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Epidemiology of HPV

Clinical and subclinical human papillo-
mavirus (HPV) infections are the most com-
mon sexually transmitted infections in the
world (Figure 1).1 Among asymptomatic
women, the prevalence of genital HPV infec-
tion ranges from 2% to 44%.2-7 The age-stan-
dardized prevalence rates of HPV infection
in European, Asian, South American, and
sub-Saharan women without cytological
abnormalities were estimated at 5.3%, 8.7%,
14.3%, and 25.6%, respectively, for a global

estimate of 10.5%.8 A recent pooled analysis
that estimated HPV prevalence among
women with normal cytology using data
from 78 published studies largely corrobo-
rates these observations with an adjusted
global prevalence of 10.4% and considerable
variation by region, including an estimate
for the Americas of 12.9%.9

The prevalence of HPV is highest among
young women soon after the onset of sexual
activity and falls gradually with age, possibly
as a reflection of accrued immunity and a
decrease in the number of sexual part-
ners.10,11 In some populations, however, the
age-specific prevalence curve rises again at
ages 45 or 50 years coinciding with the peri-
menopausal or immediately postmenopausal
years. The reason for this second peak is
unclear, but it could be related to 1 or more
nonmutually exclusive mechanisms, such as
reactivation of previously undetectable in-
fections acquired earlier in life (due to a
gradual loss of type-specific immunity or a
sudden loss via hormonal influences during
the postmenopausal years); acquisition of
new infections due to sexual contact with
new partners later in life; and, finally, due to
a cohort effect, ie, the varying prevalence at
different ages which reflect the changing
experience of successive birth cohorts in
being exposed to HPV in different eras.9,12
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Abstract
Genital infection with human papillomaviruses

(HPV) is one of the most common sexually transmit-
ted conditions. The central causal role in cervical car-
cinogenesis of the so-called high oncogenic–risk
(HR)-HPV genotypes, such as HPV-16, has been
established as a likely but not sufficient cause of virtu-
ally all cases of cervical cancer worldwide. HR-HPV
infection also causes a substantial proportion of other
anogenital neoplasms and oral squamous cell carci-
nomas. Infection with low-oncogenic–risk HPV, such
as HPV-6 and -11, causes a large proportion of low-
grade squamous intraepithelial lesions of the cervix
and benign lesions of the anogenital areas known as
condylomata acuminata (genital warts). Subclinical
and clinical HPV infections are responsible for high
morbidity and impose a great burden on the health-
care system. Organized or opportunistic screening
with Papanicolaou (Pap) cytology in high-income
countries has substantially reduced cervical cancer
morbidity and mortality during the last 50 years.
However, Pap cytology screening has failed to reduce
cervical cancer mortality in many middle-income
countries, and most low-income countries cannot
make the necessary public health investments to
deploy organized screening. The availability of 2 pro-
phylactic HPV vaccines represents the best hope for
preventing most cases of cervical cancer and HPV-
associated diseases.

(Am J Manag Care. 2006;12:S462-S472)
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Studies among initially virginal women
strongly confirm the sexually transmitted
nature of HPV infection.13,14 A number of
cohort studies around the world have clear-
ly demonstrated the relatively high inci-
dence of HPV infection among women who
were initially free of HPV deoxyribonucleic
acid (DNA). The incidence rate in these
studies ranges from 14% to 36% women-
years.6,15-19 This translates into high cumula-
tive incidence of HPV infection from the
time of first sexual intercourse. Many cohort
studies among young or college-aged women
who were initially HPV negative have shown
that the cumulative incidence of HPV infec-
tion exceeded 40% after 3 years,15,17,18 and
the cumulative incidence is higher for high-
risk types than for low-risk (LR) types.6,20

Moreover, coinfection with multiple HPV
types is a common finding of many epidemi-
ologic studies. For example, in the Brazilian
Ludwig-McGill cohort, 22.3% were infected
with multiple types during the first 4 years of
follow-up.21 Approximately 20 million peo-
ple are currently infected with HPV in the

United States, and the annual incidence of
sexually transmitted HPV infection is
around 5.5 million.22 Overall, an estimated
75% of sexually active men and women have
been exposed to HPV at some point in their
lives.23 In most cases, HPV infection is tran-
sient or intermittent, becoming unde-
tectable within 1 to 2 years even by sensitive
polymerase chain reaction (PCR) assays.24

Transmission of HPV

Sexual contact with an infected partner is
important in the epidemiological chain of
HPV transmission, although intromissive
intercourse in which an infected penis
enters the vagina is not strictly neces-
sary.25-27 A stochastic modeling study sug-
gested that the probability of HPV
transmission per sexual act is very high, sev-
eral-fold higher than that for other viral
sexually transmitted infections, such as
human immunodeficiency virus or herpes
simplex virus 2.28 Moreover, condom use
might be somewhat, but not completely
protective.29 In addition to the peno-vaginal

Figure 1. Sexually Transmitted Infection Incidence per 10 000 US Population, 1998 
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intercourse route, HPV is also easily trans-
mitted by other sexual practices, such as
oral sex, peno-anal intercourse, digital-
vaginal sex, and use of insertive sex toys.30-32

Perinatal transmission of HPV is also possi-
ble and can cause in rare instances recur-
rent respiratory papillomatosis in infants
and young children.33

Risk Factors for Acquisition of HPV

Apart from sexual activity markers (ie,
high number of sexual partners, young age at
sexual debut, and recent new sexual part-
ner), other risk factors of HPV infection
include young age, coinfections, long-term
oral contraceptive use, smoking, immuno-
suppression, and multiparity.4,6,18,20,24,29,34-40

Findings about condom use are inconsistent;
the majority of studies show that condoms
are not protective against HPV, whereas oth-
ers show that, among newly sexually active
women, consistent condom use by their
partners appears to reduce the risk of cervi-
cal and vulvovaginal HPV infection.28,29,41

Certain genetic polymorphisms in the
human leukocyte antigen (HLA) system and
nutrition are possibly associated with re-
duced risk of HPV infection.42-45 Some stud-
ies have also suggested a role for viral factors
(non-European molecular variants of HPV-
16 and -18 and high viral load) in persist-
ence of HPV and progression.46,47 Risk
factors for HPV acquisition are very similar
to those for cervical cancer.

High-oncogenic–risk HPV Types 
and Cancer

So far, more than 120 different HPV
types have been cataloged, of which approx-
imately 40 types infect the anogenital
tract.48 Among the latter, about 15 types
(HPV-16, -18, -31, -33, -35, -39, -45, -51, -52,
-56, -58, -59, -68, -73, and -82) are now con-
sidered to be high-oncogenic–risk (HR-HPV)
types based on their frequency of associa-
tion with cervical cancer and other anogeni-
tal cancers.49 Today, it is well established
that infection with HR-HPV is the central
causal factor in cervical cancer.8,16,24,50-55 The
association is supported by strong epidemio-
logical evidence and the detection of HPV
DNA in up to 99.7% of cervical cancers from
all geographic areas.49,55-57 HPV-16 is the

most prevalent HR-HPV, and is present in
approximately 54% of cervical tumor speci-
mens worldwide, whereas HPV-18 is associ-
ated with approximately 17% of cervical
cancers. The remaining tumors have been
shown to contain DNA from other HR types,
such as HPV-45, -31, and -33.8 It is now
widely accepted that HR-HPV infections are
a necessary, but not sufficient, cause of
virtually all cases of cervical cancer world-
wide. An estimated 85% of anal cancers; 50%
of cancers of the vulva, vagina, and penis;
20% of oropharyngeal cancers; 10% of
laryngeal and esophageal cancers; and an
unknown but presumably substantial frac-
tion of nonmelanoma skin cancers (the lat-
ter by different HPV genera that cause
cutaneous infections) are attributable to
HPV infection.58-60

Low-oncogenic–risk HPV,
Genital Warts and Low-grade 
Squamous Intraepithelial Lesions

Infection with low-oncogenic–risk (LR-
HPV) types, such as HPV-6 and -11, can
cause benign lesions of the anogenital areas,
known as condylomata acuminata (genital
warts), as well as a large proportion of low-
grade squamous intraepithelial lesions of the
cervix. Genital warts are very common.
Approximately 1.4 million (1%) individuals
currently have genital warts in the United
States,34 and the incidence is on the risk,
with 500 000 to 1 million new cases occur-
ring annually.61,62 LR-HPV clinical infections
are responsible for substantial morbidity
and lead to high costs associated with the
treatment of clinically relevant lesions.63

Cervical Cancer

Epidemiology. Cervical cancer is the sec-
ond most common malignant neoplasm
affecting women worldwide (Figure 2). In
2002, 493 000 new cases were diagnosed in
the world (83% of them in developing coun-
tries). Less than 50% of women affected by
cervical cancer in developing countries sur-
vive longer than 5 years, whereas in devel-
oped countries the 5-year survival rate is
about 66%,64,65 which translates into high
mortality rates. Every year, an estimated
190 000 deaths from cervical cancer occur
worldwide, with more than 75% of them in
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developing countries, where mortality from
this disease is the highest among deaths
caused by neoplasms.65 In the United States
each year, there are approximately 9800
new cases of invasive cervical cancer with
3700 deaths due to this disease.66 The high-
est risk areas for cervical cancer are in
Central and South America, Southern and
Eastern Africa, and the Caribbean, with
average incidence rates of approximately 40
per 100 000 women per year.

It is important to note that epidemiologic
information on incidence rates of cervical
cancer in the developing world is derived by
interpolation and averaging using data from
population-based registries, which are estab-
lished in capitals and urban areas in many
countries. One should bear in mind that cer-
vical cancer risk is usually lower in such

areas relative to urban or remote areas of the
same country. Consequently, it is likely that
average rates for a given country tend to be
biased toward the relatively low level of cer-
vical cancer burden that is typically experi-
enced in urban centers in which women
have the benefits of screening. Therefore, it
is quite possible that the overall burden of
cervical cancer worldwide may be much
greater than what can be reliably estimated.

Cervical cancer and its precursors are
basically of 2 main histological lineages
depending on whether they originate in squa-
mous or in glandular cervical epithelium.
Compared with squamous cell carcinoma,
adenocarcinoma is a much rarer occurrence
in most statistical compilations of cervical
cancer incidence or histopathology series.
Adenocarcinomas accounted for 13.4% of all

Figure 2. World Age-standardized Incidence and Mortality Rate by Cancer Type for
Women in 2002
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invasive cervical cancers registered in the
Surveillance, Epidemiology, and End Results
program from 1973 to 1987, including
adenosquamous morphology and other
glandular types.67 There are differences
between these 2 types in terms of etiology,
natural history, detection, and prevention.

Natural History of Cervical Cancer and
Clinical Symptoms. The natural history of
cervical cancer begins as a slow process of
disruption of the normal maturation of the
transformation zone epithelium of the uter-
ine cervix near its squamo-columnar junc-
tion.66 This process of abnormal changes is
initially limited to the cervical epithelium.
These preinvasive lesions, known as dyspla-
sia (or as cervical intraepithelial neoplasia
[CIN] or as squamous intraepithelial lesion
[SIL]), are invariably asymptomatic and can
be discovered only through cytological
examination using the Papanicolaou (Pap)
smear and confirmed by colposcopic exami-
nation and biopsy. If left untreated, the low-
grade lesions may eventually extend to the
full thickness of the cervical epithelium (cer-
vical carcinoma in situ [CIS]) and traverse
the lining formed by the basement mem-
brane to become invasive. This process may
take a decade or longer, but will eventually

occur in a substantial proportion of patients
with CIS. As an invasive cancer, the lesion
will grow unconstrained and reach small
blood and lymphatic vessels to finally
become metastatic in body sites. Women
with clinically invasive cancer usually pre-
sent with symptoms and signs such as post-
coital bleeding, recurrent cystitis, and
exophytic and ulcerated cervical lesions. As
soon as invasion of pelvic lymph nodes
occur, the disease becomes considerably
worse clinically, and when the original lesion
infiltrates the parametrium and obstructs
the ureters, it can cause renal failure and
uremia. Pressure against nerve trunks and
the sacral plexus produces persistent pain. 

The major steps known to be necessary in
cervical carcinogenesis include HR-HPV
infection, persistence of that infection over a
certain period of time, progression to pre-
cancerous lesions, and, eventually, invasion
(Figure 3). HPV infects the stratified squa-
mous epithelium and stimulates cellular pro-
liferation. Infected cells display a wide range
of alterations, from benign hyperplasia to
dysplasia to invasive neoplasia. Provided
that the latter step has not yet occurred, this
process is reversible, including clearance of
HPV infection and regression of precancer,
which happens in many women who experi-
ence HPV infection.68

The vast majority of HPV infections are
transient, with only a small proportion be-
coming persistent.8,11,15,16,69-71 Several natural
history studies have analyzed risks of pro-
gression in the continuum of preinvasive
lesion stages. The Table shows the average
probabilities of regression and progression
of CIN that were derived from a pooled analy-
sis of studies published from 1950 to 1993.72

Differences between precursor and inva-
sive lesions with respect to the age when
incidence rates peak provide important
clues to the duration of the preclinical phase
of the natural history of cervical cancer. The
incidence rate for CIS increases more
steeply with age than for invasive cancer,
reaching a peak at ages 25 to 29 years, and
then declines gradually at older ages,
whereas the incidence of invasive cancers
levels off after ages 40 to 44. This leaves a
gap between peak incidence rates for CIS and
invasive cancer of approximately 15 years.68

Figure 3. Natural History of Cervical Cancer Showing
the Steps Amenable to Intervention Via HPV Vaccination
and Screening
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Cytopathology and Diagnosis

Various classification systems for cervical
cytopathology have been used historically to
define preinvasive lesions (Pap class system
exclusively for cervico-vaginal cytology [not
histology], dysplasia terminology, original
CIN terminology, modified CIN terminolo-
gy, and Bethesda system [SIL terminology]).
Koilocytotic atypia is specific to mild dys-
plasia (CIN 1 or low-grade SIL [LSIL]) which
is manifest in otherwise mature superficial
or intermediate cells by enlarged, irregular
nuclei with hyperchromasia, and perinu-
clear halo.68 Other features include a slight-
ly convoluted nuclear membrane,
occasional binucleation, a moderately
increased nuclear:cytoplasmic ratio, and
sometimes, the cytoplasm around the halo
stains densely eosinophilic. Moderate and
severe dysplasia and CIS (CIN 2 and 3, re-
spectively, or high-grade [HSIL]) contain
malignant basal/parabasal cells of different
numbers (on Pap test) or level of epithelial
involvement in histology. Overall, LSIL is
best viewed as a well-differentiated, clinical-
ly unstable lesion that is characterized mor-
phologically by the cytopathic effects of a
productive HPV infection. HSIL, on the
other hand, shows a variable degree of
transepithelial disorganization with malig-
nant basal/parabasal cells. 

Prevention of invasive cervical cancer is
accomplished by arresting neoplastic devel-
opment within the cervical epithelium
before it becomes invasive. Because cytology
is a screening tool, not a diagnostic test,
cytologically detected atypical squamous
cells of undetermined significance (ASC-US)
and LSIL cases may, in fact, be HSIL by
histology. This occurs in about 30% to 40% of
LSIL and 5% to 10% of ASC-US.73,74 Accord-
ingly, international consensus guidelines75,76

recommend that women with these cytolog-
ical abnormalities be closely followed by Pap
cytology every 6 months to discover those
with HSIL. Persistence of ASC-US or LSIL
results constitutes grounds for referral for
colposcopy and biopsy, and all HSIL cases
must be immediately referred for col-
poscopy, either on primary screen or follow-
up. Consensus Guidelines of the American
Society for Colposcopy and Cervical Path-
ology recommend 2 repeat cytology tests,

immediate colposcopy, or DNA testing for
high-risk HPV types as equivalent manage-
ment options for women with ASC-US
abnormalities.76

Prevention of HPV and Cervical Cancer

Cervical cancer is a malignant neoplastic
disease for which public health prevention
initiatives have had the greatest success.
Organized or opportunistic screening with
the Pap smear has reduced the cervical can-
cer burden by about 75% in high-income
countries during the past 50 years.77 It is
estimated that each year, 40 million to 50
million Pap smears are performed in the
United States for detecting cervical cancer
and its precursors.78,79 Surveillance of Pap
smear abnormalities found at screenings in
the United States indicate the following dis-
tribution of results: 81.4% normal, 7.9%
benign cellular changes consistent with
either infection or reactive atypia, 5.2%
ASC-US, 2.9% LSIL, 0.8% HSIL, and <0.1%
invasive cancer. Unsatisfactory and other
diagnoses comprises 1.7% of all smears.80 In
fact, in the United States, for each new case
of invasive cancer found by Pap cytology
screening, there are approximately 50 other
cases of abnormal smears consistent with
precursor lesions. Women harboring these
lesions need close monitoring by cytology
and, if abnormal results persist, by col-
poscopy and biopsy as well. Moreover, twice
as many cases of equivocal or borderline
atypias (ASC-US abnormalities) have to be
added to this triage burden81 and either
followed by repeat cytology, triage by HPV
testing, or sent for colposcopic examination.
Altogether, ASC-US and SIL findings ac-
count for more than 10% of all Pap smears
that are processed in screening programs,
which imposes a great burden on the

Table. Probabilities of Regression and Progression for CIN

CIN 1 CIN 2 CIN 3

Regression 57% 43% 32%

Progression to CIS 11% 22% —

Progression to invasive 1% 5% 12%

CIN indicates cervical intraepithelial neoplasia; CIS, carcinoma in situ.
Source: Reference 72.
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healthcare system. It is estimated that 55%
to 60% of cervical cancer cases occur in
women who have not received a Pap test
within the previous 3 years.82,83

Overall, cervical disease induced by HPV
infection incurs a very high direct medical
cost. Annual cervical cancer prevention
and treatment costs in the United States
have been estimated at $26 415 per 1000
women.82 Insinga et al concluded that cervi-
cal HPV-related disease accounted for total
healthcare costs of $3.4 billion, with expen-
ditures for routine screening of $2.1 billion,
false-positive Pap test results of $300 million,
CIN 1 of $150 million, CIN 2/3 of $450 mil-
lion, and invasive cancer of $350 million.84

HPV Vaccination

Pap smear screening offered an immedi-
ate solution to the critical problem of a high
cervical cancer burden throughout the world
40 to 50 years ago. Recent research on the
safety and efficacy of 2 candidate prophy-
lactic vaccines against HPV has shown near-
ly 100% efficacy in preventing persistent
infections and development of cervical
precancerous lesions.46,85,86 These 2 candi-
date prophylactic vaccines (quadrivalent
Gardasil®, already available commercially,
and bivalent Cervarix™, in final stages of
clinical development) protect against the 2
main HPV types (HPV-16 and -18) that
together cause about 75% of all cervical can-
cers. Moreover, a small degree of cross pro-
tection against other HR-HPVs, such as HPVs
31 and 45 may be expected.86 HPV vaccina-
tion has the potential to significantly
decrease the incidence of HPV type-specific
cervical cancers and the burden associated
with such infections. High vaccine coverage,
sustained over many decades, with a long
duration of vaccine-conferred protection
would have a great impact on cervical cancer
incidence. Even with high uptake of the vac-
cine, however, a statistically noticeable
reduction of the burden of cervical cancer via
HPV vaccination is unlikely to be observed
for at least a decade or longer because of the
latency required for averted high-grade
lesions to progress to invasive disease.

HPV Testing in Screening

Despite its success, Pap cytology has

important limitations. It is based on highly
subjective interpretation of morphologic
alterations present in cervical samples that
must be collected with proper attention to
sampling cells of the transformation zone.
Also, the highly repetitive nature of the work
of screening many smears leads to fatigue,
which invariably causes errors in interpreta-
tion. A recent meta-analysis that included
only studies unaffected by verification bias
indicated that the average sensitivity of Pap
cytology to detect CIN or invasive cervical
cancer was 51%, and its average specificity
was 98%.87 Therefore, the Pap test’s high
false-negative rate has been its most critical
limitation. False-negative diagnoses have
important medical, financial, and legal impli-
cations; the latter being a particularly acute
problem in North America where false-nega-
tive smears are among the most frequent
reasons for medical malpractice litigation.

The advent of liquid-based cytology has
helped to mitigate the problem of efficiency
in processing smears in screening programs,
but the limitations of cytology remain the
same. This low sensitivity for an individual
testing opportunity has to be compensated
by the requirement to have women entering
screening age with an initially negative
smear to repeat their tests at least twice over
the next 2 to 3 years before they can be
safely followed as part of a routine screen-
ing schedule. This effectively brings the
screening program sensitivity to acceptable
levels, but safeguards must be in place to
ensure adherence, coverage, and quality,
costly undertakings that have worked well
only in Western industrialized countries.
Many developing countries that have in-
vested in screening programs have yet to
witness a reduction in cervical cancer bur-
den. Furthermore, the reductions in many
Western countries have begun to stabilize,
which brings a sense of diminishing returns.

Of the molecular-based technologies for
cervical cancer screening, HPV testing is
eliciting the greatest interest in Western
countries. There are primarily 2 technolo-
gies for this purpose. The Hybrid Capture
aassay (Digene, Inc., Gaithersburg, MD) is
currently the most widely used in clinical
and screening settings. The Hybrid Capture
is a nucleic acid hybridization assay with
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signal amplification using microplate chemi-
luminescence for the qualitative detection in
cervical specimens of HPV DNA of 13 HR
genotypes, defined as those HPV genotypes
that are associated with cervical cancer: 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68. Different PCR protocols have also been
used to detect HPV. PCR protocols are based
on target amplification with type-specific or
consensus or general primers followed by
hybridization with specific oligoprobes. PCR
techniques to detect HPV will soon be com-
mercially available. 

HPV testing found its first application
niche in triaging ASC-US smears. A recent
meta-analysis found that it is a suitable and
cost-effective option in deciding whether
such cases need to be referred for col-
poscopy.88 There have been several studies
assessing the value of HPV testing compared
with the Pap test as a cervical cancer
screening tool in European, African, Asian,
Latin American, and North American popu-
lations. As reviewed recently,89-91 HPV test-
ing has 25% to 35% higher sensitivity than
cytology in absolute terms, but somewhat
lower specificity of 5% to 10% for detecting
high-grade lesions. Screening of women
older than 30 years of age tends to improve
the performance of HPV testing, because
viral infections in this age group are less like-
ly to be of a transient nature than those in
younger women. 

Of note is the fact that the combination of
cytology and HPV testing attains very high
sensitivity and negative predictive values
(approaching 100%). This feature could
potentially allow increasing screening inter-
vals safely (eg, from 1-3 years to 3-5 years,
depending on the population). The draw-
back of this approach is the excessive
number of patients who would need to be
referred for colposcopy initially, many of
whom will turn out to be lesion-free.
Resource-rich countries can absorb the
extra costs related to the secondary triage of
cases that will be referred via a dual-testing
screening approach, because of the reduced
patient flow in primary screening clinics
afforded by the extension in the screening
interval for women who are cytology and
HPV negative. In addition, such a strategy
may be cost-saving over time.

A few large randomized controlled trials
of HPV testing in primary cervical cancer
screening are currently ongoing in countries
with centralized healthcare systems.92-97 The
results so far continue to point to the supe-
rior sensitivity of HPV testing compared
with Pap cytology, with only a small differ-
ence in specificity, favoring the latter. These
randomized controlled trials, embedded in
ongoing opportunistic or organized screen-
ing programs, will provide the level of evi-
dence necessary for public health policy
makers to make informed decisions about
the future of their cervical cancer screening
programs. It is imperative, however, that
decisions concerning changes in screening
programs be made in concert with policies
regarding implementing HPV vaccination in
the same settings. Effective use of healthcare
resources requires synergy among the vari-
ous public health fronts involved in cervical
cancer control.

REFERENCES

1. Ebrahim SH, McKenna MT, Marks JS. Sexual behav-
iour: related adverse health burden in the United States.
Sex Transm Infect. 2005;81:38-40.
2. IARC. Epidemiology of infection: human papillo-
maviruses. Carcinog Risk Chem Hum. 1995;64:60-65.
3. Franco EL, Villa LL, Richardson H, Rohan T, Ferenczy
A. Epidemiology of cervical human papillomavirus infec-
tion. In: Franco E, Monsonego J, eds. New
Developments in Cervical Cancer Screening and
Prevention. Oxford, UK: Blackwell Science; 1997:14-22.
4. Baseman JG, Koutsky LA. The epidemiology of
human papillomavirus infections. J Clin Virol. 2005;
32(suppl 1):S16-S24.
5. Bosch FX, de Sanjose S. Chapter 1: human papillo-
mavirus and cervical cancer—burden and assessment of
causality. J Natl Cancer Inst Monogr. 2003;(31):3-13.
6. Richardson H, Kelsall G, Tellier P, et al. The natural
history of type-specific human papillomavirus infections
in female university students. Cancer Epidemiol Biomarkers
Prev. 2003;12:485-490.
7. Herrero R, Castle PE, Schiffman M, et al.
Epidemiologic profile of type-specific human papillo-
mavirus infection and cervical neoplasia in Guanacaste,
Costa Rica. J Infect Dis. 2005;191:1796-1807.
8. Clifford GM, Smith JS, Plummer M, Munoz N,
Franceschi S. Human papillomavirus types in invasive
cervical cancer worldwide: a meta-analysis. Br J Cancer.
2003;88:63-73.
9. Burchell AN, Winer RL, de Sanjose S, Franco EL.
Chapter 6: epidemiology and transmission dynamics of
genital HPV infection. Vaccine. 2006;24(suppl 3):S52-S61.
10. Hildesheim A, Schiffman MH, Gravitt PE, et al.
Persistence of type-specific human papillomavirus infec-



REPORTS

S470 THE AMERICAN JOURNAL OF MANAGED CARE DECEMBER 2006

tion among cytologically normal women. J Infect Dis.
1994;169:235-240.
11. Liaw KL, Hildesheim A, Burk RD, et al. A prospec-
tive study of human papillomavirus (HPV) type 16 DNA
detection by polymerase chain reaction and its associa-
tion with acquisition and persistence of other HPV types.
J Infect Dis. 2001;183:8-15.
12. Trottier H, Franco EL. The epidemiology of genital
human papillomavirus infection. Vaccine. 2006;24(suppl
1):S1-S15.
13. Kjaer SK, Chackerian B, van den Brule AJ, et al.
High-risk human papillomavirus is sexually transmitted:
evidence from a follow-up study of virgins starting sexual
activity (intercourse). Cancer Epidemiol Biomarkers Prev.
2001;10:101-106.
14. Rylander E, Ruusuvaara L, Almstromer MW, Evander
M, Wadell G. The absence of vaginal human papillo-
mavirus 16 DNA in women who have not experienced
sexual intercourse. Obstet Gynecol. 1994;83:735-737.
15. Ho GY, Bierman R, Beardsley L, Chang CJ, Burk RD.
Natural history of cervicovaginal papillomavirus infection
in young women. N Engl J Med. 1998;338:423-428.
16. Franco EL, Rohan TE, Villa LL. Epidemiologic evi-
dence and human papillomavirus infection as a neces-
sary cause of cervical cancer. J Natl Cancer Inst.
1999;91:506-511.
17. Woodman CB, Collins S, Winter H, et al. Natural
history of cervical human papillomavirus infection in
young women: a longitudinal cohort study. Lancet.
2001;357:1831-1836.
18. Winer RL, Lee SK, Hughes JP, Adam DE, Kiviat NB,
Koutsky LA. Genital human papillomavirus infection:
incidence and risk factors in a cohort of female universi-
ty students. Am J Epidemiol. 2003;157:218-226.
19. Syrjanen S, Shabalova I, Petrovichev N, et al. Age-
specific incidence and clearance of high-risk human
papillomavirus infections in women in the former Soviet
Union. Int J STD AIDS. 2005;16:217-223.
20. Giuliano AR, Papenfuss M, Abrahamsen M, Inserra
P. Differences in factors associated with oncogenic and
nononcogenic human papillomavirus infection at the
United States-Mexico border. Cancer Epidemiol
Biomarkers Prev. 2002;11:930-934.
21. Trottier H, Mahmud S, Costa MC, et al. Human
papillomavirus infections with multiple types and risk of
cervical neoplasia. Cancer Epidemiol Biomarkers Prev.
2006;15:1274-1280.
22. Cates W Jr. Estimates of the incidence and preva-
lence of sexually transmitted diseases in the United
States. American Social Health Association Panel. Sex
Transm Dis. 1999;26(4 suppl):S2-S7.
23. Koutsky LA, Galloway DA, Holmes KK. Epidemi-
ology of genital human papillomavirus infection.
Epidemiol Rev. 1988;10:122-163.
24. Schiffman M, Castle PE. Human papillomavirus:
epidemiology and public health. Arch Pathol Lab Med.
2003;127:930-934.
25. Schiffman M, Kjaer SK. Chapter 2: natural history of
anogenital human papillomavirus infection and neopla-
sia. J Natl Cancer Inst Monogr. 2003;(31):14-19.
26. Marrazzo JM, Koutsky LA, Kiviat NB, Kuypers JM,
Stine K. Papanicolaou test screening and prevalence of
genital human papillomavirus among women who have
sex with women. Am J Public Health. 2001;91:947-952.
27. Castellsague X, Bosch FX, Munoz N. The male role
in cervical cancer. Salud Publica Mex. 2003;45(suppl
3):S345-S353.

28. Burchell AN, Richardson H, Mahmud SM, et al.
Modeling the sexual transmissibility of human papillo-
mavirus infection using stochastic computer simulation
and empirical data from a cohort study of young women
in Montreal, Canada. Am J Epidemiol. 2006;163:534-543.
29. Manhart LE, Koutsky LA. Do condoms prevent
genital HPV infection, external genital warts, or cervical
neoplasia? A meta-analysis. Sex Transm Dis. 2002;29:
725-735.
30. Edwards S, Carne C. Oral sex and the transmission
of viral STIs. Sex Transm Infect. 1998;74:6-10.
31. Sonnex C, Strauss S, Gray JJ. Detection of human
papillomavirus DNA on the fingers of patients with geni-
tal warts. Sex Transm Infect. 1999;75:317-319.
32. Gervaz P, Allal AS, Villiger P, Buhler L, Morel P.
Squamous cell carcinoma of the anus: another sexually
transmitted disease. Swiss Med Wkly. 2003;133:353-359.
33. Armstrong LR, Preston EJ, Reichert M, et al.
Incidence and prevalence of recurrent respiratory papil-
lomatosis among children in Atlanta and Seattle. Clin
Infect Dis. 2000;31:107-109.
34. Koutsky L. Epidemiology of genital human papillo-
mavirus infection. Am J Med. 1997;102:3-8.
35. Moscicki AB, Hills N, Shiboski S, et al. Risks for
incident human papillomavirus infection and low-grade
squamous intraepithelial lesion development in young
females. JAMA. 2001;285:2995-3002.
36. Sellors JW, Karwalajtys TL, Kaczorowski J, et al.
Incidence, clearance and predictors of human papillo-
mavirus infection in women. CMAJ. 2003;168:421-425.
37. Rousseau MC, Franco EL, Villa LL, et al. A cumula-
tive case-control study of risk factor profiles for onco-
genic and nononcogenic cervical human papillomavirus
infections. Cancer Epidemiol Biomarkers Prev. 2000;
9:469-476.
38. Aral SO, Holmes KK. Social and behavioural deter-
minants of epidemiology of STDs: industrialized and
developing countries. In: Holmes KK, Mardh P, Sparling
PF, et al, eds. Sexually Transmitted Diseases. 3rd ed.
New York, NY: McGraw-Hill; 1999:39-76.
39. Kahn JA, Rosenthal SL, Succop PA, Ho GY, Burk
RD. Mediators of the association between age of first
sexual intercourse and subsequent human papillo-
mavirus infection. Pediatrics. 2002;109:E5.
40. Stone KM, Timyan J, Thomas EL. Barrier methods for
the prevention of sexually transmitted diseases. In:
Holmes KK, Mardh P, Sparling PF, et al, eds. Sexually
Transmitted Diseases. 3rd ed. New York, NY: McGraw-
Hill; 1999:1307-1321.
41. Winer RL, Hughes JP, Feng Q, et al. Condom use
and the risk of genital human papillomavirus infection in
young women. N Engl J Med. 2006;354:2645-2654.
42. Wang SS, Hildesheim A. Chapter 5: viral and host
factors in human papillomavirus persistence and pro-
gression. J Natl Cancer Inst Monogr. 2003;(31):35-40.
43. Maciag PC, Schlecht NF, Souza PS, Rohan TE,
Franco EL, Villa LL. Polymorphisms of the human leukocyte
antigen DRB1 and DQB1 genes and the natural history
of human papillomavirus infection. J Infect Dis. 2002;186:
164-172.
44. Garcia-Closas R, Castellsague X, Bosch X, Gonzalez
CA. The role of diet and nutrition in cervical carcinogene-
sis: a review of recent evidence. Int J Cancer. 2005;117:
629-637.
45. Giuliano AR, Siegel EM, Roe DJ, et al. Dietary
intake and risk of persistent human papillomavirus (HPV)
infection: the Ludwig-McGill HPV Natural History study.
J Infect Dis. 2003;188:1508-1516.



Human Papillomavirus and Cervical Cancer: Burden of Illness and Basis for Prevention

VOL. 12, NO. 17, SUP. THE AMERICAN JOURNAL OF MANAGED CARE S471

46. Villa LL, Ault KA, Giuliano AR, et al. Immunologic
responses following administration of a vaccine targeting
human papillomavirus types 6, 11, 16, and 18. Vaccine.
2006;24:5571-5583.
47. Schlecht NF, Trevisan A, Duarte-Franco E, et al.
Viral load as a predictor of the risk of cervical intraep-
ithelial neoplasia. Int J Cancer. 2003;103:519-524.
48. de Villiers EM, Fauquet C, Broker TR, Bernard HU,
zur Hausen H. Classification of papillomaviruses.
Virology. 2004;324:17-27.
49. Munoz N, Bosch FX, de Sanjose S, et al.
Epidemiologic classification of human papillomavirus
types associated with cervical cancer. N Engl J Med.
2003;348:518-527.
50. IARC Working Group. Human papillomaviruses.
IARC Monographs on the evaluation of carcinogenic
risks to humans. Vol. 64, International Agency for
Research on Cancer, Lyon, 1995.
51. Schiffman MH, Brinton LA. The epidemiology of
cervical carcinogenesis. Cancer. 1995;76(10 suppl):
1888-1901.
52. Herrero R. Epidemiology of cervical cancer. J Natl
Cancer Inst Monogr. 1996;21:1-6.
53. Holly EA. Cervical intraepithelial neoplasia, cervical
cancer, and HPV. Annu Rev Public Health. 1996;17:
69-84.
54. Walboomers JM, Meijer CJ. Do HPV-negative cervi-
cal carcinomas exist? J Pathol. 1997;181:253-254.
55. Walboomers JM, Jacobs MV, Manos MM, et al.
Human papillomavirus is a necessary cause of invasive
cervical cancer worldwide. J Pathol. 1999;189:12-19.
56. Schiffman MH, Bauer HM, Hoover RN, et al.
Epidemiologic evidence showing that human papillo-
mavirus infection causes most cervical intraepithelial
neoplasia. J Natl Cancer Inst. 1993;85:958-964.
57. Bosch FX, Manos MM, Munoz N, et al. Prevalence
of human papillomavirus in cervical cancer: a world-
wide perspective. International biological study on cervi-
cal cancer (IBSCC) Study Group. J Natl Cancer Inst.
1995;87:796-802.
58. WHO Vaccine Report. The current status of devel-
opment of prophylactic vaccines against human papillo-
mavirus infection. Report of a technical meeting. World
Health Organization; 1999. Available at: http://www.who.
int/vaccine_research/documents/en/hpv1.pdf. Accessed
October 20, 2006.
59. zur Hausen H. Papillomavirus infections—a major
cause of human cancers. Biochim Biophys Acta.
1996;1288:F55-F78.
60. Spence A, Franco E, Ferenczy A. The role of human
papillomaviruses in cancer: evidence to date. Am J Cancer.
2005;4:49-64.
61. Strauss MJ, Khanna V, Koenig JD, et al. The cost of
treating genital warts. Int J Dermatol. 1996;35:340-348.
62. Koshiol JE, Laurent SA, Pimenta JM. Rate and pre-
dictors of new genital warts claims and genital warts-
related healthcare utilization among privately insured
patients in the United States. Sex Transm Dis. 2004;31:
748-752.
63. Alam M, Stiller M. Direct medical costs for surgical
and medical treatment of condylomata acuminata. Arch
Dermatol. 2001;137:337-341.
64. Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN
2002: Cancer Incidence, Mortality and Prevalence
Worldwide [database]. Lyon, France: International
Agency for Research on Cancer (IARC); CancerBase No.
5, version 2.0; 2004.

65. Pisani P, Parkin DM, Bray F, Ferlay J. Estimates of
the worldwide mortality from 25 cancers in 1990. Int J
Cancer. 1999;83:18-29.
66. National Cancer Institute Surveillance Epidemi-
ology and End Results (SEER). SEER Cancer Statistics
Review, 1975-2003. Available at: http://www.seer.cancer.
gov/csr/1975_2003. Accessed December 7, 2006.
67. Platz CE, Benda JA. Female genital tract cancer.
Cancer. 1995;75(1 suppl):270-294.
68. Franco EL, Ferenczy A. Part III, site-specific precan-
cerous conditions: cervix. In: Franco EL, Rohan TE, eds.
Cancer Precursors: Epidemiology, Detection, and
Prevention. New York, NY: Springer-Verlag; 2002:
249-286.
69. Thomas KK, Hughes JP, Kuypers JM, Kiviat NB, Lee
SK, Adam DE, Koutsky LA. Concurrent and sequential
acquisition of different genital human papillomavirus
types. J Infect Dis. 2000;182:1097-1102.
70. Nobbenhuis MA, Walboomers JM, Helmerhorst TJ,
et al. Relation of human papillomavirus status to cervical
lesions and consequences for cervical-cancer screening:
a prospective study. Lancet. 1999;354:20-25.
71. Ylitalo N, Josefsson A, Melbye M, et al. A prospec-
tive study showing long-term infection with human
papillomavirus 16 before the development of cervical
carcinoma in situ. Cancer Res. 2000;60:6027-6032.
72. Ostor AG. National history of cervical intraepithelial
neoplasia: a critical review. Int J Gynecol Pathol.
1993;12:186-192.
73. Manos MM, Kinney WK, Hurley LB, et al.
Identifying women with cervical neoplasia: using human
papillomavirus DNA testing for equivocal Papanicolaou
results. JAMA. 1999;281:1605-1610.
74. Miller AB, Nazeer S, Fonn S, et al. Report on con-
sensus conference on cervical cancer screening and
management. Int J Cancer. 2000;86:440-447.
75. Miller AB, Chamberlain J, Day NE, Hakama M,
Prorok PC. Report on a Workshop of the UICC Project
on Evaluation of Screening for Cancer. Int J Cancer.
1990;46:761-769.
76. Wright TC, Cox JT, Massad LS, Wiggs, LB, Wilkinson
EJ, for the 2001 ASCCP-sponsored consensus confer-
ence. 2001 consensus guidelines for the management of
women with cervical cytological abnormalities. JAMA.
2002;287:2120-2129.
77. Franco EL, Mayrand MH, Trottier H. Cervical cancer
prevention. Promises and perils in a changing landscape.
Oncol Exchange. 2006;5:9-13,40.
78. Kurman RJ, Henson DE, Herbst AL, Noller KL,
Schiffman MH. Interim guidelines for management of
abnormal cervical cytology. The 1992 National Cancer
Institute Workshop. JAMA. 1994;271:1866-1899.
79. Insinga RP, Glass AG, Rush BB. Pap screening in a
U.S. health plan. Cancer Epidemiol Biomarkers Prev.
2004;13:355-360.
80. Lawson HW, Lee NC, Thames SF, Henson R, Miller
DS. Cervical cancer screening among low-income
women: results of a national screening program, 1991-
1995. Obstet Gynecol. 1998;92:745-752.
81. Centers for Disease Control and Prevention (CDC).
Results from the National Breast and Cervical Cancer
Early Detection Program, October 31, 1991–September
30, 1993. MMWR. 1994;43:530-534.
82. Janerich DT, Hadjimichael O, Schwartz PE, et al.
The screening histories of women with invasive cervical
cancer, Connecticut. Am J Public Health. 1995;85:
791-794.



REPORTS

S472 THE AMERICAN JOURNAL OF MANAGED CARE DECEMBER 2006

83. Sung HY, Kearney KA, Miller M, Kinney W, Sawaya
GF, Hiatt RA. Papanicolaou smear history and diagno-
sis of invasive cervical carcinoma among members 
of a large prepaid health plan. Cancer. 2000;88:
2283-2289.

84. Insinga RP, Glass AG, Rush BB. The health care
costs of cervical human papillomavirus—related disease.
Am J Obstet Gynecol. 2004;191:114-120.

85. Harper DM, Franco EL, Wheeler C, et al. Efficacy of
a bivalent L1 virus-like particle vaccine in prevention of
infection with human papillomavirus types 16 and 18 in
young women: a randomised controlled trial. Lancet.
2004;364:1757-1765.

86. Harper DM, Franco EL, Wheeler CM, et al.
Sustained efficacy up to 4.5 years of a bivalent L1 virus-
like particle vaccine against human papillomavirus types
16 and 18: follow-up from a randomized control trial.
Lancet. 2006;367:1247-1255.

87. Nanda K, McCroory DC, Myers ER et al. Accuracy
of the Papanicolaou test in screening for and follow-up
of cervical cytologic abnormalities: a systematic review.
Ann Intern Med. 2000;132:810-819.

88. Arbyn M, Buntinx F, Van Ranst M, Paraskevaidis E,
Martin-Hirsch P, Dillner J. Virologic versus cytologic
triage of women with equivocal Pap smear: a meta-
analysis of the accuracy to detect high-grade intraepithe-
lial neoplasia. J Natl Cancer Inst. 2004;96:250-251.

89. Franco EL. Chapter 13: primary screening of cervical
cancer with human papillomavirus tests. J Natl Cancer
Inst Monogr. 2003;31:89-96.
90. Franceschi S. The IARC commitment to cancer
prevention: the example of papillomavirus and cervi-

cal cancer. Recent Results Cancer Res. 2005;166:
277-297.
91. Cuzick J, Mayrand MH, Ronco G, Snijders P,
Wardle J. Chapter 10: new dimensions in cervical can-
cer screening. Vaccine. 2006;24(suppl 3):S90-S97.
92. Ronco G, Segnan N, Giorgi-Rossi P, et al. Human
papillomavirus testing and liquid-based cytology: results
at recruitment from the new technologies for cervical
cancer randomized controlled trial. J Natl Cancer Inst.
2006;98:765-774.
93. Cuzick J, Szarewski A, Cubie H, et al. Management
of women who test positive for high-risk types of human
papillomavirus: the HART study. Lancet. 2003;362:1871-
1876.
94. Elfgren K, Rylander E, Radberg T, et al. Colposcopic
and histopathologic evaluation of women participating in
population-based screening for human papillomavirus
deoxyribonucleic acid persistence. Am J Obstet Gynecol.
2005;193:650-657.
95. Kotaniemi-Talonen L, Nieminen P, Anttila A,
Hakama M. Routine screening with primary HPV testing
and cytology triage protocol in a randomised setting. Int
J Cancer. 2005;93:862-867.
96. Bulkmans NW, Rozendaal L, Snijders PJ, et al.
POBASCAM, a population-based randomised controlled
trial for implementation of high-risk HPV testing in cervi-
cal screening. Int J Cancer. 2004;110:94-110.
97. Mayrand MH, Duarte-Franco E, Coutlee F, et al.
Randomized controlled trial of human papillomavirus
testing versus Pap cytology in the primary screening for
cervical cancer precursors: design, methods and prelimi-
nary accrual results of the Canadian cervical cancer
screening trial (CCCaST). Int J Cancer. 2006;119:615-623.


