GENERAL REMARKS

This ninetieth volume of the [ARC Monographs on the Evaluation of Carcinogenic
Risks to Humans considers human papillomaviruses (HPVs), which were evaluated by a
previous Working Group (IARC, 1995). The monograph in the present volume incorporates
new data that have become available during the past decade.

HPVs represent the most common infectious agents that are transmitted sexually
throughout the world; the major risk factors are behaviours associated with sexual activity.
Although most infections are asymptomatic and are cleared within a period of 2 years,
genital HPV infection can lead to clinical disease, including anogenital warts, cervical neo-
plasia, cervical cancer and other anogenital cancers. The risk for persistence of infection
and progression of the more than 40 genital HPV types to grade 3 cervical intraepithelial
neoplasia (CIN3) and cancer differs widely. Persistent infection with carcinogenic HPVs
occurs in virtually all cases of cervical cancer.

Previous evaluations of HPVs have classified types 16 and 18 as carcinogenic to
humans (Group 1), types 31 and 33 as probably carcinogenic to humans (Group 24) and
some types other than 16, 18, 31 and 33 as possibly carcinogenic to humans (Group 2B).
At that time, the evaluation of types 16 and 18 was based on the strong association
between infection with these HPVs and cervical cancer. For types 31 and 33, the asso-
ciation was less strong.

The new epidemiological data reviewed in the present volume strongly support and
further confirm the previous evaluation of types 16 and 18, and provide new evidence for
other HPVs. This information, which includes strong evidence of carcinogenicity at sites
other than the cervix, supports new evaluations for several other HPV types in addition to
those mentioned above.

A brief history of research on papillomaviruses

Research on papillomas and papillomaviruses began more than 100 years ago.
Probably the earliest work was carried out in England in 1896 by McFadyean and Hobday
who demonstrated cell-free transmission of canine warts (McFadyean & Hobday, 1898).
This finding was followed by the more frequently quoted cell-free transmission of human
warts reported by Ciuffo (1907) in Italy. However, warts were not considered to be
authentic tumours at that time, and it is therefore not surprising that the subsequent reports
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of cell-free transmission of chicken leukaemia by Ellermann and Bang (1908) in
Copenhagen and of chicken sarcoma by Rous (1911) in New York received much more
attention from the scientific community.

In spite of a limited number of studies on papillomas and their viral etiology in sub-
sequent decades, it was almost 80 more years later when this area of research engendered
broad interest, particularly in the field of medicine. This resulted from the demonstration
of a relationship between specific HPV infections and cancer of the cervix, one of the
most frequent cancers in women. However, the recent surge in activities in papillomavirus
research basically has four (initially relatively independent) historical roots: (a) studies on
the development of papillomas in cattle; (b) those on the development of papillomas in
rabbits; (c) studies on a rare human hereditary condition (epidermodysplasia verruci-
formis), which is characterized by extensive verrucosis and the subsequent development
of skin cancer in warts that are located at sites exposed to sunlight; and (d) investigations
on the viral etiology of cancer of the cervix. Although they were initiated by different
primary observations, all four types of study played a role in the subsequent progress and
stimulated specific experimental approaches. A brief outline of the pioneer work
performed in the four areas and some of the early major advances made in these fields are
summarized below.

The infectious origin of bovine warts was initially demonstrated in Brazil (Magelhaes,
1920). Interest in these types of frequently giant papillomas developed from the studies of
Olson and Crook (1951), who showed that transmission of these viruses to another species
(horses) resulted in the induction of sarcoids. These invasive but non-metastasizing
tumours are also observed in domestic horses under natural conditions. Thus, their experi-
mental induction suggested that they originated from trans-species transmission of bovine
papillomavirus (BPV), which was proven much later by molecular analyses (Lancaster &
Olson, 1978). This group made another striking observation, namely the induction of
bladder tumours in cattle by BPV infection (Olson ef al., 1959). Four years later, two addi-
tional reports by Black et al. (1963) and Thomas et al. (1963) described the transforming
activity of BPV preparations in bovine and murine cells. This was the first time that tissue
culture studies were used in papillomavirus research and they profoundly influenced
progress in subsequent years.

The development of molecular biology and DNA-cloning techniques in the 1970s and
the application of this technology to the BPV system characterized parts of the BPV
genome as the elements responsible for transformation in tissue cultures (Lowy et al.,
1980). Shortly thereafter, BPV-1 was the first type of papillomavirus to be fully sequenced
(Chen et al., 1982).

The interest in studies of BPV continues and is mainly based on the ease with which
some of the most prevalent BPV types (BPV-1 and -2) can be used in tissue culture studies
to study the mechanisms of persistence of the viral genome, as well as the patterns of
expression of specific viral genes. Oesophageal carcinomas that originate from BPV-4-
positive papillomatosis of the oesophagus have added to this interest (Campo, 1987).
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Moreover, the use of BPV DNA in shuttle vectors and the episomal persistence of this
DNA greatly increased the number of studies on these types of virus.

Retrospectively, the impact of research on BPV to this field was mainly through the
analysis of BPV-induced cell transformation, the dissection of the viral genome and the
structural and functional characterization of individual viral genes and gene products. The
data obtained particularly facilitated early studies on HPV infections.

A second root of papillomavirus research that substantially influenced cancer research
in general was the identification of papillomas and their infectious origin in wild cottontail
rabbits in the early 1930s (Shope, 1933). After successful transmission of this infection to
domestic rabbits, Rous and Beard (1934) soon noted that the initial papillomas that deve-
loped in these animals frequently converted to squamous-cell carcinomas. Occasionally,
malignant conversion also occurred in the natural host (the cottontail rabbit). In a number
of ingenious studies by this group, synergistic effects of viral and chemical carcinogens
were observed, and the concept of tumour initiation was developed through the analysis of
this system (e.g. Rous & Kidd, 1938; Rous & Friedewald, 1944). Although Rous concep-
tually preceded his contemporaries by several decades, the importance of his work was
only acknowledged in 1966, when he received the Nobel Prize. Ito and Evans (1961)
showed that the purified DNA of the cottontail rabbit papillomavirus (CRPV) induced
squamous-cell carcinomas in rabbits, and thus directly revealed the carcinogenicity of a
viral genome.

The research by Peyton Rous was not specifically driven by his interest in the infec-
tious agent of rabbit papillomas. He strove to understand the mechanisms of the induction
of cancer. The frequent progression of rabbit papillomas to squamous-cell carcinomas
provided a model with which to analyse the steps in cancer development and to understand
the synergistic effects of different classes of carcinogen. Interestingly, the rabbit papillo-
mavirus system drew comparatively little attention subsequently. The literature today
contains comparatively few studies of CRPV in comparison with BPV, epidermodysplasia
verruciformis and genital HPV infections.

The analysis of human papillomatous lesions and their relationship with viral
infections and carcinogenesis began much more slowly. Because of their cell-free trans-
mission, the infectious etiology of of human warts was clearly established. However,
warts were mainly regarded as a cosmetic nuisance and were not considered to be of
significant medical interest.

A gradual change from this view began with the description of a syndrome that was
reported by Lewandowsky and Lutz (1922) in Basel. They described a hereditary condi-
tion that was characterized by an extensive verrucosis, and which they named epidermo-
dysplasia verruciformis. At sites of these patients that were exposed to sunlight (the
forehead, the face, the back of the hands and arms), some of these papillomatous lesions
converted to squamous-cell carcinomas. Lutz (1946) and subsequently Jablonska and
Millewsky (1957) proved the viral etiology of these warts in auto-inoculation experiments.
Schellender and Fritsch (1970) and Ruiter and van Mullem (1970) were particularly
intrigued by the restriction of the development of squamous-cell carcinomas to sites
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exposed to the sun. It was largely the work of Stefania Jablonska in Warsaw, Poland, that
pointed to the possible role of papillomavirus particles seen in these warts as causal factors
for the subsequent development of squamous-cell cancers of the skin (Jablonska et al.,
1972). A collaboration between the group in Poland and the group of Gérard Orth in Paris
successfully demonstrated the presence of novel types of HPV, most frequently HPV 5,
within epidermodysplasia verruciformis lesions and within biopsies of squamous-cell
carcinomas from these patients. (Orth et al., 1977, 1978, 1979).

Although HPV 5 represents the first HPV that is regularly detected in cutaneous
squamous-cell cancers of these patients, the rarity of the syndrome, the difficulties in
obtaining sufficient clinical materials for extensive studies and the absence of tissue culture
lines from these carcinomas were probably the reasons for the somewhat limited interest in
this condition. More than 25 years after the initial discovery of HPV 5 and related viruses,
most questions relating to their etiological role and to the mechanism of their interaction in
infected host cells in the course of carcinogenesis still remain open. Only in more recent
years has the study of cutaneous HPV infections and their relationship to non-melanoma
skin cancer in immunosuppressed and immunocompetent patients found increasing
attention.

A fourth root of papillomavirus research resulted in the identification of specific HPV
types as causative agents for cancer of the cervix, other anogenital cancers and a subset
of oropharyngeal carcinomas. These investigations were initiated to investigate a viral
etiology of cancer of the cervix. Techniques that were used for the detection of Epstein-
Barr viral DNA in a ‘virus-free’ Burkitt lymphoma cell line (zur Hausen & Schulte-
Holthausen, 1970) and in biopsies from Burkitt lymphomas and nasopharyngeal cancers
(zur Hausen et al., 1970) were applied to cervical cancer in attempts to detect herpes
simplex virus type 2 (HSV 2) DNA in these biopsies. By the end of the 1960s and the
during the 1970s, serological studies had suggested a role of HSV 2 in this cancer (Rawls
et al., 1968; Naib ef al., 1969). The failure to find traces of HSV 2 DNA in these cancer
biopsies prompted the search for other potential infectious candidates in the cause of this
cancer, since its epidemiology provided good reasons to suspect an infectious etiology
(zur Hausen, 1976).

A number of anecdotal reports of the malignant conversion of genital warts (condylo-
mata acuminata) had appeared in the medical literature during the preceding 100 years and
resulted in speculation on a possible causal role of HPV infections in cervical cancer that
led to initial attempts to characterize the viral DNA in genital warts (zur Hausen ef al.,
1974, 1975; zur Hausen 1976, 1977). These and other studies led to the early discovery of
the heterogeneity of the HPV family (Gissmann & zur Hausen, 1976; Orth et al 1977;
Gissmann et al., 1977), which currently numbers more than 100 fully sequenced genotypes
(de Villiers et al., 2004).

Meisels and Fortin (1976), Meisels et al. (1977) and Purola and Savia (1977)
interpreted the koilocytotic lesions observed in what was considered to be a flat condy-
loma of the cervix as being the cytopathic effect of an HPV infection. At this time, they
believed that these cellular modifications could be used to differentiate between ‘benign’
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virus-induced and premalignant ‘virus-free’ lesions. Della Torre et al. (1978 ) in Italy and
Laverty et al. (1978 ) in Australia first demonstrated typical HPV particles in these condy-
lomatous lesions of the cervix. In spite of their initial interpretation as markers for non-
malignant progression of the respective lesions, these observations underlined the
occurrence of HPV infections at cervical sites.

Although the eventual isolation of HPV DNA from genital warts (labelled as HPV 6;
Gissmann & zur Hausen, 1980) and from laryngeal papillomas (HPV 11; Gissmann ef al.,
1982) did not yield positive data for the causality of these viruses in cervical cancer, the
use of their DNA in hybridization experiments, performed under conditions of reduced
stringency, permitted the subsequent cloning of HPV 16 (Diirst et al., 1983) and HPV 18
(Boshart et al., 1984), the two HPV types most frequently found to date in cervical cancer.
These findings led to a burst of activity in subsequent years. Among numerous other
observations, these activities resulted in (a) the demonstration of a specific pattern of
expression of the viral E6 and E7 genes in carcinoma tissues (Schwarz et al., 1985, Yee
et al., 1985); (b) the finding that human keratinocytes are immortalized by high-risk
HPVs that express the £6 and E7 genes (Diirst ef al., 1987; Pirisi et al., 1987); (c) the
discovery that E6 and E7 proteins interact with various cellular proteins, in particular with
pRb and p53 initially (Dyson et al., 1989; Werness et al., 1990); (d) the direct demonstra-
tion that E6 and E7 proteins are responsible for the malignant phenotype of cervical
carcinoma cells (von Knebel Doeberitz ef al., 1992, 1994); and (e) large-scale epidemio-
logical studies that identified high-risk HPV types as the major risk factor for cervical
cancer (Mufioz et al., 1992, 2003; Bosch et al., 1995).

Today, the practical consequences of these studies are increasingly apparent, since an
increase of an order of magnitude in the quality of diagnostic approaches to validate early
precursor lesions of cervical cancer and the development of preventive vaccines that can
potentially prevent one of the major cancers in women are no longer unrealistic (reviewed
in zur Hausen, 2002). The recent demonstration of the efficacy of virus-like particles in
the prevention of persistent infection by HPV 16 in early precursor lesions of cervical
cancer (Koutsky et al., 2002; Harper et al., 2004) has had a considerable impact on the
development of prophylactic vaccines. Consequently, another cancer-preventive vaccine
other than that for hepatitis B virus is now available (see Section 1.8).

It is probable that research on papillomaviruses will expand in the future; the role of
these viral infections in at least some subsets of other anogenital and oropharyngeal
cancers has become substantially more prominent over the past few years. In addition, the
potential contribution to carcinogenesis (zur Hausen, 1999) of certain types of cutaneous
HPV that prevent apoptosis in cells damaged by ultraviolet light (Thomas & Banks, 1998;
Jackson et al., 2000) and/or target tumour-suppressor genes (Accardi ef al., 2006) has
been hypothesized. Moreover, new perspectives have emerged for the prevention of these
infections by the application of HPV testing technologies and vaccines.
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Public health concerns

This volume of IJARC Monographs provides a qualitative assessment of the carcino-
genicity of HPVs and groups HPV types with regard to the strength of evidence of
whether or not they cause cancer. However, there are evident and critically important
differences in the absolute risk posed by individual HPV types within each class of carci-
nogen. Among the HPV viruses that have been classified as carcinogenic to humans
(Group 1), the absolute risk for cancer associated with HPV 16 infection is of an order of
magnitude higher than that for the weaker HPV types. Similar differences in risk are
evident among the HPV types that have been classified as probably or possibly carcino-
genic to humans. With regard to public health, it is important to comprehend that the term
‘carcinogenic’ is not uniform and must be interpreted carefully for each intended inter-
vention. In the case of vaccination, it may be prudent to include all types of HPV that can
be combined in an effective and affordable manner. However, in the case of screening,
such a stratagem would have a seriously negative effect on clinical specificity and may
mislead many women into believing that they are at high risk for cancers (Khan et al.,
2005; Schiffman et al., 2005). When screening tests are applied to millions of women, a
high ratio of false-:true-positive results is disconcerting: false-positive results in screening
may lead to unnecessary colposcopies, biopsies and ablational/excisional treatments,
which increases both health-care costs and morbidity (Sadler et al., 2004).

Since the association between infection with HPV and the occurrence of cervical
cancer has been well established, the sections in this monograph that cover cervical cancer
are focused on an evaluation of the association between specific HPV types and this
cancer. In these sections, a limited number of highly stringent techniques for the detection
of HPV DNA were considered to be adequate to provide evidence of an association. For
cancers at sites other than the cervix, the relationship with HPV infection was not so well
established. Fewer studies have been conducted on the association between HPV infection
and any of these cancers, and the number of cases reported is much smaller than that for
cervical cancer. To enable a preliminary assessment of the association between HPV
infection and cancers other than those of the uterine cervix, a wider variety of techniques
and methods were considered to be acceptable for presentation in the respective sections.

Since the Working Group was convened in 2005, important innovations in HPV
prophylaxis have occurered and these needed to be included in this volume (see
Section 1.8). To date, two prophylactic vaccines have been developed and used in large
multicentric trials (Harper et al., 2004; Villa et al., 2005; Harper et al., 2006; FUTURE 11
Study Group, 2007; Garland et al., 2007). One of the vaccines is Gardasil® (produced by
Merck and Co.) that protects against HPV types 6, 11, 16 and 18 (quadrivalent) and
another is Cervarix® (produced by GlaxoSmithKline) that protects against types 16 and
18 (bivalent). The quadrivalent vaccine was licensed in the USA by the Food and Drug
Administration (US FDA, 2006) on 8 June 2006 for use in women aged 9-26 years; the
European Medicines Agency (EMEA, 2006) gave official authorization for the marketing
of this quadrivalent vaccine in the European Union on 20 September 2006. An application
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has also been placed before this Agency to licence the bivalent vaccine. This prophylactic
vaccination is expected to reduce the incidence of HPV-related genital diseases, including
cervical, penile, vulvar, vaginal and anal cancer and precancerous lesions. In addition, a
reduction in the incidence of the genital warts is observed among persons who receive the
quadrivalent vaccine and a reduction in laryngeal papillomatosis can be anticipated
among their children (Arbyn & Dillner, 2007). As a consequence, it is anticipated that a
reduction in morbidity and mortality from HPV-related anogenital diseases will occur in
populations who received the available prophylactic vaccines. However, the benefits of
prophylactic vaccines in a broad public health perspective will be achieved only if such
vaccines can be provided to those groups of women for whom access to cervical cancer
screening services is most problematic. Therefore, the development of second-generation
vaccines that are expected to be cheaper, easier to deliver and/or to provide T-cell
response against pre-existing HPV infections is highly desirable.
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