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N onmelanoma skin cancers (NMSCs), including basal cell
carcinomas (BCCs) and squamous cell carcinomas
(SCCs), are the most common malignant tumors in the

United States and have been estimated to affect more than 2 mil-
lion Americans annually.1 Despite the large population af-
fected, NMSCs have been difficult to study in part because
of their exclusion from cancer registries and national
cancer surveillance programs, such as the Surveillance Epide-
miology and End Results program. Epidemiologic estimates of
NMSC incidence rates are often based on periodic surveys and
are generally outdated, with the last National Cancer Institute–
funded survey performed more than 3 decades age.2 Studies that
rely on disease codes have historically combined BCCs and SCCs
because they share the same International Classification of

Diseases identifiers. Such data limitations hinder the study of
BCC etiology, prevalence, incidence, and disease burden.

The incidence of NMSC has been reported to be increas-
ing globally,3 yet the incidence of NMSC in the United States
is not well characterized. The direct cost of treating NMSC in
the United States has been estimated to be more than $1.4 bil-
lion annually,4 making NMSC among the top 5 most costly
cancers.5 The US government has responded to this epidemic
by allocating resources to improve epidemiologic research and
preventive efforts, including release of a docket by the Cen-
ters for Disease Control and Prevention to obtain information
from the public on preventing skin cancer, bipartisan legisla-
tive efforts to establish a skin cancer research fund for the Na-
tional Institutes of Health, and most recently, in 2014, the US

IMPORTANCE The incidence of basal cell carcinomas (BCCs) is increasing globally, but
incidence rates in the United States are difficult to quantify because BCCs are not reportable
tumors.

OBJECTIVE To estimate annual BCC incidence rates by age, sex, and race/ethnicity to identify
demographically distinct high-risk subgroups and to assess changes in rates over time.

DESIGN, SETTING, AND PARTICIPANTS In this retrospective cohort study (January 1, 1998,
through December 31, 2012), we studied 147 093 patients with BCC from Kaiser Permanente
Northern California, a large, integrated health care provision system, identified using a
previously validated BCC registry.

MAIN OUTCOMES AND MEASURES We estimated annual BCC incidence rates by age, sex, and
race/ethnicity and assessed changes in rates over time. The BCC incidence rates were
standardized to the age, sex, and race/ethnicity distribution of the 2010 US Census
population.

RESULTS In models adjusting for age, sex, and race, male patients had higher rates than
female patients (incidence rate ratio [IRR], 1.65; 95% CI, 1.60-1.70). Persons 65 through 79
years of age and those 80 years and older had higher rates than persons 40 through 64 years
of age (IRR, 2.96; 95% CI, 2.86-3.06; and IRR, 5.14; 95% CI, 4.94-5.35, respectively). Whites
had higher rates than multiracial persons (IRR, 1.96; 95% CI, 1.80-2.13), Hispanics (IRR, 8.56;
95% CI, 7.79-9.41), Asians (IRR, 33.13; 95% CI, 27.84-39.42), and blacks (IRR, 72.98; 95% CI,
49.21-108.22).

CONCLUSIONS AND RELEVANCE We estimate that BCCs occur in approximately 2 million
Americans annually. Our findings provide an updated estimate of the incidence of BCCs,
highlight the changing epidemiologic findings, and better identify demographically distinct
high-risk subgroups.
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Surgeon General’s Call to Action to Prevent Skin Cancer.6 How-
ever, the absence of US data on the incidence of NMSC has ham-
pered the development of consistent health care policies to
guide screening and preventive measures. There is an urgent
need to better define incidence rates of NMSC, especially BCCs,
which account for most NMSCs (>80%).

In 1997, Kaiser Permanente Northern California (KPNC)
implemented a computerized electronic records system for all
pathology specimens received for examination, recording
specimen types, anatomical locations, gross and microscopic
diagnoses, and assigned Systematized Nomenclature of Medi-
cine (SNOMED) codes. SNOMED codes are systematically or-
ganized, computer-searchable medical terms that constitute
comprehensive clinical terms for clinical documentation and
reporting.7 These codes were used to identify a BCC registry
at the KPNC, which has previously been validated.8 In this
study, we estimate the incidence of BCC during a 15-year pe-
riod ending in 2012. We calculate the incidence of BCC in our
total population by age, sex, and race/ethnicity and compare
our standardized incidence rates to other population-based
BCC incidence estimates. In doing so, we estimate the inci-
dence of BCC, highlight the changing epidemiologic findings,
and identify high-risk demographic subgroups.

Methods
Study Setting
The KPNC is a large, integrated health care delivery system that
providescomprehensivehealthcareandpharmaceuticalbenefits
to a large and diverse community-based population of more than
3.2 million members residing in Northern California. The KPNC
membership represents approximately 33% of the insured popu-
lation and 28% of the total population in its service area. The
member population reflects the general population in the North-
ern California region, although, as an insured population, it un-
derrepresents persons with very low levels of education or
income.9

This study was approved by the Kaiser Foundation Re-
search Institute Institutional Review Board. The Declaration
of Helsinki protocols were followed, and a waiver of informed
consent was obtained.

Study Population
We identified all KPNC members from January 1, 1998, through
December 31, 2012, and extracted every electronic pathology
report with a SNOMED code of M809xx for specimens col-
lected during that period. We have previously found that pa-
thology reports with SNOMED code M809xx have a positive
predictive value of 99.2% for being a true BCC.8 Given that BCC
is a disorder that is subject to multiple primary tumors and the
disorder can be cured with appropriate management, we rea-
soned that a person could have a BCC, be treated, and then be
at risk for the disorder again. Because of the difficulty in dis-
tinguishing new primary tumors from the automated pathol-
ogy reports, we required a 365-day period with no electronic
pathology reports consistent with a SNOMED BCC code (365-
day clear period) before counting a BCC as being a new pri-

mary case. We considered this to be a very conservative esti-
mate of new primary BCC incidence rates. As a sensitivity
analysis, we used a 90-day clear period. We required patients
to be active KPNC members at the time the specimen was col-
lected.

Demographic Characteristics
Patient age and sex were extracted from the KPNC member-
ship databases. Although race/ethnicity is not systematically
captured for all members, the race/ethnicity of most patients
(approximately 94%) was identified via a search of electronic
medical records, membership databases, and other adminis-
trative databases. For patients who did not have race/
ethnicity recorded in administrative databases, we imputed
race/ethnicity using the Bayesian Improved Surname and Geoc-
oding algorithm, which uses US Census data and surname to
impute the probabilities that the patient belonged to 1 of 5 ra-
cial/ethnic groups (non-Hispanic white [white], Hispanic,
Asian, black, or multiracial).10

Statistical Analyses
The KPNC tracks membership on a monthly basis. Member-
months for each calendar year by race/ethnicity, sex, and age (in
1-year increments) were calculated. The BCC cases were summa-
rized for each calendar year, and in the primary analysis using
the 365-day clear period, persons could contribute no more than
one BCC to the numerator in any given year. Annual incidence
rateswerecalculatedbydividingthenumberofBCCcasesineach
year by the KPNC membership person-years in that year. For re-
porting, 1-year age strata were summarized into 4 age categories
(<40, 40-64, 65-79, and ≥80 years of age). The 95% CIs for inci-
dence rates were calculated based on a normal approximation
to the Poisson distribution.

We used Poisson regression to examine sex, age, and race/
ethnicity in relation to BCC incidence in the most recent year of
complete available data (2012), providing point and interval es-
timates of incidence rate ratios (IRRs) for each covariate adjusted
for the other covariates. When making inferences about the bur-
den of disease in the US population and trends in incidence rates,
we used the direct standardization method to apply the age- (in
1-year increments), sex-, and race/ethnicity-specific KPNC BCC
incidence rates in each year to the age, sex, and race distribution
ofthe2010USCensuspopulation.All incidenceratesarepresent-
ed as cases per 100 000 person-years.

Poisson regression was also used for point and interval es-
timation of the mean annual percentage change (APC) in BCC
incidence rates during the study period (1998- 2012), with cal-
endar year as a continuous variable in the regression models.
These analyses were stratified by (1) race, categorical age group,
and sex; (2) race and age group (combining male and female
patients and adjusting for sex); and (3) race and sex (combin-
ing and adjusting for all age categories).

Results
We identified 221 624 BCC cases in the KPNC population be-
tween 1998 and 2012, representing 147 093 unique persons.
Mean age was 65.25 years, median age was 66 years (range,
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2-105 years), and 80 588 patients (54.8%) were male (Table 1).
The BCCs primarily occurred in whites (n = 135 538 [92.1%]).

The BCC incidence rate among all KPNC members in year
2012 was 535 cases per 100 000 person-years (Table 2), with rates
for male patients being 46% higher than for female patients (640
per 100 000 person-years for male patients vs 439 cases per
100 000 person-years for female patients). Rates increased with
increasing age, and the rate increase was higher for whites than
nonwhites. In models adjusting for age, sex, and race, male pa-
tients had higher rates than female patients (IRR, 1.65; 95% CI,
1.60-1.70), persons 65 through 79 years of age and those 80 years
and older had higher rates than persons 40 through 64 years of
age (IRR, 2.96; 95% CI, 2.86-3.06; and IRR, 5.14; 95% CI, 4.94-
5.35, respectively), and whites had higher rates than multiracial
persons (IRR, 1.96; 95% CI, 1.80-2.13), Hispanics (IRR, 8.56; 95%
CI,7.79-9.41),Asians(IRR,33.13;95%CI,27.84-39.42),andblacks
(IRR, 72.98; 95% CI, 49.21-108.22).

The KPNC member population differs from the US popula-
tion, particularly with respect to distribution by race/ethnicity,
with the KPNC member population being approximately 48%
white compared with 64% in the US population (eTable 1 in the
Supplement). The age-, sex-, and race/ethnicity-adjusted annual
KPNC BCC incidence rates ranged from 513 cases per 100 000
person-years in 1998 to 600 cases per 100 000 person-years in
2012, approximately a 17% overall increase in rates during the
15-year period (eTable 2 in the Supplement).

Given that BCCs occur overwhelmingly among whites
(92.1%), further analyses were performed limited to that sub-
group. Figure 1 illustrates sex-specific KPNC BCC incidence
rates among whites, standardized to the 2010 US Census popu-
lation, and illustrates that although absolute rates are higher

among male patients, the rate of increase is actually steeper
among female patients. Between 1998 and 2012, the BCC in-
cidence increased in white male patients from 941 cases per
100 000 person-years to 1069 cases per 100 000 person-
years and in white female patients from 620 cases per 100 000
person-years to 774 cases per 100 000 person-years. Overall
among whites, rates increased approximately 18% during 15
years.

Figure 2 illustrates age-specific KPNC BCC incidence rates
among white male patients, standardized to the 2010 US Cen-
sus population by male patients (Figure 2A) and female pa-
tients (Figure 2B). The increase in incidence is greatest among
persons 80 years or older for both sexes (APC, 2.72; 95% CI,
2.35-3.10; for female patients and APC, 1.67; 95% CI, 1.35-
1.99; for male patients). Rates among middle-aged women in-
creased with time (APC, 0.69; 95% CI, 0.44-0.93; for those aged
40-64 years; APC, 1.28; 95% CI, 1.01-1.54; for those aged 65-80
years). For male patients, rates held steady for the 40- through
64-year-old group (APC, 0.02; 95% CI, −0.20 to 0.24) but in-
creased for those aged 65 through 79 years (APC, 1.16; 95% CI,
0.96-1.37). Rates among white male patients and fe-
male patients 40 years or younger appear stable over time (APC,
0.49; 95% CI, −0.29 to 1.29; for female patients and APC, −0.17;
95% CI, −1.08 to 0.74; for male patients).

Poisson models indicate that BCC incidence rates in-
creased during 1998 to 2012 by approximately 0.87% per year
for whites (all ages and sex combined), with increases being
the largest overall for female patients (1.11%) or for persons 80
years and older (2.23%). Rates decreased significantly for
Asians and somewhat for blacks and multiracial persons, and
there was an overall trend toward a decrease among Hispan-
ics.

Sensitivity analyses were performed using a 90-day algo-
rithm, which identified 269 119 BCC cases and an incidence rate
of 628 cases per 100 000 person-years in 2012. In models ad-
justing for age, sex, and race, male patients had higher rates
than female patients (IRR, 1.79; 95% CI, 1.74-1.84), persons 65
through 79 years of age and 80 years and older had higher rates
than persons 40 through 64 years of age (IRR, 3.11; 95% CI, 3.01-
3.21; and IRR, 5.68; 95% CI, 5.48-5.89; respectively), and whites
had higher rates than multiracial persons (IRR, 1.98; 95% CI,
1.83-2.14), Hispanics (IRR, 9.23; 95% CI, 8.44-10.10), Asians
(IRR, 34.33; 95% CI, 29.18-40.39), and blacks (IRR, 116.57; 95%
CI, 73.84-184.02). The age-, sex-, and race/ethnicity-adjusted
annual KPNC BCC incidence rates ranged from 628 cases per
100 000 person-years in 1998 to 720 cases per 100 000 person-
years in 2012, approximately a 15% overall increase in rates dur-
ing the 15-year period. Our sensitivity analyses reveal similar
relative rates among persons of different ages and races and
consistent changes in rates over time (15% vs 17%).

Discussion
Using a validated BCC registry,8 we report incidence rates of
BCCs during a 15-year observation period at the KPNC, a large,
integrated health care delivery system. After standardizing to
the 2010 US Census population, we found that BCC incidence

Table 1. Demographic Characteristics of Patients With Basal Cell
Carcinoma, Kaiser Permanente Northern California, 1998-2012a

Characteristic
Finding
(N = 147 093)b

Age, y

Mean (SD) 65.25 (14)

Median (range) 66 (2-105)

Age group, y

<40 5770 (3.9)

40-64 64 353 (43.7)

65-79 53 928 (36.7)

≥80 23 042 (15.7)

Sex

Male 80 588 (54.8)

Female 66 505 (45.2)

Race/ethnicity

White 135 538 (92.1)

Multiracial 5168 (3.5)

Hispanic 4519 (3.1)

Asianc 1520 (1.0)

Black 348 (0.2)

a Table reflects the first instance of basal cell carcinoma per person during the
study period.

b Data are presented as number (percentage) of patients unless otherwise
indicated.

c Includes Native Americans.
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rates at the KPNC increased from 513 cases per 100 000 person-
years in 1998 to 600 cases per 100 000 person-years in
2012—an increase of approximately 17% during this 15-year pe-
riod. This modest increase is in contrast to previous US-based
studies,11-13 which have reported 80% to 200% increases in in-
cidence rates during a 10- to 20-year period. Previously re-
ported US-based BCC incidence rates have varied widely from
61.5 to 1019 per 100 000 person-years for women and 70.7 to
1488 per 100 000 person-years for men.11-16 The variation in
reported rates is partly attributable to geographic locations of
the study populations, periods, and methods for capturing BCC.
The most recent US-based BCC incidence rate,11 which was
based on data from 2 large, prospective cohort studies (Nurses’
Health Study, 1986-2006, N = 121 701, and Health Profession-
als’ Follow-up Study, 1988-2006, N = 51 529) estimated age-
adjusted incidence rates of 1109 cases per 100 000 person-
years for women and 1488 cases per 100 000 person-years for
men. The cohorts used in that study were predominantly white

health care professionals who ranged in age from 40 to 70 years
during the follow-up. To permit meaningful direct compari-
son of our data, we conducted a subanalysis limited to whites
aged 40 to 70 years and calculated the standardized inci-
dence rates in 2006 as 846 per 100 000 for women and 1194
per 100 000 for men. Thus, our calculated rates are some-
what lower than those reported by Wu et al11; however, they
relied on self-reported BCC (rather than pathologic confirma-
tion), and they stated that previous reports have confirmed va-
lidity of the BCC self-report in 90% of women and 80% of men.
If we take into account a 10% to 20% margin of error in their
reported rates, our calculated rates are quite similar.

In examining demographic subgroups, we found that after
adjusting for age and race, the BCC rates for male patients were
1.7 times that of female patients, which is similar to previously
reported sex differences in the BCC incidence.14,16 With respect
to age, those who were 65 years or older had an increased risk of
BCC during the observation period. Whites were at highest risk

Table 2. Crude Incidence Rates of Basal Cell Carcinoma in 147093 Patients by Race, Age, and Sex,
Kaiser Permanente Northern California, 2012a

Age, y

Incidence Rate (95% CI)

Female Patients Male Patients Total
All

<40 25 (22-29) 20 (17-23) 23 (20-25)

40-64 476 (459-494) 636 (615-658) 553 (539-566)

65-79 1373 (1321-1426) 2602 (2523-2681) 1934 (1888-1980)

≥80 2537 (2419-2655) 4941 (4737-5145) 3484 (3377-3592)

All ages 439 (429-449) 640 (627-652) 535 (527-543)

White

<40 56 (48-64) 46 (39-53) 51 (46-56)

40-64 855 (822-887) 1130 (1092-1169) 987 (962-1013)

65-79 2015 (1935-2095) 3773 (3654-3891) 2822 (2753-2891)

≥80 3392 (3228-3556) 6690 (6403-6978) 4684 (4534-4835)

All ages 847 (827-867) 1238 (1213-1263) 1035 (1020-1051)

Multiracial

<40 13 (0-27) 10 (0-24) 12 (2-22)

40-64 305 (230-380) 589 (462-717) 419 (351-487)

65-79 917 (720-1114) 2129 (1784-2473) 1440 (1254-1626)

≥80 1955 (1513-2397) 3877 (3113-4640) 2723 (2318-3128)

All ages 392 (341-443) 755 (673-836) 549 (503-595)

Hispanic

<40 6 (3-9) 4 (1-7) 5 (3-7)

40-64 78 (61-96) 77 (59-94) 78 (65-90)

65-79 278 (207-349) 548 (439-657) 400 (337-463)

≥80 785 (578-992) 1177 (871-1483) 945 (770-1120)

All ages 58 (50-66) 69 (60-77) 63 (57-69)

Asianb

<40 4 (1-7) 0 (0-1) 2 (1-4)

40-64 25 (16-35) 26 (16-35) 26 (19-32)

65-79 82 (47-117) 92 (52-131) 87 (61-113)

≥80 157 (64-249) 344 (181-508) 234 (147-321)

All ages 21 (16-26) 21 (16-26) 21 (17-24)

Black

<40 0 (0-0) 0 (0-1) 0 (0-1)

40-64 5 (0-11) 20 (6-34) 12 (4-19)

65-79 25 (0-52) 44 (2-85) 33 (9-57)

≥80 74 (0-157) 90 (0-215) 80 (10-149)

All ages 6 (2-10) 12 (6-19) 9 (5-13)

a Table reflects the number of basal
cell carcinoma cases per 100 000
person-years.

b Includes Native Americans.
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for BCCs, with adjusted incidence rates 8 to 70 times those of
Asians, blacks, or Hispanics. Rates of BCCs for persons other than
whites did not increase during the study period, and in fact for
somegroupsratesdecreasedmodestly.Thehighestrisksubgroup
were whites 80 years or older, and that subgroup experienced
the biggest increase in BCC incidence during the observation pe-
riod, with an estimated mean APC of 2.23%. Given a recent fo-
cus in the dermatology literature on skin cancer screening and
behaviors in nonwhites,17-19 it is important to quantify risk by ex-
amining standardized incidence rates of the most common skin
cancer among different age, sex, and racial/ethnic subgroups to
help guide screening and prevention efforts.

Applying our 2012 incidence rates to the US population,
we would expect nearly 2 million incident BCCs annually in
the United States. This annual BCC incidence rate estimate ap-

pears to be slightly higher than what is reported on a National
Institutes of Health website, which estimates the annual in-
cidence of all NMSC (not just BCC) at 2 million.20 A previ-
ously published claims-based study1 estimated the total num-
ber of persons treated for NMSC in 2006 at 2 152 500 but could
not differentiate between BCCs and SCCs because both can-
cers share the same claims code. Given that the ratio of inci-
dent BCCs to SCC is approximately 4:1, our estimate of BCC in-
cidence is higher than previously reported.

Unlike previously published reports, we did not find an
increased rate of BCC among individuals younger than 40
years,21 and we did not find an increased incidence among
Hispanics. With respect to age, we found a mean APC of 1%
to 2% among whites 65 years and older during the observa-
tion period, which is lower than the 4.2% mean APC in
NMSC cases in the Medicare population reported from 1992
to 2006.1 Direct comparison of these data are difficult
because Rogers et al1 did not differentiate SCC from BCC and
reported on all NMSCs.

A unique strength of our study was the use of a validated
skin cancer registry within a large integrated health care pro-
vision system that includes all pathology reports and is based
in a diverse population. One limitation of this study is that data
were collected from a single health care setting, which is com-
posed of insured health plan members and underrepresents
persons with very low levels of education or income, al-
though a previous study22 examining patient and tumor char-
acteristics in incident skin cancers at the KPNC found that our
health care system data closely mirror state and national reg-
istry data for reportable skin cancers (melanoma). Further-
more, it is possible that BCCs were diagnosed outside the KPNC
setting and thus not captured in the pathology database. How-
ever, seeking care outside a prepaid health plan and incur-
ring additional out-of-pocket expense is unlikely. Some BCCs
may be removed without submitting a pathology specimen for
definitive diagnosis. However, the KPNC standard of care is to
submit specimens suspected of being malignant for histo-
pathologic diagnosis, so such events also are likely to be rare.

Figure 1. Sex-Specific Kaiser Permanente Northern California Basal Cell
Carcinoma Incidence Rates Among White Patients Standardized
to the 2010 US Census Population (1998-2012)
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Figure 2. Age-Specific Kaiser Permanente Northern California Basal Cell Carcinoma Incidence Rates Standardized to the 2010 US Census Population
(1998-2012)
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Finally, although BCCs often arise repeatedly and may arise
concurrently in susceptible individuals, SNOMED codes do not
distinguish among primary, subsequent, recurrent, or mul-
tiple concurrent BCCs, making it difficult to identify true in-
cident disease. Because of this uncertainty, we performed sen-
sitivity analyses using a less conservative 90-day clear period
for defining new cases, in addition to our more conservative
base-case 365-day clear period. The latter algorithm allows in-
dividuals to contribute at most 1 BCC per year, whereas the for-
mer allows up to 4 new BCCs per person to count toward in-
cidence rates in any given year. Although incidence rates were
in general approximately 20% higher using the 90-day algo-
rithm, the relative rates among persons of different ages and
races were similar, as were the changes in rates over time and
the mean APCs in rates.

Conclusions

We found that the overall incidence of BCC slightly
increased during a 15-year observation period, but this
increase was not remarkable. In extrapolating our data to
the United States, we estimate that approximately 2 million
individuals develop at least one BCC in the United States in
a given year. In addition to providing a current estimate of
the BCC incidence rate, we identify highest-risk demo-
graphic subgroups, namely, whites older than 65 years, and
show that male patients are at increased risk compared with
female patients. Our findings can help guide selection of
high-risk demographic groups for future screening and pre-
vention efforts.
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