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Data on human papillomavirus (HPV) type distribution in invasive
and pre-invasive cervical cancer is essential to predict the future
impact of HPV16/18 vaccines and HPV-based screening tests. A
meta-analyses of HPV type distribution in invasive cervical cancer
(ICC) and high-grade squamous intraepithelial lesions (HSIL) identi-
fied a total of 14,595 and 7,094 cases, respectively. In ICC, HPV16
was the most common, and HPV18 the second most common, type in
all continents. Combined HPV16/18 prevalence among ICC cases was
slightly higher in Europe, North America and Australia (74-77%)
than in Africa, Asia and South/Central America (65-70%). The next
most common HPV types were the same in each continent, namely
HPV31, 33, 35, 45, 52 and 58, although their relative importance dif-
fered somewhat by region. HPV18 was significantly more prevalent
in adeno/adenosquamous carcinoma than in squamous cell carci-
noma, with the reverse being true for HPV16, 31, 33, 52 and 58.
Among HSIL cases, HPV16/18 prevalence was 52%. However, HPV
16, 18 and 45 were significantly under-represented, and other high-
risk HPV types significantly over-represented in HSIL compared to
ICC, suggesting differences in type-specific risks for progression.
Data on HPV-typed ICC and HSIL cases were particularly scarce
from large regions of Africa and Central Asia.
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Data on human papillomavirus (HPV) type distribution in
women with invasive cervical cancer (ICC) and its precursor
lesions are essential to predict the potential worldwide impact of
new prophylactic vaccines against HPV16/18,'% as well as to
determine priorities for the inclusion of HPV types in future HPV
vaccines and HPV-based screening tests.

A standardised pooled analysis of 3,607 ICC cases” and a wider
meta-analysis of 10,058 ICC cases* both confirmed that a majority
of worldwide ICC cases are associated with HPV16/18. They also
suggested some geographical variation in the importance of spe-
cific HPV types,> although data were limited or missing from
many regions in Africa and Asia.

A further meta-analysis in 4,338 high-grade squamous intraepi-
thelial lesions (HSIL) showed that the most common HPV types
in HSIL were broadly similar, but not identical, to those in ICC.?

The purpose of the present publication is to update previous
meta-analyses of HPV type distribution in ICC and HSIL with
studies published between January 2002 and January 2006, includ-
ing many from previously under-studied regions, and to identify
remaining worldwide epidemiological data gaps prior to HPV vac-
cine implementation.

Material and methods

The detailed methods used for this meta-analysis of type-spe-
cific HPV prevalence have been reported previously, and are simi-
lar for both ICC and HSIL.* In brief, Medline was employed to
search for citations published from January 2002 to January 2006
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using the following MeSH terms: “cervical cancer”, “cervical
intraepithelial neoplasia”, “HPV”, “human”, “female” and “po-
lymerase chain reaction”. Additional relevant references cited in
retrieved articles were also evaluated. Included studies had to
meet all of the following criteria: (/) use of polymerase chain reac-
tion (PCR)-based technology to detect HPV DNA, (ii) inclusion of
at least 20 cases of ICC or HSIL and (iii) reporting of type-specific
prevalence for at least one HPV type other than 6, 11, 16 and 18.

For the purposes of this study, ICC refers both to squamous cell
carcinoma (SCC)/unspecified histology (85% of included cases)
and adeno/adenosquamous carcinoma (ADC, 15%). HSIL refers
both to cytologically-detected lesions as classified by the Bethesda
system (44% of included cases), and those reported as histologi-
cally diagnosed cervical intraepithelial neoplasia (CIN)2 (17%),
CIN3 (37%), or carcinoma in situ (2%).

For each included study, the following key information was
extracted: country of sample; sample size, distribution of cancer
cases by histological type (SCC/unspecified or ADC), HPV DNA
source (fresh/fixed biopsies or exfoliated cells), PCR primers used
to detect HPV-positive samples, and type-specific and overall
prevalence of HPV DNA. These data are presented study by study
in the Appendices. Studies were additionally classified into 17
geographical regions.

Crude type-specific prevalence is presented for 19 HPV types,
including the 18 most common HPV types as identified by the pre-
vious ICC meta-analysis,4 namely HPV6, 16, 18, 31, 33, 35, 39,
45,51, 52, 56, 58, 59, 66, 68, 70, 73 and 82. HPV11 was also con-
sidered on account of its inclusion in currently available quadri-
valent HPV vaccines.> Each HPV type was evaluated independ-
ently of all others. All studies provided information on HPV16,
but for other types, prevalence was estimated only among those
studies testing for the HPV type in question, and thus denomina-
tors of prevalence estimates vary by type. Type-specific preva-
lence thus includes that in either single- or multiple-type HPV
infections.

Statistical analysis

Type-specific HPV prevalence was compared between HSIL and
SCC by prevalence ratios, adjusted for continent (Africa, Asia,
Europe, North America, Oceania, South/Central America), with cor-
responding 95% confidence intervals (CIs).
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TABLE I - GEOGRAPHIC DISTRIBUTION OF STUDIES AND CASES WITH TYPE SPECIFIC HUMAN PAPILLOMAVIRUS DNA TYPING FOR INVASIVE
CERVICAL CARCINOMA (ICC) AND HIGH-GRADE SQUAMOUS INTRAEPITHELIAL LESIONS (HSIL)

CONTINENT 1cc HSIL Countries represented
N studies N cases N studies N cases

Africa 13 1,339 5 296 Algeria,' Benin, Ethiopia,” Guinea, Ivory Coast,” Kenya,> Mali,
Morocco, Mozambrgue % Senegal,' South Africa,' Tanzania,
Uganda Zrmbabwe

Asia 51 5,652 22 1,364 China,’ Indla Indonesia,' Japan,' South Korea,' Malaysia, Philippines,
Taiwan,' Thailand,' Iran

Europe 41 4,373 37 3,494 Austria,' Belgium,' Croatia,’ Czech Republic, Denmark,
Finland, France, Germany Greece, Greenland
The Netherlands Hungary, Ireland Italy,' Latv1a2
Lithuania,” Norway, Poland,' Portugal,” Russia, Sweden,' UK

North America 13 1,354 10 1,059 Canada, USA'

Oceania 5 450 1 48 Australia'

South/Central America 13 1,427 11 833 Argentina,1 Bolivia, Brazil,l Chile, Colombia, Costa Rica,l Cuba,
Honduras, Jamaica,” Mexico, Panama, Paraguay, Peru

Total 130" 14,595  85° 7,094

!Country for which additional ICC cases have been gained since Clifford et al., 2003 [ref. 4].—
Country for which HSIL data only is avarlable —*Continents do not add up to total due to multi-centric studies.

in Clifford et al., 2003 [ref. 4].—

Results

One hundred thirty ICC and 85 HSIL studies met inclusion cri-
teria, including a total of 14,595 ICC and 7,094 HSIL cases (Table
I). This constituted a gain of 4,537 ICC and 2,756 HSIL cases
from previous meta-analyses.*> The proportional gain in cases
was greatest for Africa (from 609 to 1,339 ICC cases) and Asia
(from 3,091 to 5,652 ICC cases, Table I). Thirty-eight percent of
ICC cases came from Asia, 30% from Europe, 10% from South/
Central America, 9% from North America, 9% from Africa and
3% from Oceania. The equivalent regional proportions were 19%,
49%, 12%, 15%, 4% and 1%, respectively, for HSIL cases (Table
D.

Overall HPV prevalence in ICC was 87%, ranging from 86% to
94% by region. The 8 most common HPV types in ICC are shown
by continent in Figure la. HPV16 was the most common type
(ranging from 52% in Asia to 58% in Europe) and HPV18 the sec-
ond most common type (ranging from 13% in South/Central
America to 22% in North America) in ICC cases from all conti-
nents studied. HPV16/18 prevalence was thus 70% overall, and
varied from 65% in South/Central America to 76% in North
America. The next most common HPV types in ICC were also the
same in each continent, namely HPV31, 33, 35, 45, 52 and 58
(with the slight exception of Europe, where HPV56 was the eighth
most common type instead of HPV52), although their relative im-
portance differed somewhat by continent. HPV58 and 52 preva-
lence was notably higher in ICC cases from Asia (5.6% and 3.8%,
respectively). HPV types other than these 8 accounted individually
for no more than 2% of ICC cases from any continent. Appendix I
summarises the prevalence of the 19 most common types and the
prevalence of multiple infections in ICC (although the frequency
of multiple infections depends largely on the number of HPV
types tested for within a given study).

The breakdown of HPV type-specific prevalence data by histo-
logical type of ICC was available for 9,494 SCC and 1,949 ADC
cases. Among these cases, overall HPV positivity was higher in
SCC (90%) than in ADC (85%). The 8 most common HPV types
in ICC are compared by histological type in Figure 2. HPV16 was
significantly under-represented in ADC (33%) compared with
SCC cases (55%), as were HPV31, 33, 52 and 58. Conversely,
HPV18 was significantly over-represented in ADC (37%) com-
pared with SCC (13%).

Overall HPV prevalence in HSIL was 85%, ranging from 78%
in Asia to 88% in Europe. Combined HPV16/18 prevalence in all
HSIL cases was 52%. Overall, the 8 most common HPV types in

Country not previously represented with ICC cases

HSIL (Fig. 1b) were largely similar to those in cervical cancer
(Fig. 1a), except for a noticeable absence of HPV45. HPV16 was
the predominant type in HSIL from all continents studied, varying
from 34% in Asia to 52% in Europe. The prevalence of the 19
most common types and multiple infections (see note on multiple
infection prevalence above) in HSIL is summarised by study and
by region in Appendix II.

HPV type-specific prevalence among 7,094 HSIL cases was for-
mally compared with that among 9,494 SCC cases using preva-
lence ratios (Table 1I). HPV16 was significantly less prevalent in
HSIL (45.3%) than in SCC (55.2%) (SCC:HSIL prevalence ratio
1.30, 95% CI: 1.26-1.34), as were both HPV18 (1.76, 95% CI:
1.58-1.95) and HPV45 (1.54, 95% CI: 1.20-1.98). Conversely,
HPV types 31, 33, 35, 39, 52, 56, 58, 68 and 73 were each 2- to 3-
fold more prevalent in HSIL than ICC, and HPV types 6, 11, 51,
66, 70, and 82 were 5- to 10-fold more prevalent in HSIL than
ICC.

Figure 3 maps the availability of HPV-typed ICC and HSIL
cases by country, and highlights the limited amount of ICC and
HSIL data from most countries in Africa, Central/Eastern Europe,
and Western and South-Central Asia. No data were available from
Melanesia/Micronesia/Polynesia, and were very limited for the
Caribbean.

Discussion

This present study represents a 50% gain in 1nf0rmat10n on
HPV type distribution in ICC over a previous meta-analysis.* This
gain in information was particularly high for Africa and Asia,
making overall estimates of HPV type distribution from these con-
tinents more robust and representative than before. Overall, 70%
of ICC cases were associated with either HPV16 (55%) or 18
(15%) infection. The 6 next most common types, namely HPV31,
33, 35, 45, 52 and 58 accounted for an additional 18% of cases.

Whilst these overall findings are similar to previous estimates,®>
interpretations by continent have altered somewhat. With the accu-
mulation of additional published data, differences by contrnent
became less pronounced than those noted in previous analyses,”
with the estimates for the proportion of ICC cases attributable to
HPV16/18 in Africa, Asia and South/Central America all increasing
from the previously reported 59-64%.* However, the most relevant
variation by continent in HPV type distribution noted by the previ-
ous meta-analysis* remained evident, namely that although HPV 16/
18 are the most common types in ICC from all continents, the
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FiGure 1 — Type-specific prevalence of human papillomavirus (HPV) infection in (a) invasive cervical cancer (ICC) cases and (b) high-grade
squamous epithelial lesions (HSIL), stratified by continent. Type-specific prevalence for Oceania are presented in Appendices only. HPV types
tested for in less than 200 cases are presented in Appendices only.
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F1GURE 2 — Comparison of type-specific prevalence of human papil-
lomavirus (HPV) infection in 9,494 squamous cell carcinoma (SCC)
cases and 1,949 adeno/adenosquamous carcinoma (ADC) cases.

HPV16/18 proportion is higher in Europe, North America and
Oceania (74-77%) than in Africa, Asia and South/Central America
(65-70%).

An additional effect of the gain in data from less developed
countries is that the 6 most important types in ICC after HPV16/
18, namely HPV31, 33, 35, 45, 52 and 58, now appear to be the
same in all continents. The con51stency in the 8 most common
types is therefore clearer than in previous estimates,™* likely due
to a reduction in random fluctuation. Future generations of pro-
phylactic vaccines would benefit by including high-risk types
other than 16 and 18. However, if it is not possible to include all 6
additional types in next generation vaccines for ICC prevention,
then there do remain some differences by continent in the prior-
ities for HPV types. In particular, the prevalence of HPV58 and 52
is relatively high in ICC from Asia. This pattern was also seen in
HSIL, and from a previous meta-analysis of low-grade squamous
intraepithelial lesions.”

Data on HSIL have greatly increased since a previous report’
and the 8 most common HPV types in HSIL were broadly similar
to those in ICC. However, the HSIL data from less-developed
countries remain scarce as HSIL detection requires active cervical
screening, which is rare in such settings. Despite these limitations,
it is clear that HPV type distribution in HSIL is not entirely repre-
sentatlve of that in ICC. In agreement with similar previous
reports,”® HPV types 16, 18 and 45 were significantly over-repre-
sented in ICC compared to HSIL, and all other high-risk types
were significantly under-represented, suggesting type-specific dif-
ferences in propensity to progress from HSIL to cancer. Alterna-
tively, HPV18-positive HSIL . may be preferentially missed by cer-
vical screening programmes.” Thus, whilst data on HPV type dis-
tribution in HSIL is relevant to predicting the impact of HPV16/
18 vaccines on reducing screen-detected HSIL, it underestimates
the impact on ICC.

Limitations associated with cross-sectional meta-analyses of
HPV type-specific prevalence include variation in HPV type-spe-
cific semltlvny of different PCR protocols used in the included
studies,'” the fact that many studies did not type for a broad range
of HPV types, and the lack of standardisation of cytohistological
diagnoses across studies. Thus, the observed overall HPV DNA
prevalence of 87% in ICC is lower than the 99.7% found by gold
standard HPV detection techniques.'' Furthermore, type-specific
prevalence estimates include those in both single- and multiple-
type HPV infections. This means that multiple infections count at
least twice when summing the prevalence for more than one type,
and that some types, e.g., HPV6 and 11, may exist exclusively in
multiple 1nfect10ns These limitations have been previously
described in detail *

SMITH ET AL.

TABLE II - COMPARISON OF HUMAN PAPILLOMAVIRUS (HPV) TYPE
DISTRIBUTION IN SQUAMOUS CELL CARCINOMA (SCC) VERSUS
HIGH-GRADE INTRAEPITHELIAL LESIONS (HSIL)

HPV sec HSIL SCC vs HSIL Prevalence
type N % HPV, % HPV, ratio® (95% CI)
positive positive
Any 9,494 89.7 7,094 84.9 1.06 (1.05-1.07)
16 9,494 552 7,094 45.3 1.30 (1.26-1.34)
18 9402 128 6,978 6.9 1.76 (1.58-1.95)
45 6,215 46 3,726 2.3 1.54 (1.20-1.98)
31 7,565 3.8 6,282 8.6 0.53 (0.45-0.61)
33 8,803 37 6418 7.3 0.52 (0.45-0.60)
52 6,431 29 3,945 5.1 0.44 (0.36-0.54)
58 6,873 2.8 4,181 7.0 0.30 (0.25-0.35)
35 6,982 1.5 4,739 3.8 0.38 (0.29-0.49)
59 5,160 1.1 2,933 0.8 0.88 (0.53-1.47)
51 5,706 1.0 3,509 3.6 0.21 (0.15-0.30)
56 5,605 1.0 3,465 2.9 0.29 (0.20-0.42)
39 5,578 0.9 3,067 2.0 0.40 (0.27-0.60)
68 5,224 0.5 2,563 1.1 0.44 (0.24-0.82)
6 7,523 0.5 3,728 2.2 0.17 (0.11-0.25)
66 5,427 0.4 2,840 1.9 0.20 (0.12-0.34)
73 4717 0.4 1,464 1.8 0.45 (0.23-0.87)
70 4,925 0.1 1,105 1.3 0.11 (0.04-0.29)
82 4,776 0.1 1,183 1.2 0.06 (0.02-0.18)
11 6,874 0.1 3,762 1.3 0.09 (0.05-0.18)

'"Type-specific prevalence includes that in single or multiple
infections.—Prevalence ratio adjusted for continent. CI = confidence
interval.

We assumed that the proportion of ADC in the included studies,
which varied from 4% in Africa to 32% in North America, was
representative of underlying ICC in the continent. Previously iden-
tified differences in HPV type distribution by histology, namely
HPV16 being more prevalent in SCC than in ADC and HPV18
being more prevalent in ADC than in SCC,* were clearly apparent
from this analysis. Differences by histological type may contribute
to some of the heterogeneity in HPV type distribution by continent
and also to some of the differences between ICC and HSIL, given
that HSIL, but not ICC, includes, by definition, only squamous
cell lesions.

Although this study is the broadest summary of HPV type dis-
tribution in ICC and HSIL worldwide to date, the cases included
in the overall estimates were far from being geographically rep-
resentative of the worldwide cervical cancer burden. More than
half of all HPV-typed ICC cases came from North America,
Eastern Asia and Northern Europe alone. Data were relatively
scarce from South-Central Asia, including India, where approxi-
mately one-quarter of all worldwide cervical cancer occurs.” Fur-
thermore, while data has increased for Africa as a whole, they
remained missing for vast regions of the continent, where cervi-
cal cancer incidence rates are estimated to be among the world’s
highest.®

As more data are accumulated, it is reassuring to observe that
HPV16/18 account for at least two-thirds of ICC in all continents,
suggesting that it is not essential to collect data from every coun-
try. On the other hand, local decision makers may seek assurance
of the relevance of a HPV16/18 vaccine to their local ICC burden,
especially as data aggregation may also mask some intra-continen-
tal heterogeneity. In Asia for example, the proportion of ICC due
to HPV16/18 in the few studies from South-Central Asia appears
as high as that in Europe and North America, but is lower in the
studies from Eastern Asia. For the comparison of smaller geo-
graphical groupings, HPV type-specific information is given for
individual studies and by region in the Appendices.

In summary, this meta-analysis suggests that a prophylactic
vaccine against HPV16/18 has the potential to prevent more
than two-thirds of worldwide ICC and half of HSIL. These pro-
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FiGure 3 — Global distribution of invasive cervical cancer (ICC) cases with available human papillomavirus DNA typing data. HSIL = high-
grade squamous epithelial lesions.

portions may be even higher if cross-protection against other
high-risk HPV type infections, as recently reported for one of
the two HPV16/18 vaccine candidates,' also proves to be rele-
vant for preventing cancer and HSIL associated with these
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