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Abstract
Background: Anal cancer is rare in the general population in both genders in the US, but an increased incidence
of anal cáncer (AC) has been reported among people living with HIV-1 infection (PLWH) and little is known among
the population in South US.
Methods: In a retrospective study design, electronic health records from 2006 to 2018 were reviewed in a HIV
clinical cohort at the University of Alabama at Birmingham. Associations of demographic, sociodemographic, and
HIV-clinical indicators were examined in univariate analyses between high-grade squamous intraepithelial lesions
(HSIL) and AC cases and condition-free individuals. Factors for anal/rectal cytology screening tests among PLWH
were also assessed over time. Ages at onset of anal cancer were compared with the general US population
reported by the National Surveillance, Epidemiology, and End Results Program.
Results: A total of 79 anal HSIL (96% men) and 43 cancer (100% men) patients were observed along with 4367
HSIL/cancer-free patients (75.9% men). HSIL (P < 0.0001) and AC (0.0001 < P < 0.01) were associated with being men
who have sex with men (MSM). An incidence of 258 per 100,000 person-year was observed among this clinical
cohort of PLWH. PLWH who were 45–54 years appeared to be at highest risk of AC (58.1%), as compared to those
55–64 years in the general population. Overall, 79% of PLWH anal cancers were diagnosed among those under 55
years (vs 39.5% in general population) indicating early onset of AC. In total 29.1% of HSIL and 44.2% of AC patients
had not received an anal/rectal cytology examination 1 year prior to diagnosis.
Conclusion: AC incidence among HIV-infected men was 161 times higher than general population with an earlier
age of onset/diagnosis. Many patients with AC had missed screening opportunities that could potentially have
captured neoplasia in pre-cancerous stages. AC-related screening guidelines need to be integrated into routine
clinical care, especially among PLWH at highest risk such as MSM and those with lower CD4 counts.
Keywords: Anal cancer, Anal HSIL, PLWH, Anal screening, HIV-positive MSM

* Correspondence: sshrestha@uab.edu
1
Department of Epidemiology, School of Public Health, University of
Alabama at Birmingham, Birmingham, AL 35294, USA
Full list of author information is available at the end of the article
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Ye et al. Infectious Agents and Cancer

(2021) 16:14

Introduction
Anal cancer (AC) is rare in the general United States
(US) population, with an estimate of 8,300 new diagnoses, 5,530 in women and 2,770 in men, reported in 2019
[1]. Lifetime risk of developing anal cancer is about 1 in
500, with a higher risk in women than men [2, 3]. However, the incidence of AC has been increasing over recent years in some high-risk populations [4], particularly
among people living with human immunodeficiency
virus (PLWH) [5]. Individuals co-infected with High-risk
Human Papillomavirus (HR-HPV) and HIV, and men
who have sex with men (MSM) have been identified as
major factors that increase the risk of anal cancer [6–8].
It is known that 91% of ACs are directly linked with
persistent HR-HPV infection [4, 9–11]. HPV infection
does not clear as spontaneously among immunocompromised individuals, resulting in a higher risk of developing physical symptoms and possibly progressing to
neoplasia in the infected tracts [12]. A systematic review
by Machalek et al. published in Lancet Oncology in 2012
estimated a pooled anal cancer incidence of 77.8 per
100,000 person-years (PY) among HIV-infected MSM, in
the post highly active antiretroviral therapy (HAART)
era [13]. By contrast, the incidence of anal cancer is 1.9
per 100,000 (PY) in the general US population [14]. The
same meta-analysis also reported that incidence of neoplastic lesions, an immediate precursor of squamous cell
carcinoma (SCC) in the anal tract, varied between 8.5–
15.4% per year among HIV-infected MSM [13]. However, in recent years, incidence of AC has been trending
up, warranting further research on demographic distribution, socio-behavioral risk factors, and screening strategies in highly vulnerable target populations, such as
PLWH.
AC is not categorized as an acquired immunodeficiency syndrome (AIDS)-defining malignancy, and overall, it is rare in the general population. Thus, it is
generally overlooked. Given that over 52% of HIV in the
US is diagnosed in the Southern US [15], it is important
to study this high-risk population. Thus, we conducted a
retrospective study within an academic clinic in this region to examine the epidemiology and clinical practices
to screen and diagnose anal cancer and its precancerous
lesions, specifically high-grade squamous intraepithelial
lesions (HSIL).
Methods
Study setting and population

A retrospective study nested within an ongoing clinical
cohort in the HIV Clinic (known as the 1917 Clinic) at
the University of Alabama at Birmingham (UAB) was
conducted using electronic health records (EHR) between January 1st, 2006 and March 30th, 2018. The
UAB 1917 Clinic is the largest HIV care facility in the

Page 2 of 9

state of Alabama with an extensive regional catchment
and referral network. The prospective clinic cohort has
collected data on more than 7000 patients including
self-reported sociodemographic, behavioral and psychological characteristics, co-morbidities, medications, vital
signs, and laboratory results since the cohort establishment in 1992 [16]. Currently, more than 3500 patients
receive their routine HIV care from the clinic, representing 30% of all PLWH in the state. In addition to routine
HIV care, local PLWH also receive primary care, cancer
screening referrals, and other medical needs through the
1917 Clinic.
The present study was approved by the UAB Institutional Review Board for human studies.
Eligibility criteria

Patients included in the study attended the 1917 Clinic
at least twice for routine HIV-care during the study
period and were at least 18 years old at HIV diagnosis.
Medical charts were reviewed and verified for all cases
to confirm the diagnoses of anal HSIL and cancer. Only
cases diagnosed during the study period are identified as
incident cases to fit the epidemiological definition. Anal
dysplasia-related diagnoses 1 year prior to the study enrollment were also abstracted from EHR. PLWH with
such documented anal HSIL and cancer were excluded
from the study to avoid over-counting incident cases.
Data were obtained by query of the cohort’s electronic
database using MS SQL Server 2008.
Statistical analyses

Univariate analyses were performed to compare demographic, behavioral, and clinical characteristics between
HSIL and AC cases to condition-free patients. Categorical variables were reported as frequencies with percentages and continuous variables as median interquartile
range (IQR). Race, gender, self-reported sexual orientation, education, marital status, and employment status,
ages at HIV diagnoses and study enrollment, receipt of
standard anal/rectal cytology test (anal Pap), and CD4
T-cell count and viral load (VL) at the anal HSIL or cancer presentation were assessed. In order to evaluate clinical awareness of anal cancer screening, demographic
and sexual risk factors were compared between patients
who received at least one standard anal/rectal cytology
test and those who were never tested during the study
period. Chi-squared tests were used to assess the differences of categorical variables and T-tests were used for
the comparison of continuous variables. Fisher’s exact
test was used when the cell counts were small (< 5).
Trends of incidence of HSIL and AC were analyzed
for every consecutive 4-year period (years 1–4, 5–8, 9–
12, 13–16) since the patient’s initial visit to the 1917
Clinic, which could be dated back to 1999 based on
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available administrative system data. The follow-up
ended at the last routine clinical visit for patients without anal HSIL or cancer and at the onset date of diagnosis for patients with HSIL or cancer. Cumulative risk
was estimated as the incident anal HSIL or cancer divided by the total condition-free (without anal HSIL/
cancer) population when they entered each 4-yr period.
Individuals with confirmed cases were excluded from
the cohort after their case period. The trend of cumulative risk was estimated using a generalized log-linear regression model for each period. Log-transformed
number of people at risk during each 4-year period was
set as an offset for the model. There were very few individuals who were followed for 17–20 years, so this
period was underpowered for analyses.
The age distribution of anal cancer in the present
clinic cohort was compared to the general US population using the Surveillance, Epidemiology, and End Results (SEER) Program data from the National Cancer
Institute [17]. Percentages of anal cancer in each standard age group were plotted side by side with the SEER
data.

Results
There were 79 anal HSIL and 43 cancer cases observed
among 4482 patients during the 12-year follow-up
period. Only three HSIL cases were observed in women
(4.0%), and no AC cases were detected in women
(Table 1). The gender distribution was significantly different between HSIL and AC patients compared to the
condition-free patients (P < 0.0001 for each). Most male
HSIL (93.5%) as well as AC (82.9%) patients selfreported as MSM (Table 1). Median age at HSIL diagnoses was 7.6 years younger than AC diagnoses (0.0001 <
P < 0.05). Most AC diagnoses were in the 45–54 year age
group (58.1%) (Fig. 1). While only 26.5% of ACs occurred among individuals younger than 55 years in the
general population, we observed that 79% of anal cancers occurred in the same age range among PLWH (Fig.
1). About 62.8% AC patients had nadir CD4 counts less
than 200 copies/mL, whereas only 38.9% condition-free
patients fell in the group (0.0001 < P < 0.05). More HSIL
(22.8%, 0.0001 < P < 0.01) and AC (32.6%, P < 0.0001) patients had median CD4 counts less than 200 copies/mL
compared to the the condition-free group (14.0%). A
slightly higher proportion of individuals with HSIL had
received anal/rectal cytology tests 1 year prior to their
diagnosis than the AC patients (51% vs 33%, P < 0.0001),
but the difference was not statistically different (Table
1). A higher proportion AC patients reported being married or with partners compared to AC and HSIL free patients (20.9% vs 14.3%, 0.0001 < P < 0.05), whereas most
of HSIL patients reported being single compared to AC
and HSIL free patients (93.6% vs. 73.4%, 0.0001 < P <
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0.05) (Table 1). More than double AC patients claimed
disability compared to HSIL and AC free patients (55.3%
vs. 27.1%, 0.0001 < P < 0.05) (Table 1).
Among the entire cohort of 4482 patients, 1648
(36.8%) received at least one anal/cytology test during
the study time. More men received the tests (47.0%)
compared to very few women overall (1.5%) (P < 0.0001).
There were 46.8% Whites and 31.3% Blacks receiving
anal pap tests (P < 0.0001), compared with only 27.3% of
other races. Based on self-reported sexual orientation,
only 8.4% heterosexual men received the tests while it
was higher among MSM (62%) (P < 0.0001). Among individuals who developed HSIL, 29.1% had never received
the screening tests during the study periods. Likewise,
44.2% of AC patients also had never received a screening
test (P < 0.0001) (Table 2).
The trends of incidence over the four defined analysis
periods for anal HSIL and cancer were in opposite directions. Cumulative incidence of HSIL started to decline
after year 12 (3rd period) since patients’ initial clinical
visit dates, whereas the incidence of anal cancer increased constantly overtime (Fig. 2). The cumulative risk
of AC increased constantly from 295 to 1267 per 100,
000 persons, whereas the cumulative HSIL risk decreased from 697 to 507 per 100,000 persons (Fig. 2).

Discussion
Our study describes the relevant sociodemographic and
clinical characteristics of PLWH diagnosed with anal
HSIL and cancer in an urban HIV clinical in the Southeastern U.S. The overall incidence rates of HSIL in our
clinical cohort were 338 and 194 per 100,000 personyears among men and women, respectively, with a rate
of 258 AC cases per 100,000 men-years (no women presented with AC in the study) during the 12-year followup [18]. By contrast, data from SEER suggest that the incidence of AC in the general US population is 1.6 cases
per 100,000 person-years in men and 2.2 cases per 100,
000 person-years in women [14]. This is an alarming
161-fold higher incidence in HIV-infected men in the
study compared with men in the general population, and
102-fold increase compared to both genders in the general population. HIV-infected men accounted for 96.0%
of HSIL and 100% of AC cases in this study, while the
study cohort consisted of 23% women. Recent studies
among women living with HIV in US have reported the
prevalence of anal HSIL to be 27% [19]. Our previous
findings indicated that HIV-infected men had 7.9 times
higher risk of incident anal HSIL (432 per 100,000
person-years), compared with HIV-infected women (55
per 100,000 person-years) [18]. Of note, during this
study period, 17 out of 79 patients (21.5%) regressed to
low grade squamous cell lesions (LSIL). All 43 AC cases
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Table 1 Social-behavioral and clinical characteristics of anal HSIL and cancer cases compared with non-HSIL or cancer subjects (N =
112 individuals) from the 1917 clinic
Anal HSIL
(N = 79)

Anal cancer (N = 43)

Anal HSIL and cancer free (N = 4367)

42 (53.2)

18 (41.9)‡

2618 (60.0)

Race
Blacks

‡

Whites

36 (45.6)

24 (55.8)

Others

1 (1.2.)

1 (2.3) ‡

174 (4.0)

Men

76 (96.0)*

43 (100)*

3315 (75.9)

Women

3 (4.0)*

0 (0)*

1028 (23.5)

Transgender individuals

0 (0)*

0 (0)

24 (0.50)

5 (6.5)*

7 (17.1)‡

1575 (36.0)

Gender

Self-reported sexual risks
Heterosexual

1826 (43.5)
‡

2360 (56.2)

MSM

72 (93.5)*

34 (82.9)

Others

0 (0)*

0 (0) ‡

Median age at HIV diagnoses (years)

28.8 (24.6–37.7)‡

31.7 (25.6–38.8)

32.9 (26.4–54.0)

Median age at study enrollment (years)

38.4 (27.3–46.7)

44.9 (40.7–50.9)‡

40.9 (31.8–59.1)

Median age at anal HSIL, cancer, or last clinical visit (years)‡

43.8 (31.8–54.2)

51.4 (46.9–54.6)

46.1 (36.2–54.6)

< 200

36 (45.6)

27 (62.8)‡

1699 (38.9)

200–500

28 (35.4)

11 (25.6)‡

1819 (41.7)

11 (0.30)

Nadir CD4 count (cells/μL)

‡

15 (19.0)

5 (11.6)

849 (19.4)

< 200

18 (22.8)‡

14 (32.6)*

612 (14.0)

200–500

28 (35.4)‡

19 (44.2)*

1606 (36.8)

10 (23.3)*

2149 (49.2)

> 500
Median CD4 count (cells/μL)

> 500

‡

33 (41.8)

Highest VL (copies/mL)
< 50 (undetectable)

13 (16.5)

6 (14.0)

430 (9.9)

> 50 (detectable)

66 (83.5)

37 (86.0)

393 (90.1)

Median VL (copies/mL)
< 50 (undetectable)

44 (55.7)

21 (48.8)

2641 (60.5)

> 50 (detectable)

35 (44.3)

22 (51.2)

1726 (39.5)

Yes

40 (50.6)

14 (32.6)

No

39 (49.4)

29 (67.4) *

N = 78

N = 43

N = 4240

3 (3.9)‡

9 (20.9)‡

609 (14.3)

Ever received anal/rectal Pap 1 year before diagnosis

Marital status
Married/life partner

‡

3 (7.0)

‡

395 (9.3)

Divorced/separated

2 (2.5)

Single

73 (93.6)‡

29 (67.4)‡

3111 (73.4)

Widowed

0 (0)‡

2 (4.7)‡

125 (3.0)

N = 73

N = 38

Employment status

N = 3197
‡

Unemployed

13 (17.8)

5 (13.2)

660 (20.7)

Disabled

23 (31.5)

21 (55.3)‡

866 (27.1)

Employed

31 (42.5)

9 (23.7)‡

1417 (44.3)

Retired

4 (5.5)

2 (5.3)‡

208 (6.5)

Student

2 (2.7)

1 (2.5)

‡

46 (1.4)

HSIL high-grade squamous intraepithelial lesion, MSM men who have sex with men, HIV human immunodeficiency virus, VL viral load
*: P < 0.0001; ‡:0.0001 < P < 0.05
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Fig. 1 Ages at anal cancer diagnosis among PLWH compared to the general US population from the SEER. Percentage of each age group
is given

occurred in men; and resulted in an incidence rate of
258 per 100,000 men-years [18].
Our study follow-up was between 2006 and 2018, during
which combined antiretroviral therapy (cART) had been
widely prescribed, specifically since 2012 in the US. The
Adult and Adolescent Spectrum of the HIV Disease Project
and HIV Outpatient Study from 1992 to 2003 reported an
increase of incidence of AC from 19 to 78.2 per 100,000
person-years and suggested that increase was related to the
longer exposure period to HPV infection [20]. PLWH were
able to live a nearly normal life span during the study time
because of cART. In 1996, the life expectancy for a 20-yearold person with HIV was only 39 years. By contrast, by
2011, the life expectancy had risen to about 70 years old in
the general population [21]. AC usually develops among
people in their early 60s, and diagnoses are uncommon in
people younger than 35 years old [1]. Thus, during the early
years of the HIV epidemic, it would have been rare to observe anal cancer among PLWH, as they typically did not
survive to their 60s. The median age at AC diagnosis in the
general US population is 62 years with most frequent diagnoses made between 55 and 64 years (31.1%) (Fig. 1). The
median age in our study population was 10 years younger
with majority in the 45–54 years group (58.1%). Approximately 79% of anal cancers were observed in individuals
under 54 years in the current study vs in the general population (Fig. 1). Of note, there were very few patients > 74
years in the study cohort; thus, we focused more on the
young and middle-aged HIV population. The shorter life
expectancy of HIV individuals during the early HIV epidemic did not allow HPV-infection to be sufficiently persistent to develop neoplasia.

We were not able to assess some of the SES variables
due to unavailable data. For example, only 44% of HSIL,
26% of AC and 40% of HSIL/AC free individuals selfreported education and none of the groups were statistically different in these subgroups (data not shown).
There were statistically significant differences with marital status distribution among the three groups (Table 1).
Overall, 92% of HSIL, 88% of AC and 73% of HSIL/AC
free individuals self-reported employment status. HSIL/
AC free patients were more unemployed and higher proportion of both HSIL and AC patients reported disability. However, it is premature to make any interpretation
of this observation due to small sample size in this subset analysis (Table 1).
In general, prolonged lifespan with the universal cART
coverage effectively restores the impaired immune systems and should have reduced the risk of having persistent HPV-infection. In this context, we would have
expected lower AC risk at earlier age [22], but higher
AC occurrence at older age [23]. However, a recent
study suggested that the high incidence of AC in young
PLWH could potentially be due to early and profound
immunosuppression coupled with suboptimal immune
recovery [24]. While the treatment has been effective
overall during the cART era, the present study also indicated that patients with nadir CD4 < 200 (cells/μL)
accounted for 45.6 and 62.8% of anal HSIL and cancer,
respectively (Table 1). Only 23.3% of AC patients had
median CD4 counts ≥500 (cells/μL) (Table 1) suggesting
that a large proportion did not have optimal immune
status prior to cancer diagnosis. Lower CD4 count (≤200
cells/μL) is known to be a key factor in anal HSIL and
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Table 2 Patients receiving anal/rectal pap tests between January 2006–March 2018
Ever received
(N = 1648)

Never received
(N = 2834)

P-value

< 0.0001

Gender
Men

1611 (47.0)

1816 (53.0)

Women

16 (1.5)

1015 (98.5)

Transgender M-F

21 (87.5)

3 (12.5)

Black

836 (31.3)

1839 (68.7)

White

764 (46.8)

867 (53.2)

Race

Others
Self-reported sexual risk factors

48 (27.3)

128 (72.7)

N = 1591

N = 2683

MSM

1504 (61.7)

932 (38.3)

Heterosexual men

72 (8.4)

781 (91.6)

Heterosexual women

15 (1.5)

970 (98.5)

HSIL

56 (70.9)

23 (29.1)

Cancer

19 (55.8)

24 (44.2)

< 0.0001

< 0.0001

Anal HSIL and cancer

N = 1591

N = 2683

Black MSM

732 (62.3)

442 (37.7)

Black heterosexual men

51 (8.1)

578 (91.1)

Black heterosexual women

10 (1.4)

731 (98.6)

White MSM

729 (62.0)

446 (38.0)

White heterosexual men

19 (10.6)

161 (89.4)

Race- sexual behavior

White heterosexual women

5 (2.3)

213 (97.7)

Other race MSM

43 (49.4)

44 (50.6)

Other race heterosexual men

2 (4.6)

42 (95.4)

Other race heterosexual women

0 (0)

26 (100)

< 0.0001

< 0.0001

M-F male to female, MSM men who have sex with men, HSIL high-grade squamous intraepithelial lesion

cancer development [19, 25]. While CD4+ could be a
proxy for HIV status or treatment effect, there are no
standard guidelines for anal HSIL treatment so that
could not be assessed in the current study.
While at least half of HSIL patients in our clinical cohort received at least one anal/rectal cytology test, a year
prior to the onset of HSIL diagnosis, over 67% of AC patients did not and the missed opportunity to screen the
carcinoma in the precancerous stages is a public health
concern. There were higher numbers of anal HSIL diagnoses in the earlier 3 periods of the 4 four-year defined
periods, but a decrease was observed after year 12 (Fig.
2). By contrast, AC incidence remained low in the first
8 years of attendance at the HIV clinic and increased significantly after year 8, suggesting that there were missed
opportunities of screening at pre-cancerous stages in
addition to prolonged immune suppression. These data
suggest that from a clinical standpoint, anal cancer prevention strategies could be considered to be integrated
into routine clinical care, especially among PLWH [14].

Some studies have shown the effectiveness of anal cancer screening guidelines in targeted individuals, such as
MSM and those with a history of condylomata, and
women with cervical or vulvar dysplasia [2]. However,
many inconsistencies have been observed in screening
processes, and post-screening recommendations are not
standardized. Sexual orientations are self-reported and
result in an under-reported number of MSM due to societal stigma [26]. In our study, self-reported MSM represented most of the HSIL (93.5%) and AC (82.9%)
cases; however it could miss other high-risk individuals
who may not identify them as MSM in different settings
where stigma against MSM exist. The American Cancer
Society recommends an annual anal/rectal cytology test
for the high-risk population but no specific screening
schedule or age-group has been set [2]. Although, patients diagnosed with HSIL can ideally have lesions surgically removed, such invasive excisions are generally
only performed in those with severe or extensive HSIL
lesions [27–29], which remains subjective without
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Fig. 2 Cumulative risk of anal HSIL and cancer every 4 years (0–4, 5–8, 9–12, 13–16 years) since patient initial clinical visit dates. The current
cohort began in 1999 and ended in early 2018. The last period (17–20 years) was excluded due to an incomplete 4-year follow-up. Diagnoses of
anal HSIL declined while cancer cases increased during the follow-up

consistent guidelines based on research. While several
guidelines have been developed, whether and how to integrate an anal cancer-related screening program within
a routine patient care still remain debatable [30]. Further, the current study did not examine the administration of high resolution anoscopy (HRA) because during
the early time of the study follow-up, HRA was not commonly provided. Evaluating the results from HRA in this
12+ year follow-up would have been biased.
Cervical cancer is an AIDS-defining condition, screening and treatment related costs are covered by the Ryan
White Program in Alabama, resulted in a reduction in
incidence cases [31]. Although not fully known, it is possible that routine cervical cancer screening may potentially benefit women from progression of all other HPVinduced anogenital tract malignancies. Overall, nonAIDS-defining malignancies (NADM), specifically anal
cancer are increasing in HIV-positive individuals [32,
33]. One prior study reported the prevalence of NADM
was 10 times higher in patients with < 50 cells/μL CD4
counts than those with > 500 cells/μL [34]. It takes 15 to
20 years for cervical cancer to develop from untreated
dysplasia in women with normal immune systems. However, it may take only 5 to 10 years for HIV-infected
women [35]. Although we were limited with follow-up
data of HSIL progression to cancer in the current study,
there seems to be 7.6-year difference in median age between diagnosis of anal HSIL and cancer in our study
population (Table 1). Another limitation of the study is
that we used clinical diagnoses with no detailed laboratory information. For example, reflex testing for the

presence of HR-HPV is not routinely performed on
anal/rectal cytology, and therefore we cannot determine
cases of HSIL and AC, which were associated with HPV
versus another etiology or if the infection occurred before or after the occurrence of HSIL/AC. This study is
from one clinic in the southeastern U.S., results may not
be generalizable to other sites or geographic locations.
However, the alarming rate of AC found in our study
needs to be carefully monitored as it has potential to be
an epidemic problem in this targeted population in the
region.

Conclusions
The premalignant and malignant lesions were mostly observed in young MSM with a much early age of diagnosis.
Over 50% of the HSIL patients had received anal/rectal cytology tests within a year prior to the onset of HSIL, but
only about 33% of AC patients had been tested during the
same time window. Key HIV-related prognostic indicators
such as nadir CD4 count and median VL were important
with onset of anal HSIL and cancer diagnoses.
Abbreviations
AC: Anal Cancer; cART: Combined AntiRetroviral Therapy; HAART: Highly
Active AntiRetroviral Therapy; HIV: Human Immunodeficiency Virus;
HPV: Human Papillomavirus; HSIL: High-grade squamous Intraepithelial
Lesions; MSM: Men having Sex with Men; NADM: Non-AIDS-Defining
Malignancies; PLWH: People Living with HIV; SEER: Surveillance,
Epidemiology, and End Results; SCC: Squamous Cell Carcinoma
Acknowledgements
We thank all study participants from the UAB 1917 Clinic. We also thank the
UAB Research and Informatics Service Center (RISC) for data access (https://
www.uab.edu/medicine/1917cliniccohort/).

Ye et al. Infectious Agents and Cancer

(2021) 16:14

Authors’ contributions
YY, GB, and SS conceived the study. IA and HW participated in the statistical
analysis approach. YY processed and analyzed the data. YY, SA, and SS
interpreted the data and wrote the manuscript. All authors have reviewed
and approved the manuscript.
Funding
The study did not receive specific funding. However, the ability to complete
this work was supported by the UAB Center for AIDS Research (CFAR) [grant
P30-AI27767 to MSS from the National Institute of Allergy and Infectious Diseases; https://www.niaid.nih.gov/]; the CFAR Network of Integrated Clinical
Systems (CNICS) [grant 1R24 AI067039–1 to MSS from the National Institute
of Allergy and Infectious Diseases; https://www.niaid.nih.gov/]; and the Mary
Fisher CARE Fund (https://www.uab.edu/medicine/cfar/mary-fisher). This
work was also supported by the Quetelet Endowed Professorship Research
Fund (SS).
Availability of data and materials
All data can be obtained with formal request from the 1917 clinic Research
and Informatics Service Center (RISC).
Ethics approval and consent to participate
The study was approved by the UAB Institutional Review Board for Human
Use, and performed in accordance with the ethical guidelines of the
Declaration of Helsinki. Animals were not used in the study.
Competing interests
Dr. Burkholder has received research support from Bristol-Myers Squibb, Definicare, LLC, and Amgen Inc., and has consulted for Medscape.
Author details
1
Department of Epidemiology, School of Public Health, University of
Alabama at Birmingham, Birmingham, AL 35294, USA. 2Department of
Medicine, Division of Infectious Diseases, School of Medicine, University of
Alabama at Birmingham, Birmingham, AL 35294, USA. 3Department of
Surgery, School of Medicine, University of Alabama at Birmingham,
Birmingham, AL 35294, USA. 4Department of Medicine, Vanderbilt University,
Nashville, TN 37203, USA. 5Department of Pathology, School of Medicine,
University of Alabama at Birmingham, Birmingham, AL 35294, USA.
Received: 14 September 2020 Accepted: 4 February 2021

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;
69(1):7–34.
2. Leeds IL, Fang SH. Anal cancer and intraepithelial neoplasia screening: a
review. World J Gastrointest Surg. 2016;8(1):41–51.
3. Sasieni PD, Shelton J, Ormiston-Smith N, Thomson CS, Silcocks PB. What is
the lifetime risk of developing cancer?: the effect of adjusting for multiple
primaries. Br J Cancer. 2011;105(3):460–5.
4. Deshmukh AA, Suk R, Shiels MS, Sonawane K, Nyitray AG, Liu Y, et al. Recent
trends in squamous cell carcinoma of the anus incidence and mortality in
the United States, 2001-2015. J Natl Cancer Inst. 2020;112(8):829–38.
5. Martel CD, Shiels MS, Franceschi S, Simard EP, Vignat J, Hall HI, et al. Cancers
attributable to infections among adults with HIV in the United States. AIDS.
2015;29(16):2173–81.
6. D'Souza G, Wiley DJ, Li X, Chmiel JS, Margolick JB, Cranston RD, et al.
Incidence and epidemiology of anal cancer in the multicenter AIDS cohort
study. J Acquir Immune Defic Syndr. 2008;48(4):491–9.
7. Palefsky JM, Shiboski S, Moss A. Risk factors for anal human papillomavirus
infection and anal cytologic abnormalities in HIV-positive and HIV-negative
homosexual men. J Acquir Immune Defic Syndr. 1994;7(6):599–606.
8. Palefsky JM, Barrasso R. HPV infection and disease in men. Obstet Gynecol
Clin N Am. 1996;23(4):895–916.
9. Krzowska-Firych J, Lucas G, Lucas C, Lucas N, Pietrzyk L. An overview of
human papillomavirus (HPV) as an etiological factor of the anal cancer. J
Infect Public Health. 2019;12(1):1–6.
10. Palefsky J. Pathogenesis of anal cancer. JAIDS. 2016;71:38.
11. Klencke BJ, Palefsky JM. Anal cancer: an HIV-associated cancer. Hematol
Oncol Clin North Am. 2003;17(3):859–72.

Page 8 of 9

12. Combes JD, Heard I, Poizot-Martin I, Canestri A, Lion A, Piroth L, et al.
Prevalence and risk factors for anal human papillomavirus infection in
human immunodeficiency virus-positive men who have sex with men. J
Infect Dis. 2018;217(10):1535–43.
13. Machalek DA, Poynten M, Jin F, Fairley CK, Farnsworth A, Garland SM, et al.
Anal human papillomavirus infection and associated neoplastic lesions in
men who have sex with men: a systematic review and meta-analysis.
Lancet Oncol. 2012;13(5):487–500.
14. Cancer Stat Facts: Anal Cancer: National Cancer Institute; 2016 [Available
from: https://seer.cancer.gov/statfacts/html/anus.html.
15. HIV Surveillance Report, 2017. In: Prevention CfDCa, editor 2018.
16. Willig JH, Aban I, Nevin CR, Ye J, Raper JL, McKinnel JA, et al. Darunavir
outcomes study: comparative effectiveness of virologic suppression,
regimen durability, and discontinuation reasons for three-class experienced
patients at 48 weeks. AIDS Res Hum Retrovir. 2010;26(12):1279–85.
17. Mahal AR, Johung KL, Mahal BA, Nguyen PL, Yu JB. An update to changing
patterns of anal carcinoma in the United States. Am J Clin Oncol. 2019;
42(12):887–97.
18. Ye Y, Burkholder GA, Wiener HW, Griffin R, Aslibekyan S, Fry K, et al.
Comorbidities associated with HPV infection among people living with HIV1 in the southeastern US: a retrospective clinical cohort study. BMC Infect
Dis. 2020;20(1):144.
19. Stier EA, Lensing SY, Darragh TM, Deshmukh AA, Einstein MH, Palefsky JM,
et al. Prevalence of and risk factors for anal high-grade squamous
intraepithelial lesions in women living with human immunodeficiency virus.
Clin Infect Dis. 2020;70(8):1701–7.
20. Patel P, Hanson DL, Sullivan PS, Novak RM, Moorman AC, Tong TC, et al.
Incidence of types of cancer among HIV-infected persons compared with
the general population in the United States, 1992-2003. Ann Intern Med.
2008;148(10):728–36.
21. Mascolini M. Life expectancy with HIV improving--but added years often
not healthy ConferConference on retroviruses and opportunistic infections;
March 8–11, 2020; Boston, USA 2020.
22. Kelly H, Chikandiwa A, Alemany Vilches L, Palefsky JM, de Sanjose S, Mayaud
P. Association of antiretroviral therapy with anal high-risk human
papillomavirus, anal intraepithelial neoplasia, and anal cancer in people
living with HIV: a systematic review and meta-analysis. Lancet HIV. 2020;7(4):
e262–e78.
23. Wang CJ, Palefsky JM. HPV-associated anal cancer in the HIV/AIDS patient.
Cancer Treat Res. 2019;177:183–209.
24. Colon-Lopez V, Shiels MS, Machin M, Ortiz AP, Strickler H, Castle PE, et al.
Anal cancer risk among people with HIV infection in the United States. J
Clin Oncol. 2018;36(1):68–75.
25. Palefsky JM, Holly EA, Ralston ML, Jay N. Prevalence and risk factors for
human papillomavirus infection of the anal canal in human
immunodeficiency virus (HIV)-positive and HIV-negative homosexual men. J
Infect Dis. 1998;177(2):361–7.
26. Irvin R, Wilton L, Scott H, Beauchamp G, Wang L, Betancourt J, et al. A study
of perceived racial discrimination in black men who have sex with men
(MSM) and its association with healthcare utilization and HIV testing. AIDS
Behav. 2014;18(7):1272–8.
27. Berry-Lawhorn JM. Management: appropriate strategies for patients with
anal disease. ASCCP2018 Annual Meeting: UCSF Anal Neoplasia Clinic,
Research and Education Center; 2018.
28. Long KC, Menon R, Bastawrous A, Billingham R. Screening, surveillance, and
treatment of anal intraepithelial neoplasia. Clin Colon Rectal Surg. 2016;
29(1):57–64.
29. HSIL Treatment Overview 1600 Divisadero, H building, 3rd Floor San
Francisco, CA 941152014 [Available from: https://analcancerinfo.ucsf.edu/
hsil-treatment-overview.
30. Palefsky JM. Screening to prevent anal cancer: current thinking and future
directions. Cancer Cytopathol. 2015;123(9):509–10.
31. U.S. cancer statistics data visualizations tool, based on November 2018
submission data (1999–2016): U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention and National Cancer
Institute. In: Group USCSW, editor. 2016.
32. Brickman C, Palefsky JM. Cancer in the HIV-infected host: epidemiology and
pathogenesis in the antiretroviral era. Curr HIV/AIDS Rep. 2015;12(4):388–96.
33. Wang CJ, Sparano J, Palefsky JM. Human immunodeficiency virus/AIDS,
human papillomavirus, and anal cancer. Surg Oncol Clin N Am. 2017;26(1):
17–31.

Ye et al. Infectious Agents and Cancer

(2021) 16:14

34. Monforte A, Abrams D, Pradier C, Weber R, Reiss P, Bonnet F, et al. HIVinduced immunodeficiency and mortality from AIDS-defining and nonAIDS-defining malignancies. AIDS. 2008;22(16):2143–53.
35. Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, Pineros M,
et al. Estimating the global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int J Cancer. 2019;144(8):1941–53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

