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Abstract

Introduction: High-risk human papillomaviruses (HPV) play the leading etiological role in the development of cervical, anal, and
vaginal cancers and a substantial proportion of penile, vulvar, and oropharyngeal (tonsillar) cancers.

Methods: The article summarizes the results of the most important studies that examined tissue specimens of cervical, anal, and
vulvar carcinoma from 16 central and eastern European countries for the presence of HPV DNA.

Results: Twenty-eight eligible studies were identified. Among 2,531 invasive cervical cancers, 86.6% were HPV-positive. The com-
bined prevalence of HPV-16/18 among HPV-positive cervical cancers was 87.5%. The overall prevalence of HPV DNA in six studies
of anal carcinomas (43 cases) and vulvar carcinomas (164 cases) was 90.7% and 32.9%, respectively. HPV-16 DNA was detected in
86% of all anal carcinomas studied, and the proportion of HPV-16 positive vulvar carcinomas varied from 10.9% to 27.5%. HPV-18
DNA was not detected in any anal or vulvar carcinoma studied.

Conclusions: HPV prevalence and type distribution among women with cervical cancer in central and eastern Europe is compara-
ble with other European regions. Several gaps in knowledge exist in the region concerning HPV prevalence and type distribution

among women with HPV-related cancers other than cervical cancer and in the general population.

Received: 20 February 2013 | Returned for modification: 1 March 2013 | Accepted: 3 March 2013

Introduction and Methods

Approximately 4o different human papillomavirus (HPV) types
from the clinically most important HPV genus, genus alpha, are
known to infect the mucosal epithelium, with a subset of 10 to
15 HPV types associated with various anogenital cancers. These
high-risk HPV types play the leading etiological role in the devel-
opment of cervical, anal, and vaginal cancers and a substantial
proportion of penile, vulvar, and oropharyngeal (tonsillar) can-
cers (1).

The burden of main HPV-related cancer, cervical cancer, is sub-
stantially higher in central and eastern Europe than in the rest
of Europe, with increasing trends of incidence and mortality in
several countries (2). However, several gaps in knowledge exist in
the region concerning the incidence and mortality of other HPV-
related cancers (2). Similar is true for HPV prevalence and type
distribution among women with HPV-related cancers other than
cervical cancer and in the general female population (2).

The aim of this article is to provide a detailed and critical review
of the most important studies from 16 central and eastern Europe-
an countries that examined tissue specimens of five HPV-related
cancers in the anogenital region—cervical, anal, vaginal, vulvar,
and penile carcinoma—for the presence of HPV DNA (3-30). We
defined central and eastern Europe as the region comprising the
16 countries of Albania, Bosnia-Herzegovina, Bulgaria, Croatia,
Czech Republic, Estonia, Former Yugoslav Republic (FYR) of Mac-
edonia, Hungary, Latvia, Lithuania, Montenegro, Poland, Roma-
nia, Serbia, Slovakia, and Slovenia.

The published peer-reviewed studies for these 16 European
countries were searched through Medline/Pubmed, Web of Sci-
ence, Scopus, and Google Scholar without language and time lim-
itations. The search was performed by combining different MeSH

terms: cervical, vulvar, vaginal, penile, anal, cervix, vulva, vagina,
penis, anus, HPV, human papillomavirus, prevalence, carcinoma,
cancer, and neoplasia with each country name. The search was
performed in January 2013. The eligibility criteria for the studies
were: (i) at least 10 subjects with a clinical condition of interest,
(ii) the use of Hybrid Capture 2 (HC2) (Qiagen Gaithersburg, Inc.,
MD, USA) or polymerase chain reaction (PCR) capable of detect-
ing preferably all high-risk HPV types but at least HPV-16/18, (iii)
a detailed methodological description of HPV DNA detection and
genotyping methods used, and (iv) prevalence data provided for
at least HPV-16/18.

In this review, 12 HPV types: HPV-16, HPV-18, HPV-31, HPV-33,
HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58, and
HPV-59 are considered carcinogenic (class I) or high-risk HPV
types, as recently suggested by the International Agency for Re-
search on Cancer (1). To allow comparison with previous studies
from different parts of the world, HPV-16/18 type-specific positiv-
ity was presented in two ways for each carcinoma investigated:
(i) as a proportion of HPV-16/18—positive cases among all cancers
tested for HPV DNA, and (ii) as a proportion of HPV-16/18—positive
cases among all cancers tested positive for HPV DNA (Tables 1-3).

Of the two attribution models that are used to derive estimates
of proportions of cancers caused by individual HPV types - the
proportional and hierarchical attribution model (31) - this study
used the proportional attribution model. In the proportional at-
tribution model, a fraction of each case is attributed to every mul-
tiple type present in the lesion. In contrast to the hierarchical at-
tribution model, the proportional attribution model tends to favor
less common HPV types, including HPV types with little carcino-
genic potential, and provides information about minimum pro-
portions of disease caused by individual HPV types (31).
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Table 2 | HPV DNA overall prevalence and HPV-16/18 type-specific positivity in patients with anal cancer.

HPV-16/18 positive

Country HPV detection / genotyping method No. of samples Age Any.H.PV HI.D\./-16/18 among allHPV DNA Reference
tested (years) positive  positive overall -
positives
Czech Republic GP5+/6+ PCR / RLB and sequencing 22 mean=64.2 18(81.8%) 18(81.8%) 18 (100%) 9, 27)
range 47-86
Slovenia GP5+/6+ PCR / Inno-LiPA 21 NA 21 (100%) 19 (90.5%) 19 (90.5%) (28)
Overall - 43 - 39 (90.7%) 37 (86%) 37 (94.9%) -
NA: not available
Table 3 | HPV DNA overall prevalence and HPV-16/18 type-specific positivity in women with vulvar cancer.
HPV-16/18 positive
Country HPV detection genotyping method No. of samples Age Any.I-I.PV HPV 16/18 among all HPV posi- Reference
tested (years) positive  positive overall tives
Czech Republic GP5+/6+ PCR / RLB and sequencing 49 mean=70.7 18(36.7%) 12 (24.5%) 12 (66.7%) 9
range 32-95
GP5+/6+ PCR / RLB 69 median =75.0 29 (42%) 19 (27.5%) 19 (65.5%) 29)
Poland Linear Array® 46 range 37-93 7 (15.2%) 5(10.9%) 5(71.4%) (30)
median =70.2
Overall = 164 = 54 (32.9%) 36 (22%) 36 (66.7%) =
Results Poland (12-19), Romania (20-23), Serbia (24), and Slovenia (25,

A detailed search through Medline/Pubmed, Web of Science,
Scopus, and Google Scholar resulted in identification of a total
of 28 eligible studies (3—30). Twenty-four studies provide data on
overall HPV prevalence and HPV type distribution in cervical car-
cinomas (Table 1) and three studies each for anal (Table 2) and
vulvar (Table 3) carcinomas. No eligible study has been identified
in peer-reviewed journals dealing with HPV prevalence and type
distribution in vaginal and penile carcinomas in the 16 targeted
central and eastern European countries.

HPV prevalence and type distribution in women with invasive cer-
vical cancer

As shown in Table 1, in 24 eligible studies a total of 2,531 cases
of invasive cervical cancer were tested for the presence of HPV
DNA in nine central and eastern European countries: Bulgaria (3),
Croatia (4-6), Czech Republic (7-9), Latvia (10), Lithuania (11),

26). The mean age of diagnosis with invasive cervical cancer was
50.2 years (range 35.7-58.0 years in individual studies). The great
majority of carcinomas were squamous cell carcinomas and 11%
were adenocarcinomas or adenosquamous carcinomas. As shown
in Table 1, in individual studies HPV DNA prevalence in cervical
cancer ranged from 52.8% to 100%, and the overall prevalence
was 86.6%. The country-specific overall HPV DNA prevalence in
women with invasive cervical cancer and the type-specific preva-
lence of HPV-16/18 are presented in Fig. 1. As shown in Fig. 1, the
cervical cancers with the lowest proportion of HPV-16/18 positiv-
ity were identified in Lithuania (61.8%) and with the highest in
Poland (80.9%). Such a wide difference can be attributed to the
diversity of the clinical specimens used in the studies (cervical
scrape specimens, fresh-frozen tissue, formalin-fixed and par-
affin-embedded tissue), molecular methods used to detect HPV
(with different sensitivity and specificity, and different genotype
coverage), or those less likely to show a real difference in HPV type
distribution in particular central and eastern European countries.
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Figure 1 | Overall HPV DNA and HPV-16/18 prevalence in women with invasive cervical cancer from nine central and eastern European countries. Prevalence rates
for each country were calculated by pooling data from available published studies: Bulgaria (3), Croatia (4-6), Czech Republic (7-9), Latvia (10), Lithuania (11),
Poland (12-19), Romania (20-23), Serbia (24) and Slovenia (25, 26). HPV-16/18 prevalence data include all cases of HPV-16/18—positive cancers (HPV-16/18
present as a single or multiple infection). Numbers above the columns represent the total number of cases of invasive cervical cancers investigated in each country.
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In the 21 studies included in this review, type-specific preva-
lence data presented separately for HPV-16 and HPV-18 was
available (3—19, 21-23, 26). HPV-16 DNA was detected in 59.6%
(1,420.5/2,383; range 30.9-79.6%) of all cervical carcinomas stud-
ied and in 67.7% (1,420.5/2,099; range 34-79.6%) of HPV DNA-
positive tumors. On the other hand, the prevalence of HPV-18
DNA was significantly lower: 16.9% (404.5/2,383; range 0—44.4%)
of cervical carcinomas studied contained HPV-18 or 19.3%
(404.5/2,099; range 0-48.8%) of those identified as HPV DNA-
positive. Combined data in individual studies showed the pres-
ence of HPV-16/18 in all carcinomas studied ranging from 47.1%
to 90.5%. Overall, 75.7% of cervical carcinomas studied were posi-
tive for HPV-16/18, or 87.5% of those were identified as HPV DNA-
positive. In cervical cancers originating from central and eastern
Europe, several non-HPV-16/18 types were also identified, most
frequently HPV-31, HPV-33 and HPV-45 (as single or multiple in-
fections), while the frequency of other detected HPV types: HPV-
35, HPV-39, HPV-51, HPV-52, HPV-56, HPV-58, HPV-59 and HPV-68,
was significantly lower.

HPV DNA prevalence and HPV type distribution in cervical
cancers originating from central and eastern Europe are consist-
ent with data obtained in a recent large-scale retrospective cross-
sectional study (32) as well as in a recent meta-analysis of HPV
type distribution in women with cervical cancer worldwide (33).

HPV prevalence and type distribution in anal cancers

HPV prevalence and type distribution in anal carcinomas from
three eligible studies - one from Slovenia (28) and two from the
Czech Republic (9, 27) - are presented in Table 2. Taking into ac-
count that 22 samples were identical in both Czech studies, alto-
gether 43 samples of anal carcinomas obtained from 28 female
and 15 male patients were included in this analysis. The great
majority of cancers (91%) were histologically defined as inva-
sive squamous cell carcinomas and 9% as carcinomas in situ.
HPV DNA prevalence ranged from 81.8% to 100% in individual
studies, with an overall HPV DNA prevalence of 90.7% (Table 2).
Among 39 HPV DNA-positive anal cancers, HPV-16 was identified
in 37 (94.9%) samples. HPV-6 single and multiple infection with
HPV-52 and HPV-61 was detected in one sample each. HPV-18 was
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