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Abstract

Background: Anal intraepithelial neoplasia grade III is a precursor to squamous cell carcinoma of the anus for which rates are nearly
20-fold higher in people with HIV than in the general population in the United States. We describe trends in anal intraepithelial neo-
plasia grade III diagnosis and risk of squamous cell carcinoma of the anus following anal intraepithelial neoplasia grade III by HIV
status and sex.

Methods: We used data from a population-based linkage between cancer and HIV registries in 11 US states; Puerto Rico;
and Washington, DC, during 1996-2019. We identified all individuals with a diagnosis of anal intraepithelial neoplasia grade III and
determined their HIV status. We estimated the average annual percentage change of anal intraepithelial neoplasia grade III using
Poisson regression stratified by HIV status and sex. We estimated the 5-year cumulative incidence of squamous cell carcinoma of the
anus following an anal intraepithelial neoplasia grade III diagnosis stratified by sex, HIV status, and prior AIDS diagnosis.

Results: Among people with HIV, average annual percentage changes for anal intraepithelial neoplasia grade III were 15% (95% confi-
dence interval [CI]¼ 12% to 17%) per year among females and 12% (95% CI¼ 11% to 14%) among males. Average annual percentage
changes for those without HIV were 8% (95% CI¼ 7% to 8%) for females and 8% (95% CI¼ 6% to 9%) for males. Among people with HIV,
a prior AIDS diagnosis was associated with a 2.7-fold (95% CI¼ 2.23 to 3.40) and 1.9-fold (95% CI¼ 1.72 to 2.02) increased risk of anal
intraepithelial neoplasia grade III diagnosis for females and males, respectively. Five-year cumulative incidence of squamous cell
carcinoma of the anus following anal intraepithelial neoplasia grade III for people with HIV with a prior AIDS diagnosis were 3.4%
and 3.7% for females and males, respectively.

Conclusions: Rates of anal intraepithelial neoplasia grade III diagnoses have increased since 1996, particularly for people with HIV,
likely influenced by increased screening. A prior AIDS diagnosis was strongly associated with risk of anal intraepithelial neoplasia
grade III diagnosis.

Squamous cell carcinoma of the anus is predominantly caused by
infection with high-risk human papillomavirus. Though anal can-
cer is relatively rare in the United States, incidence and mortality
rates increased 2.7% and 3.1% per year during 2001-2015, respec-
tively (1). Rates of anal cancer are elevated in immunosuppressed
populations, particularly among people with HIV, where rates are
nearly 20-fold higher compared with the US general population (2).
Males with HIV constituted 35% of squamous cell carcinoma of the
anus diagnoses among all males, while females with HIV consti-
tuted 2% of squamous cell carcinoma of the anus diagnoses among
females in the United States during 2013-2015 (3). Among people
with HIV, anal cancer rates are notably higher among men who
have sex with men (MSM), and risk increases with age and a history
of AIDS diagnosis (2). Low CD4 cell counts and high HIV RNA levels
are also associated with anal cancer risk in this population (4).

Anal intraepithelial neoplasia grade III, also known as severe
dysplasia of the anus, is a precursor of squamous cell carcinoma
of the anus and, along with p16-positive anal intraepithelial neo-
plasia grade II, constitutes high-grade squamous intraepithelial
lesions (HSIL). Although the majority of anal intraepithelial neo-
plasia grade III does not progress to squamous cell carcinoma of
the anus and some regress completely, an estimated 1%-5% will
progress to cancer within 5 years of detection (5-7). The vast
majority of anal intraepithelial neoplasia grade III are asympto-
matic and therefore require screening for detection and diagnos-
tic confirmation, which varies substantially by region and HIV
status. The gold standard approach for detecting anal intraepi-
thelial neoplasia grade III is high-resolution anoscopy and high-
resolution anoscopy–guided biopsy (8-10). In some settings, anal
cytology is used as an initial screening test to identify patients
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who are at risk for anal precancer and require high-resolution

anoscopy referral (9,11,12). Importantly, recent results from

the Anal Cancer–HSIL Outcomes Research (ANCHOR) trial

have shown that among people with HIV, treatment of HSIL

can reduce the 4-year cumulative incidence of anal cancer by

57% (13).
Because of the rarity of anal cancer, screening efforts are

focused on groups with the highest risk for anal intraepithelial

neoplasia grade III and anal cancer, such as people with HIV and

those who engage in receptive anal intercourse (14). However,

consensus recommendations are lacking, and clinical practice

varies widely (12). In part because of the infrequency of anal

intraepithelial neoplasia grade III screening and the rarity of anal

cancer in the general population, no study to date has had suffi-

cient sample sizes to compare the risk of squamous cell carci-

noma of the anus following a diagnosis of anal intraepithelial

neoplasia grade III by HIV status. And finally, identifying popula-

tions at greater risk of anal cancer following anal precancer may

be informative for public health strategies to prevent and detect

anal cancer.

Methods
Study population and disease classifications
In this population-based registry linkage study, we used data

from all participating regions in the HIV/AIDS Cancer Match

study, a data linkage study of HIV and cancer registries, from

1996 through 2019. Participating regions included 11 US states

(Colorado, Connecticut, Georgia, Louisiana, Massachusetts,

Maryland, Michigan, New Jersey, New York, North Carolina, and

Texas); Washington, DC; and Puerto Rico. We included individu-

als aged 20-85 years in our study population. For individuals with

HIV, follow-up began at the latter of HIV report date, beginning of

registry coverage, or at age 20 years and ended at the first of

death, end of registry coverage, or at age 85 years.
Cancer registry data include cancer diagnosis date, tumor site,

morphology, and stage. Cases of anal intraepithelial neoplasia

grade III are reportable to cancer registries, meaning that they

are cases that the registry is required to collect and report (15),

and were identified using International Classification of Diseases

for Oncology (ICD-O-3) site codes C21.0 (anus, not otherwise

specified, excludes skin of anus and perianal skin), C21.1 (anal

canal), C21.2 cloacogenic zone), and C21.8 (overlapping lesion in

rectum, anus, and anal canal) with behavior code 2 for in situ

(16). Cases of anal intraepithelial neoplasia grade III and squa-

mous cell carcinoma of the anus were restricted to histology

codes 8010-8084. To classify stage at diagnosis, we used the

Surveillance, Epidemiology, and End Results (SEER) Summary

Stage 2000: localized (confined to anus), regional (spread outside

the anal area to nearby structures or lymph nodes), distant

(spread to distant parts of the body), and unknown stage. For

anal intraepithelial neoplasia grade III, we restricted to those

with a diagnostic confirmation based on positive histology (131

diagnoses were based on positive cytology and excluded). HIV

status of cancer cases was determined based on linkage to the

HIV registries.
The HIV/AIDS Cancer Match study was approved by institu-

tional review boards at participating registries and was exempt

from review at the US National Institutes of Health. Consent of

participants was not required for the use of data collected

through public health surveillance.

Statistical approach
We described the patient characteristics of individuals with a
diagnosis of anal intraepithelial neoplasia grade III by sex and
HIV status. The number of cases of anal intraepithelial neoplasia
grade III and total person-years in people with HIV were sub-
tracted from general population estimates within sex, age, race
and ethnicity, year, and registry-specific strata to estimate asso-
ciations for risk of anal intraepithelial neoplasia grade III in males
and females with and without HIV. We compared the incidence
of anal intraepithelial neoplasia grade III in people with HIV with
that in the general population using standardized incidence
ratios and 95% confidence intervals (CIs). Standardized incidence
ratios were derived by dividing the observed number of cases in
people with HIV by the expected number based on incidence
rates in the general population within strata defined by sex, age,
race and ethnicity, calendar year, and registry.

We used Poisson regression to estimate the average annual
percent change in anal intraepithelial neoplasia grade III rates
with an offset of the natural log of person-years, adjusted for age
group, race and ethnicity, and region within sex and HIV status–
specific strata. We conducted additional sensitivity analyses to
investigate the linearity assumption for a trend over time by visu-
ally inspecting the adjusted incidence rate ratios for each year
within strata. Based on visual inspection, we compared the aver-
age annual percent changes for years 1996-2004 with those of
2005-2019 to identify potential differences in trends during those
2 periods.

We estimated 5-year cumulative incidence of squamous cell
carcinoma of the anus following anal intraepithelial neoplasia
grade III diagnosis stratified by HIV status using the Fine and
Gray (17) cumulative incidence regression model to account for
the competing risk of death. We estimated the subdistribution
hazard ratios (HRs) for subsequent risk of squamous cell carci-
noma of the anus following anal intraepithelial neoplasia grade
III according to sex, HIV status, and AIDS diagnosis, adjusted for
age at anal intraepithelial neoplasia grade III diagnosis. We used
females without HIV as the reference group because they had the
largest number of anal intraepithelial neoplasia grade III and we
hypothesized that their risk would be lowest.

Analyses were conducted in R using the cmprsk and mstate
packages (18).

Results
In more than 1 billion person-years of observation during 1996-
2019, we observed 2815 and 1714 cases of anal intraepithelial
neoplasia grade III in females and males, respectively, without
HIV. Among people with HIV, we observed 4.5 million person-
years and 774 and 3958 cases of anal intraepithelial neoplasia
grade III in females and males, respectively (Table 1). For males
with and without HIV, anal intraepithelial neoplasia grade III
tended to be diagnosed at younger ages than in females. Among
people with HIV with anal intraepithelial neoplasia grade III, 78%
of females and 65% of males had a prior diagnosis of AIDS.

The overall standardized incidence ratios for anal intraepithe-
lial neoplasia grade III in females and males with HIV were 82.0
(95% CI¼ 76.0 to 88.4) and 278.6 (95% CI¼ 269.2 to 288.1), respec-
tively, and were greatest in the youngest age groups. Among indi-
viduals aged 20-29 years, standardized incidence ratios showed
that anal intraepithelial neoplasia grade III rates in people with
HIV were elevated 482.2-fold (95% CI¼ 433.1 to 535.3) in males
and 250.0-fold (95% CI¼ 152.7 to 386.1) in females (Figure 1).
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Incidence rates and annual percentage changes
Based on Poisson regression estimates, we observed large average
annual percentage changes for males and females with and with-
out HIV. Rates of anal intraepithelial neoplasia grade III increased
8% (95% CI¼ 7% to 8%) per year in females without HIV and 15%
(95% CI¼ 12% to 17%) per year in females with HIV during 1996-
2019. For males during 1996-2019, rates of anal intraepithelial
neoplasia grade III increased by 6% (95% CI¼ 5% to 7%) per year
in males without HIV and 14% (95% CI¼ 13% to 14%) per year in
males with HIV. We also examined trends separately for 1996-
2004 and 2005-2019. We found no evidence of a difference in
average annual percentage changes for females between calen-
dar periods 1996-2004 and 2005-2019. However, in males with
and without HIV during 1996-2004, there was no evidence of a
trend that was statistically different from zero for males without
HIV (average annual percentage change¼ 1%, 95% CI ¼ -3% to

6%) or males with HIV (average annual percentage change¼ 1%,
95% CI ¼ -5% to 8%). During 2005-2019, rates of anal intraepithe-
lial neoplasia grade III increased 8% (95% CI¼ 6% to 9%) in
males without HIV and 12% (95% CI¼ 11% to 14%) for males
with HIV.

We present incidence rate ratios based on Poisson regression
estimates, which account for the underlying demographic distri-
butions in these populations. Among females without HIV, inci-
dence rates of anal intraepithelial neoplasia grade III were
greatest among non-Hispanic Black and non-Hispanic White
females compared with Hispanic females or those with another
race or ethnicity. Anal intraepithelial neoplasia grade III diagno-
ses also increased with age. For males without HIV, incidence
rates were greatest in non-Hispanic Black males (incidence rate
ratio ¼ 1.62, 95% CI¼ 1.45 to 1.81 compared with non-Hispanic
White males) and in males aged 40-59 years (Table 2).

Table 1. Characteristics of individuals with a diagnosis of anal intraepithelial neoplasia grade III from 1996 through 2019 according to
HIV status and sex in 11 US states; Puerto Rico; and Washington, DCa

Variable HIV- female (n¼2815) HIVþ female (n¼774) HIV- male (n¼1714) HIVþmale (n¼3958)

Race and ethnicity
Hispanic 307 (11%) 328 (42%) 151 (8.8%) 1094 (28%)
Non-Hispanic Black 387 (14%) 335 (43%) 238 (14%) 1146 (29%)
Non-Hispanic White 2030 (72%) 68 (8.8%) 1135 (66%) 1377 (35%)
Another race or missing 91 (3.2%) 43 (5.6%) 190 (11%) 341 (8.6%)

Age at anal intraepithelial neoplasia
grade III diagnosis, y
20-29 69 (2.5%) 20 (2.6%) 140 (8.2%) 446 (11%)
30-39 289 (10%) 106 (14%) 264 (15%) 936 (24%)
40-49 569 (20%) 269 (35%) 392 (23%) 1298 (33%)
50-59 837 (30%) 296 (38%) 462 (27%) 979 (25%)
60 and older 1049 (37%) 83 (11%) 448 (26%) 297 (7.5%)
Unknownb 2 0 8 2

Time since HIV diagnosis, y
<1 — 5 (0.7%) — 307 (8.5%)
1-5 — 39 (5.5%) — 680 (19%)
5-10 — 90 (13%) — 742 (21%)
>10 — 570 (81%) — 1880 (52%)
Unknownb 70 349

Prior AIDS diagnosis
No — 168 (21.7%) — 1390 (35.1%)
Yes — 606 (78.3%) — 2568 (64.9%)

a HIVþ ¼ with HIV; HIV- ¼ without HIV.
b Conducted as sensitivity analyses.
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Figure 1. Standardized incidence ratio of anal intraepithelial neoplasia grade III diagnosis in females and males with HIV compared with the general
population within age group in 11 US states; Puerto Rico; and Washington, DC, 1996-2019.
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Hispanic females with HIV were 72% (incidence rate ratios ¼
1.72, 95% CI¼ 1.29 to 2.34) more likely to have an anal intraepi-
thelial neoplasia grade III diagnosis compared with non-Hispanic
White and non-Hispanic Black females with HIV (Table 2). We
observed similar rates of anal intraepithelial neoplasia grade III
diagnoses in females with HIV aged 50-59 years as those aged 40-
49 years, whereas incidence rates were lower for age groups
younger than 40 years as well as for those aged 60-85 years. For
females with HIV, incidence rates of anal intraepithelial neopla-
sia grade III increased with increasing time since HIV diagnosis.
Females with a prior diagnosis of AIDS were 2.74 (95% CI¼ 2.23 to
3.40) times more likely to have a diagnosis of anal intraepithelial
neoplasia grade III than females with HIV but no diagnosis of
AIDS.

Among males with HIV, non-Hispanic Black males, Hispanic
males, and males with another race or with missing race and eth-
nicity were 34% (incidence rate ratio ¼ 1.34, 95% CI¼ 0.60 to 0.72),
23% (incidence rate ratio ¼ 1.23, 95% CI¼ 0.70 to 0.84), and 30%
(incidence rate ratio ¼ 1.3, 95% CI¼ 0.49 to 0.97) less likely to
have received an anal intraepithelial neoplasia grade III diagnosis
compared with non-Hispanic White males with HIV, respectively
(Table 2). Compared with males with HIV with more than
10 years since HIV diagnosis, those with less than 1 year were
over twice as likely to have an anal intraepithelial neoplasia
grade III diagnosis (incidence rate ratios ¼ 2.07, 95% CI¼ 1.75 to
2.43), and incidence rate ratios declined with increasing time
since HIV diagnosis. Males with a prior AIDS diagnosis were 86%
(incidence rate ratio, 95% CI¼ 1.72 to 2.02) more likely to have an
anal intraepithelial neoplasia grade III diagnosis compared with
those with HIV and no prior AIDS diagnosis.

Cumulative incidence of squamous cell
carcinoma of the anus following anal
intraepithelial neoplasia grade III diagnosis
We compared the 5-year cumulative incidence of squamous cell
carcinoma of the anus following anal intraepithelial neoplasia
grade III diagnosis among males and females 1) without HIV, 2)

with HIV and without a prior AIDS diagnosis, and 3) with HIV and
a prior AIDS diagnosis. For those without HIV, the 5-year cumula-
tive incidence following anal intraepithelial neoplasia grade III
diagnosis was 2.4% (95% CI¼ 1.5% to 3.3%) for males and 2.9%
(95% CI ¼ 2.2% to 3.6%) for females. For those with HIV and who
had not been diagnosed with AIDS prior to anal intraepithelial
neoplasia grade III, the cumulative incidence was 1.3% (95%
CI¼ 0.5% to 2.1%) in males, and no females in this group had a
subsequent squamous cell carcinoma of the anus diagnosis
within 5 years (95% CI¼ 0% to 1.6%), although 2 cases of squa-
mous cell carcinoma of the anus occurred at 5.3 years and
9.3 years from anal intraepithelial neoplasia grade III diagnosis
(Figure 2). The 5-year cumulative incidence of squamous cell car-
cinoma of the anus was highest in those with a prior AIDS diag-
nosis at 3.7% (95% CI¼ 2.8% to 4.6%) in males and 3.4% (95%
CI¼ 1.5% to 5.2%) and females.

Compared with those diagnosed with anal intraepithelial neo-
plasia grade III at ages 40-49 years, those diagnosed with anal
intraepithelial neoplasia grade III at ages 60-85 years had a haz-
ard ratio of 1.43 (95% CI¼ 1.02 to 2.01) for risk of squamous cell
carcinoma of the anus, and those aged 20-29 years had a hazard
ratio of 0.35 (95% CI¼ 0.14 to 0.87) (Table 3). Compared with
females without HIV, males with a prior AIDS diagnosis had a
greater risk of squamous cell carcinoma of the anus following
anal intraepithelial neoplasia grade III diagnosis with a hazard
ratio of 1.57 (95% CI¼ 1.15 to 2.14), while males with HIV but no
AIDS diagnosis prior to anal intraepithelial neoplasia grade III
had the lowest risk (HR¼ 0.43, 95% CI¼ 0.24 to 0.79).

Discussion
Using a large population-based registry linkage between HIV and
cancer registries in the United States, we showed substantial
increases in incidence rates of anal intraepithelial neoplasia
grade III diagnoses across all groups of males and females with
and without HIV. For males with and without HIV, we did not
observe any increasing trend prior to 2005. Although larger

Table 2. Risk factors associated with a diagnosis of anal intraepithelial neoplasia grade III from 1996 through 2019 according to HIV
status and sex in 11 US states; Puerto Rico; and Washington, DCa

Variable

HIV- female Incidence
rate ratios (95% CI)

(n¼2815)

HIVþ female Incidence
rate ratios (95% CI)

(n¼774)

HIV- male Incidence
rate ratios (95% CI)

(n¼1714)

HIVþmale Incidence
rate ratios (95% CI)

(n¼3958)

Race and ethnicity
Hispanic 0.81 (0.71 to 0.92) 1.72 (1.29 to 2.34) 0.88 (0.75 to 1.02) 0.77 (0.70 to 0.84)
Non-Hispanic Black 0.90 (0.80 to 1.00) 1.24 (0.93 to 1.68) 1.22 (1.07 to 1.38) 0.66 (0.60 to 0.72)
Non-Hispanic White Referent Referent Referent Referent
Another race or missing 0.20 (0.14 to 0.29) 0.38 (0.02 to 1.74) 0.30 (0.21 to 0.42) 0.70 (0.49 to 0.97)

Age, y
20-29 0.13 (0.10 to 0.16) 0.57 (0.35 to 0.87) 0.36 (0.30 to 0.43) 1.32 (1.15 to 1.51)
30-39 0.58 (0.50 to 0.67) 0.75 (0.57 to 0.97) 0.68 (0.58 to 0.79) 1.29 (1.17 to 1.42)
40-49 Referent Referent Referent Referent
50-59 1.56 (1.40 to 1.75) 0.91 (0.76 to 1.10) 1.07 (0.93 to 1.22) 0.75 (0.67 to 0.81)
60-85 1.36 (1.22 to 1.51) 0.51 (0.38 to 0.66) 0.86 (0.75 to 0.98) 0.43 (0.37 to 0.50)

Time since HIV diagnosis, y
<1 Referent 0.29 (0.07 to 0.76) Referent 2.05 (1.73 to 2.42)
1-5 Referent 0.49 (0.34 to 0.69) Referent 1.21 (1.09 to 1.35)
5-10 Referent 0.58 (0.45 to 0.74) Referent 0.94 (0.86 to 1.04)
>10 Referent Referent Referent Referent

Prior AIDS diagnosis
No Referent Referent Referent Referent
Yes Referent 2.74 (2.23 to 3.40) Referent 1.86 (1.72 to 2.02)

a Poisson regression models were adjusted for calendar year, race and ethnicity, categorical age, and registry. Analyses for males and females with HIV were
additionally adjusted for time since HIV diagnosis and prior AIDS diagnosis. CI ¼ confidence interval; HIVþ ¼ with HIV; HIV- ¼ without HIV.
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increases were observed for those with HIV, this increase likely is
strongly driven by screening strategies for prevention of squa-
mous cell carcinoma of the anus in the populations known to be
at greatest risk (19). Importantly, men with HIV without a prior
diagnosis of AIDS appeared to have the lowest risk among all
groups for subsequent squamous cell carcinoma of the anus
diagnosis among people with anal intraepithelial neoplasia grade
III diagnoses.

Using data from the California cancer registry from 2000
through 2009, Simard et al. (20) found that 87% of anal intraepi-
thelial neoplasia grade III was seen among males and that annual
incidence of anal intraepithelial neoplasia grade III in females did
not change over the period of observation. In our large,
population-based study, we found that annual incidence did

not change for males with and without HIV prior to 2005.
Mix et al. (21) showed statistically increases in anal intraepithe-
lial neoplasia grade III in males and females aged 30-39 years but
were not able to look at HIV status. It is important to note that
people with HIV constitute more than 40% of anal intraepithelial
neoplasia grade III diagnoses, likely because of screening practi-
ces as most are asymptomatic. Some of our registries overlap
with sites included in the ANCHOR study, which may have con-
tributed to the increasing trends for people with HIV but would
not directly impact trends for those without HIV or greater rates
in males with HIV aged younger than 35 years as the inclusion
criteria required individuals to be older than 35 years (13). State-
level variation in squamous cell carcinoma of the anus incidence
has been described and shown to be correlated with state-level
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Figure 2. Five-year cumulative incidence of squamous cell carcinoma of the anus (SCCA) following a diagnosis of anal intraepithelial neoplasia grade III
among persons with AIDS diagnosis prior to anal intraepithelial neoplasia grade III, those with HIV without a prior AIDS diagnosis, and those without
HIV or AIDS by sex. No observed cases were reported within strata where cumulative incidence estimates are missing. w/ ¼ with.

Table 3. Risk factors associated with a diagnosis of squamous cell carcinoma of the anus following anal intraepithelial neoplasia grade
3 in 11 US states; Puerto Rico; and Washington, DC, 1996-2019a

Variable Counts (%) Events

Cox proportional hazards
for risk of death

(95% CI) P

Subdistribution
HR (95% CI)

(Squamous cell carcinoma
of the anus competing

risk regression) P

Age at anal intraepithelial neoplasia grade III diagnosis, y
20-29 674 (7.3) 5 0.49 (0.32 to 0.75) .001 0.35 (0.14 to 0.87) .024
30-39 1595 (17.2) 42 0.94 (0.77 to 1.16) .586 0.96 (0.66 to 1.40) .830
40-49 2528 (27.4) 50 Referent Referent
50-59 2574 (27.8) 53 1.21 (1.02 to 1.45) .033 0.77 (0.55 to 1.10) .150
60-85 1877 (20.3) 68 2.98 (2.51 to 3.53) < .001 1.43 (1.02 to 2.01) .036

AIDS, HIV status, and sex
Female without HIV 2813 (30.4) 84 Referent Referent
Female HIV only 182 (2.0) 2 0.72 (0.37 to 1.39) .323 0.53 (0.13 to 2.17) .380
Female with AIDS 592 (6.4) 19 1.40 (1.07 to 1.84) .015 1.40 (0.85 to 2.33) .190
Male without HIV 1706 (18.4) 40 1.22 (1.03 to 1.44) .021 0.91 (0.63 to 1.33) .640
Male HIV only 1556 (16.8) 13 0.71 (0.54 to 0.93) .012 0.43 (0.24 to 0.79) .006
Male with AIDS 2399 (25.9) 90 1.59 (1.35 to 1.87) < .001 1.57 (1.15 to 2.14) .005

a CI ¼ confidence interval; HR ¼ hazard ratio.
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prevalence of AIDS for males and smoking for females (22).
Although we adjusted for registry in our analyses of anal intrae-
pithelial neoplasia grade III and believe the general comparisons
are valid, data are based on a limited number of registries.

A previous time-to-event analysis that used data from cancer
registries in the SEER program of 2074 individuals with a diagno-
sis of anal intraepithelial neoplasia grade III reported a 5-year
cumulative incidence of squamous cell carcinoma of the anus
following anal intraepithelial neoplasia grade III as 9.5% but was
unable to identify individuals with HIV (16). In an analysis of
SEER–Medicare among older people with HIV, Arens et al. (23)
estimated a 5-year cumulative incidence of 5.7% for squamous
cell carcinoma of the anus following anal intraepithelial neopla-
sia grade III, which they recognized as higher than previously
reported estimates. They also found greater risk for squamous
cell carcinoma of the anus for Black people with HIV and those
with a history of anogenital condylomata but no difference in
risk by anal intraepithelial neoplasia grade III treatment status
(23). Arens et al. (23) did not investigate the potential impact of
an AIDS diagnosis on subsequent squamous cell carcinoma of
the anus following anal intraepithelial neoplasia grade III, which
may have explained the elevated risk in Black people with HIV as
their risk of AIDS is greater because of inequities in HIV care.
Neither study accounted for competing risk of death, which
biases comparisons. We report higher cumulative incidence rates
of anal squamous cell carcinoma of the anus among people with
HIV and anal intraepithelial neoplasia grade III than shown in
either arm of the ANCHOR study, which only had 0.2% of partici-
pants receive a diagnosis of anal cancer (13). The ANCHOR study
included anal intraepithelial neoplasia grade II diagnoses that
were p16 positive, which may explain the lower incidence of inva-
sive cancers compared with our study of anal intraepithelial neo-
plasia grade III exclusively, as lower grade precancers are less
likely to become invasive and take longer to do so. Additionally,
our study may have included some instances of anal intraepithe-
lial neoplasia grade III, which were symptomatic and could indi-
cate more aggressive disease.

For females without HIV, recommendations have suggested
referral to anal cancer screening for females with a history of cer-
vical dysplasia (14). Importantly, females without HIV bear the
greatest burden of anal cancer in terms of absolute numbers (3).
These observed increases in anal intraepithelial neoplasia grade
III are even greater than the observed increases in rates of squa-
mous cell carcinoma of the anus in females, including rates of
later stage cancers (1). However, we observed a consistent
increase in rates of anal intraepithelial neoplasia grade III diagno-
sis for females, which suggests that screening practices may not
have changed in this group over the time period although uptake
of screening may still be improving. In contrast, we observed a
statistically change in incidence for males without HIV in 2005. It
is likely that MSM constitute the majority of these anal intraepi-
thelial neoplasia grade III diagnoses, as anal human papillomavi-
rus infection is more common in this population and associated
with receptive anal intercourse (24). However, the lack of ascer-
tainment of sexual orientation by cancer registries limits confir-
mation of this assumption. Similarly, we report on males and
females based on cancer registry information for sex assigned at
birth, and thus we were unable to provide estimates for gender
diverse and/or expansive individuals. Among people with HIV,
transgender individuals were shown to have higher prevalence of
HSIL compared with men and women in the ANCHOR study and
are likely at greater risk for squamous cell carcinoma of the anus,
but more research is needed (13).

Among people with HIV, those with a prior AIDS diagnosis
were approximately twice as likely to have a diagnosis of anal
intraepithelial neoplasia grade III compared with those without
an AIDS diagnosis. This observation may be driven by differential
patterns of referral to high-resolution anoscopy, which resulted
in higher rates of screening for individuals with AIDS or greater
prevalence of anal intraepithelial neoplasia grade III detected at
high-resolution anoscopy in people with a prior AIDS diagnosis.
The ANCHOR study found that among those screened, 55.1% of
males and 47.2% of females with HIV had prevalent biopsy-
confirmed anal HSIL, which includes moderate dysplasia (ie,
p16-positive anal intraepithelial neoplasia grade II) (13). However,
differences in prevalence of HSIL according to history of AIDS
diagnosis have not yet been reported by ANCHOR and will be
informative to understand whether our observations are a result
of differences in screening patterns (ie, people with a history of
AIDS are more likely to be screened) or higher prevalence of HSIL.
The incorporation of a prior diagnosis of AIDS should be consid-
ered for screening, as these individuals have been shown to have
the highest cumulative incidence of squamous cell carcinoma of
the anus across all age groups (25).

We note that we refer to the risk of anal intraepithelial neopla-
sia grade III diagnosis or detection, as these estimates reflect
possible biases in screening and not necessarily risk for anal
intraepithelial neoplasia grade III itself. Additionally, we have not
referred to this risk of squamous cell carcinoma of the anus fol-
lowing anal intraepithelial neoplasia grade III as progression
because of the limited information of the precancer. In this anal-
ysis, we had limited information regarding treatment and were
concerned that this information had informative missingness
(eg, 5% of females were missing information regarding surgery of
anal intraepithelial neoplasia grade III compared with 16% miss-
ing for males with or without HIV) for which we could not
account through statistical methodology. We had limited infor-
mation regarding treatment of anal intraepithelial neoplasia
grade III and could not reliably estimate whether receipt of abla-
tive therapy impacted cumulative incidence estimates. It is possi-
ble that the lower cumulative incidence among those with HIV
but no prior AIDS diagnosis was because of greater access to care,
including better follow-up after anal intraepithelial neoplasia
grade III diagnosis and monitoring for new or missed neoplasia.
We were also limited by the small number of anal intraepithelial
neoplasia grade III cases in earlier years, as well as among
females with HIV and no prior AIDS diagnosis. As a result, cumu-
lative incidence estimates could not be calculated for some
groups. We used diagnosis of AIDS as reported to HIV registries
as our primary measure of advanced HIV in lieu of longitudinal
laboratory measures of CD4 count and/or viral load, which have
not been consistently captured through surveillance programs
but may provide additional information to identify individuals at
greater risk of squamous cell carcinoma of the anus following
anal intraepithelial neoplasia grade III (26). The use of these data
sources also limits our ability to look at a number of factors that
likely impact access to high-resolution anoscopy, such as income,
rurality, and health insurance. It is important to note that the
linkage between cancer and HIV registries is imperfect
and results in differential misclassification of HIV status, as a
missing HIV diagnosis is more likely than a misattributed HIV
diagnosis (3,27).

No national anal cancer screening guidelines have been
adopted to date. The New York State Department of Health AIDS
Institute has recommended anal cytology for males with HIV,
particularly MSM, and females with HIV since 2007. The US
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Preventative Services Task Force is currently drafting recommen-
dations. As discussions proceed regarding anal cancer screening
recommendations, our study provides insight into trends over
the last 2 decades in anal intraepithelial neoplasia grade III diag-
noses in the United States. Overall, anal intraepithelial neoplasia
grade III incidence has increased, however, the greatest increases
have been for people with HIV, likely as a result of more frequent
screening in this population. Trends in squamous cell carcinoma
of the anus for people with HIV have begun to decline in recent
years, possibly suggesting an impact of anal cancer screening on
preventing cancer risk. Continued surveillance of trends in anal
intraepithelial neoplasia grade III and squamous cell carcinoma
of the anus may help elucidate the potential impact of cancer
screening at the population level. Screening guidelines should
consider incorporating information regarding a history of AIDS
diagnosis for people with HIV, as these individuals were at
greater risk of anal intraepithelial neoplasia grade III diagnosis
and show some evidence for greater subsequent risk of squa-
mous cell carcinoma of the anus.
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