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Abstract

BACKGROUND: The progression rate and predictors of anal dysplastic lesions to squamous cell 

carcinoma of the anus remain unclear. Characterizing these parameters may help refine anal cancer 

screening guidelines.

OBJECTIVE: To determine the rate of progression of high-grade anal dysplasia to invasive 

carcinoma in HIV-infected persons.

DESIGN: Using the Surveillance, Epidemiology and End Results database linked to Medicare 

claims from 2000–2011, we identified HIV-infected subjects with incident anal intraepithelial 

neoplasia III. To estimate the rate of progression of anal intraepithelial neoplasia III to invasive 

cancer, we calculated the cumulative incidence of anal cancer in this cohort. We then fitted 

Poisson models to evaluate the potential risk factors for incident anal cancer.

SETTINGS: This is a population-based study.

PATIENTS: 592 HIV-infected subjects with incident anal intraepithelial neoplasia III.

MAIN OUTCOME MEASURES: Incident squamous cell carcinoma of the anus.

RESULTS: Study subjects were largely male (95%) of median age 45.7 years. Within the median 

follow-up period of 69 months, 33 subjects progressed to anal cancer. The incidence of anal cancer 

was 1.2% (95% confidence interval: 0.7–2.5%) and 5.7% (95% confidence interval: 4.0–8.1%) at 
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1 and 5 years, respectively, following anal intraepithelial neoplasia III diagnosis. Risk of 

progression did not differ by anal intraepithelial neoplasia III treatment status. On unadjusted 

analysis, Black race (p = 0.02) and history of anogenital condylomata (p = 0.03) were associated 

with increased risk of anal cancer incidence, whereas prior anal cytology screening was associated 

with a decreased risk (p = 0.04).

LIMITATIONS: Identification of some incident cancer episodes employed surrogate measures.

CONCLUSIONS: In our population-based cohort of HIV-infected subjects with long-term 

follow-up, the risk of progression from anal intraepithelial neoplasia III to anal squamous cell 

carcinoma was higher than reported in other studies and was not associated with receipt of anal 

intraepithelial neoplasia III treatment. See Video Abstract at http://links.lww.com/DCR/Axxx.
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INTRODUCTION

Squamous cell carcinoma of the anus (SCCA) is an uncommon cancer with an annual 

incidence of 1.8 per 100,000 persons.1 Yet the incidence of SCCA is more than 30-fold 

higher in the HIV-infected population than the general population,2 and up to 80-fold higher 

among HIV-infected men who have sex with men (MSM).3

Investigation of the natural history of SCCA precursor lesions has helped clarify trends 

regarding the incidence of this cancer. The classification of these lesions has evolved over 

time, however. In 2012, the Lower Anogenital Squamous Terminology (LAST) Project 

standardized the nomenclature for HPV-associated squamous lesions of the anogenital tract, 

recommending a two-tiered system of low- and high-grade squamous intraepithelial lesions 

(LSIL vs. HSIL).4 Prior to LAST, the three tiered anal intraepithelial neoplasia (AIN) 

classification was widely used. In that terminology high-grade lesions were classified 

depending on the thickness of the dysplastic epithelium as either AIN II (when up to two-

thirds of the epithelium is involved), or the more advanced AIN III (when two-thirds to the 

full thickness is dysplastic). Some data sources, such as the Surveillance, Epidemiology and 

End-Results cancer registry, continued to use AIN classifications for these lesions, although 

HSIL is the currently accepted clinical designation for high-grade lesions.

Anal cancer screening programs targeting high-risk populations have been implemented to 

prevent SCCA by finding and treating HSIL, although the benefits of screening are still 

controversial.5–10 As SCCA screening has increased, so too have the incidence of HSIL and 

early stage SCCA.11–13 Little is known about the progression rate and predictors of HSIL to 

invasive SCCA. Despite a limited understanding of the natural history of high-grade anal 

dysplasia, these lesions are often managed with high-resolution anoscopy (HRA) guided 

ablative treatments such as electrocautery.14
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Understanding the risk of HSIL progression is critical for proper management, 

prognostication, and surveillance of patients at highest risk of SCCA. To better characterize 

the natural history of these premalignant lesions, we used population-based data to estimate 

the risk of progression of high-grade anal dysplasia (AIN III) to SCCA in HIV-infected 

subjects. We also examined potential predictors of SCCA incidence in this cohort. These 

data may help better inform current anal cancer screening guidelines and the management of 

HSIL.

METHODS

Cohort

The study cohort was assembled from the SEER database linked to Medicare claims (SEER-

Medicare). We restricted our cohort to the years 2000–2011 to ensure sufficient follow-up 

time and so that diagnostic and treatment practices would be consistent with evolving trends 

in anal cancer screening and the marked increase in SCCA in HIV-infected individuals, and 

MSM in particular. AIN II cases are not included in SEER, nor is there a registry 

classification for the broader category of HSIL; therefore we only included AIN III (which 

does have a distinct SEER code) diagnoses in this analysis.15 Cases of AIN III 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 histology code 8077 (Squamous intraepithelial neoplasia, grade III) and behavior 

code 2 (benign). Cases were excluded from the analysis if subjects had incomplete Medicare 

part A and part B claims data for the study period, as this would affect the ability to 

accurately ascertain important exposures and outcomes.

We used a validated algorithm for identifying HIV infection that required either two HIV-

related ICD-9 codes separated by at least 30 days in outpatient data, or one inpatient code.
16,17 This method maximizes the specificity of this diagnosis, as single codes can represent 

“rule-out” diagnoses, and has a positive predictive value of 88% in administrative data 

sources.18 Demographic data (age, sex, race/ethnicity, etc.) were also collected from SEER. 

Medicare claims data were used to calculate modified Charlson comorbidity scores for 

subjects using diagnostic codes identified in the 12 months prior to AIN III diagnosis.19 

Concomitant anogenital condylomata diagnoses and anal cytologic examinations within two 

years prior to AIN III diagnosis (hereafter termed “prior anal cytology”) were also collected 

using claims data.

Outcomes

The primary outcome of interest was the incidence of invasive SCCA, detected at least three 

months after AIN III diagnosis. Incident SCCA was determined from four sources: 1) 

incident SCCA cases recorded in SEER that followed an initial diagnosis of AIN III; 2) 

Medicare claims capturing treatment for a diagnosis of invasive SCCA by identifying claims 

for radiotherapy or chemotherapy combined with diagnostic codes for SCCA; 3) Medicare 

claims for extensive surgical resection or colostomy placement combined with diagnostic 

codes for SCCA; and 4) cases of AIN III with SCCA as the cause of death from SEER death 
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data (see Supplemental table 1). We collected data on other outcomes including anal cancer-

specific death (from SEER cause of death data), colostomy placement (using Medicare 

claims), and death from any cause using SEER and Medicare data.

Treatment and Surveillance of AIN 3

Treatment methods for AIN III within 30 days of diagnosis were collected from the SEER 

database and Medicare claims, specifically surgical (local excision) and non-surgical 

(thermal ablation, laser tumor destruction, electrocautery, and fulguration). Surveillance of 

AIN III lesions after diagnosis and treatment (hereafter termed “subsequent anal cytology”) 

was identified using Medicare claims denoting anal cytology performed at 30 days or more 

following AIN III diagnosis.

Statistical Analysis

The distribution of baseline characteristics for patients was compared using the t-test for 

normal continuous variables, the Wilcoxon test for non-normal continuous variables, and the 

chi-square test for categorical variables. We used cumulative incidence function methods to 

determine the incidence of SCCA accounting for death as a competing event, and for 

estimation of 95% confidence intervals (CI). We then implemented the method proposed by 

Pepe and Mori to compare cumulative incidence of SCCA by treatment status and 

subsequent anal cytology.20 In order to identify independent predictors of risk of progression 

to SCCA by treatment status, we fitted models of SCCA incidence adjusting for sex, age, 

race, year of AIN 3 diagnosis, HIV infection, history of anogenital condylomata, smoking, 

prior anal cytology, and treatment of AIN III using poisson regression methods. Statistical 

analyses were conducted in SAS 9.3 (SAS Institute, Cary, NC) and STATA 13 (Stata 

Corporation, College Station, TX). The institutional review board of the Icahn School of 

Medicine at Mount Sinai deemed this research exempt from review.

RESULTS

Subject characteristics

Our analytic cohort consisted of 592 HIV-infected subjects who were diagnosed with 

incident AIN III as reported to the SEER registry. The study sample was predominantly 

male (95%) of mean age 45.7 years. We identified thirty-three subjects with likely incident 

SCCA during this time period (Table 1). Compared to AIN 3 subjects without incident 

SCCA, subjects with incident SCCA over the study period were more likely to be non-

Hispanic black (Table 1; 33% vs. 13%, p < 0.01) and to have a history of anogenital 

condylomata (63% vs. 43%, p = 0.02). Sixty-six percent of subjects without incident SCCA 

underwent prior anal cytology compared to 48% of subjects with incident SCCA (p = 0.04). 

There was no statistically significant difference in sex, age, or history of smoking by SCCA 

incidence status. The burden of comorbidities in the study sample was low, with a mean 

Charlson comorbidity score of 0.36 and 0.57 in those without and with incident SCCA, 

respectively (p = 0.2). Median follow up time was approximately 6 years and did not 

significantly differ between those with and without incident SCCA. Of subjects with 

incident SCCA, 77% underwent prior surgical or non-surgical treatment of the AIN III 

lesion, compared to 61% in those subjects without incident SCCA (Table 1; p = 0.07). 
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Subjects without and with incident SCCA underwent subsequent anal cytology (following 

AIN 3 diagnosis) at rates of 73% and 64%, respectively (p = 0.3).

Incidence rates of SCCA

During the study period, we identified 33 incident cases of SCCA among the 592 subjects 

diagnosed with AIN III at baseline (Table 1). Among the 33 subjects who developed incident 

SCCA, the median time from AIN III to incidence of SCCA was 24 months (interquartile 

range 12–40 months). The cumulative incidence of SCCA after AIN 3 diagnosis was 1.2% 

(95% confidence interval [CI]: 0/7–2.5%) at 12 months, 2.6% (95% CI 1.6–4.3) at 24 

months, 3.7% (95% CI 2.4–5.6) at 36 months, and 5.7% (95% CI 4.0–8.1) at 60 months 

(Table 2 and Figure 1). The cumulative incidence of SCCA did not differ significantly when 

comparing by AIN III treatment status (results not otherwise shown; p = 0.2) nor by whether 

patient underwent subsequent anal cytology (p = 0.1).

Predictors of progression to SCCA

Table 3 shows the incidence rate ratios of various predictors of SCCA incidence. In 

unadjusted analyses, non-Hispanic Black race (incidence rate ratio [IRR] 12.2, 95% CI 1.6–

95.4, p = 0.02) and history of anogenital condylomata (IRR 2.3, 95% CI 1.1–4.8, p = 0.03) 

were associated with increased risk of SCCA incidence. The risk of SCCA was nearly three 

times greater among non-Hispanic Blacks compared to non-Hispanic Whites. The 

associations of non-Hispanic Black race and history of anogenital condylomata only trended 

towards significance on adjusted analysis (p = 0.06 and p =0.07, respectively). In unadjusted 

analysis, prior anal cytology (preceding AIN 3 diagnosis) was associated with a decreased 

risk of SCCA incidence (IRR 0.5, 95% CI 0.2–0.96, p = 0.04). This association was not 

statistically significant after adjustment (p = 0.2). Treatment of AIN 3 was associated with a 

trend towards increased risk of SCCA incidence, however this was not statistically 

significant (IRR 1.7, 95% CI 0.7–4.0, p = 0.2).

DISCUSSION

The incidence and predictors of SCCA in patients with HSIL are unclear. Using population-

based data with long-term follow-up, we estimate the 5-year risk of AIN III progression to 

SCCA in HIV-infected patients to be 5.7%. Furthermore, we found no difference in rates of 

progression to SCCA in patients who received treatment for HSIL compared to those who 

did not.

To appreciate the limits of comparing this data to that of prior studies, it is important to note 

the historical context in which SCCA precursor lesions were classified and studied. 

Estimates of the risk of progression of HSIL to SCCA have varied widely due to significant 

heterogeneity in diagnostic terminology and criteria used (HSIL, AIN III, and anal 

carcinoma in situ)4,21; treatment (if any) for such lesions (excision, ablation, or watchful 

waiting); populations studied (HIV-infected and uninfected, men and women); as well as 

follow-up time.1,14,22–25 HSIL, the current widely used histological diagnosis for high-grade 

SCCA precursor lesions, combines anal intraepithelial neoplasia (AIN) grades 2 and 3 since 

these lesions are associated with significant risk of malignant transformation. Of note, our 
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data were collected prior to the LAST Project, and AIN III is the only SCCA precursor 

lesion reportable to SEER.

Our study presents data on one of the largest cohorts of HIV-infected subjects with HSIL, 

with follow-up time exceeding that of most similar studies. We found 5-year cumulative 

SCCA incidence rates among patients initially diagnosed with AIN III that were similar to 

other retrospective studies. Previous studies reported cumulative risks of SCCA as 0–1.2% at 

1 year14,25 and 1.7–13% at 5 years1,22,23 following diagnosis of the SCCA precursor lesion. 

However, Goldstone et al. reported a 2% progression rate at 3 years among 727 MSM with 

high-grade anal intraepithelial neoplasia (HGAIN) treated with ablation, which is roughly 

half the rate seen in our cohort within the same timeframe.14 Using pooled incidence 

estimates of anal cancer and prevalence rates of HSIL, Machalek et al. estimated that the 

theoretical rate of progression of HGAIN to SCCA is 1/377 per year among HIV-infected 

MSM living in the ART era, equivalent to 0.3% per year and 1.3% at 5 years, and even lower 

rates for HIV-uninfected patients.26 Several studies have generated progression estimates 

closer to those seen in our analysis however; Tong et al. estimated progression at 

approximately 1.2%/year and a state-transition modeling analysis by Mathews et al. 
determined a range of 1.1–1.7%/year.25,27

The lower rates of progression in some of these studies compared to our results may be 

explained by differences in treatment of AIN III lesions or methods used to identify 

progression. Our study identified incidence of SCCA both directly, via reporting to SEER, 

and indirectly via radiotherapy, chemotherapy, or surgical treatment for an SCCA diagnosis 

in patients with previous diagnoses of AIN III. This indirect identification of incident SCCA 

may overestimate the true incidence due to potential classification errors. Additionally, 

previous similar studies of SCCA incidence in patients with dysplasia included patients with 

AIN II diagnoses1,14,25,26 which probably have a lower rate of progression to SCCA than 

AIN III.21,26 Thus, rates in these studies may not be directly comparable to those in the 

present study.

On adjusted analysis, we were not able to detect any statistically significant predictors of 

progression to SCCA. However, on unadjusted analysis, history of anogenital condylomata 

was associated with increased hazard of progression to SCCA. This is likely due to the 

increased risk of concomitant anal high-grade dysplasia among patients with anogenital 

condylomata.28 Similarly, studies have shown that persistent infection with high-risk HPV is 

an important risk factor for HSIL, and may predict progression of HSIL to SCCA.4 Since 

SEER-Medicare lacks data on HPV co-testing of AIN III lesions for the time period studied, 

we could not evaluate oncogenic HPV strains as a potential predictor. Additionally, not all 

persons who progressed to SCCA had evidence of prior condylomata, which is consistent 

with prior evidence that high-grade lesions often manifest in patients without overt 

verrucous lesions.29

With nearly two-thirds of subjects undergoing anal cytology both prior and subsequent to 

AIN III diagnosis, our study likely represents a cohort of HIV-infected patients undergoing 

anal cancer screening as well as treatment and surveillance of HSIL. History of anal 

cytology prior to AIN III diagnosis—a variable that strongly suggests a history of anal 
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cancer screening—was associated with lower risk of progression to SCCA on unadjusted 

analysis. This result suggests that participation in an anal cancer screening program that can 

detect and treat HSIL may decrease the risk of progression to SCCA. However, an 

alternative explanation is that anal cytology may lead to overdiagnosis, identifying less 

aggressive lesions that are slower to progress.30

Although we did not observe an association between AIN III treatment and lower SCCA 

incidence, our methods for defining treatment of AIN III may not adequately capture true 

treatment and surveillance of these lesions. Claims-based data do not provide detailed AIN 

III management details for our subjects. For instance, we were unable to identify the 

frequency of ablative or surgical treatments a subject underwent after diagnosis, the location 

of recurrent dysplastic lesions, extent of the treatment or frequency of follow-up visits to 

monitor dysplasia resolution or recurrence. These elements of management have been shown 

to contribute to AIN III recurrence or progression to SCCA, and therefore without these data 

we are unable to draw detailed conclusions on the effect of AIN III treatment on progression 

to SCCA.14

Our study has several limitations. Although our sample represents one of the largest AIN III 

long-term outcomes analyses, for a nationally representative sample it includes a smaller 

number of cases than might be expected. Medicare enrollment was a requirement for 

inclusion in the analysis (studies of AIN III in SEER without Medicare linkage have 

demonstrated significantly more cases),15 and the younger age of the US HIV-infected 

cohort partially explains the limited number of cases. Also, as AIN III is not an invasive 

cancer, it is possible that it is less consistently reported by cancer registrars. Another 

limitation was that our methods captured incident SCCA in part by identifying relevant 

cancer treatments using Medicare claims. Miscoding and misclassification associated with 

these claims may have led to incorrect identification of incident cancers, although we 

utilized a conservative approach that had been established in previous publications.31–33 We 

also identified some cases using cause of death data; for this method it is possible that SCCA 

incidence preceded the AIN III diagnosis, thereby overestimating cancer risk. Furthermore, 

SEER-Medicare does not contain clinical data on HIV-infected patients, and therefore we 

had no ability to account for HIV disease and immune status in our analysis. Lastly, there 

was likely heterogeneity in the types of treatments for AIN III administered to the patients in 

this study. Nevertheless, our study has significant strengths including the use of nationally-

representative, population-based data. It is on of the largest studies with the most extensive 

follow-up to date reporting incidence rates of SCCA in a population registry of HIV-infected 

subjects with high-grade anal dysplasia.

Characterization of the risk of invasive anal cancer is important for counseling patients on 

the risk of malignancy and benefits of treating precancerous lesions. Further, knowledge of 

such risks allows for more informed decisions when refining anal cancer screening 

programs.5,8,10 Our population-based study suggests that the rate of progression of AIN III 

to SCCA is higher than that reported in some previous studies. Randomized controlled 

studies assessing the impact of screening and treatment of high-grade anal dysplasia are 

currently underway and will further inform the management of anal dysplasia among high-

risk patients.
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Figure 1. 
Cumulative incidence curve for invasive anal cancer among HIV-infected subjects with anal 

intraepithelial neoplasia grade 3.
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Table 1.

Cohort subject characteristics.

Characteristic AIN 3 cases without incident SCCA
b

(n=559)
AIN 3 cases with incident SCCA

b

(n=33)
P

Sex, N (% male) 534 (95) 31 (94) 0.7

Age, years, median (IQR) 47.3 (41.5–52.4) 44.7 (39.4–50.2) 0.6

Race, N (%) <0.01

 Non-Hispanic White 354 (63) 18 (55)

 Non-Hispanic Black 73 (13) 11 (33)

 Hispanic 52 (9) <11
d

 Other 80 (14) <11
d

Year of AIN 3
a
 diagnosis, N (%) 0.02

 2000–2003 108 (19) <11
d

 2004–2007 189 (34) 18 (55)

 2008–2011 262 (47) <11
d

Site of AIN 3 diagnosis, N (%) 0.4

 Anus, not otherwise specified
c 194 (35) 15 (45)

 Anal canal 360 (64) 18 (55)

 Overlapping lesion of rectum, anus, and anal canal <11
d

<11
d

Charlson comorbidity index score, mean (SD) 0.36 (0.9) 0.57 (1.1) 0.2

History of smoking (current or past), N (%) 99 (18) <11
d 0.2

History of anogential condylomata, N (%) 241 (43) 21 (63) 0.02

Prior anal cytology,
e
 N (%) 370 (66) 16 (48) 0.04

Subsequent anal cytology,
f
 N (%) 407 (73) 21 (64) 0.3

Treated for AIN 3,
g
 N (%) 325 (61) 24 (77) 0.07

Follow up time, months, median (IQR) 69 (46–97) 75 (54–94) 1.0

a
AIN 3: anal intraepithelial neoplasia, grade 3

b
SCCA: squamous cell carcinoma of the anus

c
Excludes skin of anus and perianal skin

d
Value suppressed for confidentiality per SEER guidelines

e
Prior anal cytology: Anal cytology within two years prior to AIN 3 diagnosis

f
Subsequent anal cytology: anal cytology thirty days or more following AIN 3 diagnosis

g
Treated for AIN 3: Treated defined as cryosurgery, electrocautery, laser ablation, or local excision within 30 days of AIN 3 diagnosis
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Table 2.

Cumulative incidence of SCCA
a
 among those with baseline AIN III

b
 diagnosis, unadjusted

Time Incidence (%) 95% CI
c
 (%)

12 months 1.2 0.7–2.5

24 months 2.6 1.6–4.3

36 months 3.7 2.4–5.6

60 months 5.7 4.0–8.1

a
SCCA = squamous cell carcinoma of the anus

b
AIN 3 = anal intraepithelial neoplasia, grade 3

c
CI = confidence interval

Dis Colon Rectum. Author manuscript; available in PMC 2020 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arens et al. Page 14

Table 3.

Unadjusted and adjusted analyses of predictors of SCCA
a
 incidence

Characteristic Unadjusted Adjusted

IRR
b
 (95%CI) P IRR

b
 (95%CI) P

Male sex 1.5 (0.4–3.3) 0.6 1.9 (0.4–8.5) 0.4

Age 1.0 (1.0–1.0) 0.9 1.0 (1.0–1.0) 0.9

Race

 Non-Hispanic White 4.0 (0.5–29.9) 0.2 3.6 (0.5–27.5) 0.2

 Non-Hispanic Black 12.2 (1.6–95.4) 0.02 7.5 (0.9–61.3) 0.06

 Hispanic 4.4 (0.5–42.0) 0.2 4.3 (0.4–42.4) 0.2

 Other
REF

f
REF

f

Year of AIN 3
a
 diagnosis

 2000–2003 0.7 (0.3–2.1) 0.6 0.8 (0.3–2.5) 0.7

 2005–2007 1.7 (0.7–3.9) 0.2 1.4 (0.6–3.3) 0.5

 2008–2011
REF

f
REF

f

History of anogential condylomata 2.3 (1.1–4.8) 0.03 2.1 (1.0–4.8) 0.07

History of smoking (current or past) 1.9 (0.9–4.1) 0.1 1.3 (0.6–3.0) 0.6

Prior anal cytology
d 0.5 (0.2–0.96) 0.04 0.6 (0.3–1.2) 0.2

Treated of AIN 3
e 1.7 (0.7–4.0) 0.2 1.0 (0.4–2.6) 0.9

a
SCCA = squamous cell carcinoma of the anus

b
IRR = incidence rate ratio

c
AIN 3: anal intraepithelial neoplasia, grade 3

d
Prior anal cytology: Anal cytology within two years prior to AIN 3 diagnosis

e
Treated for AIN 3: Treated defined as cryosurgery, electrocautery, laser ablation, or local excision within 30 days of AIN 3 diagnosis

f
REF = Reference group
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