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Abstract
Objectives—To assess incidence of, and risk factors for abnormal anal cytology and anal
intraepithelial neoplasia (AIN) 2–3 in HIV-infected women.

Study Design—This prospective study assessed 100 HIV-infected women with anal and
cervical specimens for cytology and high risk HPV testing over three semi-annual visits.

Results—Thirty-three women were diagnosed with an anal cytologic abnormality at least once.
Anal cytology abnormality was associated with current CD4 count <200 cells/mm3, anal HPV
infection and history of other sexually transmitted infections (STIs). Twelve subjects were
diagnosed with AIN2-3: four after AIN1 diagnosis and four after ≥1 negative anal cytology.
AIN2-3 trended towards an association with history of cervical cytologic abnormality and history
of STI.
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Conclusions—Repeated annual anal cytology screening for HIV-infected women, particularly
for those with increased immunosuppression, anal and/or cervical HPV, history of other STIs, or
abnormal cervical cytology, will increase the likelihood of detecting AIN2-3.
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INTRODUCTION
Anal cancer rates in HIV-infected individuals have continued to increase over the past
decade despite the widespread use of highly active antiretroviral therapy (HAART).1–5

Among HIV-infected women, the risk for anal cancer is approximately 14 times higher than
the risk among HIV-uninfected women.6 Squamous cell carcinoma of the anus (SCCA)
shares biologic similarities with cervical cancer, including detectable precancerous lesions
and persistent human papillomavirus (HPV) infection. It is likely that the pathogenesis of
anal cancer is similar to that of cervical cancer: that is, anal HPV infection, in conjunction
with other yet to be determined factors, leads to the development of anal intraepithelial
neoplasia (AIN) 2–3, a likely precursor to anal cancer.7,8 Much like cervical cytology is
used to screen for cervical cancer, anal cytology can be used to screen for anal cancer.
Individuals with abnormal anal cytology are referred for high resolution anoscopy (HRA)
(colposcopic evaluation of the anus) with directed biopsy for histologic diagnosis.

There are limited longitudinal data describing anal HPV infection and intraepithelial
neoplasia among HIV-infected women; in comparison, there have been numerous cohort
studies providing extensive information on cervical HPV infection and cervical disease in
HIV-infected women. The data on anal HPV infection and abnormal anal cytology in HIV-
infected women have primarily focused on prevalent abnormalities.9–15 Among studies
where HRA and biopsy were performed,9,10 histology results were only available in a small
percentage of the study participants. Additionally, only one longitudinal study has been
published describing incidence of abnormal anal cytology; and that study was conducted in
the pre-HAART/early HAART era.11

We have previously published the baseline data from our prospective cohort of 100 HIV-
infected women assessing the prevalence of anal cytologic abnormalities and anal HPV
infection, as well as their relationship to abnormal cervical cytology and cervical HPV
infections.10 At baseline, the prevalence of anal cytologic abnormalities was 17% and anal
HPV was 16% in our cohort. Abnormal anal cytology was associated with cervical and anal
HPV positivity, cervical cytologic abnormality, current and nadir CD4 count less than 200
cells/mm3, history of sexually transmitted infection (STI) (other than cervical/anal HPV),
and alcohol use. Fourteen women (out of 19 referred) underwent HRA and AIN2-3 was
detected in three (21%). We now present our longitudinal findings on the incidence and
prevalence of anal cytologic abnormalities and AIN2-3, as well as the factors associated
with abnormal anal cytology and AIN2-3 results.

MATERIALS AND METHODS
This prospective, observational pilot study was conducted at the Center for Infectious
Diseases (CID), the primary site of HIV care at Boston Medical Center (BMC), an inner city
safety net hospital in Boston, Massachusetts. English-speaking, HIV-infected women
between the ages of 18 and 64 who had not had a cervical or anal cytology test, colposcopy
or HRA in the six months prior to enrollment were eligible to participate. The exclusion
criteria included pregnancy, use of chronic anticoagulation medication, and life expectancy
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of less than one year. The study participants were recruited by the nurse practitioner in CID
from HIV-infected women scheduled for gynecology care (including cervical cytology). The
protocol for the study was approved by the BMC Institutional Review Board.

After obtaining written informed consent, each subject provided a detailed history on routine
gynecological health care and risk factors for the development of anal cytological
abnormalities. The details of this questionnaire have been published previously.10 History of
STI other than cervical or anal HPV was recorded based on patient self-report and included
gonorrhea, Chlamydia, trichomonas, herpes, syphilis, and genital warts. Additional medical
and laboratory data were collected from the electronic medical record including most recent
cervical cytology results prior to enrollment, CD4 T-cell count and HIV viral load
performed within the prior six months.

Following the questionnaire and history, a visual examination of the lower genital tract was
performed and samples were collected for cervical and anal cytology and HPV testing with
Hybrid Capture 2 (HC2) (Qiagen Corporation, Gaithersburg, MD). Cervical cytology
specimens were collected in the standard fashion and processed using the BD SurePath©
preservative vial (Becton, Dickinson and Company, Franklin Lakes, NJ). The anal cytology
specimens were collected with a small polyester swab soaked in tap water and gently
inserted until resistance from the wall of the rectum was met (approximately 4.5 cm). The
swab was then withdrawn with lateral pressure, using a spiral motion to sample the entire
circumference of the anal canal. The swab was processed using the BD SurePath©
preservative vial. After cytology testing at the BMC Pathology Laboratory was performed,
the residual from the cytology specimen was run for HC2. The HC2 assay assesses the
presence of 13 types of high risk associated HPV (HR-HPV) infection (HPV types 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68). HC2, however, has not been validated for
detection of HR-HPV in the anus.

Follow-up was determined based on the anal and cervical results. Women with cervical
cytological abnormalities: low-grade squamous intraepithelial lesion (LSIL) and high-grade
squamous intraepithelial lesion (HSIL) with or without detection of HR- HPV were referred
for colposcopic examination which involved microscopic visualization of cervical lesions
with biopsy. Women with a cytology test showing atypical squamous cells of unknown
significance (ASCUS) and a HR-HPV were also referred for colposcopic examination.
Women with cervical HR-HPV and normal cytology were not assessed with colposcopy, but
were recommended for repeat cytology and HR-HPV testing in six months.

Subjects with any grade of anal cytological abnormality or anal HR-HPV1 were referred for
examination with HRA. HRA was performed using a lubricated plastic disposable anoscope,
and applying 5% acetic acid to the anal mucosa and anoderm. Examination was then
performed under colposcopic visualization of the anal canal from the dentate line to the anal
verge. Identified lesions (with acetowhite changes, punctuation, abnormal vascularity and
masses) were biopsied under direct visualization with a mini-Tischler biopsy forceps after
application of local anesthetic. All colposcopy and HRA procedures were performed by a
gynecologist (ES) with expertise in colposcopy and HRA.

Participants identified with high-grade intraepithelial neoplasia of the anus, (AIN2-3) cervix
(CIN2-3), vagina (VaIN2-3), or vulva (VIN2-3) were referred for treatment as
recommended clinically. Subjects with no evidence of AIN2-3 or CIN2-3 were scheduled to

1Because the utility of screening for anal intraepithelial neoplasia based on anal HPV alone in HIV-infected women is unknown, the
protocol was amended during the study to refer participants with anal HR-HPV detected by HC2 for HRA regardless of the anal
cytology result. Only four women with anal HPV diagnosed at the baseline visit were not referred for HRA prior to this change in
protocol.
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be followed every six months with cervical and anal evaluations for cytology and HPV for a
total of three visits, with follow-up colposcopy or HRA as determined by the study protocol.
The six month follow-up interval was selected based on prior published studies of anal
cytologic abnormalities in HIV-infected women.11,14

It was estimated that a sample size of 100 women would be feasible for this pilot study to
complete enrollment over six months. As the objective of the analysis was to compare
women who were diagnosed with abnormal anal cytology at any study visit to women with
normal anal cytology at every visit attended, we performed two sets of univariate and
multivariate logistic regression analyses comparing women with abnormal anal cytology at
any visit to: (1) women with normal anal cytology at every visit attended (which included
women lost to follow-up after the first or second study visit) and (2) those who had normal
anal cytology at all three study visits (not lost to follow-up). As the results were similar
regardless of the number of visits, the analysis including all subjects with normal anal
cytology at every visit attended regardless of number of visits is presented in order to
preserve statistical power. Categorical variables were assessed using Fisher’s exact test and
continuous variables were assessed with a t-test for independent samples. Multiple logistic
regression analyses were performed using stepwise forward selection with a cut-off p-value
of less than 0.10 for inclusion in the final model. Predictors of interest were chosen based on
a cut-off p-value of less than 0.10 in univariate modeling and included current CD4 count,
nadir CD4 count, current HAART use, history of STI (other than cervical/anal HPV),
cigarette smoking and cervical or anal HR-HPV positive test result. Since cervical HPV and
cervical cytologic abnormalities were closely related, only cervical HR-HPV was included
in the multivariate model because cervical HR-HPV was more strongly associated with anal
cytologic abnormalities in univariate results. We also assessed factors associated with
AIN2-3 diagnosis using unadjusted odd’s ratios. As only women with abnormal anal
cytology and/or anal HPV were eligible for HRA in this study, we felt the associations
between HRA and abnormal anal cytology and anal HPV would be biased and thus did not
include these two factors in this analysis. All analyses were performed in SAS version 9.1,
SAS Institute, Inc, Cary, NC. Final results are interpreted using an α = 0.05 level of
significance.

RESULTS
One hundred women were enrolled in the study between October 2006 and May 2007 and
followed for completion of HRA through April 2010: 87 were followed for at least two
visits and 71 took part in all three study visits. Roughly 150 women were seen for a
gynecologic visit with the nurse practitioner during the period of enrollment and about 17%
of those patients spoke a language other than English for a recruitment of approximately
80% of potentially eligible women. For the 87 women followed for more than one visit, the
median length of follow-up, including time to final HRA if performed, was 704 days (range
73–1154 days). Thirteen (15%) of 87 participants with at least two study visits took greater
than one year to return for study visit 2. Sixty-three (89%) of 71 participants with three visits
took greater than one year to return for study visit 3. The study population has been
described in detail elsewhere.10 In brief, 78% of subjects were black, 56% were born outside
the U.S. and the median age was 40 years (Range 22–57). Eleven had a baseline CD4 count
less than or equal to 200 cells/mm3, 62% had an undetectable HIV viral load and 79% were
on HAART defined as three or more active HIV drugs. Only five women reported having
undergone a prior anal cytology test. Twenty-two percent reported a history of receptive
anal intercourse. Ten percent of women had a prior history of VIN and 27% had a history of
treatment for CIN. Twenty-three percent of the women were active cigarette smokers while
15% had a history of intravenous drug use.
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Thirty-three of 99 (33%) women were diagnosed with an anal cytologic abnormality at least
once. One subject had inadequate anal cytology for analysis at the initial visit and was lost to
follow-up; therefore 99 subjects are included in the analysis. The anal cytology results at
each study visit, censored after initial abnormal anal cytology diagnosis are shown in Figure
1. HPV results are shown for women with concurrent normal cytology in Figure 1. Anal
HPV was detected in 22 of the 33 women (67%) with abnormal anal cytology at some time
point during follow-up. The highest grade of anal cytologic abnormality was ASCUS in 20
(61%) and LSIL in 13 (39%). There were no HSIL anal cytology results. Among the 70
women (out of 82) with a normal baseline anal cytology result who were followed for more
than one visit, 16 (23%) had an abnormality diagnosed on a repeat cytology test: nine of
whom (56%) had more than one prior negative anal cytology result. The incidence of anal
cytology abnormality was 13.1 cases per 100 person-years of follow-up. Thirty-six women
out of 99 had a positive anal HPV test at one or more time points and 14 (39%) of those
women had no anal cytologic abnormalities during the study. One individual had an AIN2
diagnosis after positive anal HPV testing and then had abnormal anal cytology testing after
HRA. Forty-eight out of 100 women had a positive cervical HPV test at any point during
study follow-up (24 out of 99 at baseline) and 30 (63%) had an abnormal cervical cytology
result at least once during the study (21 out of 100 at baseline).

Subject characteristics stratified by abnormal anal cytology diagnosis are shown in Table 1.
In unadjusted analysis, anal cytology abnormality was associated with current or nadir CD4
count less than 200 cells/mm3, current HAART, cigarette smoking, history of treatment for
CIN, cervical cytology abnormality and HPV detected in the cervix and/or anus (Table 1).
History of a STI other than cervical/anal HPV and nadir CD4 count less than 200 cells/mm3

trended towards an association with anal cytologic abnormality. In multivariate modeling,
anal cytologic abnormality was associated with current CD4 count less than 200 cells/mm3

(OR 12.8, 95% CI 2.0–82.0), anal HPV infection (OR 6.2 95% CI 2.2–16.9) and history of
STI other than cervical/anal HPV (OR 3.6, 95% CI 1.1–11.5) (Table 1). Cervical HPV
positive test result, cigarette smoking, current HAART, nadir CD4 count less than 200 cells/
mm3 and history of treatment for cervical dysplasia were not significant and therefore not
included in the final multivariate model.

Forty-seven women were diagnosed with abnormal anal cytology or anal HPV infection at
any study visit and 36 of those women (77%) underwent high resolution anoscopy. Twelve
of 36 women who underwent HRA were diagnosed with AIN2-3 (33%). Cytology and
histology results of those diagnosed with AIN2-3 are summarized in Table 2. In univariate
analysis, women with AIN2-3 (compared to women who underwent HRA without AIN 2–3
diagnosis) trended towards an association with cervical cytologic abnormality on most
recent prior cytology test (OR 10.0, 95% CI 0.97–102.9, p=0.06) and history of STI other
than cervical/anal HPV (OR 7.9, 95% CI 0.9–71.1, p=0.06) (results not shown). Eleven of
these 12 subjects were referred for HRA due to abnormal anal cytology results and one
additional woman had AIN2-3 diagnosed after an abnormal anal HPV test with normal anal
cytology. The median time from baseline cytology screening to diagnosis of AIN2-3 was
274 days (range 41–1154 days), and six of seven women diagnosed with AIN2-3 after the
second cytology visit were diagnosed within one year of baseline screening. Four of the 12
subjects with AIN2-3 had at least one negative anal cytology prior to the AIN2-3 diagnosis
(Table 2).

COMMENT
This study shows that abnormal anal cytology is a common finding in a diverse population
of HIV-infected women and repeated anal cytologic testing increases the likelihood of an
abnormal anal cytology diagnosis, resultant referral for HRA, and thus, AIN2-3 diagnosis.
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Incident anal cytologic abnormalities were detected in 23% of women with a normal
baseline anal cytology result. The high rate of incident anal cytologic abnormalities (13.1
per 100 person-years of follow-up) is comparable to the rate found in Durante et al (22 per
100 person-years, 95% C.I. 14–33), from the early HAART era.11

Similar to cervical cytology, the majority of AIN2-3 is diagnosed after a minimally
abnormal anal cytology; however, the likelihood of finding AIN2-3 given minimally
abnormal cytology is much higher in the anus than in the cervix.16–18 Of 32 participants
with a minimally abnormal cytology prior to HRA, 11 (34%) had biopsy proven AIN2-3.
Four women with AIN1 on HRA for minimally abnormal anal cytology were diagnosed
with AIN2-3 on a second HRA done for a repeat minimally abnormal anal cytology: AIN2-3
diagnosis occurred within one year of initial HRA in three of those four cases. Possible
explanations for this difference include rapid disease progression, missed lesion on HRA or
discrepancy in pathologic interpretation. While any of these reasons are possible, we had an
experienced anoscopist perform every HRA and an experienced pathologist read all
pathology results. One limitation of this study is that we did not have an additional blinded
pathologist review the results for confirmation. As one-third of the AIN2-3 cases were found
after an AIN1 diagnosis and one-third had at least one normal cytology result prior, it
appears that there is benefit for repeated screening in at least a subset of individuals. These
results will need to be replicated in larger studies.

Several factors were associated with abnormal anal cytology in unadjusted and multivariate
analyses. Cervical HR-HPV diagnosis was associated with anal HR-HPV positivity; and
trended towards an association with history of STI other than cervical/anal HPV. While it
appears that history of STI other than cervical/anal HPV is associated with abnormal anal
cytology, the sample size was too small to look at other STIs separately. It would be
important to tease out in future studies whether specific STIs are driving this association or
whether history of other STI may simply be a marker for history of cervical and/or anal
HPV infection. Low CD4 count has been associated with AIN or anal cytology
abnormalities in HIV-infected women previously.9,11,13,14 Although only 11 subjects had a
current CD4 count less than 200 cells/mm3, low CD4 count was the strongest predictor of
anal cytology abnormality in this population, which highlights the importance of immune
reconstitution.

Our plan was for repeated anal cytology and HPV screening every six months over three
visits. While a large majority did return for at least one follow-up visit, many subjects had
delays in the planned follow-up. While 86% of women with AIN2-3 diagnosed after a
second anal cytology result were diagnosed within one year of baseline cytology, we cannot
tell from this study whether faster time to AIN2-3 diagnosis made a difference in outcome.
In addition, 20% of women in this study diagnosed with abnormal anal cytology during
follow-up had ≥one prior normal anal cytology result. While the optimal frequency of anal
cancer screening in HIV-infected women remains unclear, it appears that women with risk
factors including low CD4 count, and history of anal or cervical HPV or other STIs should
undergo repeated cytology screenings regardless of initial normal anal cytology results.

Compliance for our screening visits was good: 87% of subjects in our study were followed
for two visits and 71% were followed for three visits—however over 20% of women who
were eligible for HRA based on anal cytologic or HPV criteria refused follow-up HRA. Poor
compliance with HRA is not unique to our cohort as only 50% of the subjects in the WIHS
cohort underwent the recommended HRA.9 It appears from our anecdotal experience that
HIV-positive women are more likely to delay or avoid HRA compared to men with HIV and
generally express more discomfort with undergoing anoscopy. The HRA visits did not take
place in the HIV clinic at the time of this study and the separate HRA location may have
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been an additional barrier for women who were already uncomfortable about having the
procedure. HIV-infected women from this population cited fear of pain or sexual assault
flashbacks, embarrassment, and lack of social support as reasons for avoidance of HRA in a
recent study (unpublished data). Our patient population is generally covered by Medicaid
insurance, therefore cost for the visit was not likely to be a barrier, however additional
barriers such as transportation, child care or missing work could all play a role. A better
understanding of the reasons for non-adherence with recommended HRA evaluation will be
necessary if anal cancer screening is to be adopted as standard of care in HIV-infected
women.

While the prevalence of anal cytologic abnormalities at baseline was only 17%, overall, 33%
of our subjects had at least one abnormal anal cytology over up to three years of cytologic
follow-up. This is comparable to a prevalence of abnormal anal cytology of 31–38% in other
recently reported cohorts of HIV-infected women,9,12,19 and 67–81 % in HIV-infected men
who have sex with men.18,20,21 The reasons for the lower rates of abnormal anal cytology in
our cohort at baseline are unclear. The patient population at BMC is unusual in that the
majority of the study population was born outside of the U.S., acquired HIV through
heterosexual contact, and 37% were diagnosed with HIV within the past five years. Our
patient population differed from that of the Women’s Interagency HIV Study (WIHS)9 and
Study to Understand the Natural History of HIV and AIDS in the Era of Effective Therapy
(SUN)12,19 cohorts in several respects: reported history of anal intercourse (WIHS 47%9 vs.
SUN 40%19 vs. BMC 22%10), current cigarette smoking (WIHS 56% vs. SUN 52% vs.
BMC 23%), and history of injection drug use (WIHS 34% vs. SUN 3% (within the past six
months) vs. BMC 15%). These factors are suggestive of differences in the composition of
the patient populations.

In this study of HIV-infected women, anal HPV was detected with HC2 utilizing the
residual liquid cervical cytology SurePath specimen. A much lower proportion of
participants had detectable prevalent anal HR-HPV infection in our cohort compared with
others (16% in BMC versus 44% in WIHS and 84% in SUN). The prevalent cervical HR-
HPV infection rates were comparable between the WIHS (19%)9 and BMC (24%)10

cohorts; although much higher in the SUN Study (70%).12 In comparison, rates of anal HPV
in HIV-infected men range from 60–95%.18,21–25 Both the WIHS and SUN studies collected
the anal HPV specimens in 1cc standard transport media (STM) and used PCR testing
whereas in our study, the specimens were the residual from the 10cc liquid cytology
specimen (SurePath) (as is routine for detection of high-risk HPV from cervical specimens
in the clinical setting). A recent study of anal cancer screening of HIV-positive and negative
men utilizing HRA, anal cytology (with PreservCyt, Hologic Inc, Marlborough, MA) and
HC2 testing from both STM and liquid residual from cytology found that HC2 had a
sensitivity of 91% in detecting AIN2-3 with no difference whether STM versus liquid
residual from cytology was used.26 It is unclear if our lower rates of anal HPV detection
reflect differences in liquid cytology medium (SurePath vs. ThinPrep), differences in
method of HPV detection (HC2 vs. PCR) or a truly lower prevalence of anal HPV in our
patient population. In addition, multiple subjects with normal cytology throughout follow-up
were transiently HPV positive (Figure 1). It is unclear if these represent false negative
results or if these women were transiently shedding or clearing their infections.

Despite our small sample size, prior abnormal cervical cytology result and history of non-
cervical/anal HPV STI were the strongest predictors of AIN2-3 diagnosis in our population.
While abnormal cervical cytology tests and STIs are common in HIV-positive women,
either diagnosis should likely prompt increased surveillance for AIN2-3. Abnormal anal
cytology result appears to be more common in HIV-infected women with AIN2-3 in this
population compared to anal HPV positivity; the proportion with anal HPV diagnosis was
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lower than anticipated and the number of subjects who underwent HRA was too small to say
this definitively. While we continue to perform anal HC2 HPV testing on anal cytology
samples at our institution, the additive value of HC2 HPV testing in HIV-infected women is
less clear from our findings. A large study on HIV-infected women including both HC2 and
PCR testing with HRA for all subjects will be necessary to better understand the value of
anal HPV testing with HC2 prior to making stronger recommendations for or against its use.

Prior to the adoption of universal screening for anal dysplasia in HIV-infected women, there
are several questions that need to be answered. Whether anal cytology is an optimal
screening tool for anal cancer and AIN2-3 is not known. Studies to evaluate sensitivity of
anal cytology have been conducted in MSM; however, as the disease prevalence is likely
much higher in HIV-infected MSM compared with women it is not clear that cytology
would be the best screening tool for HIV-infected women. We also do not know the true
prevalence of AIN2-3 in HIV-infected women as there have been no studies where all HIV-
infected women underwent HRA regardless of cytology results. Lastly, the natural history of
anal HPV infections and neoplasia and the efficacy of treatment of AIN2-3 to prevent the
development of invasive anal cancer remain unknown.

As HIV-infected women live longer, they continue to be at risk for HPV associated diseases
including intraepithelial neoplasia and cancer of the cervix, vulva and anus despite treatment
with anti-retroviral therapy. Anal cytology may be a better screening test for AIN2-3
compared with anal HPV testing with HC2 in this population; however repeated anal
cytology screening appears necessary for at least a subset of HIV-positive women including
those with advanced immunosuppression, history of abnormal cervical cytology, anal and/or
cervical HPV or other STIs.
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Figure 1. Overview of Anal Cytology Results Over Time
Note: *One baseline sample was anal cytology inadequate, HPV negative and subsequently
lost to follow-up, therefore 99 subjects are included at baseline. Abnormal cytology results
are noted in dark blue; normal cytology, HPV-positive are noted in light blue; and normal
cytology, HPV-negative are noted in white. For simplicity, HPV result at time of abnormal
anal cytology diagnosis and follow-up anal cytology and HPV results after first abnormal
anal cytology diagnosis are not shown. **One individual was diagnosed with anal
intraepithelial neoplasia (AIN) 1 and one was diagnosed with AIN2 between visit 2 and 3.
Fifteen visit 2 and 16 visit 3 results are not shown due to prior abnormal anal cytology
result.
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