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a  b  s  t  r  a  c  t

The  worldwide  prevalence  of  infection  with human  papillomavirus  (HPV)  in women  without  cervical
abnormalities  is 11–12%  with  higher  rates  in  sub-Saharan  Africa  (24%),  Eastern  Europe  (21%)  and  Latin
America  (16%).  The  two  most  prevalent  types  are  HPV16  (3.2%)  and  HPV18  (1.4%).  Prevalence  increases  in
women  with  cervical  pathology  in  proportion  to  the  severity  of  the lesion  reaching  around  90%  in  women
with grade  3 cervical  intraepithelial  neoplasia  and  invasive  cancer.  HPV  infection  has  been  identified  as
a definite  human  carcinogen  for six  types  of  cancer:  cervix,  penis,  vulva,  vagina,  anus  and  oropharynx
(including  the  base  of the  tongue  and  tonsils).  Estimates  of the  incidence  of  these  cancers  for  2008  due
to  HPV  infection  have  been  calculated  globally.  Of the estimated  12.7 million  cancers  occurring  in  2008,
610,000  (Population  Attributable  Fraction  [PAF]  = 4.8%)  could  be  attributed  to  HPV  infection.  The  PAF
varies  substantially  by geographic  region  and  level  of development,  increasing  to  6.9%  in  less developed
regions  of  the  world,  14.2%  in  sub-Saharan  Africa  and  15.5%  in  India,  compared  with  2.1%  in more  devel-
oped  regions,  1.6%  in Northern  America  and  1.2%  in  Australia/New  Zealand.  Cervical  cancer,  for  which
the  PAF  is  estimated  to  be 100%,  accounted  for 530,000  (86.9%)  of  the  HPV  attributable  cases  with  the
other  five  cancer  types  accounting  for the  residual  80,000  cancers.  Cervical  cancer  is the  third  most  com-
mon  female  malignancy  and  shows  a  strong  association  with  level  of  development,  rates  being  at  least
four-fold  higher  in  countries  defined  within  the  low  ranking  of  the  Human  Development  Index  (HDI)
compared  with  those  in  the very  high  category.  Similar  disparities  are  evident  for  5-year  survival—less
than  20%  in  low  HDI  countries  and  more  than  65%  in very  high  countries.  There  are  five-fold  or  greater
differences  in  incidence  between  world  regions.  In  those  countries  for  which  reliable  temporal  data  are
available,  incidence  rates  appear  to  be  consistently  declining  by  approximately  2%  per  annum.  There  is,
however,  a lack  of  information  from  low  HDI  countries  where  screening  is  less  likely  to have  been  suc-
cessfully  implemented.  Estimates  of  the  projected  incidence  of  cervical  cancer  in  2030,  based  solely  on
demographic  factors,  indicate  a 2%  increase  in  the  global  burden  of  cervical  cancer,  i.e.,  in balance  with
the  current  rate  of decline.  Due  to the  relative  small  numbers  involved,  it is  difficult  to discern  temporal

trends  for  the  other  cancers  associated  with  HPV  infection.  Genital  warts  represent  a sexually  transmitted
benign  condition  caused  by  HPV  infection,  especially  HPV6  and  HPV11.  Reliable  surveillance  figures are
difficult  to obtain  but  data  from  developed  countries  indicate  an  annual  incidence  of  0.1  to  0.2%  with  a
peak  occurring  at  teenage  and  young  adult  ages.

This  article  forms  part  of  a special  supplement  entitled  “Comprehensive  Control  of HPV  Infections  and
 Volu
Related  Diseases”  Vaccine

. Introduction
This paper provides an overview of the worldwide preva-
ence of human papillomavirus (HPV) infection and the associated
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burden of cancer. It provides a brief review of the distribution of
HPV infection by geographical region and in relation to body sites
for which cancer can be an outcome of such infection (cervix, penis,
vagina, vulva, anus and oropharynx). For these body sites, informa-

tion has been extracted from the GLOBOCAN 2008 database on the
total number of cancers diagnosed annually worldwide and this has
been used to produce estimates of the proportion of these cancers
that are associated with HPV. The overall burden of HPV-associated
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http://www.sciencedirect.com/science/journal/0264410X
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ancer has then been stratified by world region and by level of
ocioeconomic development. Cervical cancer is the most impor-
ant type of cancer associated with HPV and the chapter provides

 review of the current global descriptive epidemiology of this dis-
ase, especially in relation to level of development and, where data
llows, an analysis of temporal trends. Similar trends are presented
or the five other types of cancer associated with HPV infection.
onsideration is also given to the epidemiology of genital warts,
he major benign condition associated with HPV infection.

. HPV prevalence

The overall global burden of HPV infection is optimally assessed
y the pooling of results from studies in which reliable, quality-
ontrolled methods have been used to detect HPV in women with
ormal cervical cytology. The most comprehensive such meta-
nalysis, with data extracted from 194 studies and based on testing
ver one million women using polymerase chain reaction (PCR)
r Hybrid Capture® 2 (Qiagen Gaithersburg, Inc., MD,  USA [for-
erly known as Digene Corp.]) for HPV detection, indicates that

he global prevalence of HPV infection is around 11–12% (Fig. 1). [1]
here is considerable regional variation in this figure with preva-
ence highest in sub-Saharan Africa (24%), Eastern Europe (21%) and
atin America (16%). Particularly high prevalence is seen in Eastern
frica and the Caribbean, where rates exceed 30%. In general, there

s a division between less and more developed world regions with
igher rates observed in the former, although the Eastern Euro-
ean situation represents one exception to this pattern, while rates

n Northern Africa (9%) and Western Asia (2%) represent another.
here is a relationship between HPV prevalence and age seen glob-
lly, which shows maximum rates in younger women (less than 25
ears) with a monotonic decline at older ages (Fig. 2). In Europe
nd Northern America, HPV prevalence rates are very high below
ge 25 years but tend to become much lower in women over the
ge of 45 years. No such clear decline with age is found in Asian

nd African populations, although in some Latin America/Caribbean
opulations, rates decline and then increase again in middle-aged
omen [2].  Data from a subset of the studies in the meta-analysis,

n which type-specific HPV information could be assessed, showed
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igure 2. HPV prevalence among women with normal cytology by age group (years). Sh
l.  [1].
Figure 1. HPV prevalence among women with normal cytology: meta-analysis
based on results from 1,016,719 women. aRegionally-adjusted HPV (see [1] for
adjustment methodology). Redrawn from Bruni L et al. [1].

that the five most prevalent types worldwide were HPV16 (3.2%),
HPV18 (1.4%), HPV52 (0.9%), HPV31 (0.8%) and HPV58 (0.7%) [1].
All other HPV types had a prevalence of 0.6% or less, including
HPV45 (0.5%—along with HPV16 and HPV18—common in invasive
cancer), as well as HPV6 (0.5%) and HPV11 (0.2%) (the two  most
prevalent types found in association with genital warts). All of the
above estimates represent point prevalence at the time of sampling
and will, therefore, be underestimates of the cumulative exposure
to infection.
Another recent meta-analysis included results obtained from
423 studies that evaluated testing with broad spectrum consen-
sus PCR assays and which compared over 260,000 women with
normal cytology and 103,000 women with cervical abnormalities
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Table 1
Results from meta-analysis showing number of women tested for HPV and HPV16, number and percent positive by cervical disease grade.

Grade of cervical disease Number of women tested Number of women HPV-positive Percentage HPV-positive Percentage HPV16-positivea

Normal cytology 266611 33154 12 20
ASCUS 12983 6810 52 23
LSIL 17805 13480 76 25
HSIL  7743 6616 85 48
CIN1 11043 8108 73 28
CIN2  4754 4068 86 40
CIN3  11618 10753 93 58
ICC  40679 36374 89 63

a Among HPV-positives.
ASCUS: Atypical squamous cells of undetermined significance (cytology based); CIN1: Cervical intraepithelial lesion (pathology based); CIN2/3: Cervical intraepithelial
neoplasia grade 2 or 3; HSIL: High-grade squamous intraepithelial lesion (cytology based); ICC: Invasive cervical cancer (pathology based); LSIL: Low-grade squamous
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ased on Guan P et al. [3].

including 36,000 with invasive cancer). In keeping with the former
eta-analysis, this study reported an overall HPV positivity rate of

2% in women with no abnormalities [3].  The study also showed
ncreases in prevalence in women with cytological abnormalities

ith the rates increasing in direct proportion to the severity of the
esion reaching around 90% in women with grade 3 cervical intraep-
thelial neoplasia (CIN3) and invasive cervical cancer (Table 1).
otably, the proportion of detection of HPV16 among HPV-positive
omen greatly increases with the increase of severity of cytological

nd histological findings. The study also reviewed the prevalence of
pecific high-risk HPV types in women with normal and abnormal
ytology. The three most commonly found HPV types in women
ith invasive cancer—HPV16, 18 and 45—were found, as a propor-

ion of all HPV positive samples, in 20%, 8% and 5%, respectively,
f women with normal cytology (and 63%, 16% and 5%, respec-
ively, of women with cancer). Other high risk HPV types were
ound to each represent between 3% and 8% of HPV positive samples
rom women with normal cytology. The most common high-risk
PV type, HPV16, represented between 13% (in Africa) and 30% (in
est and Central Asia) of all HPV types in women with normal

ytology.
In contrast with the substantial data available regarding global

PV prevalence in cervico-vaginal specimens, less information is
vailable from other body sites, where HPV infection represents

 risk factor for cancer. The detection of genital HPV infection in
en is influenced by cell sampling techniques [4]. HPV is most

ommonly detected in the shaft, glans, and scrotum and, much
ess so, in the urethra. Male genital HPV prevalence, however,
s generally well correlated with the prevalence of genital HPV
nfection in women in the same population [5].  HPV positivity in

en, however, tended to vary much less by age group than in
omen [4].  HPV infection is relatively frequently detected also

n the peri-anal region and anal canal in both sexes. By far the
ighest anal HPV prevalence is found in human immunodefi-
iency virus (HIV)-positive individuals and men  having sex with
en  (MSM). High-risk HPV types can be detected in the major-

ty of HIV-positive MSM  (73.5%; 95% confidence interval [CI]:
3.7–83.0%) [6].  Notably, incidence rates of anal cancer among
IV-positive MSM  in the United States of America (USA) are

imilar to those of cervical cancer in women in sub-Saharan
frica [7].

The detection of oral HPV infection also varies substantially
y study, partly depending on sample technique and publication
ias [8].  Pooled prevalence of oral HPV infection was  4.5% (95% CI:
.9–5.1%) in a meta-analyses of 4581 cancer-free individuals from

8 studies. The largest population-based survey of oral HPV infec-
ion was carried out in the USA in 5501 individuals aged 14–69
ears [9].  HPV prevalence was 6.9% (95% CI: 5.7–8.3%) and was
hree-fold higher in men  than women and in smokers than never
smokers. Data on HPV prevalence in the oropharynx and tonsil are
very limited due to the difficulty of cell collections from these sites
in healthy populations.

HPV prevalence in the anogenital tract and in the oral cavity
is positively associated with different indicators of sexual activ-
ity. Anal intercourse is especially associated with HPV detection in
the anal canal [6],  whereas oral HPV prevalence is associated with
orogenital intercourse [9].

3. Cancers attributable to HPV infection – global and
regional burden and population attributable fraction
estimates for 2008

Infection with high-risk HPV is recognized as one of the major
causes of infection-related cancer worldwide (along with Heli-
cobacter pylori and hepatitis viruses B and C) [10]. In this section,
we  consider those cancer sites for which IARC Monograph 100B
[11,12] stated that there was strong evidence for a causal etiology
with HPV and for which HPV could be considered a group 1 (definite
human) carcinogen. For each of these sites of cancer, the popula-
tion attributable fraction (PAF) has been calculated globally and
within 12 major countries/world regions, using statistics on esti-
mated cancer incidence for the year 2008 obtained from GLOBOCAN
2008 [13,14].  Estimates for less and more developed regions were
also calculated. The PAF is defined as the proportion of new cancer
cases in a population that would have been prevented following
a hypothetical intervention that would completely prevent HPV
exposure.

3.1. Cancer sites

The following cancer sites were considered in IARC Monograph
100B as having strong evidence for a causal relationship with HPV:
cervix uteri (ICD10 – C53), penis (C60), vulva (C51), vagina (C52),
anus (C21) and oropharynx, including base of the tongue and tonsils
(C01, C09, C10). Other oral cavity cancers were not included in this
list as the epidemiological evidence summarized in the IARC Mono-
graph was not assessed as “strong” [12]. Our approach in selecting
HPV-associated cancers was deliberately conservative in order to
avoid potentially misleading, inflated estimates of the PAF based
on less clear evidence.

3.2. Cancer incidence data

Estimates of the number of new cancer cases in 2008 were

directly available from GLOBOCAN 2008 for the cancers of the
cervix uteri. Some specific cancer sub-sites were not readily avail-
able in GLOBOCAN 2008, because they were registered within a
broader category. Anal cancer (C21) was  included in the broader
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Table 2
Methods for the calculation of the Population Attributable Fraction associated with HPV by cancer site.

Prevalence of human papillomaviruses (high-risk types) in cancer cases

Cancer site or subsite (ICD-10 code) Laboratory method used
for measurement of
exposure

Geographical
area

Prevalence in cases as an
approximation of PAF (%)

Comments and Strength of the data used

Cervix uteri carcinoma (C53) PCR in tumor tissue/cells World 100 High-risk HPV types are considered a necessary
cause for cervical cancer. This is supported by an
abundant literature.
Strong data

Penile carcinomaa (C60) PCR in tumor tissue World 50 Assumption that the detection of high-risk HPV
DNA in tumor tissue signifies that the cancer is
attributable to HPV. Data based on a recent
meta-analysis [49].
Limited data

Anal  carcinomaa (C21) PCR in tumor tissue World 88 Same assumption as for penile cancer. Data
based on a recent meta-analysis [50].
Strong data

Vulvar carcinomaa (C51) PCR in tumor tissue World 43 Same assumption as for penile cancer. Data
based on a recent meta-analysis [50].
Limited data

Vaginal carcinomaa (C52) PCR in tumor tissue World 70 Same assumption as for penile cancer. Data
based on a recent meta-analysis [50].
Limited data

Oropharynxa including tonsils and
base of tongue (C01, C09-C10)

PCR in tumor tissue with
E6, E7 expression

North America 56 Few prevalence studies available outside the
more developed regions. Same assumption as for
penile cancer except for the difficulty to tease
out the strong effect of tobacco and alcohol.
Limited data

Northern and
Western Europe

39

Eastern Europe 38
Southern Europe 17
Australia 45
Japan 52
Rest of world 13
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a These sub-sites were not directly available in GLOBOCAN 2008. Therefore, data f
AF:  Population Attributable Fraction; PCR: Polymerase chain reaction.

olorectal cancer category (C18-C21). Oropharyngeal sites, includ-
ng tonsils and base of tongue (ICD code C01, C09, and C10),

ere included as part of “Lip, oral cavity” (C00-08) and “other
harynx” (C09-10, C12-14) categories. Vulva, vagina and penile car-
inoma were within the broader “other and unspecified” category.
or these cancers, the number of cases was imputed by multi-
lying the estimated number of cases in the broader GLOBOCAN
008 category by the proportion of cancer sub-sites or sub-types
rom cancer registry data. These proportions were stratified by
ight global regions, age and sex. In general, they were derived
rom the same registry data used to produce the GLOBOCAN 2008
stimates.

The global regions considered (see details and map  in [10]) are
ased on United Nationals (UN) geographical regions and corre-
pond to those used in GLOBOCAN 2008. Additional estimates were
omputed specifically for China, India, Japan, and Australia/New
ealand because of the size of their populations within their respec-
ive regions. Countries were classified by development status using
he UN definition [15]. The “more developed” category comprised
ll countries within Europe and Northern America, as well as
ustralia, New Zealand and Japan; “less developed” comprised the
emainder.

.3. Sources of prevalence and PAF estimation

Sources of data used for the PAF estimations are summarized in
able 2. For all HPV-related cancers, we considered that the detec-
ion by PCR of high-risk HPV DNA in tumor tissue signifies that
he cancer is attributable to HPV. Hence, the regular formulas for

ttributable risk calculation using a measure of the prevalence in
he population and an estimate of the relative risk [16] were not
sed to compute PAF in HPV-related sites. Instead, the prevalence
f high-risk HPVs in cancer cases was considered a good approxi-
ation to the PAF (Table 2).
e CI5-V-IX database were used to estimate corresponding incidence rate (see [10]).

3.4. Estimated HPV-associated burden of cancer

Table 3 shows the estimated number of cancers attributed
to HPV, classified by geographic region, and cancer site. Of the
12.7 million new cancers occurring in 2008 worldwide, 700,000
occurred at an HPV-associated cancer site (cervix uteri, anus, penis,
vulva, vagina, and oropharynx) and an estimated 610,000 of these
were attributable to HPV. This represents 4.8% of the total burden of
cancer worldwide, slightly lower than a previous estimate of 5.2%,
from 2002 data [17], although the estimated absolute number of
cases increased from 561,000 in the earlier analysis to the current
figure of 610,000.

This PAF varies widely by geographic region, from 1.2% in
Australia and New Zealand to 14.2% in Sub-Saharan Africa and 15.5%
in India. Of note, 490,000 cases attributable to HPV (80.6% of the
total) occurred in less developed regions. This is equivalent to 6.9%
of the total cancer burden in such regions compared with 2.1% in
more developed regions.

Table 4 shows a more detailed breakdown of attributable cases
by cancer site, cross-tabulated by sex, age group and development
status. Cervical cancer accounted for most of the attributable cases
(86.9%) with the other five cancer types accounting for the residual
80,000 cancers. Younger women showed a high burden of HPV-
related cancer, with almost half the cases occurring before the age
of 50 years.

Overall, an estimated 610,000 (4.8%) of the 12.7 million new
cancer cases occurring in 2008 could be attributable to HPV world-
wide.

4. Cancers attributable to HPV infection – global and

regional burden of cervical cancer in 2008

Of the 610,000 cancers attributable to HPV infection worldwide,
the vast majority (530,000, 86.9%) are cancers of the cervix uteri.
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Table 3
Estimated number of new cancer cases occurring in 2008 attributable to HPV infection by geographic region.

REGION Total All
cancer sites

Total HPV-related
cancer sitesa

Total attributable
to HPV

PAF (%) Cervix
uteri

Anus Penis Vulva/
Vagina

Oro-pharynx

AFRICA
Sub-Saharan Africa 550,000 82,000 78,000 14.2 75,000 1,500 330 940 390
Northern Africa and Western Asia 390,000 12,000 11,000 2.8 9,200 900 <100 620 110
ASIA
India  950,000 170,000 150,000 15.5 130,000 2,800 3,500 3,400 3,200
Other  Central Asia 470,000 48,000 43,000 9.0 39,000 1,800 <100 500 780
China 2,800,000 85,000 80,000 2.8 75,000 1,500 1,200 1,100 440
Japan 620,000 12,000 11,000 1.8 8,900 630 120 360 950
Other  Eastern Asia 1,000,000 62,000 55,000 5.4 51,000 1,500 1,000 1,200 710
AMERICA
Central and Southern America 910,000 84,000 75,000 8.3 68,000 2,300 1,400 2,000 780
Northern America 1,600,000 35,000 26,000 1.6 12,000 3,900 670 2,900 6,200
EUROPE
Europe 3,200,000 110,000 80,000 2.5 55,000 6,800 2,400 7,400 8,100
OCEANIA
Australia/New Zealand 130,000 2,100 1,600 1.2 800 280 <100 190 230
Other  Oceania 8,800 920 840 9.4 800 <100 <100 <100 <100
Less  developed regions 7,100,000 550,000 490,000 6.9 450,000 12,000 7,600 9,800 6,400
More  developed regions 5,600,000 150,000 120,000 2.1 77,000 12,000 3,200 11,000 15,000
WORLD 12,700,000 700,000 610,000 4.8 530,000 24,000 11,000 21,000 22,000
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a HPV-associated cancer sites are: cervix uteri, vulva, vagina, anus, penis and oro
AF: Population Attributable Fraction.
ased on de Martel et al. [10].

he descriptive epidemiology of this disease provides, therefore,
 characterization of the majority of HPV-associated cancer. As
nfection with high-risk HPV is now viewed as a necessary pre-
ondition for the development of all cervical cancer; the disease
escription does not require stratification into HPV-associated and
on-associated sub-types.

Cervical cancer was estimated to be the third most common
emale malignancy worldwide in 2008 (530,000 new cases), after
reast and large bowel cancers, and the fourth most common cause
f female death from cancer (275,000 deaths), after breast, lung and
arge bowel cancers (Table 5). In terms of prevalence, there were
n estimated 1.6 million women, aged over 15 years, alive with a
iagnosis of cervical cancer made in the previous 5 years, second
nly to breast cancer [18]. Finally, in terms of global indicators,
ervical cancer was the cause of an estimated 7.8 million years of
ife lost (YLL) in women, third after breast and lung cancers.

There is a well characterised and strong association between

ervical cancer incidence and level of development, and approxi-
ately 86% of the incident cases and 88% of the deaths are estimated

o occur in less developed regions of the world [19]. More detailed
nalyses, by levels of the human development index (HDI – a

able 4
stimated number of new cancer casesa occurring in 2008 attributable to HPV by anatom

HPV-RELATED
CANCER SITE

Number of new
cases in 2008

Number
attributable
to HPV

PAF (%) Number attributa
to infection by ge

Males Fema

Cervix uteri 530,000 530,000 100.0 0 530,
Vulva  27,000 12,000 43.0 0 12,
Anus  27,000 24,000 88.0 11,000 13,
Penis  22,000 11,000 50.0 11,000 

Vagina  13,000 9,000 70.0 0 9,
Oropharynxb 85,000 22,000 25.6 17,000 4,
TOTAL  HPV
RELATED SITES

700,000 610,000 86.3 39,000 570,

a Numbers rounded to two significant digits.
b Includes tonsils and base of tongue.

AF: Population Attributable Fraction.
ased on de Martel et al. [10].
nx including base of tongue and tonsils.

country specific, composite index based on life expectancy, liter-
acy, access to education and per capita gross domestic product) [20]
shows a clear relationship with cervical cancer incidence, mortality
and other indicators (Table 5 and Fig. 3). Incidence and mortal-
ity rates tend to be at least four-fold higher in low HDI countries
(predominantly in sub-Saharan Africa) compared with very high
HDI countries with intermediate levels seen in medium and high
HDI countries. Using data from EUROCARE [21] and SURVCAN [22]
reveals a similar pattern for 5-year relative survival (Fig. 4): less
than 20% in low HDI countries and more than 65% in very high HDI
countries. Prognosis of cervical cancer depends largely on the stage
at diagnosis and availability and accessibility of adequate diagnos-
tic and treatment facilities; therefore, there are major differences
between countries with and without screening programs.

Global maps (Fig. 5) and comparative regional rates for cervical
cancer (Fig. 6) show patterns of variation largely consistent with the
association with level of HDI. As seen in Fig. 6, there is a five- to six-

fold variation between highest (sub-Saharan Africa, Southern Asia
and South America) and lowest (Northern America, Australia/New
Zealand and Western Europe) risk regions. While this heterogene-
ity is essentially associated with developmental level, the low risk

ic site.

ble
nder

Number attributable to infection
by age group

Number attributable to
infection by development
status

les <50 years 50 to 69 years 70+ years Less
developed
regions

More
developed
regions

000 250,000 220,000 59,000 450,000 77,000
000 1,700 3,900 6,000 4,100 7,500
000 5,100 10,000 8,300 12,000 12,000

0 2,500 4,800 3,500 7,600 3,200
000 2,000 4,000 3,100 5,700 3,400
400 4,300 13,000 4,600 6,400 15,000
000 270,000 260,000 85,000 490,000 120,000
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Table 5
Worldwide burden of cervical cancer, GLOBOCAN 2008 estimatesa by level of Human Development Index (HDI)b.

Indicator 2008 estimate Proportion (%) of burden by level of Human Development Indexc

Low Medium High Very high

Number of new cases 530,000 6 67 17 9
Number of deaths 275,000 8 69 16 7
Five-year prevalenced 1,555,000 5 64 19 11
Years of life lost 7,800,000 9 71 15 5

a Ferlay J et al. [13].
b United Nations Development Program [20].
c Human Development Index (HDI) categories: low = HDI <0.5; medium = HDI 0.5-0.7; h
d Above age 15 years.
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igure 3. Cervical cancer, age-standardized (world standard) incidence (in grey)
nd  mortality (in orange) rates (all ages) per 100,000 in 2008 by level of Human
evelopment Index (HDI). Based on GLOBOCAN 2008 [13].

f cervical cancer in the predominantly Muslim regions of North
frica and Western Asia, in keeping with the low prevalence of
PV infection as observed above, is indicative of the importance of
ultural environment and related behavioural patterns. It should
e emphasised that large heterogeneity in cervical cancer inci-
ence and mortality is also invariably observed within, as well as
etween, regions. This is well documented in the paper by Arbyn

 et al. [19], showing usually 10-fold or greater variation in rates

etween countries within regions. Even within a relatively affluent
rea such as Northern Europe, with uniformly high standards
f cancer registration, there is a five-fold variation in incidence
etween the high rates of Lithuania and the low rates of Finland

Low HDI

Medium HDI

High HDI

Very high HDI

5-year relative survival
0 20 40 60 80

igure 4. Cervical cancer, age-standardized (world standard) 5-year relative sur-
ival (all ages) according to level of Human Development Index (HDI) in patients
iagnosed with cancer around 1990-2001. Based on Eurocare-4 [21] (for European
opulations) and Sankaranrayanan R et al. [22] (for non-European populations).
urvival by HDI was  calculated as countries (non-weighted) average.
igh = HDI 0.7-0.9; very high = HDI >0.9.

(Fig. 7). Such differences are due predominantly to the combination
of HPV prevalence per se and the presence (and effectiveness)
of population-based screening programs (for example highly
effective in Finland and lacking population coverage in Lithuania)
[23].

5. Cancers attributable to HPV infection – temporal trends
in cervical cancer

In order to examine trends over time, use has been made of
sequential datasets submitted by cancer registries and published
in Cancer Incidence in Five Continents (CI5C) [24]. Such data, for a
selected sample of registries that have provided results for five 5-
year time periods and extended in the case of the USA-Surveillance
Epidemiology and End Results (SEER) populations [25], are shown
in Fig. 8. The registries included represent medium (India-Mumbai,
Philippines-Manila), high (Colombia-Cali) and very high (Denmark,
Japan-Miyagi, USA-SEER white and black) HDI countries. Although
there is substantial variation in terms of the age standardized inci-
dence rates observed (e.g., in 1983–87, over 35 per 100,000 in Cali
to less than 10 per 100,000 in the SEER White and Miyagi popu-
lations), the incidence is declining at a broadly similar rate in all
populations and, with the exception of Miyagi, especially in the
more recent time period. While the absolute incidence rates will, to
a certain extent [26], reflect the prevalence of high-risk HPV infec-
tion in the respective populations (or at least the prevalence in an
earlier time period), the decline is predominantly a result of the
introduction of effective population-based screening procedures
combined with a range of sociocultural factors, including access
to health care, changes in age at marriage and family planning
behaviour, and improvements in education. Such changes appear
to have commenced later in Mumbai (decline starting in 1988–92)
than elsewhere [27].

A more general overview of global time trends is presented in
Fig. 9 (taken from [28]). This provides a summary of the estimated
annual percentage change (EAPC), together with associated 95% CIs,
by cancer registry population for all the registries providing data to
CI5C over the 1988–2002 time period (101 populations in total),
stratified by HDI level. Most populations have EAPC rates that are
significantly lower than zero, i.e., indicative of a statistically sig-
nificant decline during the time period. Unfortunately, most of the
available datasets are from very high HDI populations with only a
small number from middle HDI populations and none at all from
low HDI populations. The mean EAPC across all of the very high
HDI populations is -2.6% while in the high and medium HDI popu-
lations it is -1.2% and -1.8%, respectively. While this is suggestive
of an overall worldwide decline in incidence, this is not universally
the case. Thus, there are a small number of populations represented

in Fig. 9 in which the EAPC is either not decreasing or is even
increasing. These populations are mainly from parts of East and
South East Asia (Thailand Chang-Mai) and Eastern Europe (Lithua-
nia, Latvia, Estonia) where, in the absence of effective screening,
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ncidence has increased in successive generations of women as a
esult of changing sexual behaviour and increasing risk of persis-
ent HPV infection. There is also significant uncertainty about the
ituation in low HDI countries, not included in Fig. 9, often with
opulations in which rates are particularly high and cervical can-
er represents the most frequently diagnosed cancer type. These
ill also invariably be countries less likely to have implemented
opulation-based screening. There is at least one specific report,
rom Uganda, of incidence increasing in such a population [29] and
he lack of adequate information from low HDI countries is a major
eficiency in understanding changes in the global burden.
GLOBOCAN makes available a facility for projection of the likely
urden of cancer up until 2030 based entirely on estimated changes

n population demographics, i.e., the growth in the population and
he changes in its age structure. On this basis, the current global
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annual burden of cervical cancer, 530,000 new cases in 2008, is
estimated to increase by approximately 2% per annum to 770,000
new cases by 2030, with the vast majority of cases diagnosed in less
developed regions of the world (Fig. 10). The 2% annual increase
due to demographics very crudely “balances” the mean decrease
observed in EAPC (-1.2% to -2.6%) in the analysis of registry data
from 1988–2002 in more developed countries. In other words,
if the current decline in global age-standardized rates continues
at around 2% per annum and is observed uniformly in different
regions of the world, the absolute burden of disease will remain
approximately constant. Thus, in order to reduce the absolute bur-

den, it will be necessary to improve on the 2% annual reduction
in age-standardized incidence rate. Clearly, improved screening
technologies and HPV vaccination offer this perspective. However,
the uncertainties regarding trends in some areas of the world,
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rdized rates per 100,000

20 30 40

ortality (in orange) rates per 100,000 in 2008 by world region (all ages). Based on



D. Forman et al. / Vaccine 30S (2012) F12– F23 F19

21.0

15.8

12.4 12.1
10.9

9.4
8.4 8. 4 7.8 7.2

4.5

1.2
2.01.82.5

0.8
2.3

3.3
2.5

7.3
6.2

8.3

0

2

4

6

8

10

12

14

16

18

20

22

24

A
SR

 (
W

) 
p

e
r 1

00
,0

00

Inc idenc e

Morta lity

F d mor
B

e
c
i

6
i

s
r
c
r
c
p
t
1

F
B
s

igure 7. Cervical cancer, age-standardized (world standard) incidence (in grey) an
ased  on GLOBOCAN 2008 [13]. ASR (W): Age-standardized (world standard) rate.

specially low HDI countries, have the potential to distort this
rude analysis, especially if such regions are showing underlying
ncreases in HPV prevalence.

. Cancers attributable to HPV infection – temporal trends
n cancers other than the cervix

Fig. 11 shows time trends for the other HPV-associated cancer
ites (oropharynx, anus, penis, vagina and vulva) and for the same
egistry populations and time periods as presented in Fig. 8 for
ervical cancer. As can be readily observed, the age-standardized
ates for these cancers were of a different magnitude than those for

ervical cancer. Whereas rates for the latter varied, depending on
opulation and time period, from 5 to 40 per 100,000, for none of
he five sites considered in Fig. 11 did the rates ever exceed 2 per
00,000. Partly because of the likely random fluctuations inherent
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igure 8. Cervical cancer, age-standardized (world standard) incidence rates per 100,00
ased  on Cancer Incidence in Five Continents, Volumes V to IX [24] and Surveillance, Epid
tandard) rate.
tality (in orange) rates per 100,000 in 2008, Northern Europe by country (all ages).

to the small numbers involved and possible underreporting of
anogenital cancer in less developed countries, it is also very dif-
ficult to discern trends within these cancers. It is, however, notable
that the population from Japan-Miyagi consistently has the lowest
rates for all sites, except oropharyngeal cancer, for which incidence
appears to have increased over the time period considered. The
Japanese population also had the lowest rates for cervical cancer.
With the exception of data from India-Mumbai and Philippines-
Manila, all other populations showed evidence of recent increases
in anal cancer, the only one of the sites considered for which there
is an indication of a temporal trend. More detailed review of the
international time trends for oropharyngeal cancer is presented in

the chapter by Gillison ML  et al.,  Vaccine, this issue [30]. As seen in
Table 2, unlike cervical cancer, this group of cancers is not entirely
attributable to HPV infection and thus other risk factors may influ-
ence the descriptive epidemiology. Thus, for example, tobacco use
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Figure 9. Cervical cancer, estimated annual percentage change (EAPC) in age-
standardized (world standard) incidence, 1988–2002, all ages, 101 cancer registry
populations, by categories of Human Development Index. Redrawn from Bray F et al.
[28].

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

LESS DEVELOPED
REGIONS 

MORE DEVELOPED
REGIONS 

No. of cases

Cervical cancer incidence, 2008 

Increase by 2030

OROPHARYNX 
M+F

ANUS 
M+F P

India, Mumbai 
Colombia, Cali 
USA, SEER Registries, White 
Denmark 

0.
5 

1 
2 

1980 1990 2000 1980 1990 2000 1980 19

Pe

A
SR

 (
W

) 
p

e
r 1

00
,0

00
 

Figure 11. Cancers, other than cervix uteri, associated with HPV infection, age-standardiz
selected cancer registry populations (all ages). Based on Cancer Incidence in Five Contine
Program  [25]. Data are for males (M)  and females (F) combined for orpharynx and anus; o
(world standard) rate.
Figure 10. Estimated global burden of cervical cancer incidence, 2008 (grey) and
increase by 2030 (orange) by more and less developed regions of the world. Based
on  GLOBOCAN 2008 [13].

has a strong association with head and neck cancers, including
oropharyngeal cancers, and incidence trends will be reflective of
both this and high risk HPV exposure.

7. Genital warts

Genital warts (GW) are a sexually transmitted infection (STI)
usually caused by HPV6 or HPV11. Different series have recorded
differences in the distribution of HPV genotypes in GW lesions, but
some of the most methodologically rigorous studies have found
HPV6/11 in 96–100% of all GW lesions [31–33].  In the developed
world, genital warts show similar epidemiological features to other
common STIs with a peak incidence in young people aged 15–24
years [34]. Not all subjects will present to healthcare facilities for
evaluation. There are a variety of treatments for GW but recurrence
is seen with all treatments [35]. Therefore, new presentations of
subjects with genital warts can either represent first-attack

episodes or recurrent episodes, and these episodes may  be pro-
longed, which adds complexity to the interpretation of surveillance
data. The United Kingdom (UK) has the longest established national
reporting system for genital warts, dating from 1971. This showed
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nts, Volumes V to IX [24] and Surveillance, Epidemiology, and End Results (SEER)
ropharynx does not include base of tongue nor tonsils. ASR (W): Age-standardised
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Table 6
Worldwide incidence and prevalence of genital warts.

Country/Region/Ref Time period Population/Data Incidence/new cases per
annuma

Prevalence/recurrent cases
per annuma

UK – England [51] 2008 Combined STI clinic & GP data 0.16% 0.13%
Canada – Manitoba [41] 1985–2004 Combined STI clinic, GP & hospital data 0.16% (1992) 0.15% (2004)
Canada – British Columbia [52] 1998–2006 Combined STI clinic, GP & hospital data 0.11% (1999) to 0.13%

(2006)
0.11% (1998) to 0.15%
(2006)

USA  [53] 2000 Commercial healthcare plan
population

0.17% (per privately
insured population)

-

USA [54] 1998–2001 Commercial healthcare plan
population

0.20% (2001, per privately
insured population)

-

USA [55] 2004 Commercial healthcare maintenance
organization

0.12% -

Australia[56]  2000–2006 General practitioner data; also quotes
an ‘STI clinic adjustment factor’

0.17% (unadjusted) 0.22%
(adjusted)

-

France [57] 2005 Women consulting gynaecologists 0.23% (per females aged
16–65yrs)

-

Netherlands [58] 2006 & 2007 Combined STI clinic & GP data 0.13% -
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a Rates are population based, male and female combined, all ages, unless stated o
P:  General practitioner; STI: Sexually-transmitted infection.

n approximate eight-fold increase in the total numbers of diag-
oses of GW in England over the period 1971–2001 [36]. Data from
he Nordic countries based on self reports, and data from the USA
ased on physician office visits, also show significant increases in
W prevalence over similar time periods [37,38]. These increases
re presumed to have been due to changes in sexual behaviour,
ncluding the lowering of age at sexual debut that has been seen in

any developed countries [39]. Incident cases of GW in England
ose by 15% from 2001–2007, but rates appear to have stabilised in
he last 5 years [40]. Data from Manitoba, Canada, over the period
985–2004, showed incidence rates peaking in 1992 [41].

The development of the quadrivalent HPV (qHPV) vaccine
as stimulated renewed interest in the population burden and
ealthcare costs associated with GW.  Thus in recent years, data
ave been published on the incidence and prevalence of GW from a
umber of countries, including the UK, the USA, Canada, Australia,
rance, and the Netherlands. Although the sources and method-
logy differ somewhat, these data are summarised in Table 6 and
ppear remarkably consistent across the selected developed world
ountries. These surveillance figures indicate an annual incidence
f 0.1–0.2% with a peak occurring in teenagers and at young
dult ages. There remains a dearth of knowledge regarding GW
urden in the rest of world, although some data are available for
ub-Saharan Africa (see De Vuyst H et al. Vaccine, this issue [42]).
n a randomised controlled trial of a vaginal microbicide gel in
,385 HIV-negative women in four sub-Saharan African countries,
n incidence of GW of 0.4 per 100 women years was recorded
McCormack S, personal communication). In a cohort of high risk
omen attending an HIV/STI clinic in Burkina Faso, incidences

f GW per 100 women-years of 1.1% in HIV-negative and 7.4% in
IV-positive women were recorded [43].

GW represent a ‘short incubation period HPV disease’. Therefore
f the efficacy of the qHPV vaccine against HPV6/11 disease that was
eported in the pivotal randomised, controlled trials is translated
nto population-based effectiveness, we may  quickly see reductions
n, or even potentially elimination, of genital warts [44–48].

In conclusion, GW represent a significant HPV disease burden
orldwide, resulting in substantial healthcare costs and loss of

uality of life. There is now accumulating evidence that population-
ased qHPV vaccination can result in dramatic declines in GW

ncidence and reduction in HPV6/11 burden.
. Conclusions

HPV infection is the most common STI worldwide and, in many
orld regions, the majority of sexually active individuals of both
ise.

sexes will probably acquire it at some time during their lifetime.
Variations in genital HPV prevalence by age differ substantially
by population. The peak in HPV prevalence among young women
should not, therefore, be viewed as the natural history of the infec-
tion but, at least in part, as a “westernization” effect (i.e., tendency
to have multiple sexual partners at young age) that is not shared
by more conservative societies. The 12 most common HPV types in
cervical cancer worldwide are, in decreasing order, HPV16 (57%), 18
(16%), 58, 33, 45, 31, 52, and 35, with small variations by region [3].
HPV16 is by far the likeliest to persist and cause CIN3 and cervical
cancer [12].

HPV infection accounts for approximately 2% and 7% of the total
cancer burden in more developed and less developed countries,
respectively [10]. Contrary to the other similarly important cancer-
causing infections (Helicobacter pylori and hepatitis B and C virus),
HPV is nearly exclusively sexually transmitted and it is not strongly
affected by general improvements in medical and living standards.
Therefore, only vaccination and cervical screening can prevent or
counteract HPV epidemics and their cancer sequelae in any pop-
ulation. qHPV vaccination would also reduce the burden of GW,  a
condition associated with high incidence and related health care
costs.
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