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Prevalence and type distribution of human papillomavirus in carcinoma and
intraepithelial neoplasia of the vulva, vagina and anus: A meta-analysis
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This meta-analysis investigated human papillomavirus (HPV)
prevalence in vulvar, vaginal and anal intraepithelial neoplasia
(VIN, VAIN, AIN) grades 1-3 and carcinoma from 93 studies con-
ducted in 4 continents and using PCR assays. Overall HPV preva-
lence was 67.8%, 85.3% and 40.4% among 90 VIN1, 1,061 VIN2/3
and 1,873 vulvar carcinomas; 100%, 90.1% and 69.9% among
107 VAIN1, 191 VAIN2/3 and 136 vaginal carcinomas; and 91.5%,
93.9% and 84.3% among 671 AIN1, 609 AIN2/3 and 955 anal carci-
nomas, respectively. HPV16 was found more frequently (>75%)
and HPV18 less frequently (<10%) in HPV-positive vulvar, vaginal
and anal carcinomas than in cervical carcinoma. HPV6 and 11
were common in VIN1 and AIN1, but not in VAIN1. HPV preva-
lence in vulvar carcinoma varied most by histological type (69.4%
in warty-basaloid and 13.2% in keratinized type) and was also
higher in women 60 years or younger and in studies carried out in
North America. HPV prevalence in anal carcinoma was higher
among women (90.8 %) than men (74.9 %), but no difference by gen-
der emerged in North America. The majority of AIN2/3 derived
from studies of HIV-positive individuals and/or men who have sex
with men. Among AIN2/3, HIV infection was associated with higher
HPV prevalence, more multiple-type infections and a relative
under-representation of HPV16. In conclusion, ~40% of vulvar,
60% of vaginal and 80% of anal carcinoma may be avoided by pro-
phylactic vaccines against HPV16/18. This proportion would be
similar for the corresponding high-grade lesions of the vagina and
anus, but higher for VIN2/3 (75%) than for vulvar carcinoma.
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Anogenital carcinomas other than cervical carcinoma are rela-
tively rare. Only a few areas of the United States show age-stand-
ardized incidence rates for vulvar carcinoma in women, or anal
carcinoma in men, greater than 2 per 100,000, and those for vagi-
nal cancer in all parts of the world are below 1 per 100,000." Ano-
genital carcinomas share many risk factors with cervical carci-
noma, namely those relatlng to sexual behavior and smokmg,2
and immunosuppression.””” Increases in their incidence have been
reported in the last decades in some high- resource countries, nota-
bly in women and men below age 50 years.’

In 2005, an expert working group convened by the International
Agency for Research on Cancer established a causal role for
human paplllomawrus (HPV) 16 in a subset of vulvar, vaginal and
anal carcinoma.'* A similar role for types other than HPV16 could
not be established due to the limited number and size of the
reviewed studies.

Also strongly related to HPV are vulvar, vaginal and anal intra-
epithelial neoplasia (VIN, VAIN, AIN) grades 1-3, which are con-
sidered precursor lesions of carcinoma in the corresponding sites.
However, scant data are available on the HPV types that contrib-
ute to 1ntraep1thehal neoplasia, as well as their potential to pro-
gress to carcinoma in the anogenital tract.'*

Current prophylactic HPV vaccines against HPV types 16/18,
or 6/11/16/18, are thus expected to offer protectlon against ano-
genital carcmomas14 and their precursor lesions.'® To estimate the
fraction of cancerous and precancerous lesions of the anogenital
tract that may be prevented by HPV vaccines, we collated all rele-
vant data published from 4 continents on the prevalence of HPV
overall, and of individual HPV types.
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Material and methods

Search strategy and selection criteria

MEDLINE and regional databases (MedCarib, LILACS, Afri-
can Index Medicus, IndMed and IMSEAR) were used to search
for articles published between January 1986 and March 2008,
regardless of language of publication. Combinations of the MeSH
terms: “papillomavirus,” “papillomavirus infections,” “vulva
neoplasms,” “vagina neoplasms” and “anal neoplasms” were
used. References cited in selected articles were also investigated.
Eligibility criteria included the report of HPV DNA detection by
means of PCR in a minimum of 4 cases. Studies had to provide a
clear description of PCR primers and methods used for HPV typ-
ing, and DNA prevalence had to be reported for carcinoma and
intraepithelial neoplasia separately. Careful checks were made to
avoid including overlapping data. Where study methods suggested
that additional data were avallable these data were requested and
provided by some investigators.> !¢~

A total of 63 studies on vulvar lesions, 14 on vaginal lesions
and 29 on anal lesions identified from MEDLINE were included
in the present meta-analysis (no additional studies were retrieved
from regional databases). Detailed information on each of the 93
included studies (some dealing with more than 1 anogenital site)
is listed in Tables AI-AVI.

Data extraction

For each study, information on country, sample size, age group,
gender (when applicable), type of specimen, PCR primers used to
detect the presence of HPV DNA, and overall and type-specific HPV
prevalence was extracted. HIV infection status was available only for
AIN as none of the identified studies on vulvar and vaginal lesions,
or anal carcinoma, explicitly included HIV-positive individuals.

Where p0351ble HPV findings were stratified by hlstologlcal
type of carcinoma (e.g., warty/basaloid or keratlnlzmg) grade
of intraepithelial neoplasia (grades 1, 2 and 3)*' with in situ carci-
noma included as grade 3, age group, geographical region and
HIV status. Thirty reported cases of differentiated VIN, which are
often associated with lichen sclerosus or other dermatoses, and 32
cases of anal warts were not included in this report.

Estimation of HPV prevalence

Type-specific prevalence is presented for (i) 15 high-risk HPV
types, namely 16, 18, 31, 33, 35, 39, 45, 51, 52, 56 58,59, 68, 73
and 82; and (ii) low-risk HPV Types 6 and 11.** No other type
was found in more than 0.5% of any anogenital carcinomas.

Abbreviations: AIN, anal intraepithelial neoplasia; CI, confidence
interval; HPV, human papillomavirus; MSM, men who have sex with
men; OR, odds ratio; VAIN, vaginal intraepithelial neoplasia; VIN, vulvar
intraepithelial neoplasia.
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TABLE I - HUMAN PAPILLOMAVIRUS (HPV) PREVALENCE IN INTRAEPITHELIAL NEOPLASIA AND CARCINOMA OF THE VULVA, VAGINA
AND ANUS, BY GEOGRAPHICAL REGION

Intraepithelial neoplasia Carcinoma
Region Studies (V) Subjects HPV-positive Subjects HPV-positive Countries represented
(N) (%) (N) (%)
Vulva
Asia 9 19 78.9 186 38.2 China, Hong Kong, Japan
Europe 34 520 80.6 929 34.7 Austria, Czech Republic, Denmark, Finland, Germany,
Italy, Israel, the Netherlands, Poland, Spain, Sweden,
United Kingdom
North America 18 627 88.8 443 63.2 Canada, United States
Latin America 2 12 100.0 161 24.2 Brazil, Colombia, Mexico, Peru, Puerto Rico
Oceania 3 19 36.8 154 28.6 Australia, New Zealand
Total 63! 1,197 840 1873 404
Vagina
Asia 3 72 100.0 16 43.8 Japan, Thailand
Europe 8 74 97.3 56 76.8 Denmark, Germany, Finland, Italy, Sweden,
the Netherlands, Portugal, United Kingdom
North America 4 135 89.6 64 70.3 Canada, United States
Latin America 1 17 82.4 - - Brazil, Colombia, Mexico, Peru, Puerto Rico
Total 14! 298 93.6 136 69.9
Anus
Asia 2 2 100.0 27 96.3 Japan, Korea
Europe 13 235 89.8 696 84.2 Czech Republic, Denmark, France, Germany, Italy, Norway,
Sweden, Switzerland, United Kingdom
North America 14 1,043 93.3 232 83.2 United States, Canada
Total 29 1,280? 92.7 955 84.3

"Including one multicentric study (Ref. 15) whose components have been assigned to the corresponding regions.—*Includes 805 HIV-positive
individuals (mainly men who have sex with men, MSM) and 210 HIV-negative MSM.

Methods for estimation of type-specific HPV prevalence have
been described in detail previously.”* Whereas most studies did
report the prevalence of HPV 16, the prevalence of other types was
less frequently reported. Thus, the prevalence of an individual
HPV type was based only on studies testing for the genotype in
question, and includes the prevalence in single- and multiple-type
infections. HPV type-distribution is expressed either as a propor-
tion of all cases tested for the given HPV type, or as a proportion
of HPV-positive women.

Statistical analysis

Odds ratios (ORs) for HPV positivity and corresponding 95%
confidence intervals (CIs) in the 2 largest groups of carcinoma
(i.e., vulvar and anal) were estimated by unconditional logistic
regression including terms for PCR primers (MY09/11 and/or
GP5+/6+, other), geographical region (North America, else-
where), major histological types (keratinized, warty, basaloid,
large-cell and unspecified) and variables that were known or sus-
pected to be possible sources of heterogeneity in HPV prevalence,
i.e., age group (<60; 61-70; >71 years) for vulvar carcinoma, and
gender for anal carcinoma. Upon review, studies of AIN2/3 in
which HIV status was not reported were considered on the basis of
geographical region, age distribution and case sources, as unlikely
to be HIV-positive and were therefore combined with the HIV-
negative subjects. Crude ORs by HIV status (negative/not
reported, positive) were computed for AIN2/3.

Results
Prevalence of HPV

Table I shows the number and location of studies included in
the present meta-analysis and overall HPV prevalence separately
for intraepithelial neoplasia and carcinoma. For all 3 anatomic
sites considered, the majority of studies were from Europe and
North America. The vast majority of information on HPV in AIN
derived from studies of HIV-positive individuals or men who have
sex with men (MSM).

Overall HPV prevalence in VIN was 84.0%—with a breakdown
by grade of 67.8% in 90 VIN1 and 85.3% in 1,061 VIN2/3 (87.7%
in 856 VIN3)—and 40.4% in 1,873 vulvar carcinomas. Overall
HPV prevalence in VAIN was 93.6%—with a breakdown by

grade of 100.0% in 107 VAINI and 90.1% in 191 VAIN2/3
(88.2% in 110 VAIN3)—and 69.9% in 136 vaginal carcinomas.
Finally, overall HPV prevalence in AIN was 92.7%—with a
breakdown by grade of 91.5% in 671 AIN1, 93.9% in 609 AIN2/3
(94.0% in 234 AIN3)—and 84.3% in 955 anal carcinomas.

HPYV type-specific prevalence

Figure 1 shows the distribution of HPV types by site and lesion
severity in studies that reported on individual HPV types (see also
Tables AI-AVI).

The most common HPV types in VIN1 were HPV6 (22.4%), 16
(9.8%) and 11 (9.0%). In contrast, the most common HPV types in
VIN2/3 and vulvar carcinoma were HPV16 (71.9% and 32.2%,
respectively), 33 (8.0% and 4.5%) and 18 (5.0% and 4.4%) (Fig.
1). The prevalence of infections with multiple HPV types
decreased from 13.4% in VINI1 to 2.8% in vulvar carcinoma (data
not shown).

In VAIN1 HPV16 predominated (23.4%), but a broad range of
other HPV types was detected, notably HPV56 (11.0%) and 51
(8.8%). In VAIN2/3, the most common HPV types were HPV16
(57.6%), 18 (6.9%) and 58 (5.9%). In vaginal carcinoma, the most
common HPV types were HPV16 (53.7%), 18 (7.6%) and 31
(5.6%) (Fig. 1). The prevalence of multiple-type HPV infections
decreased from 10.3% in VAINI1 to 3.4% in vaginal carcinoma
(data not shown).

The most frequently detected types for AIN1 were HPV16
(37.2%), 6 (36.2%), 18 (21.3%) and 11 (18.1%). HPV16 (59.8%),
18 (17.4%), 33 (13.6%) and 58 (13.1%) were the types most fre-
quently detected in AIN2/3. In anal carcinoma HPV16 (73.4%)
predominated, followed by HPV18 (5.2%), and 33 (4.8%) (Fig. 1).
The prevalence of multiple-type infections decreased from 54.4%
in AIN1 to 6.8% in anal carcinoma (data not shown).

Sources of heterogeneity in HPV prevalence

Table II describes the main sources of heterogeneity in HPV
prevalence in vulvar carcinoma, both overall and stratified by geo-
graphical region. The HPV prevalence was significantly higher in
North American studies than studies from elsewhere (OR = 2.87,
95% CI: 2.25-3.66) and in warty-basaloid (69.4%) compared to
keratinized (13.2%) carcinomas (OR = 13.47, 95% CI: 9.36—
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FI1GURE 1 — Prevalence of human papillomavirus (HPV) types in vulvar intraepithelial neoplasia (VIN) grades 1 and 2/3, vulvar carcinoma,
vaginal intraepithelial neoplasia (VAIN) 1 and 2/3, vaginal carcinoma, anal intraepithelial neoplasia (AIN) 1 and 2/3, and carcinoma of the
anus. Only studies reporting individual HPV types were included. N, number tested for a given HPV type.

TABLE II - SOURCES OF HETEROGENEITY IN HUMAN PAPILLOMAVIRUS (HPV) PREVALENCE IN 1,873 VULVAR CARCINOMAS

North America

Elsewhere

Overall

N HPV-positive (%) N HPV-positive (%) N HPV-positive (%) OR' (95% CI)

Histological type

Keratinized 68 25.0 508 11.6 576 13.2 1

Warty-basaloid 80 85.0 178 62.4 258 69.4 13.47 (9.36-19.39)

Unspecified 295 66.1 744 41.3 1,039 48.2 5.53 (4.18-7.32)
Age group (years)

>71 126 54.0 163 24.5 289 374 1

61-70 80 72.5 48 39.6 128 60.2 2.19 (1.41-3.40)

<60 113 79.7 69 56.5 182 70.9 3.63 (2.40-5.47)

Unknown 124 51.6 1,150 32.5 1,274 344 1.30 (0.97-1.73)
PCR primers

MY09/11 or GP5+/6+ 312 66.7 682 333 994 43.8 1

Other 131 55.0 748 333 879 36.5 1.09 (0.88-1.35)
Geographical region 443 63.2 1,430 333 - - -

OR' (95% CI) 2.87 (2.25-3.66)

1

'ORs adjusted for geographical region, histological type and PCR primers, except the OR for age group, which could be adjusted for geo-

graphical region and PCR primers only.
OR, odds ratio; CI, confidence intervals.

19.39). Young age at diagnosis was also associated with HPV prev-
alence (OR for women aged <60 versus women aged >71 years =
3.63, 95% CI: 2.40-5.47), whereas the type of PCR primers used
had no influence. Consistent differences in HPV prevalence by his-
tological type and age group were observed both in North America
and elsewhere (Table II). HPV 16 predominance was also consistent
in all strata (data not shown). The type of specimen used (exfoliated
cells or tissue samples) did not significantly affect HPV prevalence
and was not included in the model (data not shown).

Table III shows the main sources of heterogeneity in HPV prev-
alence in anal carcinoma overall and stratified by geographical
region. Large-cell carcinoma represented the most common histo-
logical type, but HPV prevalence was similar in large-cell and
basaloid carcinoma. HPV-positive anal carcinoma was more fre-
quent in women than men (OR = 3.46, 95% CI: 2.25-5.31), but
equally frequent among the 2 genders in North American studies.
PCR primers other than MY09/11 or GP5+/6+ detected fewer
HPV infections (OR = 0.44, 95% CI: 0.27-0.73).
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TABLE III - SOURCES OF HETEROGENEITY IN HUMAN PAPILLOMAVIRUS (HPV) PREVALENCE IN 955 ANAL CARCINOMAS

North America Elsewhere Overall
N HPV-positive (%) N HPV-positive (%) N HPV-positive (%) OR! (95% CI)

Histological type

Large-cell 116 89.7 35 71.4 151 854 1

Basaloid 44 97.7 24 70.8 68 88.2 1.11 (0.45-2.73)

Unspecified 72 63.9 664 85.8 736 83.7 0.87 (0.47-1.61)
Gender

Male 57 91.2 150 68.7 207 74.9 1

Female 114 90.4 475 90.9 589 90.8 3.46 (2.25-5.31)

Both 61 62.3 98 78.6 159 72.3 1.76 (0.92-3.37)
PCR primers

MY09/11 or GP5+/6+ 171 90.6 478 87.7 649 88.4 1

Other 61 62.3 245 78.8 306 75.5 0.44 (0.27-0.73)
Geograph1cal region 232 83.2 723 84.6 - - -

OR' (95% CI) 0.90 (0.53-1.50)

1

'ORs adjusted for geographical region, histological type, gender and PCR primers.

OR, odds ratio; CI, confidence intervals.

Impact of HIV and lesion severity on HPV type distribution

Table IV shows HPV prevalence in AIN2/3 according to HIV
status. HIV-positive individuals had a significantly higher preva-
lence of HPV infection (96.7%) than HIV-negative ones (90.1%)
(x3:7.16; p = 0.0075). A comparison of HPV type distribution by
HIV status was also done, restricted to HPV-positive samples.
Multiple-type infections were more frequently detected in HIV-
positive individuals (OR = 12.60, 95% CI: 7.05-22.51), and the
distribution of individual high-risk types also differed. HPV16
(OR = 0.38, 95% CI: 0.24-0.61) was significantly under-repre-
sented and most other types were significantly over-represented in
AIN2/3 among HIV-positive, compared to HIV-negative individu-
als. Moreover, many HPV types were only detected in HIV-posi-
tive individuals.

Figure 2 shows a comparison of HPV6, 11, 16 and 18 preva-
lence by lesion severity among HPV-positive lesions. Because of
the strong influence of HIV infection on HPV type distribution,
HIV-positive AIN were not included. The HPV16 fraction
increased markedly in all 3 sites with increasing lesion severity
(Fig. 2). The HPV18 fraction also increased by lesion severity in
the vulva, but not in the vagina or anus. HPV6 and 11 were far
more common among HPV-positive VIN1 (29.4% and 11.8%)
than in VIN2/3 (3.7% and 0.7%) or vulvar carcinoma (4.4% and
0.3%), whereas no clear trend in HPV6 or 11 was detectable in the
corresponding vaginal lesions. Only 7 AIN1 in HIV-negative indi-
viduals were tested for HPV6 and 11, and hence, they were not
used for comparison purposes (Fig. 2).

Discussion

In our present meta-analysis of anogenital cancerous and pre-
cancerous lesions, the first to our knowledge to systematically
include all published information on the topic worldwide, the
highest HPV prevalence was found in anal carcinoma (84.3%),
improving on the precision of the previous consensus estimation
of >50% for the proportion of anal carcinoma attributed to HPV
infection.'* The prevalence of HPV infection in our present meta-
analysis on anal carcinoma approaches, therefore, that reported in
a similar worldwide meta-analysis of cervical carcinoma
(87. 3%) %5 for which HPV infection is considered a necessary
cause.'* Also analogous with the cervix uteri, the majority of AIN
and anal carcinoma are detected in a squamocolumnar Junctlon
(i.e., the dentate line, between the anal canal and the rectum). 26

HPV prevalence was lower in vaginal carcinoma (69.9%) and
lower still in vulvar carcinoma (40.4%). Among high-grade
lesions in the vulva (85.3%) and vagina (90.1%), however, HPV
prevalence was as high as that in the corresponding precursor
lesions of the cervix (cervical intraepithelial neoplasia grades 2/3,
84.9%).%° Our present findings strongly support, therefore, the hy-
pothesis raised in the early 1990s>7% that 2 distinct subsets of car-

cinoma in the vulva and vagina exist, one that is strongly associ-
ated with HPV and that may be preceded by high-grade lesions as
in cervical carcinoma, and another, which arises independently of
HPV infection and is of greater relative importance in the vulva
than the vagina. It is conceivable that the presence of HPV in these
cancer subsets may be accompanied by different gene expression
profiles or genetic alterations as already shown in cancer of the
oral cavity and pharynx, where HPV presence is accompanied by
a lack of TP53 mutations.”

Whereas a broad range of high-risk and low-risk HPV types
was detected in all grades of intraepithelial neoplasia, HPV16 was
found in over three-quarters of HPV-positive anogenital carci-
noma at all 3 sites. By companson HPV16 accounts for only
approximately half of cervical carcinoma.”> A stronger predomi-
nance of HPV16 than in cervical carcinoma has also been reported
in HPV-related head and neck carcinoma.*® In agreement with
what has been found in cervical carcinoma, however, the relative
importance of HPV16 infection in anogenital lesions increases
substantially with their severity, highlighting the greater potential
of HPV16 to progress to carcinoma in comparison to other types.

HPV18 seems to be rarer in noncervical anogenital carcinoma
than in cervical carcinoma. In studies of cervical carcinoma, how-
ever, HPV18 has been shown to have a strong tropism for glandu—
lar eplthella and hence adenocarcrnoma 31" Adenocarcinoma is
rare in the vulva and vagina®” and is excluded, by definition, from
anal carcinoma in order to avoid misclassification with rectal ade-
nocarcinoma. However, HPV18 is still under-represented in ano-
genital carcinoma, even if the comparrson is restricted to squa-
mous cell carcinoma of the cervix.>' HPV6 was shghtly more fre-
quent in vulvar (2. 0%) and anal (2.9%) carcinoma than in cervical
carcinoma (0.5%),% but it was most often accompanied, among
cases where this information was available, by multiple infections
with high-risk types.

Strong sources of heterogeneity in HPV prevalence were found
in our present meta-analysis, and they varied by anatomical site
and type of population studied. In vulvar carcinoma, the clearest
variation in HPV prevalence was found by histopathological type:
HPV prevalence was 69.4% in warty-basaloid carcinoma, but only
13.2% in keratinized carcinoma. Histopathological type of vulvar
carcinoma is known to be correlated with age at diagnosis, with
warty-basaloid carcinoma being diagnosed more often among
younger women than the keratinized type. This meta-analysis was
not able to disentangle the independent effects of histological type
and age, but carcinoma diagnosed at a younger age was indeed
more likely to be HPV-positive. Many studies reported that the
mean age at vulvar carcinoma diagnosis was significantly lower in
HPV- pos1t1ve than HPV-negative cases, 3335 although this was not
the case in the largest North American study.*®

In addition, HPV prevalence among North American vulvar
carcinoma was approximately twice that among those diagnosed
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TABLE IV - ODDS RATIOS (ORS) OF HUMAN PAPILLOMAVIRUS (HPV) POSITIVITY FOR DIFFERENT TYPES AND CORRESPONDING 95% CONFIDENCE
INTERVALS (CIS) AMONG INDIVIDUALS WITH ANAL INTRAEPITHELIAL NEOPLASIA 2/3 BY HIV STATUS

HIV-positive HIV-negative/not reported
Positive/tested (N)' % Positive/tested (N)' % OR (95% CI)
Any HPV type 208/215 96.7 145/161 90.1 lez 7.16; p = 0.0075
Within HPV-positive samples
Multiple infections 137/208 65.9 17/128 13.3 12.60 (7.05-22.51)
High-risk type
HPV16 115/208 55.3 111/145 76.6 0.38 (0.24-0.61)
HPV18 53/208 25.5 8/127 6.3 5.09 (2.36-10.92)
HPV31 24/182 13.2 3/113 2.7 5.57 (1.74-17.77)
HPV33 35/182 19.2 8/119 6.7 3.30 (1.50-7.27)
HPV35 13/182 7.1 0/109 0.0 00 (2.16—00)
HPV39 14/182 7.7 0/109 0.0 o0 (2.34—00)
HPV45 29/208 13.9 1/117 0.9 18.79 (3.19—-)
HPV51 7/182 3.8 0/109 0.0 o0 (1.12—00)
HPV52 14/182 7.7 0/111 0.0 00 (2.39—00)
HPV56 11/182 6.0 0/109 0.0 oo (1.81-00)
HPV58 39/182 214 1/111 0.9 30.00 (5.12—)
HPV59 10/182 5.5 0/109 0.0 00 (1.63—00)
HPV68 2/182 1.1 0/109 0.0 o0 (0.31-00)
HPV73 9/182 49 1/109 0.9 5.62 (0.90—00)
HPV82 3/168 1.8 0/109 0.0 00 (0.51-00)
Low-risk type
HPV6 11/110 10.0 8/117 6.8 1.51 (0.60-3.81)
HPV11 15/110 13.6 4/117 34 4.46 (1.50-13.21)
1Only studies testing for a particular HPV type contribute to the analysis for that type, therefore sample size varies between the type-specific
analyses.
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FIGURE 2 — Prevalence of human papillomavirus (HPV) types 6, 11, 16 and 18 in HPV-positive intraepithelial neoplasias and carcinomas of
the (a) vulva, (b) vagina and (c) anus, restricted to HIV-negative subjects. HPV types 6 and 11 not shown for AIN1, due to the low number tested
(N = 7). VIN, vulvar intraepithelial neoplasia; VAIN, vaginal intraepithelial neoplasia; AIN, anal intraepithelial neoplasia.

in other geographical regions. Higher HPV prevalence in North
America did not appear to be an artefact of HPV detection meth-
ods (see also Insinga et al®”) and was observed across all age
groups and histopathological types of vulvar carcinoma. Enhanced
surveillance of the vulva during cervical cancer screening, com-
bined with some misclassification of VIN3 as microinvasive vul-
var carcinoma, may partly explain the higher HPV positivity
found in vulvar carcinoma diagnosed in North American studies.

This meta-analysis identified 14-fold more published data on
vulvar carcinoma than on vaginal carcinoma, despite an only 2- to
3-fold reported difference in their estimated incidence around the
world." Vaginal lesions are less amenable to discovery during
gynecological examination than vulvar lesions, as they can be hid-
den by the speculum. Thus, information on vaginal lesions and
carcinoma was limited and did not allow the assessment of source
of heterogeneity in HPV prevalence.

In respect to anal carcinoma, we did not find a significant differ-
ence in HPV prevalence between basaloid and other subtypes,’
and an excess of HPV positivity in women compared to men was
limited to studies outside North America. As discussed for vulvar
carcinoma in women, higher HPV prevalence in men in the United
States than elsewhere may be related to early efforts at surveil-
lance of MSM.*®

Most studies of AIN to-date derived from populations of MSM
living in North America, many of whom were HIV-positive, a
characteristic that we and others'* showed to be significantly asso-
ciated with increased prevalence of HPV and multiple-type infec-
tions. We showed for the first time that HPV16 was significantly
under-represented, and other types over-represented, among HIV-
positive AIN2/3 (i.e., the only group where data were adequate to
compare HPV type distribution by HIV status). Our present find-
ings agree, therefore, with previously reported differences in HPV
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type distribution between HIV-positive and HIV- negatlve women
with high-grade precancerous lesions of the cervix.*® Indeed,
HIV-related immune suppression seems to affect the course of cer-
vical HPV16 infection less than for other HPV types,** allowing a
broader range of HPV types to develop into high-grade disease.
The high prevalence of multiple-type infections in HIV-positive
individuals, however, complicates the issue, and differences in HPV
type distribution by HIV status have not been confirmed for cervical
carcinoma” and have never been reported for anal carcinoma.

We were able to retrieve much fewer information on low-grade
than high-grade lesions, and confirmed®’ that HPV6 and 11 are fre-
quently detected in VIN1 and AINT1 (as in anogenital warts), but not
in VAINI. Distinction of low-grade lesions by presence of wart-like
characteristics was, however, impossible from publications, and
VINI has been abolished from the revised classification of VIN.**

This meta-analysis has certain limitations. The vast majority of
data on anogenital carcinoma and intraepithelial lesions originated
from Europe and the United States, and none from Africa. Detailed
information on age, histological subtype, copresence of multiple
HPV types, HIV status and, when applicable, gender were often
missing. However, HPV findings were consistent across the many
studies examined, thus providing reassurance on the possibility of
estimating pooled prevalence. In addition, our present HPV ﬁndings
broadly agree with a recent meta-analy31s of female genital carci-
noma in the United States®” that was smaller than our study, but
applied much stricter inclusion criteria (i.e., only biopsy-based stud-
ies; specified histological types; and >7 HPV types tested) and
attempted to account for multiple-type infections. Publication bias
is impossible to rule out completely, but seems unlikely due to the
tendency of the largest and most recent studies to show some of the
highest HPV prevalence (Tables AI-AVI).

It is obviously worth bearing in mind that detection of HPV
DNA does not necessarily mean that the infection is causally
related to the concurrent lesion. However, a vast amount of epide-
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miological and mechanistic evidence shows that certain HPV
types act as a potent carcinogen in the anogenital mucosae.'*

In conclusion, our present meta-analysis suggests that ~40% of
vulvar carcinoma, 60% of vaginal carcinoma and 80% of anal car-
cinoma may be avoided by prophylactic vaccines against HPV16/
18. This proportion would be similar for the corresponding high-
grade intraepithelial lesions of the vagina and anus, but higher for
VIN2/3 (75%) than for vulvar carcinoma. An accurate estimate of
the fraction of low-grade lesions avoidable using a vaccine that
also includes HPV6 and 11 or other additional types is hampered
by the difficulty in distinguishing these lesions from anogenital
warts and by high prevalence of multiple-type infections, particu-
larly in high-risk populations.
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TABLE AI - TYPE-SPECIFIC PREVALENCE OF HUMAN PAPILLOMAVIRUS (HPV) IN VULVAR INTRAEPITHELIAL NEOPLASIA (VIN), BY STUDY
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