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PURPOSE Squamous cell carcinoma of the anus (SCCA) incidence and mortality rates are rising in the
United States. Understanding state-level incidence and mortality patterns and associations with smoking and
AIDS prevalence (key risk factors) could help unravel disparities and provide etiologic clues.

METHODS Using the US Cancer Statistics and the National Center for Health Statistics data sets, we estimated
state-level SCCA incidence and mortality rates. Rate ratios (RRs) were calculated to compare incidence and
mortality in 2014-2018 versus 2001-2005. The correlations between SCCA incidence with current smoking
(from the Behavioral Risk Factor Surveillance System) and AIDS (from the HIV Surveillance system) prevalence
were evaluated using Spearman’s rank correlation coefficient.

RESULTS Nationally, SCCA incidence and mortality rates (per 100,000) increased among men (incidence, 2.29-
3.36, mortality, 0.46-0.74) and women (incidence, 3.88-6.30, mortality, 0.65-1.02) age = 50 years, but
decreased among men age < 50 years and were stable among similar-aged women. In state-level analysis, a
marked increase in incidence (= 1.5-fold for men and = two-fold for women) and mortality (= two-fold) for
persons age = 50 years was largely concentrated in the Midwestern and Southeastern states. State-level SCCA
incidence rates in recent years (2014-2018) among men were correlated (r = 0.47, P < .001) with state-level
AIDS prevalence patterns. For women, a correlation was observed between state-level SCCA incidence rates and
smoking prevalence (r = 0.49, P < .001).

CONCLUSION During 2001-2005 to 2014-2018, SCCA incidence and mortality nearly doubled among men and
women age = 50 years living in Midwest and Southeast. State variation in AIDS and smoking patterns may
explain variation in SCCA incidence. Improved and targeted prevention is needed to combat the rise in SCCA
incidence and mitigate magnifying geographic disparities.
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Creative Commons Attribution Non-Commercial No Derivatives 4.0 License @@@@

INTRODUCTION

The incidence and mortality rates of human papillo-

burden (number of cases) among seniors may con-
tinue to rise.®

mavirus (HPV)-associated squamous cell carcinoma
of the anus (SCCA) are rising rapidly (nearly 3% per
year) in the United States, particularly among adults
age 50 years or older (nearly 5% per year).!* Notably,
SCCA incidence surpassed cervical cancer among
non-Hispanic White women age = 65 years and the
incidence of these two cancers is approaching parity
among women age 50-64 years.® The population size
of US seniors (currently unvaccinated against HPV
because of age ineligibility) is projected to rise (from
49 million in 2016 to 81 million in 2040), with women
outnumbering men (5:4), implying that the SCCA
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Risk factors for SCCA include HIV infection, particu-
larly advanced disease (ie, AIDS), and current
smoking.®1° HIV-/AIDS-related  immunosuppression
enhances the carcinogenicity of HPV, causing an ele-
vated SCCA risk.2 Smoking impairs immune function,
prohibiting the ability to clear HPV infection.® It may
also inhibit apoptosis, promoting tumor growth.!!
The prevalence of these risk factors varies across
US statesfterritories.'>*®> AIDS prevalence is highest
(> 450/100,000 in men and > 175/100,000 in women)
in the District of Columbia (DC) and coastal US states/
territories (eg, in California, New York, and Florida).®®
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State Variation in Anal Cancer Incidence and Mortality

CONTEXT

Key Objective

What are the recent incidence and mortality patterns in human papillomavirus (HPV)—-associated squamous cell carcinoma
of the anus (SCCA) in association with state-level prevalence of HIV/AIDS and smoking (key oncogenic cofactors)?

Knowledge Generated

Recently, a more than 1.5-fold rise in anal cancer incidence among persons age = 50 years occurred. A correlation

with smoking prevalence patterns was observed for women. For men, SCCA incidence patterns were correlated with
HIV/AIDS prevalence patterns. Increases in anal cancer incidence and mortality rates call for improvements in
primary (ie, HPV vaccination) and secondary (early detection approaches) prevention and urgent treatment

advances.

Relevance (E.M. O’'Reilly)
This article describes important epidemiologic trends that have occurred over the past two decades related to the incidence

of SCCA in the United States and suggests opportunities for public health interceptions related to smoking cessation, HPV

vaccination, and early detection strategies.*

*Relevance section written by JCO Associate Editor Eileen M. O'Reilly, MD.

Smoking prevalence is highest (> 20% in men and women) in
the Southeastern and Midwestern states (eg, Louisiana, Mis-
sissippi, Ohio, and Tennessee).!* Given these differences in
the geographic concentration of risk factors, variations in SCCA
incidence and mortality patterns by geography may be ex-
pected but remain undescribed.

Analogous to cervical cancer, screening (using high-
resolution anoscopy [HRAI) to detect precancers and
treatment to prevent progression to SCCA have been used
mainly for persons living with HIV (PLWHIV). Mounting
data, including the Anal Cancer/HSIL Outcomes Research
(ANCHOR) study, demonstrate that anal precancer treat-
ment reduces SCCA risk among PLWHIV.**'7 Given the
implementation of screening and treatment practices for
PLWHIV in the most populous urban coastal regions for
over 15 years (eg, New York state implemented guidelines
in 2007, and HIV care providers in California have been
screening for SCCA since the 1990s),'82° SCCA incidence
patterns might have been affected by increased diagnostic
scrutiny, particularly among men age < 50 years as HIV
greatly contributes to SCCA (nearly 60%) in this age group,
but 20% among men age 50-79 years.*?!

Understanding the geographic differences in SCCA inci-
dence and mortality patterns could contribute to etiologic
hypotheses and have important implications for guiding
cancer prevention interventions and clinical practices.
Therefore, we evaluated patterns in SCCA incidence,
burden, mortality, and associations with smoking and HIV/
AIDS prevalence (overall and among persons age < 50
and = 50 years) in all 50 US states, the District of Columbia
(DC), and Puerto Rico (PR). In addition, a comprehensive
description of screening providers may help guide future
infrastructure development. Thus, we described the
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current screening locations and their distribution across the
United States.

METHODS
Data Sources

We used the US Cancer Statistics Data Set from the
Centers for Disease Control and Prevention’s (CDC) Na-
tional Program of Cancer Registries (NPCR) and the
National Cancer Institute’s (NCI) SEER Program data set
to analyze SCCA cases diagnosed from 2001 to 2018.22
This data set includes cancer incidence data from central
cancer registries reported to NPCR in 46 states, DC, and
SEER in four states and covers > 98% of the US pop-
ulation from 2001 through 2018. Anal cancer death data
were obtained from information recorded in death cer-
tificates ascertained from the National Center for Health
Statistics (NCHS). Data for PR were extracted from the PR
Central Cancer Registry. Current smoking prevalence by
sex, age (< 50 and = 50 years), and state was obtained
from The Behavioral Risk Factor Surveillance System
surveys. Similarly, stratified HIV/AIDS prevalence was
obtained from the CDC’s HIV Surveillance system. SCCA
screening infrastructure details (ie, location of HRA pro-
viders) are compiled and maintained by the International
Anal Neoplasia Society (IANS).

Case Definition

We identified anal cancer cases on the basis of the In-
ternational Classification of Diseases for Oncology, third
edition (ICD-0-3; site codes anal, not otherwise specified
[C21.0]; anal canal [C21.11; cloacogenic zone [C21.2]; and
overlapping lesion of rectum, anus, and anal canal
[C21.8]), and SCCA cases were identified using histologic
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codes (8050-8076, 8083-8084, and 8123-8124).2% Only
malignant and microscopically confirmed cases were in-
cluded in the analysis. Cases of unknown age and sex and
those whose cancer was diagnosed at autopsy or was first
documented on the death certificate were excluded (Data
Supplement, online only).

Statistical Analysis

SCCA incidence rates and anal cancer mortality rates
for 2001-2005 and 2014-2018 were calculated by sex,
age (< 50 and = 50 years), and state of residence. The
incidence and mortality rates were age-adjusted to the 2000
US standard population and expressed per 100,000 per-
sons. SEER*Stat version 8.3.9. was used for the analysis. US
regions were categorized as Southeast, Northeast, Midwest,
rocky mountain, Pacific, Southwest, and noncontiguous.
We also reported cancer burden (ie, incident cases) as a
function of population size and composition. Given the rarity
of SCCA incidence and mortality in many states, we cal-
culated the rate ratios (RRs) to examine the change in SCCA
incidence rates from earlier (2001-2005) years to recent
(2014-2018) years. We also estimated annual percentage
changes (APCs) and average APCs (AAPCs) for states with
available annual data (ie, minimum number of 16 cases).?*
Joinpoint software version 4.7.0 was used to estimate
piecewise log-linear trends and derive APCs and AAPCs. P
values were estimated using the permutation distribution of
the test statistic (statistical significance at P < .05, 2-sided).
The relationship between SCCA risk factors (smoking and
HIV/AIDS) and incidence was assessed using Spearman’s
rank correlation coefficient. P values were two-tailed (a =
.05) on the basis of the permutation method (incidence) or
the Wald x2 test (prevalence). Screening locations were
mapped using latitude and longitude (ie, coordinates) on the
basis of the HRA providers’ addresses. All maps were
created using R (version 3.6.4).

RESULTS

Between 2001 and 2018, 88,159 SCCA cases and 14,483
anal cancer deaths were identified in the United States.
Patient characteristics and geographic distribution of SCCA
cases and anal cancer deaths in 2001-2005 and 2014-
2018 are presented in the Data Supplement.

During 2001-2005, annually, on average, 1,266 men (in-
cidence [per 100,000], 0.94) and 2,222 women (inci-
dence, 1.42) were diagnosed with SCCA, which increased
during 2014-2018 to 2091 men (incidence, 1.20; RR,
1.27,95% CI, 1.23 to 1.31) and 4,227 women (incidence,
2.08; RR, 1.46; 95% ClI, 1.43 to 1.50; Fig 1A and Data
Supplement). Incidence and proportion of cases diagnosed
at age = 50 years increased both among men (incidence,
from 2.29 to 3.36; RR, 1.47; 95% Cl, 1.42 to 1.53; pro-
portion, from 66.1% to 82.7%) and women (incidence,
from 3.88 to 6.30; RR, 1.63; 95% ClI, 1.58 to 1.67; pro-
portion, from 77.7% to 89.4%; Fig 1A and Data
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Supplement). By contrast, the SCCA incidence among men
and women age < 50 years was < 0.5 per 100,000 and
declined among men (RR, 0.87; 95% Cl, 0.81 to 0.92)
but was stable among women (RR, 0.96; 95% Cl, 0.91 to
1.02). Anal cancer mortality followed a similar pattern—
increased > 1.5-fold both among men (0.46 to 0.74;
RR, 1.62;95% Cl, 1.49 10 1.77) and women (0.65 to 1.02;
RR,1.57;95%Cl, 1.47t01.67)age = 50years (Fig 1B and
Data Supplement), with an increased proportion occurring
among = 50-year-old men (78.2% to 88.0%) and women
(86.5% to 93.1%). Incidence and mortality rates were
highest (particularly for women) in the Southeast and
Midwest US regions that collectively contributed to more
than 50% of the national burden (Figs 2A and 2B).

In state-specific analysis, SCCA incidence increased in nearly
all states, with notable increases in the Midwestern and
Southeastern states (Fig 3 and Data Supplement). For men,
states with the highest (9 of the top 10) relative increase
were concentrated in Midwest and Southeast—Tennessee
(RR = 1.92), lowa (RR = 1.82), Kentucky (RR = 1.66),
Louisiana (RR = 1.64), Delaware (RR = 1.55), Wisconsin
(RR = 1.54), Alabama (RR = 1.53), Indiana (RR = 1.50),
and Michigan (RR = 1.49; all P< .01). For women, marked
increases were also concentrated (8 of the top 10) in
Midwest and Southeast—Mississippi (RR = 2.12), North
Dakota (RR = 2.05), Nebraska (RR = 2.04), West Virginia
(RR = 1.92), Minnesota (RR = 1.90), lowa (RR = 1.85),
Tennessee (RR = 1.78), and Wisconsin (RR = 1.78; all
P < .01).

For men age < 50 years, SCCA incidence decreased in
New Jersey (RR = 0.43), California (RR = 0.60), Illinois
(RR = 0.71), Florida (RR = 0.72), and Colorado
(RR = 0.54; all P < .01; Data Supplement). During the
same years, a significant increase was observed in
Kentucky and Tennessee (southeastern states), and RRs
were > one in seven states for men (all from the southeast
and Midwest) and 18 states for women (15 from the
Southeast and Midwest; Data Supplement). A significant
34% decline (RR = 0.66, P < .001) also occurred among
women age < 50 years in California.

SCCA incidence among individuals age = 50 years in-
creased with a greater magnitude in nearly all states,
particularly among women (RR of = 2 for 12 states; 11
of which were from the Midwest and Southeast]; Data
Supplement). Notably, the SCCA incidence in 2014-2018
has reached nearly 8 per 100,000 among women
age = 50 years in ldaho, Kentucky, Oregon, Tennessee,
Vermont, Indiana, West Virginia, and Florida.

Findings were consistent when annual percentage changes
were estimated for states with available data (Data Sup-
plement). Forinstance, the SCCA incidence has decreased
by 21.1% per year among men age < 50 years in recent
years (2015-2018) in California and 3.2% among similar-
aged women (both P < .01). Among men and women
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FIG 1. Burden and incidence of SCCA and anal cancer deaths among persons age < 50 years and 50 years and older men and women in the
United States in 2001-2005 and 2014-2018: National Program of Cancer Registries and SEER Program and National Center for Health Statistics
database. In both men and women, (A) the proportion of SCCA cases and (B) the proportion of anal cancer deaths representative of persons age < 50
and = 50 years increased nationally (2001-2005 and 2014-2018). The incidence and mortality rates® also increased among persons age = 50 years, but
not among persons age < 50 years. °Rates were calculated as the number of cases per 1,00,000 person-years and age-adjusted to the 2000 US standard
population. SCCA, squamous cell carcinoma of the anus.

age = 50 years, the annual percentage change was > 3%
in most states. Notably, the SCCA incidence has increased
nearly or above 5% per year among women age = 50 years
in lowa, Minnesota, Ohio, Pennsylvania, South Carolina,
Tennessee, and Wisconsin.

In ad hoc analysis, when compared with cervical cancer
incidence among women age = 50 years, the gap between
cervical cancer and SCCA incidence narrowed between
2001-2005 and 2014-2018 (Data Supplement) and inci-
dence was comparable in 12 states.

Overall, anal cancer mortality rates increased in nearly all US
states, with the highest increases concentrated (8 of the top 10
states) in the Midwest and Southeast—Wisconsin (RR = 2.13),
Alabama (RR = 2.09), Arkansas (RR = 2.06), Nebraska
(RR = 2.00), Maryland (RR = 1.90), Louisiana (RR = 1.86),
Georgia (RR = 1.85), and Kentucky (RR = 1.82; all P < .01;
Fig 4 and Data Supplement). The relative increase in mortality
was greater for persons age = 50 years in all states (Data
Supplement).

AIDS prevalence (from 2000 to 2013) increased in nearly
all states, particularly among persons age = 50 years (Data
Supplement). Current smoking prevalence (from 2001-
2005 to 2014-2018) generally decreased in nearly all
states, with a greater magnitude of decreases among < 50-
year-old persons (Data Supplement).

Journal of Clinical Oncology

An association was observed between state-level AIDS
prevalence and SCCA incidence in 2014-2018 among men
(r=0.47, P < .01) but not among women (r = -0.08,
P = 58; Fig 5). Current smoking prevalence in 2014-2018
was associated with SCCA incidence among women
(r =049, P < .001) but not among men (r = 0.22,
P = .12). Additional findings comparing AIDS and smoking
prevalence with SCCA incidence and AIDS, smoking, and
SCCA RRs stratified by age are presented in the Data
Supplement. A strong correlation was observed between
state-level smoking rates and SCCA incidence among
women age < 50 years (r = 0.74, P < .001). AIDS and
SCCA trends were correlated (r = 0.58, P < .01) among
men age < 50 years.

Figure 6 provides an illustration of the current screening
infrastructure. Nationally, in 2022, there were 181 HRA
clinics (a detailed description is available in the Data
Supplement). Most (47%) HRA clinics are currently con-
centrated in California (25), New York (25), Florida (15),
Maryland (9), and Massachusetts (9).

DISCUSSION

Our study provides a recent nationwide view of SCCA
incidence and mortality, reveals geographic disparities,
and offers etiologic clues for state variation in incidence
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FIG 2. Burden and incidence of SCCA and anal cancer deaths according to regions among men and women in the United States in 2001-2005 and
2014-2018: National Program of Cancer Registries and SEER Program and National Center for Health Statistics database. (A) SCCA burden (by
region) and (B) anal cancer deaths (by region) among both men and women were highest in the Southeast region, followed by the Midwest region,
which collectively contributed to more than 50% of the national burden (2001-2005 and 2014-2018). The incidence rates® were also high in these
regions in recent years, particularly among women. ?Rates were calculated as the number of cases per 1,00,000 person-years and age-adjusted to the
2000 US standard population. For cases diagnosed from 2003 through 2017, 100% of the population is covered for all 50 states and the District of
Columbia. In 2001 and 2002, cases that were diagnosed in Mississippi are not available, and in 2018, cases that were diagnosed in Nevada are not
available. SCCA, squamous cell carcinoma of the anus.

patterns. Between 2001-2005 and 2014-2018, SCCA in-
cidence nearly doubled among persons age = 50 years
living in the Midwest and Southeast. A marked two-fold rise
in anal cancer deaths among = 50-year-old persons was
also concentrated in the Midwestern and Southeastern
states. These regions collectively contributed to more than
50% of the national SCCA burden and deaths. Correlation
analysis suggests that state variation in SCCA incidence
patterns among men and women may be explained by
AIDS and current smoking patterns, respectively.

Among men age < 50 years, SCCA incidence increased in
Georgia, Tennessee, Kentucky, and Louisiana. By contrast,
a decline occurred in California, Florida, New Jersey, and
lllinois. Correlation between AIDS and SCCA trends suggests
that immune restoration from antiretroviral therapy might
have translated into protective benefits in SCCA prevention
in these states with greater linkage to HIV care.2® By contrast,
acute barriers to HIV care,? leading to a greater proportion of
undiagnosed HIV and late HIV diagnoses in the southern
rural states (consistent with rising AIDS prevalence),
might have translated into increased HIV-attributable
SCCA incidence, contributing to the overall rise among
young men. Recent advancements, including newly ap-
proved HIV medications for young individuals (eg,
bictegravir/emtricitabine/tenofovir alafenamide) and long-
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acting injectable pre-exposure prevention, may play a cru-
cial role in reversing HIV-attributable SCCA incidence.?’ The
greater magnitude of the decline in California may also be
due to the combined effect of decreased AIDS prevalence
and low smoking rates. The decline in SCCA incidence in
urban populous states (ie, Florida, lllinois, and particularly
California) may also be partly explained by early adoption
and relatively wider implementation of screening and
treatment practices. Of note, despite our attempt to provide
an explanation for state variation in SCCA incidence trends in
men, we caution against overinterpretation of these patterns
and correlations because of sparse data in some states.

Among women, SCCA is rising most rapidly in the Midwest
and Southeast, where current smoking prevalence is
prominent. A stronger correlation between smoking and
SCCA that we observed among young women but not
among men is consistent with findings from a case-control
study from Sweden and Denmark that reported high SCCA
risk among premenopausal women who currently smoked
(OR, 5.6; 95% ClI, 2.4 to 12.7), but no association was
observed for postmenopausal women or men.?® The study
further reported that anal cancer risk increased linearly by
6.7% (95% ClI, 3.0 to 10.7) per pack-year of smoking for
premenopausal women (P for trend < .001). Consistent
with our finding, a recent study also reported a relatively
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FIG 3. State-specific incidence rates and RRs for SCCA among men and women in 2001-2005 and 2014-2018: National Program of Cancer Registries
and SEER Program and National Center for Health Statistics database. The incidence rates® and RRs for each state are highlighted by subregions among
men and women: (A) men incidence rate 2001-2005, (B) men incidence rate 2014-2018, (C) men rate ratios, (D) women incidence rate 2001-2005, (E)
women incidence rate 2014-2018, and (F) women rate ratios. Among men and women, incidence increased in nearly all states, with prominent increases
largely concentrated in the Midwest and Southeast. ?Rates were calculated as the number of cases per 1,00,000 person-years and age-adjusted to the
2000 US standard population. For cases diagnosed from 2003 through 2017, 100% of the population is covered for all 50 states and the District of
Columbia. In 2001 and 2002, cases that were diagnosed in Mississippi are not available and in 2018, cases that were diagnosed in Nevada are not
available. RR, rate ratio; SCCA, squamous cell carcinoma of the anus.

rapid increase in SCCA incidence, particularly among
women (5% per year v 2% per year) living in US counties
with high smoking prevalence (27% to 53%) compared
with those living in counties where smoking was less
prevalent (3% to 18%).2° New data revealed higher
prevalence, incidence, and persistence of anal HPV in-
fection among men who were current smokers compared
with never smokers.*° Similar evidence for women will be
necessary to understand the extent of association between
current smoking as a cofactor with HPV in anal cancer
carcinogenesis.

The growing number of aging birth cohorts who were never
eligible for HPV vaccination and rapidly rising AIDS prev-
alence among aging persons imply that the SCCA burden
among seniors may continue to rise for several more de-
cades. Indeed, the narrowing gap between SCCA and
cervical cancer among women age = 50 years implies that
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age-based screening recommendations for SCCA might
also be potentially considered.®® The current screening
emphasis is on high-risk PLWHIV given their elevated risk
and scarcity of screening resources; however, the contri-
bution of HIV to the SCCA burden among older women is
low (< 2%),%32 which implies that wide implementation of
screening for PLWHIV will be unlikely to have any impact on
SCCA prevention/early detection among the general pop-
ulation of aging women, indicating the need to identify
other risk groups (eg, history of cervical precancer or high-
risk cervical HPV and solid organ transplantation) that
may contribute to SCCA burden greatly and thus could
be potentially targeted for screening evaluation and
implementation.®33-3® Future evaluation and implementa-
tion of the approaches for early detection of anal cancer
(eg, digital anorectal examination or DARE) may also be an
important public health opportunity.®®
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concentrated in the Midwest and Southeast. ?Rates were calculated as the number of cases per 1,00,000 person-years and age-adjusted to the 2000 US
standard population. RR, rate ratio.

Unfortunately, the marked increases in anal cancer
mortality rates both among men and women were also
concentrated in the Midwest and Southeast regions.
Notably, a nearly three-fold rise in mortality among men in
Wisconsin and South Carolina and a nearly two-fold rise in
Tennessee, Maryland, and Georgia (states with high HIV
prevalence and limited screening infrastructure) are
troubling. With the emergence of evidence-based SCCA
screening recommendations, improving screening infra-
structure particularly in states with high HIV prevalence
should be a priority. Furthermore, continuous improve-
ment in the treatment for SCCA for both early-stage and
late-stage disease and the development of appropriate
treatment infrastructure are also needed.®” Particularly,
unmet needs in terms of the lack of treatment options
remain for patients who present with surgically unre-
sectable or metastatic disease. Ongoing clinical trials
evaluating novel treatment options (eg, cytotoxic therapy
and immunotherapy) represent an important opportunity
for treatment advances.®’

Our study also has important implications for primary
prevention through HPV vaccination. Unfortunately,
regions/states (mostly in the Midwest and Southeast re-
gions) that are currently seeing a marked rise in SCCA
incidence have some of the lowest HPV vaccination cov-
erage in the nation and have the highest level of parental
HPV vaccine hesitancy, with more than half of parents of
unvaccinated adolescents lacking the intention to initiate
the HPV vaccination series in each state.3® Unfortunately,
in recent years, parental denial driven by unfounded
vaccine safety concerns has also increased in nearly all
states in these regions.>“° Coordinated promotional
campaigns and aggressive efforts among health care
providers, parents, policymakers, and local health agencies

1234 © 2022 by American Society of Clinical Oncology

should be a public health priority to combat magnifying
geographic disparities.*42

Our study has certain limitations. First, individual-level risk
factors, including HIV, sexual behaviors, and smoking
status, are not captured in cancer registries. Therefore,
their impact on the increasing SCCA incidence cannot be
directly measured, limiting our evaluation to measure
correlation than causation. Future research is needed to
establish reasons for regional disparities. Second, PLWHIV
are known to have a high smoking prevalence.***
Therefore, state variation in SCCA trends may be influ-
enced by the combined effect of HIV/AIDS and smoking.
However, the absence of information on the presence of
both risk factors within one database limited us from
measuring the combined effect of these risk factors. Fur-
thermore, the unavailability of data limited us from studying
the association between the intensity of smoking use and
SCCA incidence patterns. Third, although we explore the
correlation between SCCA with smoking and HIV/AIDS (ie,
established oncogenic cofactors that enhance the carci-
nogenicity of HPV), state variation in the prevalence of
factors that may contribute to greater acquisition (eg, same-
sex sexual contact, heterosexual anal intercourse) or
persistence (eg, immunosuppression related to organ
transplantation) of anal HPV might have also contributed to
the observed state variation in the SCCA incidence patterns.
Indeed, future research is needed to understand what
factors other than HIV/AIDS and smoking may explain the
state variation in SCCA incidence and mortality trajectories.
Fourth, sample size limitations precluded us from de-
scribing AAPC as our primary outcome measure. However,
when we compared RRs with AAPCs in states/regions with
available data, the RR patterns were consistent with
AAPCs, which supports the robustness of our findings.
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FIG 5. Correlation between SCCA incidence and AIDS and smoking prevalence: SCCA incidence and AIDS prevalence among (A) men and (B)
women and SCCA incidence and smoking prevalence among (C) men and (D) women. There was an association between AIDS prevalence and
anal cancer incidence among men and smoking prevalence and anal cancer incidence among women on the basis of Spearman’s
rank correlation coefficient. Spearman’s rank correlation coefficient with corresponding two-sided P values. SCCA, squamous cell carcinoma of

the anus.

Fifth, because tumor histology information is not collected
in death certificates, it was impossible to estimate SCCA
mortality. However, most anal cancer deaths (nearly 90%)
arise from SCCA cases, and given the similarity to
incidence-based mortality trends, anal cancer mortality
could serve as a proxy measure for SCCA mortality.! Finally,

Journal of Clinical Oncology

although we report an overall decline in SCCA trends
among young men, state variation among racial/ethnic
groups is likely driven by inequalities in underlying HIV/
AIDS prevalence and care.*® Despite these limitations, the
principal strength of our study is that the use of nationwide,

high-quality, registries and national

population-based
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surveys allowed us to provide a comprehensive and up-to-
date view of state-level SCCA incidence and mortality
patterns in the United States in association with smoking
and AIDS patterns.

In summary, our study reveals geographic disparities and
attempts to explain the state variation in SCCA incidence
patterns in association with smoking and AIDS patterns.
The decline in SCCA incidence among young men in states
where AIDS prevalence declined underscores the impor-
tance of early HIV diagnosis and care, particularly in the
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