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Oral squamous cell carcinoma incidence by subsite among
diverse racial and ethnic populations in California
Lihua Liu, PhD,a Satish K. S. Kumar, BDS, MDSc,b Parish P. Sedghizadeh, DDS, MS,c
Abheer N. Jayakar, BDS,d and Charles F. Shuler, DMD, PhD,e Los Angeles, CA
UNIVERSITY OF SOUTHERN CALIFORNIA, LOS ANGELES

Objective. The aim of this report was to examine the oral cancer incidence by sex, race/ethnicity, and anatomical subsite.
Study design. Data from the California Cancer Registry (CCR) were used to calculate the age-adjusted incidence rates of invasive
oral squamous cell carcinoma (OSCC) by sex, race/ethnicity, and anatomical subsite among residents in California during 1988 to
2001.
Results. Although non-Hispanic (NH) black men have the highest overall incidence rate for OSCC, NH whites and
NH blacks have similar incidence patterns by subsite, but the male-to-female (M:F) rate ratio is higher among NH
blacks. The OSCC incidence rates for Hispanics are much lower than those for NH whites and NH blacks and similar to those of
Asians. The Asian ethnic groups display dramatic variations in terms of the subsite-specific incidence rates and M:F rate ratios.
Conclusion. The findings illustrate the heterogeneity and complexity of oral cancer by anatomical location and the
importance of cultural habits and behavioral factors in the development of oral cancer. (Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008;105:470-80)

Cancer of the oral cavity is an important global health
concern accounting for an estimated 275 000 cases and
128 000 deaths annually.1 Its incidence varies markedly
by geographic region and occurs more frequently
among men than women. Two thirds of all cases are
observed in developing countries. The Indian subcontinent accounts for one third of the global burden. The
striking geographic and ethnic variations in the inci-

dence of oral cancer underline the importance of studying the disease by race/ethnicity. Epidemiological
investigations describing the distribution of disease
between different populations are crucial in evaluating etiology, pathogenesis, and treatment so as to
design possible preventive measures, screening, and
early detection and implementation of relevant health
policies.2

Cancer incidence data used in this report have been collected by
the California Cancer Registry of the California Department of
Health Services as part of the statewide cancer-reporting program
mandated by California Health and Safety Code Section 210 and
211.3.
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Oral squamous cell carcinoma (OSCC) constitutes
approximately 94% of all malignant lesions in the
oral cavity,3 and because of this great dominance, the
term oral cancer is almost synonymous with OSCC.4
Each year more than 22000 new cases of OSCC and
more than 5000 deaths from OSCC occur in the
United States alone.5,6 Oral cancer is one of several
cancers showing decreasing incidence trends in both
males and females in the United States since the
1980s.7 Despite this fact and the advances made in
therapeutic modalities via multidisciplinary approaches, survival rates for OSCC have not significantly improved and racial disparities persist in the
United States, with 5-year survival rates approaching
approximately 60% in white Americans and only
40% in African Americans.6,8,9
Compared with other major cancers, our understanding of oral cancer is limited. The many anatomical subsites of cancer involvement within the oral
cavity contribute to the complexity and prognosis of
disease. The relatively low incidence of oral cancer
requires a large database for meaningful studies that
take into consideration of differences such as anatomical subsite of tumor involvement and race/ethnicity of patients—factors that are important to our
understanding of the disease. The availability of data
from population-based cancer registries across the
globe has increased significantly in the last 40 years
and has made significant contributions in reducing
the overall cancer burden through identification of
risk factors and implementation of cancer control
programs.10 However, only 21% of the world’s population is under surveillance of these registries and
most are found in developed countries. The diverse
racial/ethnic populations in the United States and
well-established population-based central cancer
registry systems provide the opportunity to examine
the cancer incidence rates among different racial/
ethnic populations.11
The California Cancer Registry (CCR) was established in 1988 as a statewide population-based cancer surveillance program. With 12% of the US population (over 33 million in the 2000 census)—36% of
all US Asians and 31% of all US Hispanics/Latinos
living in California12—the CCR database serves as
an excellent data source for epidemiological investigations.13 It allows studies of cancer incidence
among many different racial/ethnic populations in
California. Asian Americans represent an ethnic
group with large internal cultural diversity and varied immigration history. It is most informative to
distinguish the differences in risk exposures and
disease rates by examining the individual Asian ethnic groups separately.
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MATERIAL AND METHODS
Using the CCR data, we examined the oral cancer
incidence rate by anatomical subsite and race/ethnicity among residents in California during 1988 to
2001. The cancer cases were classified into the following mutually exclusive racial/ethnic categories:
non-Hispanic (NH) white, NH black, Hispanic, Chinese, Japanese, Filipino, Korean, South Asian (including Asian Indian, Pakistani, Bangladeshi, and Sri
Lankan), and Vietnamese. The corresponding annual
population estimates were obtained by linear interpolation between the 1990 census counts and 2000
census counts, and extrapolation of the 1990 to 2000
trends to obtain the 1988 to 1989 and 2001 annual
population counts for each of these population
groups by sex and by 5-year age group. Because the
2000 census allowed multiple identifications of race,
each racial/ethnic group has 2 counts: the minimum
(consists of 1 single race alone) and the maximum
(consists of 1 race alone and in combination with any
other race). The average of the 2 was taken as the
2000 population counts for a specific racial/ethnic
group in the estimates.
We classified anatomical subsites within the oral
cavity by using site codes of the International Classification of Diseases for Oncology, 3rd edition (ICD-O3)14: oral tongue (C02.0-C02.9), gum (C03.0-C03.9),
floor of mouth (C04.0-C04.9), palate (C05.0-C05.9),
and other mouth (C06.0-C06.9) that included other
subsites of the mouth such as the buccal cavity. We
limited the cases to invasive squamous cell carcinoma
by using ICD-O-3 histology codes (8070/3-8073/3,
8076/3, and 8078/3). Age-adjusted (2000 US Standard)
incidence rates by sex, race/ethnicity, and subsite were
calculated and compared.
The SEER*Stat software, version 6.2.4 (National Cancer Institute, Bethesda, MD) was used for statistical calculations of age-adjusted incidence rates, rate ratios, and
95% confidence intervals (CIs) for the rate or rate ratio
estimates.
RESULTS
As shown in Table I, 12177 (7096 males, 5081 females) OSCC cases were reported to the CCR during
1988 to 2001. The overwhelming majority of cases were
NH white (5565 [78%] males, 4072 [80%] females). For
the oral cavity as a whole, NH black males have the
highest age-adjusted incidence rate (AAIR) for OSCC
among males (4.86/100 000), followed by NH whites
males (4.71/100 000). For women, the highest AAIR is
among South Asians (2.97/100 000), followed by NH
whites (2.76/100 000). The OSCC incidence rate for Hispanics is much lower than that of the NH whites or blacks
(2.52/100 000 men, 1.38/100 000 women). The differ-
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Table I. Oral squamous cell carcinoma incidence counts and age-adjusted rates (2000 US standard), California,
1988-2001*
Male
Subsite
Oral cavity
NH white
NH black
Hispanic
Chinese
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†
Tongue
NH white
NH black
Hispanic
Chinese
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†
Gum
NH white
NH black
Hispanic
Chinese
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†
Floor of mouth
NH white
NH black
Hispanic
Chinese
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†
Palate
NH white
NH black
Hispanic
Chinese
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†
Other mouth
NH white
NH black
Hispanic
Chinese

Female

M:F

Count

AAIR

Count

AAIR

Rate ratio

95% CIs

5565
484
619
74
47
56
25
38
37
7096

4.71
4.86
2.52
1.63
2.06
1.38
2.21
3.56
2.42
4.17

4072
217
400
77
58
79
16
25
22
5081

2.76
1.75
1.38
1.38
1.97
1.58
0.91
2.97
1.76
2.43

1.71
2.77
1.83
1.18
1.05
0.87
2.43
1.20
1.38
1.71

1.6-1.8
2.3-3.3
1.6-2.1
0.8-1.7
0.7-1.6
0.6-1.3
1.1-5.5
0.6-2.5
0.7-3.0
1.7-1.8

2333
186
259
38
28
28
17
20
22
3010

1.97
1.87
1.01
0.76
1.25
0.66
1.41
1.94
1.17
1.74

1629
81
203
52
31
40
10
18
11
2130

1.13
0.63
0.63
0.9
1.04
0.8
0.51
1.94
0.76
1.02

1.74
2.96
1.60
0.84
1.20
0.82
2.77
1.00
1.54
1.70

1.6-1.9
2.2-4.0
1.3-2.0
0.5-1.4
0.7-2.2
0.5-1.4
1.0-8.0
0.4-2.6
0.6-4.9
1.6-1.8

511
28
40
11
5
5
4
3
2
617

0.44
0.28
0.18
0.30
0.24
0.15
0.34
0.17
0.10
0.38

569
25
61
8
10
6
3
1
2
697

0.37
0.21
0.24
0.14
0.36
0.11
0.19
0.18
0.16
0.33

1.21
1.32
0.76
2.09
0.67
1.42
1.81
0.92
0.62
1.16

1.1-1.4
0.7-2.5
0.5-1.2
0.7-6.4
0.2-2.5
0.3-5.9
0.2-18.9
0.0-120.4
0.0-26.9
1.0-1.3

1675
182
208
6
8
16
1
2
4
2137

1.40
1.83
0.82
0.11
0.32
0.39
0.10
0.26
0.23
1.24

1006
62
52
2
5
9
1
2
3
1157

0.70
0.50
0.18
0.05
0.19
0.18
0.05
0.17
0.34
0.56

2.01
3.64
4.46
2.41
1.70
2.19
2.10
1.54
0.67
2.22

1.9-2.2
2.7-5.0
3.2-6.3
0.4-29.7
0.4-7.7
0.8-5.9
0.0-298.6
0.0-64.5
0.1-10.4
2.1-2.4

698
106
89
12
3
1
2
2
7
196

0.59
1.03
0.40
0.25
0.12
0.02
0.16
0.50
0.48
0.12

577
40
49
4
3
17
0
2
0
234

0.39
0.33
0.18
0.07
0.10
0.34
0.00
0.49
0.00
0.11

1.50
3.17
2.24
3.81
1.16
0.07
—
1.02
—
1.10

1.3-1.7
2.2-4.8
1.5-3.4
1.0-17.6
0.1-12.5
0.0-0.6
—
0.0-17.1
—
0.9-1.3

906
69
90
15

0.78
0.67
0.39
0.38

696
41
59
12

0.46
0.34
0.23
0.24

1.69
1.97
1.70
1.57

1.5-1.9
1.3-3.1
1.2-2.5
0.7-3.9
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Table I. Continued
Male
Subsite
Japanese
Filipino
Korean
South Asians
Vietnamese
All races combined†

Female

M:F

Count

AAIR

Count

AAIR

Rate ratio

95% CIs

5
7
2
11
7
1136

0.21
0.18
0.26
0.69
0.73
0.69

11
9
2
2
6
863

0.35
0.18
0.17
0.19
0.49
0.41

0.59
0.96
1.58
3.72
1.49
1.67

0.1-2.3
0.3-3.1
0.1-29.7
0.4-51.4
0.3-8.0
1.5-1.8

AAIR, age adjusted incidence rate; CI, confidence interval; NH, non-Hispanic.
*2000 US Standard.
†Includes above listed race/ethnicities as well as other remaining racial/ethnic groups.
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Fig. 1. Age-adjusted incidence rates (2000 US Standard) with 95% confidence intervals (CIs) of oral squamous cell carcinoma
(OSCC) by sex and race/ethnicity in California, 1988-2001, oral cavity.

ences between the AAIR for Hispanics and that of NH
white or NH black are statistically significant, as indicated
by the nonoverlapping 95% CIs of the rate estimates (Fig.
1). The highest M:F rate ratio is found in NH blacks
(2.77). The Asian populations display a range of OSCC
incidence rates from 3.56 per 100 000 among South Asian
men to 0.91 per 100 000 among Korean women. Due to
the small number of incident cases in each of the Asian
subgroups, the differences in their rate estimates do not
show statistical significance according to the 95% CIs
(Fig. 1). The M:F rate ratio also varies greatly, the highest
is among Koreans (2.43) and the lowest is among Filipino
(0.87). However, when examined by the subsite within the

oral cavity, the patterns of racial/ethnic–specific AAIR
and M:F rate ratio show dramatic changes.
Tongue
The oral tongue is the most common subsite for OSCC
in every race/ethnicity (Table I and Fig. 2). NH white men
have a slightly higher AAIR than NH black men for
tongue cancer (1.97/100 000 and 1.87/100 000, respectively). The difference in AAIR between NH white
women and NH black women is much more pronounced
(1.13/100 000 vs. 0.63/100 000). The M:F rate ratio for
NH blacks is 2.96, as compared with 1.74 of NH whites.
South Asians show same level of tongue cancer AAIR
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Fig. 2. Age-adjusted incidence rates (2000 US Standard) with 95% CIs of OSCC by sex and race/ethnicity in California,
1988-2001, tongue.

between men and women, which is the highest among
Asian groups but similar to that of NH white and NH
black men. Tongue cancer occurs more frequently among
Filipino and Chinese women than men.
Gum
The gum (gingiva) is the least common subsite for
OSCC (Table I and Fig. 3). NH whites appear to have
the highest incidence rates in both men (0.44/100 000)
and women (0.37/100 000). Compared with other oral
subsites, the M:F rate ratio of OSCC in the gum is less
pronounced for many racial/ethnic populations, especially for NH whites (1.21), NH blacks (1.32), and
Hispanics (0.76).
Floor of mouth
The floor of mouth is the second most common
subsite for OSCC (Table I and Fig. 4). NH black men
have the highest AAIR (1.83/100 000), followed by NH
white men (1.40/100 000) and Hispanics (0.82/100
000). Filipinos and Japanese display higher AAIRs
among the Asians. The M:F rate ratio is most striking in
Hispanics (4.46) and NH blacks (3.64).
Palate
Similar to the gum, the palate is a less frequent
subsite for OSCC (Table I and Fig. 5). No palate

cancers were reported among Korean and Vietnamese
women during the study period. The highest AAIR for
OSCC of the palate, 1.03 per 100 000, is observed
among NH black men; the M:F rate ratio for blacks is
3.17. Chinese have the highest M:F rate ratio, 3.81.
Other mouth
This category largely represents the OSCC in the buccal cavity. This is the second most common OSCC subsite
after oral tongue for all Asian groups except Filipinos
(Table I and Fig. 5). South Asian and Vietnamese men
share similar AAIR as NH white and NH black men
(around 0.7/100 000). The AAIR for Vietnamese women
(0.49/100 000) is similar to that of NH white women
(0.46/100 000). The highest M:F rate ratio of 3.72 for
OSCC in this category is found among South Asians,
whereas the lowest is among Japanese (0.59).
The patterns of AAIRs of OSCC by race/ethnicity
for each subsite included in the study (Figs. 1-6)
demonstrate that NH whites and blacks have similar
incidence rates, but the M:F ratio is higher among
NH blacks. The OSCC incidence rates for Hispanics
are much lower than those for NH whites and NH
blacks. The Asian subgroups display dramatic variations in terms of subsite distribution, incidence rate
levels, and M:F rate ratios.
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Fig. 3. Age-adjusted incidence rates (2000 US Standard) with 95% CIs of OSCC by sex and race/ethnicity in California,
1988-2001, gum.
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Fig. 4. Age-adjusted incidence rates (2000 US Standard) with 95% CIs of OSCC by sex and race/ethnicity in California,
1988-2001, floor of mouth.
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Fig. 5. Age-adjusted incidence rates (2000 US Standard) with 95% CIs of OSCC by sex and race/ethnicity in California,
1988-2001, palate.
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Fig. 6. Age-adjusted incidence rates (2000 US Standard) with 95% CIs of OSCC by sex and race/ethnicity in California,
1988-2001, other mouth.
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DISCUSSION
This report represents our efforts to use centralized
population-based cancer registry data to examine oral
cancer incidence by sex, subsite, and detailed race/
ethnicity. The data clearly demonstrate that (1) there
are marked differences in oral cancer risk (as indicated
by AAIR) between different racial/ethnic populations
and (2) the risk of developing cancer varies by the
location inside the oral cavity. These differences contain valuable clues regarding the causes, biologic mechanisms, and development of disease.
Although many lifestyle factors are associated with
the development of oral cancer (e.g., poor nutrition,
suppressed immune system, human papilloma virus
[HPV] infection, and dental irritation), about 75% of
oral cancer is attributable to tobacco use and alcohol
consumption.15,16 Tobacco use and heavy alcohol consumption have been proven to increase the risk of oral
cancer.17-19 Regardless of the different modalities of
tobacco consumption (whether it is cigarettes, cigars,
pipes, chewing tobacco, or snuff), tobacco use is more
strongly associated with oral cancer than drinking
alcohol.20-22 People who use both alcohol and tobacco are at an especially high risk of developing
oral cancer due to synergistic effects.19 The dehydrating effect of alcohol on cell membranes enhances
the ability of tobacco-associated carcinogens to permeate mouth tissues; in addition, nutritional deficiencies associated with heavy drinking can lower
the body’s natural ability to use antioxidants to prevent the formation of cancer.23
The racial/ethnic and sex differences in oral cancer risk
observed in this study may largely reflect different cultural
behaviors and lifestyle factors among various populations,
especially with regard to tobacco use and alcohol drinking
behaviors.24 According to a recent survey conducted by
the California Department of Health Services, despite the
dramatic decline in tobacco consumption since late 1980s,
racial/ethnic differences still exist in adult smoking prevalence.25 In 2002, African-American men had the highest
smoking prevalence in California (21.4%) as compared
with NH white men (19.4%), Hispanic men (19.0), and
Asian/Pacific-Islander men (17.7%). Among women of
these racial/ethnic groups, the numbers are 17.0%, 15.2%,
7.4%, and 6.8%, respectively. Data collected by the National Longitudinal Alcohol Epidemiologic Survey26 revealed that the US Asian/Pacific-Islander populations had
the highest percentage of nondrinkers (63.3%), followed
by African Americans (48.7%), Hispanics (46.8%), and
whites (30.7%). Among drinkers, the proportion of heavy
drinkers was highest among African Americans (21.3%)
and lowest in Asian/Pacific Islanders (10.5%). Women
were found twice as likely than men to be nondrinkers
(45.3% and 21.7%, respectively).26 These survey data
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provide the background information regarding the major
risk factors (i.e., smoking and drinking) that may explain
in part, if not entirely, the observed higher incidence rates
of OSCC in NH whites and NH blacks as compared with
Hispanics and Asians.
In our data, the OSCC incidence rates for Hispanics
are much lower than those for NH whites and NH
blacks. This finding correlates with national data.11,27
This disparity has been attributed to the diversity of the
Hispanic population, which arises from more than 20
different countries with various cultural, socioeconomic, and political backgrounds.28 In general, Hispanics in the United States have substantially low incidence of cancers at many anatomical subsites except
the stomach, liver, gall bladder, and cervix.29 In addition, the origin of Hispanic populations varies across
regions of the United States; for example, Hispanics in
the west and the south United States are mainly of
Mexican origin, those in the southeast are mainly Cuban, and those in the northeast are mainly Puerto Rican.
Each of these Hispanic groups has different levels of
exposure to oral cancer risk factors.28,30 One example is
that of Puerto Ricans, who have higher smoking and
alcohol drinking rates than Mexicans, and thus they
have higher oropharyngeal cancer incidence rates than
other Hispanics and non-Hispanic whites.28 In California, Hispanics are mainly of Mexican origin, which
could explain their relatively low OSCC incidence rates
in California.
As the lower prevalence of smoking and drinking
among Asians may help to explain the differences in
OSCC incidence rates between Asians and other racial/
ethnic groups, the higher socioeconomic status of Asian
Americans also contributes to their health profile. On
average, Asians in the United States have higher levels
of education and higher family income than other racial/ethnic populations.31,32 Smoking and drinking are
both inversely related to socioeconomic status.33,34
Powered with knowledge, information, and resources,
people of high socioeconomic status tend to have
heightened awareness of health-related issues and are
more adaptive to healthy behaviors.35 This phenomenon may partly explain the overall lower OSCC incidence rates among Asians.
The variations in subsite-specific incidence rates among
different race/ethnicity, especially among Asian subgroups, are of particular interest. Specific locations within
the oral cavity are associated with unique anatomical
structure, cellular characteristics, and biophysiological
functions. The differences in susceptibility to carcinogens
and molecular changes at each of the subsites are of great
value for further investigation and have already been
shown to be linked to specific risk factors.36
Immigrants tend to carry their cultural traditions with
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them to their new homeland. Chewing tobacco is a
form of smokeless tobacco consumption and is a customary habit in many populations. The other form of
smokeless tobacco use is snuff, which is applied,
dipped, or sucked in moist form and is also available as
dry snuff that is used nasally by few population groups.
Several names used to denote different smokeless tobacco products include plug, gutkha, khiwam, khaini,
iq’milk, zarda, naswar, nass, chimo, toombak, shamma,
gudhaku, gul, mishri, maras, and moist snus.20,22 The
customary habit of smokeless tobacco chewing, especially among South Asians, is associated with development of precancerous oral lesions and oral cancer.17,20,22,37,38 With this habit, cancer commonly
develops in the cheek or buccal mucosa (represented
partly by “Other Mouth” in our data). Our data show
that South Asians have a much higher percentage of
cases in these subsites as compared with other racial/
ethnic groups. The buccal mucosa is the most common
cancer site in Pakistan, where the highest incidence of
oral cancer in the world is reported.39,40
In the Philippines, reverse smoking is a common
practice among women.41,42 As compared with conventional smoking, reverse smoking involves inhaling the
lit end of a cigarette inside the mouth after it is lit. This
practice can cause cancer of the palate, which is
thought to be due to the palate being exposed to higher
levels of heat in addition to being exposed to nonfiltered carcinogens in the smoke that would normally be
filtered to some extent during standard smoking. Accordingly, in our data, there were 17 palatal OSCC
cases in Filipino females and just 1 case in males.
Among Asians, the highest M:F ratio for OSCC was
seen in Koreans, and this may well be attributable to the
markedly high smoking prevalence among Korean
males compared with females.43 In California, Korean
men were found to have a smoking prevalence of
27.9%, which is 46% higher than general-population
men in California (19.1%) and more than 5 times
higher than Korean women (4.3%).44
Acculturation definitely plays an important role in
the changing behaviors of immigrants with regard to
cancer risk factors. Studies on major cancer sites, such
as lung, prostate, breast, colon, liver, and stomach, have
shown that the cancer incidence rates among ethnic
immigrant populations tend to approach those of the
white population, over time.45-47 Surveys from California shed some light on how behavior changes toward
the mainstream norm33:
●
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19.8% of the least assimilated Chinese men smoke
compared with 8.8% of their most assimilated counterparts; whereas the reverse is true for women, with

●

●

the least assimilated smoking at 1.3% and the most
assimilated at 4.7%
Asian Indian men and women born in westernized
countries were almost 4 times more likely to report
ever using tobacco products than those born elsewhere (38.9% compared with 9.6% among those not
born in a westernized country)
only 3.3% of first-generation Korean women were
current smokers, compared with 13.6% of secondgeneration or higher women

It is evident that the assimilation process produces
different risk behaviors among different immigrant populations.
Although oral cancer shows declining incidence rates
in the United States and even in high-incidence nations
like India, there has been an intriguing increase in the
incidence rates of tongue cancer.48-52 In the United
States, the increasing incidence trends in tongue cancer
have been especially strong in young adults (⬍40 years
of age).48,52 This trend has also been noted in European
populations and in India.49,53 The exact reason for this
increasing trend in tongue cancer incidence rates is not
known yet. Studies have shown that tobacco use and
alcohol intake do not completely explain tongue cancer
incidence rates, and factors such as HPV infection may
also contribute to the rise in tongue cancers.48,54-59
HPV-16, which is one of the most common types of
HPV causing cervical cancer, has also been the most
common type causing oral neoplasia besides HPV-18.
The causal relationship between HPV and oral cancer
and the mechanisms by which HPV induces oral cancer
are being studied widely.48,58
Oral cancer is a group of malignant tumors occurring in
different locations in the oral cavity. It is a vicious disease
that severely affects the basic human living functions.
Alterations in saliva or taste, significant pain, oral and
dental infections, mucosal and bone necrosis, and difficulties with mastication, swallowing, and speech severely
affects patients and often reduces their quality of life
significantly. Nonetheless, oral cancer is a largely preventable disease through lifestyle choices that reduce one’s
risk for the disease. It is also an easily detectable cancer
that can be visualized at a very early stage by trained
health care professionals through routine intraoral examinations. Therefore, the morbidity and mortality associated with oral cancer can be largely reduced by early
detection and prevention.60,61 The characterization of incidence rates by race/ethnicity and sex, such as in this
study, will help to identify high-risk populations for targeted education and prevention programs.
Limitations
The CCR database provides high-quality data in
terms of completeness of case registration and accuracy
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of case identification. However, as with most epidemiological studies, the reliability of rate estimates presented in this study is subject to several factors, including the accurate reporting of race/ethnicity, small
numbers when classifying cases by multiple characteristics, and the accuracy of population estimates. Collecting racial/ethnic information is a challenge for the
population-based cancer registries, especially for minority populations. There may well be underreporting
of cases in specific subgroups despite best efforts by
hospitals and registries. Therefore, the rate estimates
for the specific racial/ethnic groups may be lower or
higher than the actual rates, but the incidence patterns
by subsite are not likely to be affected. Small case
numbers are the common obstacle for studying oral
cancer. However, we believe that it is important to
show the different risk patterns by subsite and race/
ethnicity. With 14 years data from the CCR, we were
able to obtain meaningful numbers that could not have
been achieved without a population-based registry database. The stability of the rate estimates based on
small numbers of cases should always be interpreted
with caution. Because no official annual population
estimates are available for the Asian subgroups, we
adopted the well-accepted methodology of estimating
the annual population based on census results. Given
the large population size of the state of California, our
annual estimates should be reasonably reliable.
CONCLUSION
Our data show the complexity of oral cancer. The
differences in incidence rate by sex, race/ethnicity, and
subsite illustrate the heterogeneity of the disease by
anatomical location, as well as the impact of varied
cultural and behavioral factors in the development of
the disease in different ethnic populations. This report
demonstrates the value of using population-based cancer registry data to study cancers with relatively low
incidence to generate hypotheses and target education
and prevention programs.
We thank California’s cancer registrars and other persons
responsible for cancer data collection, and Dr. Dennis
Deapen and Dr. Myles Cockburn at the Los Angeles
Cancer Surveillance Program, Department of Preventive
Medicine, Keck School of Medicine, University of Southern
California, Los Angeles, for their critical reading of the
manuscript and statistical advice.
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