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K eratinocyte carcinoma comprises basal and squamous 
cell carcinomas, and is the most common malignant dis­
ease in Canada and the United States.1–5 Although kera­

tinocyte carcinoma has a low mortality rate, it is associated with 
substantial morbidity and impaired quality of life.2,6,7 Among can­
cers, it also ranks fifth in health care costs in the US.8

Epidemiological studies of keratinocyte carcinoma in North 
America are limited by its exclusion from most cancer regis­
tries.9 Previous studies found that higher overall incidence of 
keratinocyte carcinoma is associated with male sex,10–14 older 
age15–17 and higher socioeconomic status.18–21 However, differ­
ences in the incidence and mortality rates of keratinocyte car­
cinoma by sex in relation to age and socioeconomic status have 
not been well characterized.

A better understanding of the epidemiology of keratinocyte 
carcinoma in Canada and differences by sex would inform public 

health initiatives, health services policy and patient education 
strategies. This is particularly relevant now, given the recent 
regulatory approval of systemic immunotherapies for locally 
advanced or metastatic squamous and basal cell carcinoma.22–25 
Our objective was to identify the population-based incidence 
and mortality trends of keratinocyte carcinoma in Ontario, 
Canada over 2 decades and to evaluate sex differences. 

Methods

We conducted a population-based, retrospective observa­
tional study of health administrative data sets that were linked 
using unique encoded identifiers and analyzed at ICES. We 
reported the study according to the Reporting of Studies Con­
ducted Using Observational Routinely-Collected Health Data 
(RECORD) checklist.26
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Abstract
Background: Keratinocyte carcinoma is 
the most common malignant disease, but 
it is not captured in major registries. We 
aimed to describe differences by sex in 
the incidence and mortality rates of kera­
tinocyte carcinoma in Ontario, Canada.

Methods: We conducted a population-
based retrospective study of adults 
residing in Ontario between Jan. 1, 
1998, and Dec. 31, 2017, using linked 
health administrative databases. We 
identified the first diagnosis of kera­
tinocyte carcinoma using a validated 
algorithm of health insurance claims, 
and deaths related to keratinocyte car­
cinoma from death certificates. We cal­
culated the incidence and mortality 

rates of keratinocyte carcinoma, strati­
fied by sex, age and income quintile. We 
evaluated trends using the average 
annual percentage change (AAPC) 
based on joinpoint regression.

Results: After decreasing from 1998 to 
2003, the incidence rate of keratinocyte 
carcinoma increased by 30% to 369 per 
100 000 males and 345 per 100 000 
females in 2017 (AAPC 1.9%, 95% confi­
dence interval [CI] 1.7 to 2.1 from 2003 to 
2017). The incidence rate was higher in 
females younger than 55 years, but 
higher in males aged 55 years or older. 
Between 2008 and 2017, the incidence 
rate rose faster in females than males 
aged 45–54  years (AAPC 1.2% v. 0.5%, 

p = 0.01) and 55–64 years (1.2% v. 0.1%, 
p  <  0.01). The incidence was higher in 
males than females in the higher income 
quintiles. Between 1998 and 2017, the 
mortality rate of keratinocyte carcinoma 
was 1.8  times higher in males than 
females, on average, and rose 4.8-fold 
overall (AAPC 8.9%, 95% CI 6.4 to 11.4 in 
males; 8.0%, 95% CI 5.3–10.8 in females).

Interpretation: The population burden 
of keratinocyte carcinoma is growing, 
and the incidence and mortality rates 
rose disproportionately among certain 
sex- and age-specific groups. This war­
rants further investigation into causal 
factors and renewed preventive public 
health measures.
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Population
We included adults (≥ 18 yr) residing in Ontario between 
Jan. 1, 1998, and Dec. 31, 2017. We excluded those who were 
ineligible for health coverage under the Ontario Health Insur­
ance Plan (OHIP), which insures essential hospital and 
physician-delivered medical services for Ontario residents. As 
we were interested in the first incidence of keratinocyte car­
cinoma, we excluded anyone who had such a diagnosis before 
1998 using a lookback window of at least 6 years until 1992, 
based on data availability.

Outcomes and variables
We counted the first recorded incidence of keratinocyte car­
cinoma per person and ignored tumours subsequently docu­
mented in the database. Since keratinocyte carcinoma is not 
captured by the Ontario Cancer Registry, we used a validated 
algorithm of OHIP claims (83%–85% sensitivity, 93%–99% speci­
ficity) to ascertain diagnoses of keratinocyte carcinoma (Appen­
dix 1, Supplemental Methods, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.210595/tab-related-content).27 The algorithm 
uses data from reimbursement claims (i.e., skin procedures and 
diagnosis codes from the International Classification of Diseases, 
9th Revision [ICD-9] within a 180 day period in the OHIP claims 
database) submitted by fee-for-service physicians and labora­
tories in the province’s health care system and hospital dis­
charge records from the Canadian Institute for Health Informa­
tion (ICD-9 and ICD-10-CA diagnosis codes in the Discharge 
Abstract and Same-Day Surgery Databases). 

We extracted sociodemographic information, including sex, 
age, socioeconomic status and date of death, from the Regis­
tered Persons Database (RPDB), maintained by the Ontario Min­
istry of Health and Long-Term Care. The RPDB includes all resi­
dents of Ontario eligible for OHIP coverage. We determined 
socioeconomic status by associating the postal code with the 
average Census-based income quintile of the neighbourhood, 
with quintile 1 having the lowest income. For each year, we 
applied income data from the nearest Census, conducted up to 
2 years earlier or later.

We identified deaths from keratinocyte carcinoma through 
the Ontario Registrar General Database, which contains cause of 
death information with 95% sensitivity and 86% specificity.28 We 
attributed deaths to keratinocyte carcinoma if it was noted as a 
primary or contributing cause of death on the death certificate 
based on ICD-9 and ICD-10 diagnosis codes.

All data sets were linked deterministically at  ICES using OHIP 
numbers with greater than 99.9% completeness, except for the 
Ontario Registrar General Database, which were linked determin­
istically and probabilistically using direct identifiers (i.e., name, 
postal code, date of birth), with 96% completeness.

Statistical analysis
We derived annual crude incidence and mortality rates with 
95% confidence intervals (CIs) using the annual number of 
patients with their first diagnosis of keratinocyte carcinoma 
(incidence rate) or fatal keratinocyte carcinoma (mortality rate) 
as the numerator, and the adult population count from the 

RPDB as the denominator. We used direct standardization 
methods and the 1991 Canadian population to calculate age- 
and sex-standardized rates.

We plotted annual incidence rates over time, stratified by 
sex, age group (using census categories) and income quintile. 
We analyzed data using joinpoint regression to identify changes 
in rate trends over the study period.29 We calculated the aver­
age annual percent change (AAPC) for each trend segment, as 
well as the most recent 10 years (2008–2017), as the weighted 
average of the slope coefficients of the joinpoint regression line 
over the applicable time interval, with weights equal to each 
segment length captured within the interval. To identify pair­
wise differences in AAPC, we used the test of parallelism to 
compare the joinpoint regression mean functions of males and 
females.30 We conducted analyses using the Joinpoint Regres­
sion Program version 4.8 (Statistical Research and Applications 
Branch, National Cancer Institute).

As most keratinocyte carcinomas occur in white people, we 
conducted a secondary analysis to estimate the incidence and 
mortality rates in white adults, accounting for the rising pro­
portion of people representing visible minority groups over the 
study period. As data on race were not available in the ICES 
databases, we used data from the Canadian Censuses from 
1996 to 2016, with linear interpolation between census years, 
to obtain the proportion of the Ontario population that was 
white. We estimated the number of white adults by multiplying 
the denominators of the incidence and mortality rates by these 
proportions. We multiplied the numerators by 97%, which was 
the proportion of patients with keratinocyte carcinoma who 
were white in population-based data from transplant recipi­
ents in Ontario.31

Ethics approval
ICES is an independent, nonprofit research institute whose legal 
status under Ontario’s health information privacy law allows it to 
collect and analyze health care and demographic data, without 
consent, for health system evaluation and improvement. The use 
of the data in this project is authorized under section 45 of Ontar­
io’s Personal Health Information Protection Act and does not 
require review by a Research Ethics Board.

Results

The incidence of keratinocyte carcinoma in 2017 was 356.7 per 
100 000 adults; the incidence rate was higher in males (369.3 per 
100 000) than females (344.6 per 100 000). From 1998 to 2017, a 
total of 646 480 adults were diagnosed with a first keratinocyte 
carcinoma, and the median age at first diagnosis rose from 37.5 
to 40.7 years. During this period, the adult population in Ontario 
grew from 8 921 563 in 1998 to 11 562 915 in 2017 (Figure 1), and 
the ratio of females to males remained consistent between 1.04 
and 1.06 annually.32

We noted a V-shaped pattern in the crude annual incidence 
rates over the study period (Table 1, Figure 1). From 1998 to 2003, 
rates of first diagnosis of keratinocyte carcinoma declined 
annually, from a crude incidence rate of 328.6 to 274.2 per 
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100 000 adults (AAPC –3.6%, 95% CI –4.4% to –2.8%). This decline 
was followed by a steady rise to a rate of 356.7 per 100 000 in 2017 
(AAPC 1.9%, 95% CI 1.7% to 2.1%), representing an increase of 
30% over the 14-year period. Age- and sex-standardized incidence 
rates followed similar trends, though the rate of increase after 
2003 was attenuated (AAPC 0.7%, 95% CI 0.5% to 0.9%) compared 
with crude rates (Table 1). Given the distinct, opposite incidence 
trends between the earlier and later segments of the study 
period, we focused on the incidence data from the most recent 
10 years (2008–2017).

Overall, the annual incidence of keratinocyte carcinoma in 
males was higher than in females in all calendar years, but differ­
ences by sex were highly dependent on age. The sex-stratified 
annual incidence of keratinocyte carcinoma in adults rose with 
age, ranging from a low of 26.1 per 100 000 males aged 
18–34 years to a high of 1156.4 per 100 000 males aged ≥ 65 years 
in 2017 (Figure 2). Males had a higher incidence of keratinocyte 
carcinoma than females among adults older than 55 years of age, 
whereas keratinocyte carcinoma was more common in females 
younger than 55 years (Figure 2).

Between 2008 and 2017, females and males had a similar 
overall trend in incidence, with an AAPC of 1.9% (95% CI 1.7% to 
2.1%) and 1.8% (95% CI 1.7% to 2.0%), respectively. Stratified by 
age, the rates of increase in annual incidence among females 
aged 45–64 years significantly outpaced that in males of the 
same age group (p  ≤  0.01), though AAPCs were similar between 
sexes for ages 18–44 years and 65 years and older (Figure 3). The 
relative increase in annual incidence rates was highest in adults 

younger than 35  years (AAPC 3.0%, 95% CI 1.4% to 4.6% in 
females; 2.9%, 95% CI 1.2% to 4.6% in males) (Figure 3).

Age-standardized incidence rates of keratinocyte carcinoma 
were higher with increasing income quintile (Figure 4). Males in 
all quintiles had higher rates of keratinocyte carcinoma than 
females. The rate of increase in incidence from 2008 to 2017 did 
not differ significantly between sexes in any income quintile, 
with AAPCs ranging from 0.62% to 1.02%.

Annual mortality rates of keratinocyte carcinoma increased 
4.8-fold over the study period, from a crude incidence of 
6.39  deaths per 1 000 000 adults in 1998 to 30.53 deaths per 
1 000 000 in 2017 (Table 1). The rate of increase in mortality did 
not differ significantly between males and females (AAPC 8.9%, 
95% CI 6.4% to 11.4% v. 8.0%, 95% CI 5.3% to 10.8%, p = 0.6) 
from 1998 to 2017. Annual mortality rates were 1.3 to 2.7 
(median 1.8) times higher in males than females (Figure 5).

The median age of death for the entire observation 
period was 81 (interquartile range [IQR] 73–88) years for 
males and 86 (IQR 78–92) years for females. Most deaths 
from keratinocyte carcinoma occurred in adults aged 
65 years or older, with 92.6% and 91.6% of deaths of males 
and females, respectively, occurring in this age group. When 
stratified by sex and age, the annual mortality rates from 
keratinocyte carcinoma increased at a faster rate in adults 
aged 65 years and older (AAPC 7.7%, 95% CI 4.7% to 10.8% 
in females; 8.9%, 95% CI 6.1% to 11.7% in males) than 
younger adults (AAPC  4.7%, 95% CI 2.9% to 6.6% for both 
sexes combined, p  =  0.01) from 1998 to 2017 (Appendix 1, 
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Figure 1: Annual crude incidence rates of first diagnosis of keratinocyte carcinoma (solid lines) and Ontario adult population size (vertical bars) from 
1998 to 2017. Note: CI = confidence interval.
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Figure S1). We did not observe any consistent differences in 
mortality rates across income quintiles (Appendix 1, Figure S2).

After adjusting the incidence and mortality rates to reflect 
diagnoses of keratinocyte carcinoma in white adults, the trends 
were similar but with greater magnitudes of annual increases 
compared with the entire population (Appendix 1, Table S1). The 
AAPC for incidence of keratinocyte carcinoma in white adults 
was 2.8% (95% CI 2.6% to 3.0%) from 2008 to 2017, and the AAPC 

for deaths from keratinocyte carcinoma was 9.4% (95% CI 7.3% 
to 11.7%) from 1998 to 2017.

Interpretation

We identified a growing burden of incidence of and death 
related to keratinocyte carcinoma in Ontario. Our findings high­
light the importance of stratifying by age when evaluating 

Table 1: Annual crude and standardized incidence and mortality rates of keratinocyte carcinoma (KC) among adults in 
Ontario (1998–2017) 

Year of 
diagnosis

No. of adults 
with first KC

No. of 
deaths 

from KC

Crude incidence 
rate per 100 000 

(95% CI)

Standardized 
incidence rate per 
100 000 (95% CI)*

Crude mortality 
rate per 1 000 000 

(95% CI)

Standardized 
mortality rate per 

1 000 000 (95% CI)*

1998 29 320 57 328.6 
(324.9–332.4)

306.2 
(302.7–309.7)

6.39 
(4.84–8.28)

5.79 
(4.38–7.50)

1999 28 811 74 317.3 
(313.7–321.0)

293.4 
(290.0–296.9)

8.15 
(6.40–10.23)

7.39 
(5.80–9.30)

2000 28 261 75 305.2 
(301.7–308.8)

279.7 
(276.4–283.0)

8.10 
(6.37–10.15)

7.13 
(5.60–8.95)

2001 28 783 73 304.2 
(300.7–307.7)

276.5 
(273.3–279.8)

7.71 
(6.05–9.70)

6.63 
(5.19–8.35)

2002 27 453 85 285.5 
(282.2–288.9)

257.3 
(254.2–260.3)

8.84 
(7.06–10.93)

7.39 
(5.89–9.15)

2003 26 765 149 274.2 
(271.0–277.5)

244.7 
(241.8–247.7)

15.27 
(12.91–17.92)

12.34 
(10.43–14.51)

2004 27 462 160 277.4 
(274.2–280.7)

245.2 
(242.3–248.2)

16.16 
(13.76–18.87)

12.85 
(10.92–15.03)

2005 28 669 145 285.8 
(282.5–289.1)

250.0 
(247.1–253.0)

14.45 
(12.2–17.01)

11.06 
(9.32–13.04)

2006 29 972 150 296.6 
(293.3–300.0)

255.8 
(252.9–258.8)

14.85 
(12.57–17.42)

10.99 
(9.28–12.93)

2007 29 646 194 291.2 
(287.9–294.5)

247.6 
(244.7–250.5)

19.05 
(16.47–21.93)

13.93 
(12.01–16.06)

2008 31 109 204 301.5 
(298.2–304.9)

254.1 
(251.2–257.0)

19.77 
(17.15–22.68)

14.24 
(12.32–16.39)

2009 31 890 250 304.3 
(300.9–307.6)

253.9 
(251.1–256.8)

23.85 
(20.99–27)

16.66 
(14.62–18.9)

2010 32 980 279 310.4 
(307.1–313.8)

255.6 
(252.7–258.4)

26.26 
(23.27–29.53)

18.29 
(16.15–20.64)

2011 35 209 250 326.4 
(323.0–329.8)

266.5 
(263.6–269.3)

23.17 
(20.39–26.23)

15.61 
(13.68–17.73)

2012 35 217 286 322.0 
(318.6–325.4)

259.4 
(256.6–262.2)

26.15 
(23.21–29.36)

17.34 
(15.32–19.54)

2013 37 051 306 334.3 
(330.9–337.7)

266.2 
(263.4–269)

27.61 
(24.60–30.88)

17.33 
(15.39–19.44)

2014 37 572 312 335.9 
(332.6–339.4)

263.5 
(260.7–266.2)

27.90 
(24.89–31.17)

17.22 
(15.30–19.32)

2015 38 593 316 341.8 
(338.4–345.2)

264.7 
(262–267.4)

27.98 
(24.98–31.25)

17.02 
(15.13–19.09)

2016 40 475 358 353.9 
(350.5–357.4)

271.2 
(268.5–273.9)

31.31 
(28.15–34.72)

18.65 
(16.69–20.77)

2017 41 242 353 356.7 
(353.2–360.1)

271.0 
(268.3–273.7)

30.53 
(27.43–33.89)

17.22 
(15.40–19.19)

Note: CI = confidence interval.
*Age– and sex–standardized using the 1991 Canadian population.
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Figure 2: Annual crude incidence rates of first diagnosis of keratinocyte carcinoma by age and sex among Ontario adults (1998–2017). Note: CI = confi­
dence interval.
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differences by sex in a population. Younger females had a 
higher incidence of keratinocyte carcinoma and the most rap­
idly increasing rates compared with similarly aged males, but 
the incidence was higher in males than females in older age 
groups and higher income quintiles. On average, annual mor­
tality rates from keratinocyte carcinoma were twice as high in 
males than in females, and rose 4 times faster than the inci­
dence in both sexes. Adjustment for white race produced simi­
lar but amplified trends.

We found that the incidence of keratinocyte carcinoma was 
much higher in Ontario than previous reports from other Canad­
ian provinces.3,4,33–36 One explanation is our validated method to 
ascertain keratinocyte carcinoma using health insurance claims. 
Previous studies of cancer registries likely underestimated the 
incidence of keratinocyte carcinoma; these common cancers are 
known to be under-reported because patients often receive 
treatment in community settings rather than hospital-based 
cancer centres.37–39

The decline in incidence of keratinocyte carcinoma that we 
observed from 1998 to 2003 could potentially be attributed to 
skin cancer prevention campaigns in the 1980s and 1990s.40 
Between 1996 and 2006, the use of artificial tanning booths 
increased and sun protective behaviours reduced among people 

in Ontario,41 which could have contributed to the rise in inci­
dence of keratinocyte carcinoma after 2003 that was also seen in 
other Canadian provinces.3,4,33–36

Although older age is a well-established risk factor for keratino­
cyte carcinoma because of greater cumulative sun exposure,11 dif­
ferences in the development of keratinocyte carcinoma by sex 
may arise from biological susceptibility and behavioural fac­
tors.10–14 Evidence suggests that males are more likely to have out­
door occupations and are less likely to engage in sun protective 
behaviours, and females are more likely to seek a tan through arti­
ficial tanning booths and sun exposure.41–44 Exposure to tanning is 
highest in young females and declines with age, which could 
explain the increasing incidence of keratinocyte carcinoma in 
younger females.43–46 Females are also more likely to conduct skin 
self-examinations, which could lead to diagnosis at a younger age 
than males.47–51

The association between income and keratinocyte carcinoma 
in our population is consistent with studies conducted in Den­
mark, Finland and England.18–21 Increased socioeconomic status 
likely enables vacations to sunny destinations, and is associated 
with higher levels of education and ability to take time off work 
to seek medical care and diagnose keratinocyte carcinoma.50–52 
Further, visible minorities in Canada have lower average incomes 
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and are considered to have lower risk of keratinocyte carcinoma 
if they have darker skin pigmentation.53,54

Deaths from keratinocyte carcinoma in our study can 
be attributed to squamous cell carcinoma, as metastasis 
is  extremely rare for basal cell carcinoma.55 The dispro­
portionate rise in mortality rates relative to incidence could 
arise if squamous cell carcinomas had worsening outcomes 
or accounted for an increasing proportion of keratinocyte 
carcinoma over the study period.56 Our findings contrast 
with declining mortality rates observed in the US, Finland and 
Germany.12,20,57–59 Consistent with our results, older studies 
f o u n d  h i g h e r  m o r t a l i t y  r a t e s  a m o n g  m a l e s  t h a n 
females.12,20,57–59 Differences in mortality rates by sex have 
been observed in other skin cancers and may arise from bio­
logical and lifestyle factors.60–62

Limitations
The claims-based algorithm cannot identify keratinocyte car­
cinoma treated without biopsy or surgery.27 We expect this to 
be rare, as billing for the treatment of keratinocyte carcinoma 
in Ontario requires a documented biopsy. Further, the algo­
rithm was unable to ascertain tumour stage or distinguish 
basal versus squamous cell carcinoma, which may have differ­
ent incidence and mortality trends. We deliberately chose to 
evaluate the first incidence of keratinocyte carcinoma, which 
means we greatly underestimated the total burden of kera­
tinocyte carcinoma because multiple primary tumours com­
monly arise in a given individual. Our lookback period of at 

least 6 years would have captured most instances of prior 
keratinocyte carcinoma to define incident cases, because a 
second keratinocyte carcinoma typically occurs within 5 years 
of the first tumour;63,64 however, it is possible that some indi­
viduals with keratinocyte carcinoma before 1992 were misclas­
sified as having their first keratinocyte carcinoma. It is also 
possible that a change in recording behaviour on death certifi­
cates over time led to the observed increases in deaths from 
keratinocyte carcinoma, but it is unlikely that there would be a 
constantly increasing tendency to record keratinocyte carcin­
oma as a cause of death over the 20-year period. The use of 
postal codes to estimate an individual’s socioeconomic status 
is susceptible to ecological bias. For our secondary analysis, 
we assumed that 97% of patients with keratinocyte carcinoma 
were white based on an Ontario cohort of transplant recipi­
ents, which may not represent the general population. How­
ever, the estimate is similar to proportions found in Florida, 
California and national US databases (91.4%–99.6%).65–68

Conclusion
Our study highlights differences by sex in population-based esti­
mates of keratinocyte carcinoma in Ontario, Canada. The 
increasing incidence rates (particularly in younger females) and 
disproportionately rising mortality rates of keratinocyte car­
cinoma are concerning. Further research is necessary to evaluate 
the reasons for the epidemiological trends. Renewed public 
health efforts are warranted to promote preventive measures, 
patient education and early diagnosis.
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