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Natural History of Anal Human Papillomavirus
Infection in Heterosexual Women and Risks
Associated With Persistence

Anna-Barbhara Moscicki,' Yifei Ma,' Sepideh Farhat,' Julie Jay,' Evelyn Hanson,' Susanna Benningfield,' Janet Jonte,'
Cheryl Godwin-Medina,' Robert Wilson,' and Stephen Shiboski’

'Division of Adolescent Medicine, Department of Pediatrics, and “Department of Epidemiology and Biostatistics, University of California, San Francisco

Background. Anal cancer is more common in women than in men, yet little is known about the natural history
of human papillomavirus (HPV) in women. The objective was to examine the natural history of anal HPV in het-
erosexual women.

Methods. Young women participating in an HPV cohort study were seen at 4-month intervals for cervical and
anal HPV testing. Time to clearance was estimated using the Kaplan-Meier approach; risks for persistence were as-
sessed using Cox regression models.

Results.  Seventy-five women (mean age, 23.5 + 4.1 years) who tested positive for anal HPV were followed for a
mean of 84.5 + 44.9 months. By 3 years, 82.5% of anal non-16 high-risk (HR) HPV, 82.6% of low-risk (LR) HPV, and
76.2% of HPV-16 infections had cleared. By 3 years, only 36.4% of women had become negative for all HPV types. In
the multivariable model, concurrent cervical HPV-16 (P <.001), weekly alcohol use (P =.015), anal touching during
sex (P =.045), recent anal sex (P =.04), and no condom use during anal sex (P =.04) were associated with HPV-16
persistence. Greater number of new sex partners (P =.024) and condom use during vaginal sex (P =.003) were as-
sociated with clearance. Similar associations were found for clearance in all HR-HPV infections. Only concomitant
cervical HPV was associated with non-16 HR-HPV persistence.

Conclusions. 'The majority of anal HPV infections cleared within 3 years. HPV-16 infections were slower to clear
than other HR-HPV infections, consistent with its role in anal cancer. Specific sexual behaviors were associated with
persistence, suggesting that education and behavioral interventions may decrease persistence.
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Anal cancer is the second most common anogenital
(AG) cancer caused by human papillomavirus (HPV)
[1]. Compared to cervical cancer, the most common
AG cancer, anal cancer is relatively uncommon, occur-
ring at a rate of approximately 1.5 per 100 000 popula-
tion [2]. In the United States, females have a higher
incidence than men. Recent estimates projected that
2250 men and 3980 women would be diagnosed with
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anal cancer in 2012 [2]. Alarmingly, the rate of invasive
anal squamous cell carcinoma among females increased
by 2.0% per year between the years 1973 and 2009 [2].
Reasons for this increase are unknown, but sexual prac-
tices have likely played a role. Anal intercourse, multiple
lifetime sexual partners, and smoking are known risks
for anal cancer, and data suggest these practices have in-
creased over time in women [3-6].

Most studies of the natural history of HPV in women
have focused on the cervix. By contrast, most investiga-
tions of the links between HPV and anal cancer have
focused on immunocompromised men infected with
human immunodeficiency virus (HIV), and, to a lesser
extent, HIV-infected women. The few existing studies
focusing on HPV and anal cancer in nonimmunocom-
promised women have been cross-sectional [7-9], with
the exception of a longitudinal investigation of anal
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HPYV infection by Shvetsov et al [10]. These investigators re-
ported a clearance rate of 58% over 1.2 years in college-aged
women, similar to that seen in the cervix. Tobacco use, douch-
ing, and anal sex were associated with slower clearance. Risk
factors for anal cancer include both anal sex and cigarette
smoking [4, 11].

The objective of this study was to examine the natural history
of anal HPV in heterosexual women who have been followed for
at least 3 years, and to examine risk factors associated with HPV
persistence in the anus.

MATERIALS AND METHODS

Subject Population

Women selected for this study were participating in the Univer-
sity of California, San Francisco (UCSF) HPV natural history
study. Recruitment of these women has been detailed previously
[12-15]. In brief, women were required to be sexually active <5
years, aged 13-21 years, nonpregnant, nonimmunocompro-
mised, and have no history of cervical dysplasia. From 1990
to 1994, 908 women were recruited from a state university med-
ical clinic and a Planned Parenthood clinic if they were positive
for HPV DNA on cervical screening. A smaller, random group
of HPV DNA-negative women were also recruited. In 1999,
women who had become cervical HPV DNA negative for >2
years (a minimum of 7 consecutive negative cervical HPV
DNA tests at 4-month intervals) were discontinued: 125
(31%) continued in the study after 1999. Between 2000 and
2004, 651 additional women were enrolled from the same
sites in a second wave of recruitment. However, women were
randomly approached and not recruited based on HPV DNA
status. Other inclusion and exclusion criteria, as described
above, were applied for entry into the study. This study was ap-
proved by the UCSF and San Francisco State University institu-
tional review boards. Women were interviewed on sexual and
substance use behaviors and examined at 4-month intervals
as detailed previously [13, 14, 16]. Anal sex practice questions
included self-reported indicators of anal intercourse, condom
use during anal sex, and anal touching using fingers or
mouth. Examinations included cervical samples for HPV
DNA testing, cytology, and wet mounts for diagnosis of Trich-
omonas vaginalis, yeast, and bacterial vaginosis [12, 14-16].
Samples for Chlamydia trachomatis and Neisseria gonorrhoeae
were obtained at annual visits or if symptoms were present. Le-
sions suggestive of herpes simplex virus (HSV) were tested by
commercial laboratories. Starting in 1991, women were asked
but not required to undergo anal HPV testing in addition to
the above tests. For inclusion in this analysis, women had to
have at least 1 anal sample positive for HPV and at least 3
years of anal samples collected.

HPV Testing

For participants consenting to anal testing, a moistened Dacron
swab was placed 2 cm into the anal canal and rotated 3 times,
removed, and placed into normal saline. DNA was extracted
from anal specimens using a commercial DNA extraction kit
(QIAamp MinElute Media, Qiagen, Valencia, California) ac-
cording to the manufacturer’s instructions. HPV DNA typing
for anal samples used the polymerase chain reaction (PCR)-
based PGMY09/11 primer system as previously described [13,
14]. The linear array assay utilizes amplification of target
DNA by PCR from 37 HPV genotypes (6, 11, 16, 18, 26, 31,
33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64,
66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and CP6108)
and human B-globin gene for monitoring sample adequacy.
Samples with negative B-globin were reprepped and reamplified
by PCR. Eighty of the 1980 samples tested were B-globin nega-
tive including repeat analysis. These samples were considered
missing data.

Statistical Analysis

Analyses focused on characterizing clearance of single HPV
types detected in anal samples, as well as groups of types recog-
nized as high risk (HR) and low risk (LR) for disease progres-
sion. The HR group included types 16, 18, 31, 33, 35, 45, 51, 52,
56, 68, 69, 73, and 82; the non-16 HR group included all HR
types except 16; the LR group included types 2, 6, 11, 40, 42,
54, 55, 57, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84, and
CP6108. Time to clearance for a specific HPV type was defined
as the time (in days) between the visit of the first positive anal
test inclusive of the baseline visit, and the first of 2 subsequent
consecutive negative visits. Infections not meeting this defini-
tion of clearance were treated as censored in analyses. Women
contributed at most 1 clearance time for infection with a specific
type. For groups of types, women were allowed to contribute
clearance times for each type detected. The distribution of clear-
ance times was summarized using Kaplan-Meier estimates. Dif-
ferences in distributions between specific HPV types were
evaluated using Wilcoxon test, and differences between HPV
groups were tested using Cox regression models with robust
standard error estimates to account for within-woman correla-
tions in clearance times.

Cox proportional hazards regression models were used to ex-
amine the effects of fixed and time-varying predictors on HPV
clearance. Separate models were fitted for clearance of HPV-16,
non-16 HR-HPV infections, and all HR-HPV infections. Defi-
nition of clearance events and censoring mirror the description
given above. Inferences for models for groups of types used ro-
bust standard error estimates. Definition for clearance of all HR
types was defined as 2 consecutive visits with no HR-HPV DNA
detected. Women were allowed to contribute only once in this
analysis starting with first visit with HR-HPV DNA detection.
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Predictors were initially entered singly in regression models.
Variables with marginal associations significant at the <10%
level were retained for further analyses in multivariable models.
Proportionality tests were performed for the models using the
Schoenfeld residual approach.

To investigate risk factors for clearance of simultaneous mul-
tiple infections with non-16 HR-HPV types detected in a given
woman, we conducted additional regression analyses with the
clearance event defined as observed clearance of all initially de-
tected infections with such types. Women were allowed to con-
tribute >1 event in these analyses following clearance of all
previous qualifying infections. We also performed analyses in-
vestigating the representativeness of our sample of 75 women by
comparing selected demographic characteristics with the rest of
the cohort using %> and 2-sample ¢ tests.

RESULTS

Of the 1568 women entered into the natural history study, 204
women had at least 1 anal sample tested for HPV and 122 had at
least 1 positive anal HPV test. Of these, 75 women had >3 years
of anal HPV testing. Table 1 provides descriptive statistics char-
acterizing the 75 women in the analysis sample and the remain-
ing cohort. In comparison to the rest of the cohort (n =1493),
selected women were somewhat older, more likely to have expe-
rienced recent anal touching, more likely to drink alcohol week-
ly, less likely to be a smoker, and more likely to have a cervical
HPV-16 and cervical HR-HPV at the time of recruitment.
These women also had longer average participation times
(138 =53 months vs 63.9 + 55.2 months; P <.001). The mean
age of the women at first anal HPV-positive visit was 23.5 +
4.1 years and the mean number of months of follow-up after
the positive test was 84.5 + 44.9 months with a mean of 16 + 7
visits.

Figure 1 demonstrates the time to clearance of type-specific
HR-HPV without HPV-16 (non-16 HR-HPV), LR-HPV
types, and HPV-16. HPV-16 showed a trend for slower clear-
ance than did non-16 HR-HPV (P=.09) and LR-HPV
(P=.1). By 3 years, 82.5% of non-16 HR-HPV, 82.6% of LR-
HPYV, and 76.2% of HPV-16 infections had cleared (Table 2).
Figure 2 and Table 2 demonstrate time to clearance of the 8
most prevalent HR-HPV types and HPV-18. HPV-16 was
shown to clear more slowly than HPV-56 (P =.03) and HPV-
66 (P=.01), with a trend for HPV-39 (P =.1). All the other
types (18, 51, 52, 53, and 59) cleared at similar rates to HPV-
16. No difference was found for clearance of non-16 HR-HPV
types if there was coinfection with HPV-16 (P = .84).

Time to Clearance of All HR-HPV Types
We also examined time to clearance of all HR-HPV types de-
fined by 2 consecutive visits negative for all HR-HPV types.

Table 1. Comparison of Demographics at Baseline Visit in
Patients With Anal Human Papillomavirus to Those of the Entire
Cohort

Anal HPV P

Characteristic Cohort Cohort? Value
No. of patients 75 1493 NA
Race .57

White 31 (41%) 626 (43%)

Black 12 (16%) 175 (12%)

Hispanic 15 (20%) 343 (24%)

Asian/Pacific Islander 13 (17%) 234 (16%)

Other 4 (5%) 73 (5%)
Age, y, mean + SD 19.8+1.9 19.2+2.4 .005
Ever had anal sex 26 (35%) 390 (26%) .08
Anal sex in last 4 mo 12 (16%) 165 (11%) .19
Anal touching in last 4 mo 19 (25%) 197 (13%) .003
Smoke cigarettes, current 7 (9%) 282 (19%) .04
Total lifetime sex partners 6.3+£6.0 56+6.2 .39
Used condoms during anal sex, 7 (27%)° 81 (21%) .46

mostly/always
Drank alcohol at least weekly 24 (32%) 318 (21%) .03

Smoked marijuana at least 13 (17%) 225 (15%) .59
weekly

HPV-16 at baseline, cervical 15 (20%) 157 (11%) .03

HR-HPV® at baseline, cervical 37 (49%) 440 (29%) .001

Data are presented as No. (%) unless otherwise specified.

Abbreviations: HPV, human papillomavirus; HR, high risk; NA, not applicable;
SD, standard deviation.

2 Excludes those who tested positive for anal HPV.
b Among those who had anal sex.

© High-risk HPV types included 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 73, and 82.

We found that overall clearance rates were low with only
56.5% showing no HR-HPV DNA and 36.4% showing no
HPV DNA detection by year 3 (Table 2). This underscores
the commonness of repeated detections of anal HPV over the
course of the study.

Factors Associated With HPV Clearance

Results from marginal and multipredictor regression models for
variables associated with anal HPV clearance of type-specific
non-16 HR-HPV, HPV-16, and all HR-HPV are summarized
in Tables 3 and 4, respectively. No significant deviations from
proportional hazards were detected in regression models. Var-
iables associated with slower type-specific non-16 HR-HPV
clearance included having a concurrent cervical infection with
the same HR-HPV type (P <.001). Concurrent cervical infec-
tion with the same HPV type remained significant even after
adjusting for anal sex, condom use, number of recent partners,
and prevalent infection status at baseline. Prevalent anal infec-
tions cleared more slowly than incident infections (hazard
ratio = 0.62; 95% confidence interval [CI], .39-.96; P =.03).
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Figure 1.

Days

Time to clearance for human papillomavirus (HPV) type 16, non-16 high-risk HPV, and low-risk HPV infections using Kaplan-Meier method.

Women could be entered into the analysis more than once. Abbreviations: HPV, human papillomavirus; HR, high risk.

Table 2. Type-Specific Clearance of Anal Human Papillomavirus

Percentage (No.”) Who Cleared Infection

HPV Type (No.?) By 1y By2y By3y  PValue®
HPV-16 (34) 450 (16) 66.4 (22) 76.2 (25) NA
HPV-18 (9) 55.6(5) 66.7(6) 77.8(7) 82
HPV-39 (15) 60.0(9) 80.0(12) 86.7 (13) 1
HPV-51 (28) 57.8(16) 715(19 81 (21) 22
HPV-52 (26) 486(12) 717 (17) 77.4(18) 53
HPV-53 (28) 64.3(18) 78.6(22) 82.1(23) 14
HPV-56 (16) 68.7 (11)  75(12) 875 (14) .03
HPV-59 (27) 51.9(14) 83.8(22) 87.9(23) 19
HPV-66 (17) 68.7 (11) 88.3(13) 883 (13) .01
Non-16 HR-HPV (65)¢ 58.1 (114) 76.5(147) 82.5(157) .09
Low risk (68) 57.2 (110) 74.8(142) 826 (155) .11
Any HR-HPV (68)° 29.7 (200 50.0(33) 565 (37)

Any HPV (75)f 14.8 (11)  23.1 (17) 36.4 (26)

Abbreviations: HPV, human papillomavirus; HR, high risk; NA, not applicable.
@ The number of patients at the time of the first infection.

® The denominator of percentage is the number of remaining patients at the
end of 1 year, 2 years and 3 years, after excluding right-censored cases.

¢ P value is for differences between HPV-16 and individual HPV type using
Wilcoxon test and between non-16 HR-HPV and low risk-HPV using Cox
regression model with robust sandwich-variance estimator. No comparisons
were made for any HR-HPV and any HPV as HPV-16 was included in these groups.
9 Type-specific clearance rates for non-16 HR-HPV and low-risk HPV allowed
coinfections with HPV-16 and HR-HPV, respectively.

¢ Clearance of high-risk HPV type defined as time to 2 consecutive visits
negative for all HR-HPV types.

fClearance of any HPV type defined as time to 2 consecutive visits negative for
all HPV types.

No other variables were significantly associated with clearance.
As this model examined clearance of each HPV type indepen-
dently, it did not account for multiple-type infections that
might clear at different rates. When we performed the addition-
al regression model investigating factors influencing clearance
of simultaneous infections with multiple non-16 HR-HPV
types (see Materials and Methods), we found very similar results
to those shown in Table 3 (data not shown).

Variables displaying inverse marginal associations with
HPV-16 clearance included concurrent cervical infection with
HPV-16 (P = .013), anal touching during sex (P =.06), ever hav-
ing anal sex (P =.1), greater number of total lifetime sex part-
ners (P =.07), weekly alcohol use (P =.004), no anal condom
use (vs no anal sex) (P =.06), and months on combined hor-
monal contraception (P =.04). Condom use during vaginal in-
tercourse (P=.004) and having a recent new sex partner
(P =.025) were associated with faster clearance. Prevalent infec-
tions also cleared more slowly than incident infections (hazard
ratio = 0.33; 95% CI, .14-.77; P=.01). No other variables were
significant.

In the multipredictor regression model for anal HPV-16
clearance (Table 4), concurrent cervical HPV-16 (P <.001),
weekly alcohol use (P=.015), and anal touching during sex
(P =.045) were inversely associated with clearance. Greater
number of recent new sex partners (P =.024) was associated
with enhanced clearance. The model remained similar after ad-
justing for prevalent infections (data not shown). As condom
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Figure 2. Type-specific clearance for the 8 most common human papillomavirus (HPV) types found in the anus and HPV-18. Women could be entered into

analysis more than once. Abbreviation: HPV, human papillomavirus.

use and reporting a new sex partner were highly correlated, they
were entered separately into the model with concurrent cervical
HPV-16, weekly alcohol use, and anal touching. Condom use
during vaginal intercourse remained significant (P =.003),
and the other variables had similar hazard ratio (Table 4).
Anal sex behaviors were also correlated, and thus were also en-
tered separately (Table 4). When excluding anal touching, ever
having anal sex (P =.05) remained borderline significant in the
model (P =.05). When we entered the other 2 anal sex behavior
variables separately, they also remained significant—recent anal
sex had a hazard ratio of 0.28 (95% CI, .08-.94; P = .04) and no
anal condom use (vs no anal sex) had a hazard ratio of 0.16
(95% CI, .05-.51; P =.04).

Last, among women with HR-HPV, we examined factors as-
sociated with clearance of all HR-HPV (Tables 3 and 4). In the
bivariable analysis, slower clearance was associated with a cervi-
cal HPV detection of the same (P =.04) and other (P <.001) HR
type at the visit, a cervical HPV with the same HR type at the
previous visit (P =.06), greater number of lifetime partners
(P =.016), history of ever having anal sex (P=.008), recent
anal sex (P =.09), and no anal condom use (vs no anal sex)
(P =.07). Faster clearance was associated with condom use
during vaginal intercourse (P =.07). In the multivariable anal-
ysis, concurrent cervical with other HR-HPV types present
(P <.001), total lifetime number of sex partners (P =.002),
and ever having reported anal sex (P =.02) were associated
with persistence, and condom use during vaginal intercourse

was associated (P =.03) with faster clearance. When anal sex
variables were entered separately into the model, excluding
ever having anal sex, there was a nonsignificant trend associated
with persistence for sexual anal touching (hazard ratio = 0.53;
95% CI, .24-1.2; P=.13) and no association for recent anal
sex or anal condom use.

A sensitivity analysis with a stricter definition of clearance
using 3 negative consecutive tests yielded similar results (data
not shown).

DISCUSSION

We report on the natural history of anal HPV in heterosexual
women over a mean of 5 years of follow-up. Although we ob-
served variability in clearance rates between types, the majority
of women experienced type-specific clearance of HR- and LR-
HPYV types during follow-up. Approximately 85% of women
cleared LR types and non-16 HR-HPV infections by 3 years.
Only 1 other study of anal HPV infection in women is available
for comparison to our group [10]. Although their follow-up was
much shorter, clearance at 1 year was similar to ours [10]. These
clearance rates parallel those reported for cervical HPV infections
in young women in our study as well as in others [17, 18].1In con-
trast, the rate of anal HPV-16 clearance was slower than that re-
ported for the cervix. Only three-quarters of the women cleared
anal HPV-16 by 3 years in this cohort. In comparison, we recent-
ly reported a 3-year clearance rate for HPV-16 infection of 83.2%
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Table 3. Bivariable Associations With Clearance® of Anal Non-16 High-Risk Human Papillomavirus (HPV), HPV-16, and All High-Risk HPV

Variable

Hazard Ratio (95% Cl)

Clearance of Type-Specific
Non-16 HR-HPV?® (n = 227)°

Clearance of
HPV-16 (n = 34)¢

Clearance of All
HR-HPV® (n = 75)°

Age, pery

Concurrent cervical HPV (with same HR type) at visit, yes vs no
Concurrent cervical HPV (with other” HR type) at visit, yes vs no
Previous cervical HPV (with same type) at visit, yes vs no

Total lifetime sex partners, per partner

Recent new sex partner?, per partner

Ever had anal sex, yes vs no

Recent anal sex?, yes vs no

Recent sexual anal touching?, yes vs no

Current cigarette use, yes vs no

Weekly alcohol use?, yes vs no

Condom use during vaginal intercourse?, any use vs none
Nonmonogamous?, yes vs no

No anal condom use®, vs no anal sex

Condom use during anal sex?, any vs no anal sex

Months on oral contraceptives®, per 6 mo

1.02 (.97-1.06) 0.99 (.90-1.08) 0.96 (.89-1.03)°
0.08 (.04-.16)** 0.26 (.09-.75)** 0.12 (.02-.89)**
0.94 (.63-1.41) 1.63 (.32-8.30) 0.09 (.03-3)***
0.82 (.50-1.35) 0.98 (.38-2.54) 0.70 (.48-1.01)%
1.0 (.98-1.02) 0.95 (.90-1.01)* 0.96 (.94-.99)**
1.09 (.96-1.25) 1.34 (1.04-1.73)** 0.96 (.80-1.15)
0.96 (.56-1.65) 0.49 (.21-1.15)* 0.44 (.24-80)**
1.37 (.89-2.12) 0.46 (.41-1.51) 0.12 (15-1.17)%
1.24 (.69-2.23) 0.31 (.09-1.07)* 0.56 (.25-1.27)
1.62 (.82-2.82) 1.06 (.29-3.85) 1.02 (.47-2.21)
1.36 (.89-2.09) 0.32 (.16-.70)** 0.96 (.55-1.69)
0.85 (.67-1.28) 3.69 (1.51-8.99)** 1.69 (.95-2.99)*
1.14 (.68-1.92) 1.19 (41-3.42) 1.15 (.6-2.2)
0.96 (.57-1.62) 0.25 (.06-1.03)* 0.27 (.06-1.1)*
1.72 (63-5.56) NE 0.82 (.11-6.1)
1.01 (1.98-1.04) 0.93 (.86-.99)** 0.98 (.93-1.02)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; HR, high risk; NE, not able to estimate because too few cases.

@ Clearance defined as time to 2 consecutive visits negative for all HR-HPV types.

® Includes HPV types 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82.

¢ Number of anal non-16 HR-HPV events qualifying for analysis.
9 Number of events with anal HPV-16.
¢ Number of events with anal HR-HPV.

fIn the case of multiple types, “other” was defined only if same type was not found.

9 Reported since last visit.
*P<.1; ¥*P<.05; ***P<.001.

(95% CI, 78.3-87.5) for women participating in the same study
[19]. This is similar to most other studies [20]. The slower rate
noted for HPV-16 in the anus is not surprising as HPV-16 ap-
pears to be more important than the other HR-HPV types in
anal cancers than in cervical cancers. More than 90% of anal can-
cers are associated with HPV-16 compared to slightly more than
50% of cervical cancers [21]. In one of our previous publications
describing HPV type-specific cervical clearance in this group,
cervical HPV-16 was noted to clear more slowly than HPV-6,
-18, -66, and -84 but faster than HPV-62 and -68 [17]. No diffe-
rence was found for HPV-51, -52, -53, and -59. In this study, we
had only 6 types with sufficient data to compare and found sim-
ilar data in that anal HPV-16 was slower to clear than HPV-18
and HPV-51, -52, and -53. The slower clearance rate noted for
HPV-16 may be due to its ability to evade the host immune
response through dampening of innate and adaptive immune
responses [22-24].

Interestingly, one of the strongest predictors of anal HPV-16
persistence was having a concomitant cervical infection with
HPV-16. This might suggest that some type of global immune

dysregulation is present, resulting in persistence of HPV at both
mucosal sites [19-21]. Certainly, having had cervical intraepi-
thelial neoplasia grade III or cervical cancer is a risk for anal
cancer [25, 26]. The concurrent HPV-16 cervical infections
may also suggest that the cervix is somehow a reservoir for
anal HPV infections or vice-versa. Goodman and colleagues
[27] demonstrated that a cervical HPV infection often preceded
an incident anal infection and vice-versa, concluding that
transmission of HPV between the anus and cervix was com-
mon and each served as a reservoir for the other. In our
study, a preceding cervical HPV-16 detection did not predict
persistence at the anus at the following visit, suggesting that
the cervix was not a significant reservoir for persistence. On
the other hand, cervix-to-anal transmission could have oc-
curred during the 4-month interval. In support of possible cer-
vical reservoirs resulting in repeated infections was the finding
that anal touching was associated with anal HPV-16 persis-
tence. Several studies have documented HPV DNA on hands
and fingers, which thereby serve as a conduit between the
cervix and anus [28, 29].
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Table 4. Multivariable Analysis for Risks Associated With Clearance of Human Papillomavirus (HPV) Type 16 and All High-Risk HPV®

Hazard Ratio (95% Cl)

Variable Clearance of HPV-16 Clearance of All HR-HPV2P
Concurrent cervical HPV (with same type) at visit, yes vs no 0.12 (.04-.41)** NS

Concurrent cervical HPV (other® HR type) at visit, yes vs no NS 0.09 (.03-.29)***
Total lifetime sex partners, per partner NS 0.96 (.93-.99)**
Recent new sex partnerd, per partner 1.97 (1.09-3.55)** NS

Condom use during vaginal intercourse, yes vs no € 1.81 (1.01-3.26)**
Weekly alcohol use®, yes vs no 0.28 (.10-.78)** NS

Recent sexual anal touching®", yes vs no 0.21 (.04-.96)** NS

Ever had anal sex, yes vs no f 0.45 (.24-.86)**

Abbreviations: Cl, confidence interval, HPV, human papillomavirus; HR, high risk; NS, not significant.
? Clearance defined as time to 2 consecutive negative tests for all HR-HPV types.

®Includes HPV types 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82.

¢ In the case of multiple types, “other” was defined only if same type was not found.

9 Reported since last visit.

¢ Because recent new sex partner and condom use during vaginal intercourse were highly correlated, the variable “condom use during vaginal intercourse” was
entered separately into the HPV-16 clearance model with concurrent cervical HPV with same type, weekly alcohol use, and recent sexual anal touching excluding
recent new sex partners. In the model, condom use during vaginal intercourse remained significant (hazard ratio = 5.68; 95% Cl, 1.82-17.7). Associations for the
other variables in the model remain similar.

f As the anal sex behavioral variables were highly correlated, each variable was entered separately into the HPV-16 clearance model with concurrent cervical HPV
with same type, recent new sex partner, and weekly alcohol use. For ever had anal sex, hazard ratio = 0.35 (95% Cl, .12-1.00); for recent anal sex, hazard ratio = 0.28
(95% ClI, .08-.94); and for no anal condom use (vs no anal sex), hazard ratio = 0.16 (95% Cl, .05-.51). Associations for the other variables remained similar in all the

models.
*P<.1;, **P< .05; ***P<.001.

The association with alcohol use suggests that high-risk be-
havior plays a significant role in HPV-16 persistence. Anal
sex behaviors including anal intercourse, anal touching, and
lack of condom use during anal sex were all associated with
HPV-16 persistence. Interestingly, having a new sex partner
and condom use during vaginal intercourse was associated
with HPV-16 clearance. We speculate that both of these suggest
that having a new partner reflects a dissociation with the previ-
ous partner who was responsible for the constant reexposure.
Condom use is more commonly used with new partners
than steady partners, thereby reflecting an association with
the new partner [30]. Condom use may have also prevented
the reexposure from the cervix. As seen with the cervix,
prevalent HPV infections were associated with persistence
compared to incident infection [31]. This finding has
been attributed to the fact that these prevalent infections
are already “persistent” and hence reflect some immune
dysregulation.

Interestingly, the low rate of visits negative for all HPV un-
derscores the commonness of anal HPV detections. Variables
associated with clearance of all HR-HPV found similar associ-
ations as that for HPV-16 including concomitant cervical
infections, condom use during intercourse, and ever having
anal sex. The trend associations for anal touching underscore
the importance of these behaviors in anal HPV reinfections.

Despite approaching the analysis in several ways, the lack
of finding any behavioral associations for non-16 HR-HPV un-
derscores the challenges in examining the natural course of
anal HPV infections, specifically when there are multiple
events such as incidence, clearance, and coinfections occurring
simultaneously.

One of the limitations of this study was the relatively small
sample size. In addition, women not consenting to anal testing
may have influenced our results in that they were less likely to
have higher-risk behaviors or engage in anal sex practices. These
women may have cleared HPV faster and had different risks. On
the other hand, if women refused testing because they were con-
cerned that their high-risk behavior led to infection, exclusion
of this population would also bias our results.

In conclusion, this longitudinal study of anal HPV in women
with >5 years of observation demonstrates the commonness of
repeated anal HPV detections, with only a third of women with
an infection ever becoming negative for all HPV types by 3
years. On the other hand, type-specific clearance mimicked ob-
servations shown for cervical infections with >80% clearing by 3
years. The exception was HPV-16, which was slower to clear,
consistent with its role in anal cancer. Sexual behavior highly
influenced clearance rates, including digital-anal sex. Education
and behavioral interventions could decrease rates of HPV-16
persistence and anal cancer.
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