 27.66 0.38 26.45 28.87
Prince Edward Island?® 345 146,000 33.86 30.38 37.63 30.94 2.80 27.66 34.22
British Columbia® 11,830 4,709,000 20.89 20.39 21.38 19.78 0.057 19.31 20.25
New Brunswick® 1,200 760,000 22.55 21.20 28.77 19.99 0.34 18.85 21.13
Ontario$ 21,445 13,634,000 22.47 2217 22.77 22.24 0.023 21.95 22.54
Alberta® 4,385 4,045,000 15.49 15.03 15.95 17.91 0.074 17.38 18.44
Saskatchewan® 1,125 1,110,000 14.49 13.64 16.35 16.14 0.20 14.25 16.03
Manitoba 1,460 1,281,000 16.28 15.45 17.14 16.99 0.20 16.12 17.86
Newfoundland and Labrador” 690 528,000 18.69 17.19 19.99 16.63 0.41 15.37 17.88
Northern Territories* 50 117,000 6.09 4.52 9.03 7.93 1.33 5.67 10.19
Canada (excluding Quebec) 39,615 27,272,000 20.75 20.54 20.95 N/A% N/A% N/A% N/A%
B.

Nova Scotia$ 280 942,000 4.24 3.76 4.77 3.80 0.052 3.35 4.25
Prince Edward Island® 50 146,000 4.91 3.64 6.47 4.51 0.411 3.26 5.77
British Columbia® 940 4,709,000 2.85 2.67 3.04 2.69 0.0077 2.52 2.87
New Brunswick® 165 760,000 3.10 2.65 3.61 2.76 0.047 2.33 3.18
Ontario® 3,360 13,634,000 3.52 3.40 3.64 3.48 0.0036 3.36 3.60
Alberta’ 585 4,045,000 2.07 1.90 2.24 2.46 0.011 2.26 2.66
Saskatchewan® 190 1,110,000 2.45 2.11 2.82 2.48 0.033 213 2.83
Manitoba® 215 1,281,000 2.40 2.09 2.74 2.43 0.028 2.1 2.76
Newfoundland and Labrador* 95 528,000 2.57 2.08 3.15 2.38 0.061 1.89 2.86
Canada (excluding Quebec) 5,880 27,272,000 3.08 3.00 3.16 N/A& N/A% N/A% N/A%

C.

CM Mortality Trends

Number of patients*

% of reported case

Anatomical site

Sex

Age (Both sexes)

Age (Males)

Age (Females)

Lip + eyelid, including canthus
Ear and external auricular canal

Other and unspecified parts of face

Scalp and neck
Trunk

Upper limb, including shoulder
Lower limb, including hip
Skin, unspecified
Total

Male*

Female*

0-19

20-39

40-59

60-79

80+

0-19

20-39

40-59

60-79

80+

0-19

20-39

40-59

60-79

80+

N/A
30
90
95

230

115

165

5,155
5,880
3,705
2,185
N/A
210
1,240
2,715
1,720

N/A

120

755

1,805
1,030

N/A

100

480

905

690

N/A
0.5
1.5
1.6
3.9
2.0
2.8
87.7
100
62.9
37.1
N/A
3.6
211
46.1
29.2
N/A
3.2
20.4
48.7
27.8
N/A
4.6
221
41.6
31.7

Case counts are rounded to the nearest 5.

*All population numbers are rounded to the nearest thousand.

‘p<0.01.

SStatistically significant higher rates than the national average.
#Statistically significant lower rates than the national average.
+Statistically not significant rates.
& The rates are adjusted to the Canadian average and, hence, the national rates remain unchanged.

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 830254


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Conte et al. Cutaneous Melanoma Incidence/Mortality in Canada

Crude Incidence
per 100,000
individuals

2.00 77.00

Quebec

Maine

in

Michigan \

N8

. == 1 @S
\ €T RN
!
F Pennsylvania ( RS
Ohio j Ny

' ©2021 Mapbox © Oy tap |

©2021 Mapbon © OpanStroetlas My ©2021 Mapbox © OpenSveethap. Dakata |

FIGURE 3 | Incidence and mortality rates of CM in Canadian provinces and territories during 2011-2017. Geographic maps illustrating incidence rates of CM (per
100,000 individuals per year) by Forward Sortation Area (FSA) postal code. NL- Newfoundland and Labrador; NS-Nova Scotia, NB-New Brunswick; PEI- Prince
Edward Island; QC-Quebec; ON-Ontario; MB-Manitoba, SK-Saskatchewan; AB-Alberta; BC-British Columbia.
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association to frequent sunburns, when compared to other sites
(49). For this reason, public education campaigns targeting to
protect high-risk anatomic sites in different sexes/genders are
essential in preventing CM.

CM represents a significant patient and economic burden. Not
only is it among the most common cancers found in adolescent
and young adult populations, but it is also one of the leading
skin cancers in terms of average years of life lost due to a disease
(50). On average, an individual dying from melanoma loses 20.4
years of potential life (51). In 2015, melanoma was responsible
for almost 1.6 million disease-adjusted life years (DALY) globally,
which, when age-standardized, gave a rate of 23 DALYs per
100,000 individuals (52). The total estimated cost to the Canadian
healthcare system of skin cancer in 2004 was $532 million, almost
85% of which was attributable to costs related to melanoma
treatment (53). Projections concluded that by 2030s in Canada,
the financial burden of skin cancer would rise to $1 billion
annually, with melanoma consuming the greatest majority of
these resources (53).

CONCLUSIONS

Effective programs to help decrease UV radiation exposure have
been conducted. For instance, in Australia, a country with one of
the highest incidence of CM in the world (54), due to effective
public health campaigns, the proportion of adolescents/young
adults who reported preferring having a tan decreased from 60%
in 2003 to 38% in 2019 (55-57). Development of an effective
campaign requires detailed knowledge of the population at risk,
awareness levels, potential specific risk factors contributing to
melanoma incidence and barriers to sun protection practices.
This study represents an important step toward refinement
of melanoma/skin cancer campaigns in Canada and provides
important epidemiologic data for this vast and multicultural
region of the world.

LIMITATIONS

Due to the nature of large, population-based studies, this
retrospective analysis had several limitations including missing
data and a risk of misclassification of patients (58). An important
limitation was unavailability of data for Quebec during this
period. Finally, this study could not explore confounding factors
that influence melanoma incidence and mortality, including
but not limited to ethnicity, clinical staging or Breslow
thickness and patient socioeconomic status because this data was
not available.

It is important to highlight that as Canada’s healthcare system
is a single-tier (payer), funded and operated by the provincial
governments, the data is collected with consistency, where each
provincial and territorial cancer registry identifies tumors in
its population by combining information from multiple sources
(cancer clinic files, radiotherapy and hematology reports, records
from in-patient hospital stays, out-patient clinics, pathology and
other laboratory/autopsy reports, radiology/screening program

reports, medical billing and hospital discharge administrative
databases). The CCR performs multiple processes to ensure
accuracy including an internal record linkage to identify possible
duplicate records.

Several studies investigated the detection rates/accuracy of
diagnostic data in the largest provincial branch of the CCR:
the Ontario Cancer Registry which collects data from the most
populous province. In fact, a case ascertainment of ~99%, a
detection rate (detecting and accurately assigning index tumor
site) of 81.4-96%, and a confirmation rate (correctly assigning
tumor site) of 90.9% were documents by several studies (59-61),
which confirms the high quality of data and detection rates in the
examined registries.
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