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Abstract
BACKGROUND—Anal cancer is an uncommon malignancy in the US; up to 93% of anal cancers
are associated with human papillomavirus.

METHODS—Cases diagnosed between 1998 and 2003 from 39 population-based cancer registries
were analyzed. The following anal cancer histologies were included in the analysis: squamous cell,
adenocarcinoma, and small cell/neuroendocrine carcinomas. Incidence rates were age-adjusted to
the 2000 US standard population.

RESULTS—From 1998 through 2003, the annual age-adjusted invasive anal cancer incidence rate
was 1.5 per 100,000 persons. Squamous cell carcinoma (SCC) was the most common histology
overall, accounting for 18,105 of 21,395 (84.6%) cases of anal cancer. Women had a higher rate of
SCC (1.5 per 100,000) than men (1.0). Whites and blacks had the highest incidence rate (1.3), whereas
Asians/Pacific Islanders (API) had the lowest rate (0.3). Incidence rates of anal SCC increased 2.6%
per year on average. The majority of SCC cases were diagnosed at the in situ or localized stage
(58.1%). API were more likely to be diagnosed with regional or distant stage disease than were other
racial/ethnic groups (27.5% and 11.8%, respectively). Males had lower 5-year relative survival than
females for all stages of disease.

CONCLUSIONS—Rates of anal SCC varied by sex, race, and ethnicity. A higher proportion of
API were diagnosed at regional/distant stage. Men had lower 5-year survival rates than women.
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Continued surveillance and additional research are needed to assess the potential impact of the HPV
vaccine on the anal cancer burden in the US.
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Anal cancer is an uncommon malignancy, accounting for only 1.5% of all gastrointestinal
cancers and 4% of cancers involving the lower gastrointestinal tract.1 Although the rate of anal
cancer is higher among women than among men, the annual incidence rate has increased for
both sexes during the past 3 decades, with men having a higher rate of increase.2,3

Epidemiologic studies using state-of-the-art detection techniques have shown that up to 93%
of anal cancers are associated with human papillomavirus (HPV) infection, predominantly
oncogenic types 16 (HPV-16) and 18 (HPV-18). This association is specific to squamous cell
cancers, including basaloid, cloacogenic, and transitional cell types that account for 70% of all
anal cancers in the US.4 Women are more likely to have HPV-positive anal cancer than men.
5 Furthermore, the risk of anal cancer is elevated among women with cervical and vulvar
cancers, presumably because of a shared exposure to oncogenic HPV infections.6,7

Prophylactic HPV vaccines for the prevention of cervical cancer have the potential to protect
against HPV-associated anal cancers. Although such protection is uncertain, prophylactic HPV
vaccines against HPV-16 and HPV-18 may prevent squamous cell anal cancers in 86% to 89%
of women, 40% to 53% of heterosexual men, and 95% of young, human immunodeficiency
virus (HIV)-positive men who have sex with men (MSM).8 Defining the current burden of anal
cancer in the US is key to the precise estimation of the potential impact of the HPV vaccine
on anal cancer incidence. In this analysis, we examine anal cancer incidence and survival in
the US population, with a focus on HPV-associated (squamous cell, transitional cell, basaloid,
and cloacogenic) histologic types.

MATERIALS AND METHODS
Included in the analysis were anal cancer data collected between 1998 and 2003 from
population-based cancer registries in 39 states that participate in the Centers for Disease
Control and Prevention’s National Program of Cancer Registries (NPCR), the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) program, or both, covering
83% of the US population. A detailed description of registries included is provided elsewhere.
9

Anal cancer cases included in this analysis were limited to those with microscopically
confirmed squamous cell carcinoma (SCC) and transitional cell carcinomas (International
Classification of Diseases [ICD]-O-3 codes 8050–8084, 8120–8122, and 8125–8131), basaloid
and cloacogenic carcinomas (8123–8124), small cell carcinomas and neuroendocrine tumors
(8013, 8041–8045, and 8240–8246), and adenocarcinomas (8140–8149, 8160–8162, 8190–
8221, 8260–8337, 8350–8551, 8570–8576, and 8940–8941) of the anus, anal canal, and
anorectum (C21.0–C21.8), together with squamous cell, transitional cell, basaloid, and
cloacogenic carcinomas of the rectum (C20.9). True rectal SCCs are rare but may be associated
with HPV,10 and overlapping SCCs of the anus may be misclassified as rectal SCCs; therefore,
they were included in the analysis.4,11 All other histologies were excluded from the analysis.

For the purpose of this analysis, we combined SCCs with basaloid, cloacogenic, and transitional
cell carcinomas. These histologies are all considered to be HPV-associated malignancies.
Analyses of in situ carcinomas were limited to HPV-associated histologic types. Anal
intraepithelial neoplasia grade III (AIN III; ICD-O-3 code 8077) cases were not included in
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analyses of in situ carcinomas, because they were not available in the analytic data file for most
cancer registries. Cancers diagnosed before 2001 were staged by use of SEER Summary Stage
1977, and cancers diagnosed during 2001 to 2003 were staged by use of SEER Summary Stage
2000.12,13 These 2 systems were combined to produce a single SEER summary staging variable
with the following categories: localized (confined to the anus, anal canal, anorectum, or
rectum), regional (extension to adjacent tissues or regional lymph nodes), distant (metastasis
to other areas of the body), and unknown stage.

SEER*Stat statistical software (version 6.2.4) was used to calculate both annual and average
annual age-adjusted incidence rates expressed per 100,000 population.14 All rates were age-
adjusted by 5-year age groups for the purpose of comparing anal cancer cases by demographic,
pathologic, and clinical variables of interest. Confidence intervals (95%) for the rates were
calculated by the Gamma method using the Tiwari modification.15 The 2000 US standard
population was used for age standardization. For most analyses, rates were suppressed when
the category had <16 cases. Analyses were conducted by tumor behavior (in situ and invasive),
histology, tumor stage (in situ, localized, regional, distant, and unstaged), sex, age at diagnosis
(<50 years, 50–64 years, and ≥65 years), race (white, black, and Asian/Pacific Islander),
ethnicity (Hispanic and non-Hispanic), and geographic region. Race and ethnicity were not
mutually exclusive. The population coverage was 98 % for the Northeast and the Midwest,
63% for the South, and 88% for the West.

Temporal trends in the incidence of anal SCC were evaluated by use of the SEER 13 registries
database, which contains incident cases from 1992 through 2004.16 Trends in rates were
measured by use of the estimated annual percentage change (APC), which assumes that rates
change by a constant percentage each year during a time period. SEER JoinPoint regression
software (version 3.0) was used to examine changes in trend.17

A relative survival analysis was conducted through use of the SEER 17 registries database.18

Only patients who had microscopically confirmed anal cancer as the first primary tumor were
included. Cases ascertained based on a death certificate only or through an autopsy were
excluded. Survival was analyzed by tumor stage, age, sex, and race.

RESULTS
Incidence Rates of Invasive Anal Cancer by Histology

A total of 21,395 cases of invasive anal cancer (average annual count, 3566) and 2573 cases
of in situ anal SCC (average annual count, 429) were diagnosed during 1998 through 2003.
SCC was the most common histologic type, accounting for 85% of all anal malignancies
studied, followed by adenocarcinomas (14%) and small cell/neuroendocrine cancers (1%)
(Table 1). The rate of invasive anal cancer increased with increasing age for all histologic types
studied, although the distribution of each histology varied by age group. SCC accounted for
93% of anal malignancies diagnosed among patients aged <50 years at diagnosis, but comprised
only 78% of anal cancers among patients diagnosed at ≥65 years of age. By contrast,
adenocarcinomas accounted for 6% of anal cancers among patients aged <50 years, but 21.2%
of anal cancers among patients aged ≥65 years.

The rate of invasive anal cancer was higher among women than among men for all anal cancers
combined and for SCCs. There was no difference observed in the rate of all anal cancers
combined and of anal SCC between blacks and whites. Blacks had a significantly higher rate
of small cell/neuroendocrine cancers than did whites (rate ratio [RR] of 1.68; P<.05, data not
shown). The rate of adenocarcinoma was significantly higher among blacks than among whites
(RR of 1.36; P<.05; data not shown). Asians/Pacific Islanders had a significantly lower rate
of all anal cancers combined and of each histologic subtype studied, although the number of

Joseph et al. Page 3

Cancer. Author manuscript; available in PMC 2009 November 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Asians/Pacific Islanders with small cell/neuroendocrine cancers was too small to allow
calculation of rates for that histologic subtype. Non-Hispanics had a significantly higher rate
of anal SCC than Hispanics, but the rate of adenocarcinomas and small cell/neuroendocrine
cancers was equivalent between the 2 groups. The rate of all invasive anal cancers combined
and of invasive anal SCC was highest in the South. There was no regional variation in the rate
of adenocarcinomas and small cell/neuroendocrine tumors.

Incidence Rates of Invasive Anal SCC
For invasive anal SCCs, the rate increased with age among both men and women (Table 2).
Among men, the rate of SCC was significantly higher among blacks (RR of 1.23; P < .05) than
among whites. By contrast, black women had a significantly lower rate (RR of 0.81; P < .05)
of SCC than did white women. Asian/Pacific Islander men (RR of 0.20; P < .05) and women
(RR of 0.28; P <.05) had a significantly lower rate of SCC than did whites. Hispanic men had
a significantly lower rate of SCC than non-Hispanic men (RR of 0.76; P < .05), whereas there
was no statistically significant difference in the rate of SCC between Hispanic and non-
Hispanic women.

Among men, the rate of invasive anal SCC was significantly lower in the Midwest (RR of 0.80;
P < .05) than in the Northeast (Table 2). Among women, the rate was significantly higher in
the South (RR of 1.24; P <.05) and the West (RR of 1.14; P <.05) compared with the Northeast.
Compared with the rate for males, the rate of anal SCC was higher among females in all age,
race, ethnic, and geographic categories studied, with the exception of blacks, among whom the
rate was equivalent between men and women.

Age-specific Incidence Rates of Invasive Anal SCC
Among women, whites had the highest age-specific rate of invasive anal SCC between the
ages of 20 and 60 years (Fig. 1), whereas Hispanic women had the highest rate above age 60
years. The rate of anal SCC was low among Asian/Pacific Islander women, but it increased
markedly after age 55 years. Among men, blacks had the highest rate of SCC to approximately
age 60 years, but black men had the lowest rate beyond age 70 years. White men had the highest
rate beyond age 70 years.

Time-trends of Invasive Anal SCC
Invasive anal SCC rates in the 13 SEER regions increased significantly from 1992 through
2004, by 2.7% per year among males and by 2.8% per year among females (Table 3). During
the same time period, a marked annual increase in the rate of in situ tumors was observed
among females (4.0% per year); among males the rate was level. Rates of invasive tumors
increased by an estimated 3.0% per year among whites and 3.8% per year among blacks during
the 13-year period of observation. The APC was particularly sharp among black females,
among whom rates increased by 4.3% per year. In contrast, rates among Hispanics did not
change significantly from 1992 through 2004, although rates in this ethnic group were based
on fewer than 16 cases annually. Among women who were aged <50 years at the time of
diagnosis, the rate of SCC increased sharply during the time period between 1992 and 1998
(APC of 14.3%), but it plateaued thereafter. Among men who were <50 years of age, rates
increased during the entire study period (APC of 4.5%). Rates among men aged ≥65 years
increased by 2.9% per year, whereas the increase in rates among men ages 50 to 64 years was
smaller and nonsignificant. In contrast, rates for women ages 50 to 64 years increased by a
substantial 4.7% per year since 1992, whereas rates among women aged ≥65 years remained
unchanged.
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Stage Distribution of Anal SCC
The majority (58%) of anal SCCs were diagnosed at an early (in situ or localized) stage
independent of age (Table 4). A greater proportion of those patients aged <50 years at diagnosis
were found to have in situ SCC (23%) than did patients ages 50 to 64 years (10%) and those
aged ≥65 years (6%). Asians/Pacific Islanders were more often initially diagnosed with
regional or distant stage disease (28% and 12%, respectively) than were blacks (24% and 7%,
respectively) or whites (22% and 7%, respectively). A higher proportion of men were initially
diagnosed with in situ stage disease (17%) than were women (10%).

Five-year Relative Survival of Anal SCC
Overall, the 5-year relative survival among persons with anal SCC decreased with advancing
stage at diagnosis (Table 5). Individuals aged <50 years had lower 5-year relative survival for
in situ disease than did those diagnosed at older ages. Individuals aged ≥65 years had lower 5-
year relative survival when diagnosed with regional and distant stage disease than did younger
individuals. Blacks had a lower 5-year relative survival for in situ and localized disease than
did whites. Males had lower 5-year relative survival than did females for all stages of disease.

DISCUSSION
A key finding in this and other studies is the higher incidence of HPV-associated anal cancer
among women than among men.2,3,19 Risk factors for anal cancer among women include an
increasing number of sexual partners, a history of anogenital warts, a previous history of
cervical intraepithelial neoplasia of type 3 or of cervical cancer, a history of current smoking
at the time of diagnosis, a history of anal intercourse, HIV-positive status, and
immunosuppression. 8,20–27

HPV is known to be a necessary cause for 100% of cervical cancers,28 and HPV is the presumed
shared etiologic agent that leads to the subsequent increased risk for anal cancer. Anal
intercourse is among the presumed mechanisms by which HPV is introduced into the anal
canal, although the percentage of women with anal HPV infections or with anal cancer who
engage in anal intercourse has been found to be low in some studies.8,23 The low percentage
may be because of underreporting of anal intercourse by study participants, or there may be
other means by which HPV is introduced to the anal canal (ie, by the use of sex toys or auto
inoculation via the fingers or vaginal discharge).8,29

Men share many of the same risk factors for anal cancer as women. In addition, MSM have
been found to be at high risk for anal cancer.20,22,23 The incidence of anal cancer among MSM
has been estimated to be 35 per 100,000.27 Men who practice receptive anal intercourse are
generally at higher risk.20,22,23 Men with HIVare also at increased risk for anal cancer.27

To our knowledge, few studies to date have described the burden of anal cancer among racial
and ethnic minorities in detail. In accord with our findings, Frisch and Goodman30 reported
that Asians/Pacific Islanders had a significantly lower incidence of anal SCCs than did
Hawaiian whites and US mainland whites. Cress and Holly11 also found that the incidence of
anal SCCs was lower among Asians/Pacific Islanders than among other racial/ethnic groups
in California. Asians/Pacific Islanders have a low incidence of HIV31 and sexually transmitted
diseases (STDs) such as chlamydia and syphilis,32 as well as a lower prevalence of smoking
than among other racial and ethnic groups.33 The lower incidence of STDs and the lower
prevalence of these risk factors may contribute to the lower incidence of anal cancer in this
population. The increased incidence of anal SCC after the age of 50 to 59 years among Asian/
Pacific Islander women may be attributable to delayed onset of sexual activity and acquisition
of HPV in this population or to viral latency.30
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Hispanic men had a lower incidence of anal SCC than did non-Hispanic men, but a similar
difference was not observed between Hispanic and non-Hispanic women. Cress and Holly also
found that Hispanic women had a higher rate of anal cancer than Hispanic men, and that
Hispanics overall had a lower incidence of anal cancer than whites and blacks. Overall,
Hispanics have a lower incidence of STDs, such as chlamydia,32 and a lower prevalence of
smoking than other racial/ethnic groups.33 However, both Hispanic men and women have a
higher incidence of HIV than do whites. A lower percentage of Hispanic than non-Hispanic
men report acquisition of HIV through male-to-male sexual contact, suggesting a lower
prevalence of receptive anal intercourse in the Hispanic population, perhaps leading to a
reduced risk of anal squamous cell carcinoma.34 Hispanic women have a higher incidence of
cervical cancer in all age groups than do whites, blacks, and Asians/Pacific Islanders.35

Because a history of cervical cancer is a known risk factor for the later development of anal
cancer, cervical cancer may have contributed to the higher incidence of anal cancer in Hispanic
women aged >60 years in this study.6,7

We found that black men had a significantly higher incidence of anal SCC than did white men,
and black women had a significantly lower incidence than did white women, similar to findings
in other studies.2,3 The higher rate of SCC among black men was limited to black men aged
<60 years, suggesting a cohort effect. Black men have the highest incidence of HIV/acquired
immunodeficiency syndrome (AIDS) (124.8 per 100,000) compared with all other races/
ethnicities, perhaps contributing to the higher incidence of anal cancer among younger age
groups in this population. Interestingly, black women have a higher incidence of HIV/AIDS
and STDs such as chlamydia and syphilis than white women.32,34 Although rates of anal cancer
are currently lower among black women than among white women, we found that rates of anal
cancer among black women have been increasing since 1973.

Previous trend analyses have noted that the incidence of invasive anal cancer increased from
1973 to 2000 in both men and women.2,3,19 This analysis shows that rates have continued to
increase among men and women through 2004. Young (aged <50 years) and middle-aged
women (ages 50–64 years) were found to have a significant increase in anal SCC rates from
1992 through 2004. Young (aged <50 years) and older (aged ≥65 years) men were found to
have a significant increase in rates during the same time period. Black and white women and
white men also had a significant increase in rates during the time period studied, in contrast to
black men and Hispanics of both sexes. These differences may be attributable to differences
in sexual behavior or other risk factors by age, sex, and race/ethnicity, and to MSM and HIV/
AIDS in men.

A higher proportion of men and those aged <50 years were diagnosed with in situ anal SCC.
This is consistent with findings from a previous study.2 Young men who have risk factors for
anal cancer, such as HIV-positive status, may be under closer medical surveillance and may
be screened for anal cancer, resulting in a higher proportion with in situ disease.36 A higher
proportion of Asians/Pacific Islanders were diagnosed with regional and distant disease. The
incidence of anal cancer among Asians/Pacific Islanders is low; therefore, the reduced index
of suspicion in this population may result in a later stage at diagnosis.

Men had a lower 5-year relative survival than women for all stages of anal SCC. This
observation may be associated with the higher mortality among men with HIV/AIDS37 or to
premature death from heart disease and other causes. Blacks had lower 5-year survival rates
than did whites for in situ, localized, and regional disease, perhaps because of the higher burden
of HIV/AIDS in this population or differences in access to care.

The current analysis is limited by the absence of information regarding HPV status or indicators
of HPV exposure, such as sexual orientation, HIV status, or exposure to STDs. Furthermore,
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cases of AIN III were excluded from the analysis because cancer registries were not required
to submit these cases to the NPCR during the study period. Because some pathologists equate
AIN III with in situ disease, the incidence of in situ anal carcinoma may have been
underestimated. Other limitations include the small number of cases within some subgroups
of interest and the wide confidence intervals. We were unable to examine trends for Asian and
Hispanic subpopulations because both designations are comprised of persons from many
different countries. Anal cancer incidence, survival, and risk factors for these groups are likely
to vary considerably. Although the registry coverage for the South region was estimated to be
63% of the population, potentially biasing regional comparisons, the data covered 83% of the
US, a substantial strength of this analysis.

The quadrivalent HPV vaccine is currently approved for use in young women. The vaccine
provides coverage for HPV types 6, 11, 16, and 18. A bivalent vaccine, covering HPV-16 and
HPV-18, may receive US Food and Drug Administration approval soon. Given that 85% of
anal cancers are of a histology known to be associated with HPV, a substantial portion of all
anal cancers are theoretically preventable with the HPV vaccine. Research is currently
underway to determine the efficacy of the vaccine in men. Further studies regarding the safety
and effectiveness of the vaccine in high-risk populations such as MSM and HIV-positive men
and women are needed. Screening for anal cancer is not currently recommended by the United
States Preventive Services Task Force. Some researchers have advocated screening for anal
cancer through use of anal Papanicolaou (Pap) smears to detect AIN in high-risk populations,
particularly HIV-positive men.38 To our knowledge, no randomized clinical trials currently
exist that determine whether screening for anal cancer decreases mortality or improves
outcomes.39 There is little information regarding the natural history of AIN and the
effectiveness and tolerability of treatment for anal dysplasia.39 Further research is needed to
determine the risks and benefits of screening for anal cancer, particularly in high-risk
populations. Continued surveillance of anal cancers will also be necessary to determine the
impact of the HPV vaccine on anal cancer incidence among women as use of the vaccine
becomes widespread.
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FIGURE 1.
Age-specific incidence of invasive squamous cell anal cancer by sex and by race and ethnicity
according to the National Program of Cancer Registries and Surveillance, Epidemiology, and
End Results Program Registries, US, 1998 through 2003, are shown. Invasive squamous cell
anal cancer includes squamous cell carcinoma of the anus, anal canal, and rectum and the
squamous cell variants classified as transitional cell, basaloid, and cloacogenic. Hispanic origin
is not mutually exclusive of race categories (white, black, and Asian/Pacific Islander [API]).
Age is given in years. ‡Asian/Pacific Islander category was excluded for males because of
insufficient sample size.
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