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Abstract

Little is known about risk factors for progression of high-grade anal intraepithelial

neoplasia (AIN) to anal squamous cell carcinoma (ASCC). In this large, population-

based study, we assess the role of factors related to immune status for the risk of

ASCC among individuals from the general population with a diagnosis of AIN3. Indi-

viduals diagnosed with AIN3 during 1985-2016 were identified in the Danish Pathol-

ogy Registry and followed for subsequent development of ASCC. The study

population was linked to the National Patient Registry, the Danish Prescription Regis-

try and the Danish HIV Cohort Study for information on autoimmune disease, genital

warts and HIV status. To study the progression rate, Cox regression models with haz-

ard ratios (HR) and 95% confidence intervals (CI) were applied with time since AIN3

as the underlying time scale and with adjustment for age at AIN3 diagnosis, year of

AIN3 diagnosis and sex. The study population comprised 1222 individuals with AIN3

contributing 12 824 person-years of follow-up. Ninety-seven individuals (7.9%)

developed ASCC. Individuals registered with an autoimmune disease or genital warts

before and/or after the AIN3 diagnosis had an increased rate of progression to ASCC

compared to individuals without these conditions. People living with HIV had a higher

progression rate than HIV-negative individuals (HR = 4.25; 95% CI: 1.87-9.65) with

the highest progression rate among those with CD4 count ≤200 cells/μL. These asso-

ciations may be caused by an interplay between HPV infection and

immunosuppression.
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What's new?

Anal cancer risk is strongly associated with persistent human papillomavirus (HPV) infection.

However, little is known about risk factors for progression of high-grade anal intraepithelial neo-

plasia to anal cancer. This is the first report of an association between autoimmune disease, gen-

ital warts and/or living with HIV and the risk of developing anal cancer following an anal

intraepithelial neoplasia diagnosis in the general population. The study provides new insights on

potential progression pathways to anal cancer and points to an interplay between immunosup-

pression and HPV infection. An important long-term approach to reduce anal cancer incidence is

gender-neutral HPV vaccination.

1 | INTRODUCTION

We have previously shown that the risk of anal cancer, with anal

squamous cell carcinoma (ASCC) being by far the most common type,

increases with increasing severity of precursor lesions, reaching

almost 4% 5 years after a diagnosis of AIN3.1

Anal cancer risk is strongly associated with persistent infection

with human papillomavirus (HPV) with nearly 90% of anal cancers

being attributable to HPV.2 The risk of anal cancer is, however, partic-

ularly high in certain population groups, including people living with

HIV (PLWH), men who have sex with men (MSM) and organ trans-

plant recipients.3-5 Compromised immune function due to an intrinsic

alteration of the immune system, immunosuppressive treatment or

both is also an important risk factor for anal cancer.4 Other risk factors

include receptive anal intercourse, a history of genital warts and

smoking.5,6 Among women, a history of high-grade vulvar or cervical

intraepithelial neoplasia, vulvar cancer or cervical cancer also consti-

tute an increased anal cancer risk.7

Apart from studies investigating the effect of treatment of high-

grade anal precursor lesions on the subsequent risk of anal cancer,8-12

few studies have examined other factors associated with progression

of high-grade AIN to anal cancer, including sex, marital status,

smoking, lesion characteristics and HIV/AIDS.8-10 Previous studies

were based on a limited number of anal cancer cases and most were

conducted among high-risk populations. Thus, little is known about

factors associated with progression of high-grade AIN lesions to anal

cancer in the general population.

This gap in knowledge prompted us to examine the role of

factors related to immunosuppression, including autoimmune dis-

ease and HIV, and genital warts in the development of ASCC among

individuals in the general population with a diagnosis of AIN3,

using data from the unique, nationwide, population-based Danish

registries.

2 | MATERIALS AND METHODS

2.1 | Data sources

From the nationwide Danish Pathology Registry, we identified individ-

uals registered with AIN3 (including carcinoma in situ) during

1985-2016 and subsequent ASCC. The Danish Pathology Registry

holds information on pathology specimens from public and private

pathology departments in Denmark since 1970.13 The diagnostic

information in the Danish Pathology Registry is based on the System-

atized Nomenclature of Medicine (SNOMED). The SNOMED topogra-

phy codes used to identify individuals with AIN3 and ASCC included

T69000, T69010, T69015, T69110, T69120, T02507, and TY1701

and SNOMED morphology codes corresponding to AIN3 and ASCC,

respectively.

Information on vital status, date of death and migration to and

from Denmark was obtained from the Danish Civil Registration

System.14

From the National Patient Registry, we retrieved information on

diagnoses of autoimmune disease. A history of genital warts was

included as a composite measure of a diagnosis in the National Patient

Registry and/or one or more filled prescriptions in the Danish Pre-

scription Registry. The National Patient Registry holds information on

diagnoses and surgical procedures for all hospitalizations for somatic

conditions since 1977 and for all outpatient contacts since 1995.15

The Danish Prescription Registry contains information on all prescrip-

tion drugs sold in Danish community pharmacies since 1995. Drugs

are categorized according to the Anatomic Therapeutic Chemical sys-

tem.16 Information on HIV status and measures related to HIV positiv-

ity was obtained from the Danish HIV Cohort Study. This is an open

cohort with continuous enrolment of PLWH aged 16 years or older at

time of HIV diagnosis seen in one of the eight Danish HIV centers

since December 31, 1994. PLWH diagnosed before this date are also

included in the cohort.17

Autoimmune disease, genital warts and HIV infection occurring

before and/or after AIN3 may influence the risk of subsequent

development of ASCC. We divided autoimmune disease and genital

warts into three categories: “never”; “yes, before AIN3”; and “yes,
only after AIN3.” Due to limited power we were not able to distin-

guish between the effect of HIV infection before and after AIN3.

Hence, HIV status was categorized as being HIV-positive before

the AIN3 diagnosis or not. PLWH were further divided according

to CD4 count defined as the last CD4 count registration before

the AIN3 diagnosis and categorized as CD4 ≤ 200 cells/μL and

CD4 ≥ 200 cells/μL.

For descriptive and adjustment purposes, we retrieved informa-

tion about age and sex from the Civil Registration System, information
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on education, marital status and ethnicity from registries in Statistics

Denmark, which administers several nationwide demographic

registries,18 and information about treatment of AIN3 from the

National Patient Registry and the Danish Prescription Registry. The

exposure window for treatment of AIN3 covered the period up to

6 months after the AIN3 diagnosis and included surgical, ablative and

topical treatment.

Linkage of information from the registries was done using the

unique personal identification number assigned to all Danish

residents.14

2.2 | Statistical analysis

Individuals with AIN3 were followed for subsequent development of

ASCC until first occasion of ASCC, emigration, death or end of follow-

up (December 2018), whichever came first. To exclude prevalent

cases, the follow-up started 6 months after the AIN3 diagnosis. The

median follow-up time with 95% confidence limits was estimated

based on the reverse Kaplan-Meier method.19 The absolute risk of

ASCC following AIN3 as a function of time since AIN3 was stratified

by autoimmune disease, genital warts and HIV status all measured at

baseline. The risk was estimated nonparametrically using the Aalen-

Johansen estimator taking into account competing risk from death

and other histological types of anal cancer. To study the rate of pro-

gression in relation to autoimmune disease, genital warts and HIV sta-

tus, Cox regression models were applied with time since AIN3 as the

underlying time scale. All exposure variables were entered as time-

varying variables, that is, individuals who had a diagnosis only after

the AIN3 diagnosis were included in the analysis as unexposed until

the change in their exposure status. We report crude hazard ratios

(HR) with 95% confidence intervals (CI) and HR adjusted for age at

AIN3 diagnosis as a continuous variable, year of AIN3 diagnosis as a

continuous variable and sex as a stratum variable, that is, allowing for

separate underlying hazards by sex. In additional analyses, we

restricted the Cox regression analysis to individuals diagnosed with

AIN3 from 1995 and onwards as information from the Danish Pre-

scription Registry was not available until 1995 and adjusted for treat-

ment of AIN3 as a dichotomous variable (yes/no). Additionally, we

conducted an analysis where the effect of genital warts was further

adjusted for HIV status, as HIV may be a confounding factor for the

association between genital warts and ASCC. Finally, when dealing

with competing risks, HRs do not directly translate into relationships

between risks. To investigate this, we estimated HRs for the associa-

tions between exposure variables and competing risk outcomes (death

and other histological types of anal cancer). The proportional hazards

assumption was evaluated in scaled Schoenfeld residual plots and cor-

relation tests were based on the Schoenfeld residuals.20 The correla-

tion tests showed some violations of the proportional hazards

assumption for age, which was supported by the residual plot showing

a decreasing trend in the scaled residuals with increasing age. To take

this into account, age (grouped as <45, 45-65, ≥65 years) was added

as a stratum variable.

3 | RESULTS

In a previous study of anal cancer risk following benign anal disease

and anal cancer precursor lesions, we identified a total of 1491 indi-

viduals registered with a diagnosis of AIN3.1 For the purpose of the

present study, we excluded those diagnosed with AIN3 before 1985

as data from the registries from which we obtained information on

exposure variables were sparse before 1985. Thus, for the present

TABLE 1 Characteristics of the study population at the time of
AIN3 diagnosis

Number of individuals

with AIN3 (%)

Total 1222 (100.0)

Age at AIN3 diagnosis

<45 y 427 (34.9)

45-54 y 311 (25.5)

55-64 y 221 (18.1)

65-74 y 152 (12.4)

≥75 y 111 (9�1)
Sex

Male 293 (24.0)

Female 929 (76.0)

Year of diagnosis

1985-1994 185 (15.1)

1995-2004 394 (32.2)

2005-2014 497 (40.7)

2015-2016 146 (11.9)

Autoimmune disease

Never 1118 (91.5)

Yes, before AIN3a 53 (4.3)

Yes, only after AIN3a 51 (4.2)

Genital warts

Never 812 (66.4)

Yes, before AIN3 326 (26.7)

Yes, only after AIN3 84 (6.9)

HIV-status before AIN3 diagnosis

Negative 1171 (95.8)

Positive 51 (4.2)

CD4 countb

CD4 ≥ 200 cells/μL 34

CD4 < 200 cells/μL 11

Abbreviation: AIN, anal intraepithelial neoplasia.
aBoth before and after AIN3 diagnosis, the two most common

autoimmune diseases were rheumatoid arthritis and type 1 diabetes.

Note that individuals could be registered with the same disease

more than once and with more than one autoimmune disease.

Here only the first registration of each disease is reported.
bDue to missing values for CD4 count the numbers do not sum up to the

total number of HIV positive individuals.
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study we included 1431 individuals registered with AIN3 during

1985-2016 who were not previously registered with a diagnosis of

anal cancer. To study incident ASCC we also excluded individuals who

emigrated (n = 2), died or developed other histological types of anal

cancer (n = 30), or developed ASCC within the first 6 months after

the AIN3 diagnosis (n = 177). Hence, the final study population com-

prised 1222 individuals with AIN3 who were at risk of ASCC 6 months

after AIN3. The maximum follow-up time was 34 years (median

12.8 years [95% CI: 12.1-13.6]), contributing 12 824 person-years of

follow-up.

Characteristics of the study population at the time of AIN3 diag-

nosis are presented in Table 1. Approximately 60% were aged

<55 years, and the majority were women (76.0%). Most AIN3's were

diagnosed from 1995 and onwards (84.9%). Fewer than 9% were reg-

istered with a diagnosis of an autoimmune disease either before or

during the follow-up period with the two most common diseases
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F IGURE 1 (A) Absolute risk of ASCC following AIN3 according to autoimmune disease. (B) Absolute risk of ASCC following AIN3 according
to genital warts. (C) Absolute risk of ASCC following AIN3 according to HIV status [Color figure can be viewed at wileyonlinelibrary.com]
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being rheumatoid arthritis and type 1 diabetes. Approximately 35%

ever had genital warts, and almost all of the study population was

HIV-negative (Table 1). The main route of HIV infection was homo-

sexual sex (74.5%) and all but one of the PLWH received antiretroviral

treatment (data not shown). Fifty-five percent were registered with

one or more types of treatment (ablative, surgical or topical) for AIN3,

however the actual proportion is most likely higher as this information

is incomplete, particularly before 1995 (data not shown).

Altogether, 97 individuals (7.9%) developed ASCC during

12 824 person-years, 295 died before/without anal cancer, five

developed other histological types of anal cancer and 15 emigrated.

The remaining 810 individuals were alive, living in Denmark without

anal cancer at the end of follow-up. The absolute risk of ASCC fol-

lowing AIN3 according to autoimmune disease, genital warts and

HIV status at baseline is depicted in Figure 1A-C. During the first

approximately 5 years following an AIN3 diagnosis, the estimated

absolute risk of ASCC seemed similar among individuals with and

without an autoimmune disease, while thereafter, the risk of ASCC

was highest among those registered with an autoimmune disease

(Figure 1A). Likewise, no apparent difference in the risk of ASCC

after AIN3 was observed between individuals with and without

genital warts during the initial 10 years of follow-up, while the risk

was higher after more than 10 years of follow-up among individuals

registered with genital warts before AIN3, compared to individuals

not having genital warts before AIN3 (Figure 1B). In contrast,

PLWH individuals had a markedly higher risk of developing ASCC

after an AIN3 diagnosis than HIV-negative individuals and this was

evident immediately and during the entire follow-up period

(Figure 1C).

Results from the Cox regression analysis on the rate of progres-

sion from AIN3 to ASCC in relation to autoimmune disease, genital

warts and HIV status are presented in Table 2. The diagnosis of an

autoimmune disease after the AIN3 diagnosis in individuals not previ-

ously registered with an autoimmune disease was associated with an

increased rate of progression to ASCC compared to individuals not

having an autoimmune disease (HR = 3.37; 95% CI: 1.58-7.19) and an

incidence of ASCC per 100 person years of 2.2. A similar, although

not statistically significant, association was observed for autoimmune

disease before AIN3 diagnosis. Among individuals who were regis-

tered with genital warts before AIN3 there was a doubling in the pro-

gression rate from AIN3 to ASCC compared to individuals not having

genital warts. A similar association was found for individuals regis-

tered with genital warts only after the AIN3 diagnosis although not

reaching statistical significance. Additional adjustment for HIV status

did not change the observed association for genital warts although

the estimates were somewhat attenuated (data not shown). Finally,

PLWH had a markedly higher progression rate than HIV-negative indi-

viduals (HR = 4.25; 95% CI: 1.87-9.65) and the rate of ASCC follow-

ing AIN3 was highest among those with CD4 count <200 cells/μL

(HR = 8.11; 95% CI: 2.76-23.8). Among PLWH, the incidence of

ASCC per 100 person years was 2.4.

In a sensitivity analysis restricted to individuals diagnosed with

AIN3 during 1995-2016, we found results similar to those from the

main Cox regression analysis (Table S1). Further adjustment

for treatment of AIN3 made virtually no changes to the estimates

(Table S1). Finally, competing risk rates, that is, rates of death or

other histological types of anal cancer, following an AIN3 diagnosis

seemed to be only weakly positively associated with autoimmune

TABLE 2 Hazard ratios (HR) with 95% confidence intervals (CI) of progression from anal intraepithelial neoplasia (AIN) 3 to anal squamous
cell carcinoma (ASCC) among individuals at risk 6 mo after AIN3 diagnosis 1985-2016 (total number of person years = 12 824)

Number of person

years

Number of ASCC

cases

Incidence per 100

person years HRa (95% CI) HRb (95% CI)

Autoimmune disease

Never 11 994 83 0.7 Ref. Ref.

Yes, before AIN3 469 6 1.3 1.76 (0.77-4.03) 1.86 (0.81-4.29)

Yes, only after AIN3 361 8 2.2 3.96 (1.86-8.42) 3.37 (1.58–7.19)

Genital warts

Never 8378 55 0.7 Ref. Ref.

Yes, before AIN3 3557 34 1.0 1.49 (0.97-2.28) 2.04 (1.27-3.29)

Yes, only after AIN3 889 8 0.9 1.53 (0.72-3.22) 1.88 (0.87-4.08)

HIV-status before AIN3

diagnosis

Negative 12 368 86 0.7 Ref. Ref.

Positivec 456 11 2.4 3.40 (1.81-6.38) 4.25 (1.87–9.65)

CD4 ≥ 200 cells/μL 273 ≥5 ≥1.8 3.49 (1.61-7.56) 3.71 (1.44-9.55)

CD4 < 200 cells/μL 74 <5 <6.7 7.33 (2.68-20.0) 8.11 (2.76–23.8)

aAdjusted for time since AIN3.
bAdjusted for time since AIN3, age at AIN3, year of diagnosis and sex.
cDue to missing values for CD4 count the numbers do not add up to the total number of person years for HIV positive individuals. Due to GDPR

regulations, exact numbers <5 cannot be presented.
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disease and no associations with genital warts and HIV infection

were seen (data not shown).

4 | DISCUSSION

In this population-based study of more than 1200 individuals diag-

nosed with AIN3 contributing more than 12 500 person-years of

follow-up, we found that having an autoimmune disease, genital warts

and living with HIV were related to an increased risk of developing

ASCC following an AIN3 diagnosis. Autoimmune disease and genital

warts registered before as well as after the AIN3 diagnosis were asso-

ciated with higher rates of ASCC. Among PLWH, the most pro-

nounced risk of ASCC was observed among those with a low CD4

count.

Few studies have investigated factors related to progression of

AIN3 to anal cancer, with only one study investigating the factors

examined in the present study,10 and one study including data from

the general population.8 Thus, we are not able to directly compare our

results with previous literature.

We found an excess risk of ASCC among individuals with AIN3

who had a diagnosis of autoimmune disease. An association

between autoimmune disease and ASCC was previously shown in a

Danish cohort study.4 One potential explanation for this associa-

tion may be an increased susceptibility to HPV. In patients with

psoriasis, a common autoimmune disease, increased risks of other

HPV-related cancers have also been reported.21 Furthermore, long-

lasting perianal Crohn's disease, another common autoimmune dis-

ease, was reported in a study of anal cancer patients, suggesting

that chronic inflammation may be responsible for the development

of anal ASCC.22 In accordance with this, we have previously found

that benign inflammatory conditions increased the risk of anal can-

cer.1 Thus, it is possible that inflammatory lesions may promote

HPV-initiated carcinogenesis or facilitate access of HPV to the epi-

thelium. In addition, another factor that could explain the increased

risk associated with a diagnosis of autoimmune disease, is the

immunosuppression that may result from the treatment of these

diseases.

In line with the results of the present study, a large Danish cohort

study found that a previous diagnosis of genital warts was strongly

associated with the subsequent risk of anal cancer among both

women and men, and the risk remained elevated for >10 years follow-

ing the diagnosis of genital warts compared to the general popula-

tion.6 Genital warts are caused by infection with the nononcogenic

HPV types 6 and 11, but coinfection with other HPV types is com-

mon.23 Individuals with genital warts may have an increased risk of

developing HPV-associated cancer due to an increased likelihood of

also harboring oncogenic HPV types.6 Immunological factors may also

explain why some individuals have a reduced ability to clear HPV and

thereby an increased risk of genital warts and later development of

cancer.6,24 Furthermore, the association between genital warts and

anal cancer may be a marker of high-risk sexual behavior resulting in

coinfection with oncogenic HPV subtypes.5 Thus, a high number of

partners and being MSM has been shown to increase the risk of both

genital warts and anal cancer.23,25

An increased risk of ASCC associated with HIV infection is well

documented,3 and a diagnosis of AIDS has also been found to be

associated with progression of perianal high-grade AIN to anal cancer

in MSM.10 Immunosuppression in PLWH may favor the development

of AIN, which may potentially progress to ASCC.3,4 Previous studies

found that a low CD4 count was associated with increased risk of

high-grade AIN26 and anal cancer,27 respectively, which is in accor-

dance with our findings. Finally, several studies have reported an

increased incidence of AIN and ASCC in PLWH after the introduction

of highly active antiretroviral therapy in 1996. This has been attrib-

uted to improved survival of PLWH resulting in longer HPV persis-

tence and thus leaving more time to develop HPV-associated cellular

abnormalities and HPV-related cancer.3,5

We observed different time frames of progression from AIN3 to

ASCC depending on the risk factor that was examined. The higher

absolute risk of ASCC following immediately after AIN3 as well as the

shorter time to progression among PLWH compared to women with

autoimmune diseases or genital warts may indicate a higher degree of

immunosuppression, making PLWH with AIN3 at higher risk of devel-

oping cancer than individuals with autoimmune disease or genital

warts. This may be relevant for potential screening programs and thus

needs further investigation.

The main strength of our study is the use of high-quality nationwide

registries with valid information. Unlike most previous studies, the pre-

sent study was conducted among women and men from the general pop-

ulation. Furthermore, a relatively large number of individuals with AIN3

was included, and there was virtually no loss to follow-up. However, our

study also has several limitations. Anal cancer is a rare disease, and some

of our analyses included small numbers, limiting our ability to draw firm

conclusions. We had limited power to distinguish between effects acting

before and after the AIN3 diagnosis. Furthermore, we did not have

enough statistical power to perform analyses separately for women and

men. With regard to the exposures that we examined, the diagnosis of

autoimmune disease relied on a patient registry, which implies that only

patients diagnosed or treated at hospitals were included. This may lead to

under ascertainment of patients with milder disease, which could intro-

duce bias. Similarly, information concerning treatment of AIN3, originat-

ing from the National Patient Registry, was based only on hospital

admission and outpatient contacts, and was therefore not complete. In

addition, information on different prescription drugs from the Danish Pre-

scription Registry was not available until 1995. Nevertheless, most AIN3

diagnoses in our study occurred from 1995 and onwards and the analysis

restricted to individuals diagnosed during 1995-2016 showed results sim-

ilar to the results among the entire study population. Another limitation is

that we had no information on potential confounders or other risk factors

such as smoking, sexual behavior, sexual preference and HPV status.

Finally, as there is no routine anal cancer screening program in Denmark,

those who were detected with AIN3 may not be an entirely representa-

tive sample of all individuals with AIN3.

To prevent progression from AIN3 to ASCC and thus reduce the

incidence of ASCC, treatment is an important factor, but high-risk
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groups (such as PLWH and immunocompromised individuals) should be

prioritized. In addition, more information is needed on the efficacy of

treatment of AIN3 to prevent ASCC. The ANal Cancer/HSIL Outcomes

Research (ANCHOR) study is currently being performed to address this

question. Furthermore, given the high progression rate to cancer,

screening among groups at the highest risk of having AIN3 is important.

Routine screening of anal cancer is not offered in the general popula-

tion, but it has been proposed for high-risk groups.28 Another approach

to reduce the risk of anal cancer is HPV vaccination. The HPV vaccine

has been shown to be highly effective for prevention of anal cancer pre-

cursor lesions in both women and men and has been approved for pre-

vention of anal cancer.29,30 A high vaccine coverage and vaccination of

boys, which was introduced in Denmark in 2019, could have an impor-

tant long-term impact on both AIN3 and anal cancer incidence.

In conclusion, our study based on the general population shows

that among individuals with a diagnosis of AIN3, autoimmune disease,

ever genital warts and living with HIV, particularly with a low CD4

count, are important factors for the subsequent risk of ASCC. These

associations may be caused by an interplay between HPV infection and

immunosuppression. In order to decrease the incidence of ASCC, high

HPV vaccination coverage and gender-neutral vaccination is essential.
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