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1998 gave recommendations as to which agents should be evaluated in the IARC Mono-
graphs series (IARC, 1984, 1989, 1991b, 1993, 1998a,b).
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collected by the Carcinogen Identification and Evaluation Unit of IARC from recognized
sources of information on carcinogenesis, including data storage and retrieval systems
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Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confidence intervals and significance tests, and to adjust for confounding
should have been clearly stated by the authors. The methods used should preferably have
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Data relevant to mechanisms of the carcinogenic action are also evaluated. The
strength of the evidence that any carcinogenic effect observed is due to a particular
mechanism is assessed, using terms such as weak, moderate or strong. Then, the Working
Group assesses if that particular mechanism is likely to be operative in humans. The
strongest indications that a particular mechanism operates in humans come from data on
humans or biological specimens obtained from exposed humans. The data may be consi-
dered to be especially relevant if they show that the agent in question has caused changes
in exposed humans that atioon the causal pathway to carcinogenesis. Such data may,,se93150.0002 owever, never181erateavailable,181ein q it93 Twt lea007(Thceivablein expcericalpera-as caused change11]TJT*poundsans. )18keptpecime Tw[ n q sol mec humansbaay 729 (strength29 Twirhe xicityn humans. )18(The)]TJ24 -1.181and/002vidence thatity 0 Tc0enqntumanystems.n humed. The
strumaand73 Tu1 TderTc0.1ures, t evaluated. The



















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 frequen025 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)









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 beillticipated
among their children (Arbyn & Dillner, 2007). As a consequence, it is llticipated that a































‘species’ is biologically useful, as these are natural taxa based on the close phylogenetic
relationship of certain types and because such species typically assemble papillomavirus
types that have common biological and pathological properties, a requirement of the



















































Papillomaviruses control the copy number of their genomes in infected cells, which
is a prerequisite for episomal maintenance during persistent infection. This process is not
under cellular control but involves the viral sequence-specific DNA-binding E2 activator
and E8^E2C repressor proteins. E2 repressor proteins have been demonstrated to counter-

































HUMAN PAPILLOMAVIRUSES

















molecules and therefore cannot be carried out on all biological specimens, particularly not
those derived from fixed tissues in which degradation of DNA is often observed. They are
also technically cumbersome and are not suitable for large-scale population studies.

In these techniques, high-molecular-weight, highly purified DNA is digested with















a very large number of experimental studies on immunological cross-reactivity of
Jensonf

















Table 11 lists the most relevant studies of the prevalence of HPV in cytologically
negative women (also excluding atypical squamous cells of undetermined significance
[ASCUS]; see the footnote for exceptions) for several populations worldwide with various
age ranges. The restriction of surveys on the prevalence of type-specific HPV DNA to
cytologically negative women was intended to minimize any influence of longer duration
of lesions related to specific types. The selected studies were population–surveillance-
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In order to evaluate and update the 1991 Bethesda classification, the 2001 Bethesda
system was established. The terminology used was agreed after a review process in which
more than 400 cyto-/histopathologists, gynaecologists, cytotechnologists, epidemio-
logists, health physicians and lawyers were involved. The dichotomous division of SIL
into LSIL and HSIL was based on virological, molecular and clinical observations that
LSIL is more frequently a result of a transient HPV infection whereas HSIL is more
frequently associated with viral persistence and high risk for progression. LSIL includes













































A 0.5% solution of podophyllotoxin (podophilox) applied topically reduced the meannumber of anogenital warts from 6.3 to 1.1, destroyed about 70% of all warts and totallycleared warts in 29–50% of patiela5(Bonnez yetf ay
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The aim of therapeutic vaccines is to eradicate infected cells or reduce their number.
Initial strategies were targeted to eliminate residual malignant cells in patients with cervical
cancer, although the prevention of progression of HSIL, LSIL or even cytologically normal
HPV-infected cells are all possible end-points. Therapeutic vaccines have also been used
as an approach to eradicate genital warts. Once HPV infection has been established, it is
improbable that antibodies play a role in the eradication of infected cells. Cytotoxic T
lymphoen es (CTL) are the primary effectors of tumour eradication. Many strategies for the
generation of CTL involve the stimulation of antigen-presenting cells (to process the
tumour or viral antigens, and present them in the context of the MHC receptor) and
adhesion of co-stimulatory moleculec vacproduce anti-tumour lymphoen es. In many cases,
HPV-associated tumours express only the E6 and E7rese in t  of therapeuticticticti61ru inmostumour5 Tw68 ted
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rily with an increased risk for squamous-cell carcinoma (odds ratio, 3.2; 95% CI, 1.7–6.2)
while HPV 18 seropositivity tended to be associated with a higher risk for cervical adeno-
carcinomas (odds ratio, 3.4; 95% CI, 0.8–14.9). HPV 33 seropositivity was not signifi-
cantly associated with either squamous-cell or adenocarcinoma (odds ratio, 1.6 and 1.7,
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mined in each study was small (< 105 cases), which may in part explain the large varia-
bility in the prevalence estimates.] A relatively low prevalence of overall HPV DNA,
coupled with the high prevalence of HPV16 and the lack of other HPV types among HPV-
positive laryngeal carcinomas, have been consistently reported in the more recent studies
of HPV and laryngeal squamous-cell carcinoma.

Similar results were reported in a large systematic review of published studies that met
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In summary, with the exception of the studies in Taiwan, China, there is a paucity of
data in non-cancer lung specimens, which greatly limits the interpretation of the large
number of studies that have been reported to date. In those studies that did test non-cancer
lung specimens, the high prevalence of HPV DNA reported was unexpected. [Simulta-
neous testing of normal human tissues, for which there is broad agreement that the pre-
valence of HPV is very low (in addition to cancer and non-cancer lung specimens), is
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(LSIL, 20.2%; HSIL, 6.2%). The women were followed every 6 months for a mean obser-
vation time of 15.4 months (range, 6–24 months). Although CD4+ cell counts increased
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from 3.7 cases per 100 000 in 1973–78 and 8.6 cases per 100 000 in 1984–90 to 20.6 cases















papilloma, two papillomas, one papilloma plus adenocarcinoma plus squamous carcinoma
— this latter case was accompanied by metastasis to the iliac node) were inoculated into
the skin, vagina and urinary bladder of young calves. Of 17 inoculated calves, 10 deve-
loped skin fibropapillomas, seven developed fibropapillomas of the vagina and five deve-
loped polyps and fibromas of the urinary bladder. These experiments demonstrated both the
presence of BPV in tumours of the urinary bladder and the ability of the virus to induce



































































































can provide a measure of past HPV infection. Taken together, these methods have contri-
buted greatly to understanding the natural history of genital HPV infections. 

Transmission of genital HPVs occurs primarily through sexual intercourse. Annual
rates of incident infection in young women are approximately 5–15%, and infections by
high-risk types, particularly HPV 16, are the most frequent. Overall HPV positivity in cyto-
logically normal women ha372tatreporutedat leveles ofbetw2tat1.5%, and39%n. Tthe inco-









The presence of HPV in some conjunctival squamous-cell carcinomas and the results







CRPV-induced papillomas progress to carcinomas at a much higher frequency in
domestic rabbits than in cottontail rabbits, which implicates the genetic background of the
host in the neoplastic process. Increased malignant progression of persistent warts is
linked to alleles within the hypervariable region of class II DQ alpha genes.

The transforming proteins SE6, LE6 and E7 of CRPV are consistently expressed in
all cancers. Experiments on overexpression in rodent cells also determined a transforming
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papillomavirus DNA testing to compare equivocal cervical cytologic interpretations in the
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