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Background.  Age-specific data on anal, and corresponding cervical, human papillomavirus (HPV) infection are needed to
inform female anal cancer prevention.

Methods.  We centrally reanalyzed individual-level data from 26 studies reporting HPV prevalence in paired anal and cervical
samples by human immunodeficiency virus (HIV) status and age. For women with HIV (WWH) with anal high-grade squamous
intraepithelial lesions or worse (HSIL+), we also investigated concurrent cervical cytopathology.

Results.  In HIV-negative women, HPV16 prevalence decreased significantly with age, both at anus (4.3% at 15-24 years to 1.0% at
255 years; p, . = 0.0026) and cervix (7.4% to 1.7%; p, , <0.0001). In WWH, HPV 16 prevalence decreased with age at cervix (18.3% to
7.2%; P,...q = 0.0035) but not anus (11.5% to 13.9%; p, . = 0.5412). Given anal HPV16 positivity, concurrent cervical HPV16 positivity
also decreased with age, both in HIV-negative women (p,, , = 0.0005) and WWH (p,_ .= 0.0166). Among 48 WWH with HPV16-
positive anal HSIL+, 27 (56%) were cervical high-risk HPV-positive, including 8 with cervical HPV16, and 5 were cervical HSIL+.

Conclusions.  Age-specific shifts in HPV16 prevalence from cervix to anus suggest that HPV infections in the anus persist
longer, or occur later in life, than in the cervix, particularly in WWH. This is an important consideration when assessing the utility
of cervical screening results to stratify anal cancer risk.
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Persistent anal high-risk human papillomavirus (HR-HPV)
infection, especially HPV16, can lead to anal high-grade
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squamous intraepithelial lesions (HSIL) that may progress to
anal squamous cell carcinoma (ASCC) [1-3]. Anal squamous
cell carcinoma incidence has been increasing in many coun-
tries, in both genders, a phenomenon attributed to increased
population-level sexual transmission of HPV [4]. Twenty-nine
thousand ASCC cases, 100% HPV-attributable, were estimated
to occur worldwide in 2018, approximately two thirds (19 000)
of which occurred in women [5].

Despite the ASCC burden falling disproportionally on
women, studies of anal HPV infection, anal lesions, and
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ASCC have focused largely on men, notably men who have
sex with men (MSM), due to their high absolute risk of ASCC
[6]. Much of these data were recently collated in a pooled
analysis of 64 studies [7], clarifying age-specific prevalence
of anal HPV and HSIL in men, by the main known determin-
ants of male ASCC risk, namely, human immunodeficiency
virus (HIV) status and sexuality. However, no comparable
pooled estimates of age-specific anal HPV prevalence exist
for informing ASCC prevention measures in women, among
whom the most relevant population-based determinants of
ASCC risk are HIV status and history of HPV-related genital
(pre)cancer [6].

In a previous pooled analysis, we confirmed cervical HPV
(most notably HPV16) and cervical cytopathology (HSIL and
cancer) as significant correlates of anal HPV(16) and anal HSIL
prevalence, suggesting that cervical screening programs might
help stratify women at high ASCC risk [8]. However, overrep-
resentation of women with cervical HSIL and cancer prevented
analysis of age-specific prevalence of anal HPV and HSIL in a
population-based manner.

Therefore, we updated our pooled analysis of women with
paired anal and cervical samples, with restriction to studies
without under-/overrepresentation of cervical abnormalities.
Our main objective was to provide population-based age-
specific prevalence of anal, and corresponding cervical, HPV
infection in women, stratified by HIV status, to inform ASCC
prevention programs in women, and also to compare this with
men [7]. Our focus was on HPV16, due to its uniquely high anal
carcinogenicity [2, 3].

METHODS

Data Collection

We did a systematic literature review for studies reporting
paired anal and cervical HPV infection in women, by up-
dating the strategy used in previous pooled analysis [8]. We
searched MEDLINE, Embase, and the Cochrane Library for
studies published between January 1, 1986 and September
10, 2021, using the terms (“papillomaviridae” OR “papil-
lomavirus” OR “HPV”) AND (“anal canal” OR “anus” OR
“anal”).

Eligible studies were required (1) to report type-specific
HPV deoxyribonucleic acid (DNA) detected by a polymerase
chain reaction-based assay (at least for HPV16) in paired anal
and cervical swabs taken at same study visit and (2) to report
data from a female population without selections based on
cervical cytopathological results or HPV DNA status. Authors
of eligible studies were requested to contribute deidentified
individual data on age, anal HPV genotypes, cervical HPV
genotypes, and HIV status. Although these were not strict in-
clusion requirements, data on anal and cervical cytopathology
were contributed, when available.

Statistical Analysis
Pooled anal and cervical HPV prevalence estimates were cal-
culated for 13 individual HR-HPV types judged carcinogenic
or probably carcinogenic (HPV16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, and 68) [3], as well as for 4 groups of HPV types (any
HR-HPV; HPV16 and 18 [2v-HPV]; HPVG6, 11, 16, and 18 [4v-
HPV]; and HPVG, 11, 16, 18, 31, 33, 45, 52, and 58 [9v-HPV]).
Only studies testing for all 13 HR-HPV types contributed to
analyses of prevalence for any or multiple HR-HPV types.
Prevalence of HPV infection was stratified by HIV status and
age group and compared between strata by prevalence ratios
(PRs) with corresponding 95% confidence intervals (Cls), by
use of generalized estimating equation, assuming the clustering
of individual data within studies. For each type, HPV-positive
women were categorized into 3 groups based on HPV-positive
site: anus only, cervix only, or both sites. Among anal HPV-
positive women, concurrency of HPV infection was estimated
as the proportion that were positive for the same HPV type in
the cervix. P values for age-specific trends in HPV prevalence
were calculated using age group as a continuous variable.
Among a subset of studies with anal and cervical
cytopathological results, we evaluated cervical HPV and
cytopathology restricted to (1) women with anal HSIL or worse
(HSIL+), defined as either cytological diagnosis of atypical
squamous cells but cannot exclude HSIL, HSIL, or anal cancer;
or histological diagnosis of grade 2 or 3 anal intraepithelial ne-
oplasia, or anal cancer, and (2) women with HPV16-positive
anal HSIL+, defined as having a diagnosis of anal HSIL+ and
simultaneous detection of HPV16 in anal swabs. Cervical
cytopathological diagnoses were classified as normal, low grade,
and HSIL+, as previously described [8]. Stata (version 14) was
used for all analyses.

RESULTS

A total of 26 studies were included: 13 studies of 7900 HIV-
negative women and 20 studies of 3277 WWH (Supplementary
Table S1 and Figure S1). For most individual and groups of
HPV types, prevalence was lower at the anus than cervix in
HIV-negative women (Figure 1A), but higher at the anus than
cervix in WWH (Figure 1B). For example, HPV16 prevalence
was 3.2% (255 of 7900) in anus versus 4.8% (379 of 7900) in
cervix among HIV-negative women (P < .0001), but 12.2% (399
of 3277) in anus versus 9.1% (299 of 3277) in cervix among
WWH (P <.0001). All HR-HPV types were more prevalent in
WWH than HIV-negative women, with HPV16 being the most
common type, regardless of HIV status and anatomic site.

In HIV-negative women, HPV16 prevalence decreased sig-
nificantly with age, both at anus (from 4.3% at 15-24 years to
1.0% at 255 years; p,_, = 0.0026) and cervix (7.4% to 1.7%;
Ppeng < 0.0001) (Figure 2A). The ratio of cervical HPV16 prev-
alence over that of anal HPV 16 prevalence was higher in young
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Overall prevalence of anal and cervical human papillomavirus (HPV) infection in (A) human immunodeficiency virus (HIV)-negative women and (B) women with HIV.

Error bar = 95% confidence interval. “Indicated HPV prevalence was statistically significantly different in the anus and the cervix using % test. 2v-HPV, HPV16 and 18; 4v-HPV,
HPV6, 11, 16, and 18; 9v-HPV, HPVS6, 11, 16, 18, 31, 33, 45, 52, and 58; HR-HPV, high-risk HPV; HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.

age group (eg, PR = 1.65, 95% CI = 1.30-2.09, at 15-24 years).
In WWH, HPV16 prevalence decreased with age at cervix
(from 18.3% to 7.2%; p, _, = 0.0035), but it remained constant
across all age groups at anus (11.5% to 13.9%; p, .= 0.5412)
(Figure 2B). HPV16 prevalence was higher in cervix than anus
at 15-24 years (PR = 1.70, 95% CI = 1.34-2.15), but lower in
cervix than anus at older ages (PR = 0.52, 95% CI = 0.37-0.72,
at 45-54 years). Age-specific patterns of HR-HPV prevalence
in the anus and cervix among HIV-negative women (Figure
2C) and WWH (Figure 2D) were similar to those for HPV16,
although the decline in cervical HR-HPV prevalence was not
significant in WWH (p,__ . = 0.2499). Respective patterns for
individual non-16 HR-HPV types and groups of HPV types
are shown in Supplementary Figures S2 and S3. For WWH
with information on current CD4 count, this did not vary
much by age (Supplementary Figure S4), and age-specific
trends in HPV16 prevalence were essentially unchanged
after adjustment for current CD4 (p,_, = 0.9113 at anus and
Pyeng = 0-0067 at cervix).

Age-specific patterns of combinations of cervical and anal
HPV16 infection are shown in Figure 3, illustrating relative
shifts in HPV16 infection from cervix to anus and declines
in concurrent infections with increasing age. Among anal
HPV16-positive women, concurrent cervical HPV16 infec-
tion decreased from 65% (67 of 103) at 15-24 years to 28% (5
of 18) at 245 years in HIV-negative women (p,__, = 0.0005)
(Figure 3A) and from 65% (36 of 55) to 24% (29 of 123) in
WWH (p,.., = 0.0166) (Figure 3B). Respective age-specific pat-
terns of concurrent anal and cervical infection for non-HPV16
HR-HPYV types are shown in Supplementary Figure S5.

In HIV-negative women, prevalence of multiple HR-HPV in-
fections decreased with age, at both anus and cervix, but no dif-
ferences by age were observed in WWH (Figure 4).

Age-specific prevalence of anal HPV16 and HR-HPV in
WWH was lower than that of MSM with HIV (MSMWH) and
tended to be similar to that of HIV-negative MSM [7], whereas
that of HIV-negative women was lower than that in MSM and in
men who have sex with women (MSW) with HIV (MSWWH),
but tended to be higher than that in HIV-negative MSW, espe-
cially for those younger than 35 years (Figure 5).

Nine of 26 studies contributed data on both anal and cervical
cytopathology in WWH (Supplementary Table S1). Prevalence
of anal HSIL+ and HPV16-positive anal HSIL+ in WWH was
6% (115 of 1852) and 3% (48 of 1852), respectively, with no dif-
ferences observed by age group (Table 1). When restricting to
115 WWH diagnosed with anal HSIL+, 64 (56%) were nega-
tive for cervical HR-HPV infection, 40 (35%) positive for cer-
vical non-16 HR-HPV only, and 11 (9%) positive for cervical
HPV16; 65 (57%) had normal cervical cytology, 42 (36%) cer-
vical LSIL, and 8 (7%) cervical HSIL+. Upon restriction to 48
WWH with HPV16-positive anal HSIL+, 8 (17%) cases were
positive for cervical HPV16 and 5 (10%) were cervical HSIL+.
No age-specific differences were observed in these proportions.

DISCUSSION

This collaborative pooled analysis of individual-level data from
7900 HIV-negative women and 3277 WWH is the first to com-
prehensively describe age-specific epidemiology of anal HPV
infection among women by HIV status. Building upon our pre-
vious pooled analysis of anal HPV infection in women [8], by
updating with newer studies and focusing on those not selected
on cervical abnormalities, it allows standardized comparisons
with that in male risk groups [7] and with corresponding cer-
vical HPV infection in a population-based approach. With
a focus on HPV16, our data showed that, whereas anal HPV
prevalence decreases with age in HIV-negative women (albeit to
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Figure 2. Age-specific prevalence of anal and cervical human papillomavirus (HPV)16 and high-risk (HR)-HPV infection in human immunodeficiency virus (HIV)-negative
women and women with HIV: (A) HPV16 prevalence in HIV-negative women; (B) HPV16 prevalence in women with HIV; (C) HR-HPV prevalence in HIV-negative women:; (D)
HR-HPV prevalence in women with HIV. Error bar = 95% confidence interval. Significant prevalence ratios (PRs) relative to the reference group are shown in bold. HPV18, 18,

31,33, 35,39, 45, 51, 52, 56, 58, 59, and 68.

a lesser extent than the concomitant decrease in cervical HPV
infection), this is not the case in WWH, in whom anal HPV
infection remains high among those aged 255, despite a con-
comitant age-specific decrease in cervical HPV infection. These
data provide important evidence of shifts in HPV16 prevalence
from cervix to anus with increasing age, a phenomenon most
apparent in WWH, but to a lesser degree even in HIV-negative
women.

It is unfortunate that the cross-sectional nature of this pooled
analysis cannot provide evidence on HPV transmission between
cervix and anus. Nevertheless, when considered with other ev-
idence on the directionality of cervical/anal HPV transmission
in women, age-specific shifts in HPV16 prevalence suggest

infections may persist in the anus despite clearance from the
cervix. Indeed, multiple lines of evidence suggest that anal
HPV exposure in females may occur from the cervix/external
genital region via auto- or partner-assisted inoculation. These
include studies reporting associations between anal sexual in-
tercourse and anal HPV that are either nonsignificant or less
important than number of sexual partners per se [2, 8-11],
studies showing that a majority of women with anal cancer
report no history of anal sexual intercourse [12], and studies
reporting a link between front-to-back wiping or partner anal
touching using fingers or mouth and anal HPV infection [13,
14]. Finally, longitudinal studies have shown that anal HPV in-
cidence is higher among women with previous cervical HPV
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women with HIV. “Concurrent cervical HPV16 infection in all women with anal HPV16 infection by age group.

infection of the same type, and that this association is stronger
than that for sequential transmission in the other direction [15,
16]. Alternative explanations for observed age-specific shifts in
prevalence from cervix to anus include age-specific differences
in tissue or immune susceptibility [17, 18], or sexual behavior
[19].

Correlation of cervical and anal HPV infection was also ob-
served to decrease with age. In our previous pooled analysis [8],
we reported cervical and anal HPV to be strongly correlated,
with approximately 40% of women with cervical HPV16 infec-
tion having concurrent anal HPV16 infection, irrespective of
HIV infection. In the current study, we show this correlation
to be contributed predominantly by younger women, in whom
cervical and anal HPV prevalence are the highest. This is con-
sistent with longitudinal evidence that rates of sequential ac-
quisition of cervical-to-anal, as well as anal-to-cervical, HPV
infection, decrease with age [15].

We were able to collate abundant data on anal HPV16 in-
fection in HIV-negative women. These data are important to
informing ASCC prevention programs because, although
ASCC incidence rate is lower than that in WWH [6], HIV-
negative women contribute to the majority of ASCC at a
population level, at least in high-income settings such as the
United States [20]. Indeed, the recognition that ASCC burden
in HIV-negative women is almost entirely HPV16-related [2]
has led to speculation about whether modern HPV-based cer-
vical screening programs might contribute to ASCC preven-
tion in older, unvaccinated generations of women, by referring
women testing cervical HPV16-positive for secondary ASCC
prevention measures [8]. Given the significant decreases in
anal HPV16 infection observed at older ages in HIV-negative
women, the number of anal HPV16 infections observed in
women aged 255 years in this analysis remained very limited,

highlighting the need for more studies on anal HPV infection
in older HIV-negative women. Indeed, the fact that only 5 of 13
anal HPV16-positive women aged 245 years were concurrently
positive for cervical HPV16 already raises questions about the
population-level feasibility of using cervical HPV16 infection
to identify HIV-negative women at high risk of HPV16-related
ASCC.

Consistent with pooled analyses of anal HPV infection in
men [7], as well as with evidence of elevated anal cancer inci-
dence in WWH [6], HIV positivity was a strong determinant
of anal HPV infection among women, in all age groups. In
WWH, HPV16 prevalence was constant across all age groups
in the anus, whereas cervical HPV16 prevalence declined with
age. The underlying reasons for such age-specific differences are
unclear but may be due to differences in age-related immune
surveillance or susceptibility between the 2 anatomical sites,
exacerbated in the presence of HIV-related immunosuppres-
sion. Of note, we have previously shown severity of concur-
rent markers of HIV-positive immunosuppression (eg, lower
current CD4 cell count or higher current HIV viral load) to be
relatively weak determinants of anal HPV16 and HSIL+ preva-
lence in WWH [8], as well as in MSMWH [7], and findings on
age-specific trends of anal and cervical HPV16 prevalence in
the current study were essentially unchanged after adjustment
for current CD4.

Such high anal (and cervical) HPV prevalence observed al-
ready in young WWH highlights the advantages of prophylactic
HPV vaccination in 10- to 14-year-olds [21], before sexual
debut and acquisition of HIV and HPV infection, to prevent
HPV-related cancer in this high-risk group. Given lack of vac-
cine efficacy against existing HPV infection, and high HPV
exposure in women aged 15-24, the cost-benefit ratio of HPV
vaccination in WWH is expected to fall quickly with increasing
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in women with HIV.
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Table 1.
Anal HPV16-Positive HSIL+

Overall and Age-Specific Distribution of Cervical High-Risk HPV Infection and Cervical Cytopathology Restricted to WWH With Anal HSIL+ and

Overall 15-34 Years 35-44 Years >45 Years
n (%) n (%) n (%) n (%)
Anal HSIL+? N =115 N =28 N =47 N =40
Cervical HR-HPV Infection
Negative 64 (56 %) 16 (57 %) 24 (51 %) 24 (60%)
Positive 51 (44%) 12 (43%) 23 (49%) 16 (40%)
Non-16 HR-HPV only 40 (35%) 10 (36%) 19 (40%) 11 (28%)
HPV16 11 (9%) 2 (7%) 4 (9%) 5(12%)
Cervical Cytopathology
Normal 65 (567%) 14 (60%) 24 (561%) 27 (68%)
LSIL 42 (36%) 13 (46%) 18 (38%) 11 (27%)
HSIL+ 8 (7%) 1(4%) 5 (11%) 2 (5%)
HPV16-positive anal HSIL+° N =48 N =12 N =17 N =19
Cervical HR-HPV Infection
Negative 21 (44%) 5 (42%) 5 (29%) 11 (58%)
Positive 27 (66%) 7 (58%) 12 (71%) 8(42%)
Non-16 HR-HPV only 19 (39%) 6 (50%) 9 (563%) 4(21%)
HPV16 8(17%) 1(8%) 3(18%) 4(21%)
Cervical Cytopathology
Normal 33 (69%) 9 (75%) 10 (59%) 14 (74%)
LSIL 10 (21%) 2 (17%) 5 (29%) 3 (16%)
HSIL+ 5(10%) 1(8%) 2 (12%) 2 (10%)

Abbreviations: HIV, human immunodeficiency virus; HR-HPV, high-risk human papillomavirus; HSIL+, high-grade squamous intraepithelial lesions or worse; WWH, women with HIV.
“The overall prevalence of anal HSIL+ in women with HIV was 6% (115 of 1852). Prevalence was 6% (28 of 466) at age 15-34 years, 7% (47 of 713) at age 35-44 years, and 6% (40 of 673)

at age 245 years.

°HPV16-positive anal HSIL+ includes only HSIL+ with simultaneous presence of HPV16 positivity in swabs; overall prevalence of HPV16-positive anal HSIL+ in women with HIV was 3% (48
of 1852); prevalence was 3% (12 of 466) at age15-34 years, 2% (17 of 713) at age 35-44 years, and 3% (19 of 673) at age 245 years.

age. Indeed, although a recent clinical trial has reported signif-
icant effectiveness of HPV vaccination in MSMWH under 26
[22], 2 other trials reported lack of effectiveness against anal
HPYV infection and lesions in HIV-infected adults older than
26 years [23, 24].

In the meantime, generations of unvaccinated WWH remain
at elevated ASCC risk and may benefit from secondary preven-
tion. Certain guidelines for HIV management already make
specific recommendations, tending to focus on WWH with
cervical lesions [24-27]. Although no data yet exist on ASCC
risk in WWH with cervical HSIL+, evidence from our previous
pooled analysis of elevated prevalence of surrogate markers of
anal cancer (prevalence of anal HPV16, anal HSIL+, and their
combination) among WWH with cervical HSIL supports their
higher risk [8]. By restricting to women unselected for cervical
abnormalities, the current analysis describes the relationship
of anal and cervical cytopathology in the opposite direction,
namely, cervical status of women with anal HSIL+. This re-
vealed that only 7% of anal HSIL+ were detected in WWH with
concurrent cervical HSIL+, and that less than half had any con-
current cervical abnormality or any cervical HR-HPV infection,
as reported previously [28]. Upon restriction to women with
HPV16-positive anal HSIL+, the most severe known surrogate
for anal cancer risk, only 10% had evidence of concurrent cer-
vical HSIL+ and, surprisingly, only one fifth had evidence of

concurrent cervical HPV16 infection, even among women aged
245 years. These data suggest that not only anal HPV16 infec-
tion, but even HPV16-positive anal HSIL, may persist at the
anus of WWH after HPV16 infection has been cleared from the
cervix. If this is the case, the discriminating power of cervical
HSIL or HPV16 infection to identify WWH at high risk for
ASCC may be suboptimal and may limit the utility of triaging
WWH for anal cancer screening based on cervical screening re-
sults, particularly in settings where the population of WWH is
relatively small and might be universally referred for secondary
ASCC prevention measures.

Certain limitations of our analysis should be noted. First,
women with unknown HIV status were defined as HIV neg-
ative. We believe this is valid because most of these women
were from population-based studies in China, United States,
and Costa Rica, where HIV prevalence is very low, and because
we had previously shown equivalence in their anal and cervical
HPYV prevalence with that in HIV-negative women [8]. Second,
although we could not analyze data by HPV vaccination status,
we excluded the few women who were known to be HPV vac-
cinated, and the combination of study years, country, and age
group of included women suggested almost all were ineligible
for HPV vaccination programs. Thus, these data can be con-
sidered to represent the epidemiological picture before HPV
vaccine impact. We recognize that most of our findings come
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from high-income settings, leading to an underrepresentation
of many world regions, even for WWH.

It is unfortunate that small sample sizes in this pooled anal-
ysis precluded analyses of anal and cervical cytopathology
in HIV-negative women. Furthermore, even for WWH, im-
portant heterogeneity in detection of anal HSIL between
studies [7] precluded analyses of cervical results using
classic screening performance indicators (sensitivity, spec-
ificity, and negative and positive predictive values); rather,
we focused on a description of cervical status in known anal
HSIL+ cases only. Although overall prevalence of anal HSIL+
(6%) and HPV16-positive HSIL+ (3%) in WWH was lower
than in similarly collated data from MSMWH (22%; 10%)
[7], or even HIV-negative MSM (11%; 5%) [7], we cannot ex-
clude heterogeneity in anal HSIL+ detection across different
studies.

We are more confident, however, in the comparability of age-
stratified anal HPV prevalence data across male and female
risk groups [7], because of greater objectivity in HPV testing
compared with cytopathological ascertainment. By focusing
on women aged 245 years (below which anal cancer rarely oc-
curs), we reveal that the patterns in anal HPV16 prevalence in
male and female risk groups are broadly similar to patterns of
ASCC incidence rates among these same risk groups [6]. For
example, anal HPV16 prevalence in WWH was lower than that
of MSMWH, but it was similar to that of MSWWH and HIV-
negative MSM, broadly mirroring ASCC incidence rates. This
comparison suggests that anal HPV16 prevalence does have
some utility as a surrogate of anal cancer risk, even if the dif-
ferences between these risk groups are much smaller for anal
HPV16 infection than for anal cancer risk. These age-specific
data can inform prioritization of risk groups for secondary
ASCC screening initiatives, and they provide an estimate of the
proportion of women (and men) in different age groups that
could be expected to test positive in an anal cancer screening
program based upon detection of prevalent anal HPV16 or
HR-HPV infection.
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