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NOTE TO THE READER

The term 'carcinogenic risk' in the IARC Monographs series is taken to mean the proba-
bility that exposure to an agent will lead to cancer in humans.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only that the
published data have been examined. EqualIy, the fact that an agent has not yet been evaluated in
a monograph does not mean that it is not carcinogenic.

The evaluations of carcinogenic risk are made by international working groups of inde-
pendent scientists and are qualitative in nature. No recommendation is given for regulation or
legislation.

Anyone who is aware of published data that may alter the evaluation of the carcinogenic
risk of an agent to humans is encouraged to make this information available to the Unit of
Carcinogen Identification and Evaluation, International Agency for Research on Cancer, 150
cours Albert Thomas, 69372 Lyon Cedex 08, France, in order that the agent may be considered
for re-evaluation by a future W orking Group.

Although every effort is made to prepare the monographs as accurately as possible,
mistakes may occur. Readers are requested to communicate any errors to the Unit of Carcinogen
Identification and Evaluation, so that corrections can be reported in future volumes.
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lARe MONOGRAPHS PROGRAMME ON THE EVALUATION
OF eARelNOGENie RISKS TO HUMANS'

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (lARe) initiated a programme to
evaluate the carcinogenic risk of chemicals to humans and to produce monographs on individual
chemicals. The Monographs programme has since been expanded to incIude consideration of
exposures to complex mixtures of chemicals (which occur, for example, in some occupations
and as a result of human habits) and of exposures to other agents, such as radiation and viruses.
With Supplement 6 (lARC, 1987a), the title of the series was modified from lARC Monographs
on the Evaluation of the Carcinogenic Risk of Chemicals to Humans to IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans, in order to reflect the widened scope of the
programme.

The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted by
the working groups whose deliberations resulted in the first 16 volumes of the lARC
Monographs series. Those criteria were subsequently updated by further ad-hoc working groups
(IARC, 1977, 1978, 1979,1982, 1983, 1987b, 1988, 1991a; Vainio et aL., 1992).

2. OBJECTIVE AND SCOPE

The objective of the programme is to prepare, with the help of international working groups
of experts, and to publish in the form of monographs, critical reviews and evaluations of

evidence on the carcinogenicity of a wide range of human exposures. The Monographs may also
indicate where additional research efforts are needed.

The Monographs represent the first step in carcinogenic risk assessment, which involves
examination of aIl relevant information in order to assess the strength of the available evidence
that certain exposures could alter the incidence of cancer in humans. The second step is
quantitative risk estimation. Detailed, quantitative evaluations of epidemiological data may be
made in the Monographs, but without extrapolation beyond the range of the data available.
Quantitative extrapolation from experimental data to the human situation is not undertaken.

'This project is supported by PHS Grant No. 5-UOI CA33193-14 awarded by the United States National Cancer
Institute, Deparment of Health and Human Services. Since 1986, the programme has also been supported by the
European Commission.
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The term 'carcinogen' is used in these monographs to denote an exposure that is capable of
increasing the incidence of malignant neoplasms; the induction of benign neoplasrns may in
some circumstances (see p. 18) contribute to the judgement that the exposure is carcinogenic.
The terms 'neoplasm' and 'tumour' are used interchangeably.

Some epidernological and experimental studies indicate that different agents may act at
different stages in the carcinogenic process, and several different mechanisms may be involved.
The aim of the Monographs has been, from their inception, to evaluate evidence of carcino-
genicity at any stage in the carcinogenesis process, independently of the underlying

mechanisms. Information on mechanisms may, however, be used in making the overall
evaluation (IARC, 1991 a; Vainio et aL., 1992; see also pp. 25-26).

The Monographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessar preventive measures. The
evaluations of IARC working groups are scientific, qualitative judgements about the evidence
for or against carcinogenicity provided by the available data. These evaluations represent only
one part of the body of information on which regulatory measures may be based. Other

components of regulatory decisions may vary from one situation to another and from country to
country, responding to different socioeconomic and national priorities. Therefore, no recom-
mendation is given with regard to regulation or legislation, which are the responsibilty of
individual governments and/or other international organizations.

The IARC Monographs are recognized as an authoritative source of information on the
carcinogenicity of a wide range of human exposures. A users' survey, made in 1988, indicated
that the Monographs are consulted by varous agencies in 57 countries. Each volume is
generally printed in 400 copies for distribution to govemments, regulatory bodies and

interested scientists. The Monographs are also available from the International Agency for
Research on Cancer in Lyon and via the Distribution and Sales Service of the World Health
Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) there is evidence of human
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term 'agent' is
used to include individual chemical compounds, groups of rdated chemical compounds,
physical agents (such as radiation) and biologie al factors (such as viruses). Exposures to

mixtures of agents may occur in occupational exposures and as a result of pers on al and cultural
habits (like smoking and dietar practices). Chemical analogues and compounds with biological
or physical characteristics sirnlar to those of suspected carcinogens may also be considered,
even in the absence of data on a possible carcinogenic effect in humans or experirnentalanimals.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcinogenis;ity
(IARC, 1973-1994) and directories of on-going research in cancer epidemiology (lARe, 1976-
1994) often indicate those exposures that may be scheduled for future meetings. Ad-hoc
working groups convened by IARC in 1984, 1989, 1991 and 1993 gave recoffmendations as to
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which agents should be evaluated in the IARC Monographs series (IARC, 1984, 1989, 1991b,
1993).

As significant new data on subjects on which monographs have already been prepared
become available, re-evaluations are made at subsequent meetings, and revised monographs are
published.

4. DATAFORMONOGRAPHS

The Monographs do not necessarly cite aIl the literature concerning the subject of an
evaluation. Only those data considered by the Working Group to be relevant to making the
evaluation are included.

With regard to biological and epidemiological data, only reports that have been published
,or accepted for publication in the openly available scientific literature are reviewed by the
working groups. ln certain instances, government agency reports that have undergone peer
review and are widely available are considered. Exceptions may be made on an ad-hoc basis to
include unpublished reports that are in their final form and publicly available, if their inclusion
is considered pertinent to makng a final evaluation (see pp. 25-26). ln the sections on chemical
and physical properties, on analysis, on production and use and on occurrence, unpublished
sources of information may be used.

5. THE WORKING GROUP

Reviews and evaluations are formulated by a working group of experts. The tasks of the
group are: (i) to ascertain that aIl appropriate data have been coIlected; (ii) to select the data
relevant for the evaluation on the basis of scientific ment; (iii) to prepare accurate summares of
the data to enable the reader to foIlow the reasoning of the Working Group; (iv) to evaluate the
results of epidernological and experimental studies on cancer; (v) to evaluate data relevant to
the understanding of mechanism of action; and (vi) to make an overaIl evaluation of the
carcinogenicity of the exposure to humans.

W orking Group paricipants who contributed to the considerations and evaluations within a
paricular volume are listed, with their addresses, at the beginning of each publication. Each
paricipant who is a member of a working group serves as an individual scientist and not as a
representative of any organization, government or industry. ln addition, nominees of national
and international agencies and industrial associations may be invited as observers.

6. WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of the
monographs are announced and participants are selected by lARe staff in consultation with
other experts. Subsequently, relevant biological and epidemiological data are collected by IARC
'from recognized sources of information on carcinogenesis, including data storage and retrieval
systems such as MEDLINE and TOXLINE, and EMIC and ETIC for data on genetic and related
effects and reproductive and developmental effects, respectively.
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For chemicals and some complex mixtures, the major collection of data and the preparation
of first drafts of the sections on chemical and physical properties, on analysis, on production and
use and on occurrence are cared out under a separate contract funded by the United States
National Cancer Institute. Representatives from industrial associations may assist in the
preparation of sections on production and use. Information on production and trade is obtained
from governmental and trade publications and, in some cases, by direct contact with industries.
Separate production data on some agents may not be available because their publication could
disclose confidential information. Information on uses may be obtained from published sources
but is often complemented by direct contact with manufacturers. Efforts are made to supplement
this information with data from other national and international sources.

Six months before the meeting, the material obtained is sent to meeting paricipants, or is
used by IARC staff, to prepare sections for the first drafts of monographs. The first drafts are
compiled by IARC staff and sent, prior to the meeting, to ail participants of the Working Group
for review.

The Working Group meets in Lyon for seven to eight days to discuss and finalize the texts
of the monographs and to formulate the evaluations. After the meeting, the mas ter copy of each
monograph is verified by consulting the original literature, edited and prepared for publication.
The aim is to publish monographs within six months of the Working Group meeting.

The available studies are summarzed by the W orking Group, with paricular regard to the
qualitative aspects discussed below. ln general, numerical findings are indicated as they appear
in the original report; units are converted when necessar for easier comparson. The W orking
Group may conduct addition al analyses of the published data and use them in their assessment
of the evidence; the results of such supplementar analyses are given in square brackets. When
an important aspect of a study, directly impinging on its interpretation, should be brought to the
attention of the reader, a comment is given in square brackets.

7. EXPOSUREDATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the people most likely to be exposed and the factors that contribute to the exposure are
included aUhe beginning of each monograph.

Most monographs on individual chemicals, groups of chemicals or complex mixtures
include sections on chemical and physical data, on analysis, on production and use and on
occurrence. ln monographs on, for example, physical agents, occupation al exposures and
cultural habits, other sections may be included, such as: historical perspectives, description of an
industry or habit, chemistry of the complex mixture or taxonomy. Monographs on biological
agents have sections on structure and biology, methods of detection, epidemiology of infection
and clinical disease other than cancer. .

For chemical exposures, the Chemical Abstracts Services Registry Number, the latest
Chemical Abstracts Primar Name and the IUPAC Systematic Name are recorded; olher
synonyms are given, but the list is not necessarly comprehensive. For biological agents,

taxonomy and structure are described, and the degree of varability is given, when applicable.
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Information on chemical and physical properties and, in paricular, data relevant to
identification, occurrence and biological activity are included. For biological agents, mode of
replication, life cycle, target cells, persistence and latency and host response are given. A
description of technical products of chemicals includes trades names, relevant specifications and
available information on composition and impurities. Some of the trade names given may be
those of mixtures in which the agent being evaluated is only one of the ingredients.

The purpose of the section on analysis or detection is to give the reader an overview of
current methods, with emphasis on those widely used for regulatory purposes. Methods for
monitoring human exposure are also given, when available. No critical evaluation or
recommendation of any of the methods is meant or implied. The IARC publishes a series of
volumes, Environmental Carcinogens: Methods of Analysis and Exposure Measurement (IARC,
1978-93), that describe validated methods for analysing a wide varety of chemicals and
mixtures. For biological agents, methods of detection and exposure assessment are described,
including their sensitivity, specificity and reproducibility.

The dates of first synthesis and of first commercial production of a chemical or mixture are
provided; for agents which do not occur naturally, this information may allow a reasonable
estimate to be made of the date before which no human exposure to the agent could have
occurred. The dates of first reported occurrence of an exposure are also provided. ln addition,
methods of synthesis used in past and present commercial production and different methods of
production which may give rise to different impurities are described.

Data on production, international trade and uses are obtained for representative regions,
which usually include Europe, Japan and the United States of America. lt should not, however,
be inferred that those areas or nations are necessarly the sole or major sources or users of the
agent. Some identified uses may not be current or major applications, and the coverage is not
necessarly comprehensive. ln the case of drugs, mention of their therapeutic uses does not
necessarly represent current practice nor does it imply judgement as to their therapeutic
effcacy.

Information on the occurrence of an agent or mixture in the environment is obtained from
data derived from the monitoring and surveillance of levels in occupational environments, air,
water, soil, foods and animal and human tissues. When available, data on the generation,
persistence and bioaccumulation of the agent are also included. ln the case of mixtures,

industries, occupations. or processes, information is given about aIl agents present. For
processes, industries and occupations, a historical description is also given, noting varations in
chemical composition, physical properties and levels of occupational exposure with time and
place. For biological agents, the epidemiology of infection is described.

Statements concerning regulations and guidelines (e.g. pesticide registrations, maximal
levels permtted in foods, occupation al exposure limits) are included for some countres as
indications of potential exposures, but they may not reflect the most recent situation, since such
limits are continuously reviewed and modified. The absence of information on regulatory status
.for a country should not be taken to imply that that country does not have regulatións with
regard to the exposure: For biological agents, legislation and control, including vaccines and
therapy, are described.
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8. STUDIES OF CANCER lN HUMANS

(a) Types of studies considered

Three types of epidemiological studies of cancer contnbute to the assessment of

carcinogenicity in humans--ohort studies, case4:ontrol studies and correlation (or ecological)
studies. Rarely, results from randomized trials may be available. Case series and case reports of
cancer in humans may also be reviewed.

Cohort and case4:ontrol studies relate individual exposures under study to the occurrence
of cancer in individuals and provide an estimate of relative risk (ratio of incidence or mortality
in those exposed to incidence or mortality in those not exposed) as the main measure of
association.

ln correlation studies, the units of investigation are usually whole populations (e.g. in
paricular geographical areas or at paricular times), and cancer frequency is related to a

summary measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individu al exposure is not documented, however, a causal
relationship is less easy to infer from correlation studies than from cohort and case4:ontrol
studies. Case reports generally arise from a suspicion, based on clinical expenence, that the
concurrence of two events-that is, a paricular exposure and occurrence of a cancer-has
happened rather more frequently than would be expected by chance. Case reports usually lack
complete ascertainment of cases in any population, definition or enumeration of the population
at risk and estimation of the expected number of cases in the absence of exposure. The
uncertainties surrounding interpretation of case reports and correlation studies make them
inadequate, except in rare instances, to form the sole basis for inferrng a causal relationship.
When taken together with case4:ontrol and cohort studies, however, relevant case reports or
correlation studies may add materially to the judgement that a causal relationship is present.

Epidemiological studies of benign neoplasms, presumed preneoplastic les ions and other
end-points thought to be relevant to cancer are also reviewed by working groups. They may, in
some instances, strengthen inferences drawn from studies of cancer itself.

(b) Quality of studies considered

The Monographs are not intended to summarze aIl published studies. Those that are judged
to be inadequate or irrelevant to the evaluation are generally omitted. They may be mentioned
briefly, paricularly when the information is considered to be a useful supplement to that in other
reports or when they pro vide the only data available. Their inclusion does not imply acceptance
of the adequacy of the study design or of the analysis and interpretation of the results, and
limitations are c1early outlned in square brackets at the end of the study description.

It is necessary to take into account the possible roles of bias, confounding and chance in the
interpretation of epidemiological studies. By 'bias' is meant the operation of factors in study
design or execution that lead erroneously to a stronger or weaker association than in fact exists
between disease and an agent, mixture or exposure circumstance. By 'confounding' is meant a
situation in which the relationship with disease is made to appear stronger or to appear weaker
than it truly is as a result of an association between the apparent causal factor and another factor
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that is associated with either an increase or decrease in the incidence of the disease. ln
evaluating the extent to which the se factors have been minimized in an individual study,
working groups consider a number of aspects of design and analysis as described in the report of
the study. Most of these considerations apply equalIy to case-control, cohort and correlation
studies. Lack of clarIty of any of these aspects in the reporting of a study can decrease its
credibility and the weight given to it in the final evaluation of the exposure.

Firstly, the study population, disease (or diseases) and exposure should have been weil
defined by the authors. Cases of disease in the study population should have been identified in a
way that was independent of the exposure of interest, and exposure should have been assessed in
a way that was not related to disease status.

Secondly, the authors should have taken account in the study design and analysis of other
variables that can influence the risk of disease and may have been related to the exposure of
interest. Potential confounding by such variables should have been dealt with either in the
design of the study, such as by matching, or in the analysis, by statistical adjustment. ln cohort
studies, comparisons with local rates of disease may be more appropriate than those with
national rates. InternaI comparisons of disease frequency among individuals at different levels of
exposure should also have been made in the study.

Thirdly, the authors should have reported the basic data on which the conclusions are
founded, even if sophisticated statistical analyses were employed. At the very least, they should
have given the numbers of exposed and unexposed cases and controls in a case-control study
and the numbers of cases observed and expected in a cohort study. Further tabulations by time
since exposure began and other temporal factors are also important. ln a cohort study, data on aH
cancer sites and ail causes of death should have been given, to reveal the possibility of reporting
bias. ln a case-control study, the effects of investigated factors other than the exposure of
interest should have been reported.

FinalIy, 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 been the generally
accepted techniques that have been refined since the mid- 1970s. These methods have been
reviewed for case-control studies (Breslow & Day, 1980) and for cohort studies (Breslow &
Day, 1987).

(c) Inferences about mechanism of action

Detailed analyses of both relative and absolute risks in relation to temporal variables, such
as age at first exposure, time since first eXp'osure, duration of exposure, cumulative exposure and
time since exposure ceased, are reviewed and summarized when available. The analysis of
temporal relationships can be useful in formulating models of carcinogenesis. ln particular, such
analyses may suggest whether a carcinogen acts early or late in the process of carcinogenesis,
although at best they allow only indirect inferences about the mechanism of action. Special
attention is given to measurements of biological markers of carcinogen exposure or action, such
as DNA or protein adducts, as weil as markers of early steps in the carcinogenic process, such as
proto-oncogene mutation, when these are incorporated into epidemiological studies focused on
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cancer incidence or mortality. Such measurements may allow inferences to be made about
putative mechanisms of action (IARC, 1991a; Vainio et al., 1992).

(d) Criteria for causality

After the quality of individual epidemiological studies of cancer has been summarzed and
assessed, a judgement is made concerning the strength of evidence that the agent, mixture or
exposure circumstance in question is carcinogenic for humans. ln making their judgement, the
Working Group considers several criteria for causality. A strong association (i.e. a large relative
risk) is more likely to indicate causality than a weak association, although it is recognized that
relative risks of small magnitude do not imply lack of causality and may be important if the
disease is common. Associations that are replicated in several studies of the same design or
using different epidemiological approaches or under different circumstances of exposure are
more likely to represent a causal relationship th an isolated observations from single studies. If
there are inconsistent results among investigations, possible reasons are sought (such as
differences in amount of exposure), and results of studies judged to be of high quality are given
more weight than those of studies judged to be methodologically less sound. When suspicion of
carcinogenicity arses largely from a single study, these data are not combined with those from
later studies in any subsequent reassessment of the strength of the evidence.

If the risk of the disease in question increases with the am ou nt of exposure, this is
considered to be a strong indication of causality, although absence of a graded response is not
necessarly evidence against a causal relationship. Demonstration of a decline in risk after
cessation of or reduction in exposure in individuals or in whole populations also supports a
causal interpretation of the findings.

Although a carcinogen may act upon more than one target, the specificity of an association
(i.e. an increased occurrence of cancer at one anatomical site or of one morphological type) adds
plausibility to a causal relationship, paricularly when excess cancer occurrence is limited to one
morphological type within the same organ.

Although rarely available, resutts from randomized trials showing different rates among
exposed and unexposed individuals provide paricularly strong evidence for causality.

When several epideiniological studies show little or no indication of an association between
an exposure and cancer, the judgement may be made that, in the aggregate, they show evidence
of lack of carcinogenicity. Such a judgement requires first of aIl that the studies giving rise to it
meet, to a sufficient degree, the standards of design and analysis described above. SpecificaIly,
the possibility that bias, confounding or misclassification of exposure or outcome could explain
the observed results should be considered and excluded with reasonable certainty. ln addition,
ail studies that are judged to be methodologically sound should be consistent with a relative risk
of unit y for any observed level of exposure and, when considered together, should provide a
pooled estimate of relative risk which is at or near unit y and has a narow confidence interval,
due to suffcient population size. Moreover, no individual study nor the pooled results of aIl the
studies should show any consistent tendency for relative risk of cancer to increase o/ith
increasing level of exposure. It is importnt to note that evidence of lack of carcinogenicity
obtained in ths way from several epidemiological studies can apply only to the type(s) of cancer
studied and to dose levels and intervals between first exposure and observation of disease that
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are the same as or less th an those observed in an the studies. Experience with human cancer
indicates that, in some cases, the period from first exposure to the development of clinical cancer
is seldom less than 20 years; latent periods substantially shorter th 

an 30 years cannot pro vide
evidence for lack of carcinogenicity.

9. STUDIES OF CANCER lN EXPERIMENTAL ANIMALS

Ali known human carcinogens that have been studied adequately in experimental animais
have produced positive results in one or more animal species (Wilbourn et aL., 1986; Tomatis et
aL., 1989). For several agents (aflatoxins, 4-aminobiphenyl, azathioprine, betel quid with
tobacco, BCME and CMME (technical grade), chlorambucil, chlornaphazine, ciclosporin, coal-
tar pitches, coal-tars, combined oral contraceptives, cyclophosphamide, diethylstilboestrol,
melphalan, 8-methoxypsoralen plus UV A, mustard gas, myleran, 2-naphthylamine, nonsteroidal
oestrogens, oestrogen replacement therapy/steroidal oestrogens, solar radiation, thiotepa and
vinyl chloride), carcinogenicity in experimental animais was established or highly suspected
before epidemiological studies confirmed the carcinogenicity in humans (Vainio et aL., 1995).
Although this association cannot establish that ail agents and mixtures that cause cancer in
experimental animais also cause cancer in humans, nevertheless, in the absence of adequate
data on humans, it is biologically plausible and prudent to regard agents and mixtures for
which there is suffcient evidence (see p. 24) of carcinogenicity in experimental animais as
if they presented a carcinogenic risk to humans. The possibility that a given agent may cause
cancer through a species-specific mechanism which does not operate in humans (see p. 26)
should also be taken into consideration.

The nature and extent of impurities or contaminants present in the chemical or mixture
being evaluated are given when available. Animal strain, sex, numbers per group, age at star of

treatment and survival are reported.

Other types of studies summarzed include: experiments in which the agent or mixture was
administered in conjunction with known carcinogens or factors that modify carcinogenic effects;
studies in which the end-point was not cancer but a defined precancerous lesion; and

experiments on the carcinogenicity of known metabolites and derivatives.

For experimental studies of mixtures, consideration is given to the possibility of changes in
the physicochemical properties of the test substance during collection, storage, extraction,
concentration and delivery. Chemical and toxicological interactions of the components of
mixtures may result in nonlinear dose-response relationships.

An assessment is made as to the relevance to human exposure of samples tested in
experimental animais, which may involve consideration of: (i) physical and chemical
characteristics, (ii) constituent substances that indicate the presence of a class of substances,
(iii) the results of tests for genetic and related effects, including genetic activity profies, DNA
adduct profies, proto-oncogene mutation and expression and suppressor gene inactivation. The
relevance of results obtairied, for ex ample, with animal viruses analogous to the virus being
evaluated in the monograph must also be considered. They may provide biological and
mechanistic information relevant to the understanding of the process of carcinogenesis in
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humans and may strengthen the plausibility of a conclusion that the biological agent that is
being evaluated is carcinogenic in humans.

(a) Qualitative aspects

An assessment of carcinogenicity involves several considerations of qualitative importance,
incJuding (i) the experimental conditions under which the test was performed, including route
and schedule of exposure, species, strain, sex, age, duration of folIow-up; (ii) the consistency of
the results, for example, across species and target organes); (iii) the spectrum of neoplastic
response, from preneoplastic lesions and benign tumours to malignant neoplasms; and (iv) the
possible role of modifying factors.

As mentioned earlier (p. II), the Monographs are not intended to summarize ail published
studies. Those studies in experimental animaIs that are inadequate (e.g. too short a duration, too
few animaIs, poor survival; see below) or are judged irrelevant to the evaluation are generally
omitted. Guidelines for conducting adequate long-term carcinogenicity experiments have been
outlined (e.g. Montesano et al., 1986).

Considerations of importance to the W orking Group in the interpretation and evaluation of
a particular study include: (i) how cJearly the agent was defined and, in the case of mixtures,
how adequately the sam pIe characterization was reported; (ii) whether the dose was adequately
monitored, particularly in inhalation experiments; (iii) whether the doses and duration of
treatment were appropriate and whether the survival of treated animaIs was similar to that of
controls; (iv) whether there were adequate numbers of animaIs per group; (v) whether animaIs of
both sexes were used; (vi) whether animais were alIocated randomly to groups; (vii) whether the
duration of observation was adequate; and (viii) whether the data were adequately reported. If
available, recent data on the incidence of specific tumours in historical controls, as weil as in
concurrent controls, should be taken into account in the evaluation of tumour response.

When benign tumours occur together with and originate from the same cell type in an organ
or tissue as malignant tumours in a particular study and appear to represent a stage in the
progression to malignancy, it may be valid to combine them in assessing tumour incidence (Huff
et aL., 1989). The occurrence of lesions presumed to be preneoplastic may in certain instances
aid in assessing the biological plausibility of any neoplastic response observed. If an agent or
mixture induces only benign neoplasms that appear to be end-points that do not readily undergo
transition to malignancy, it should nevertheless be suspected of being a carcinogen and requires
further investigation.

(h) Quantitative aspects

The probability that tumours wilI occur may depend on the species, sex, strain and age of
the animal, the dose of the carcinogen and the route and length of exposure. Evidence of an
increased incidence of neoplasms with increased level of exposure strengthens the inference of a
causal association between the exposure and the development of neoplasms.

The form of the dose-response relationship can vary widely, depending on the particular
agent under study and the target organ. Both DNA damage and increased cell division are
important aspects of carcinogenesis, and cell proliferation is a strong determinant of dose-
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response relationships for some carcinogens (Cohen & ElIwein, 1990). Since many chemicals
require metabolic activation before being converted into their reactive intermediates, both
metabolic and pharmacokinetic aspects are important in determining the dose-response pattern.
Saturation of steps such as absorption, activation, inactivation and elimination may produce
nonlinearity in the dose-response relationship, as cou Id saturation of processes such as DNA
repair (Hoel et al., 1983; Gart et aL., 1986).

(c) Statistical analysis of long-term experiments in animals

Factors considered by the Working Group include the adequacy of the information given
for each treatment group: (i) the number of animais studied and the number examined
histologically, (ii) the number of animais with a given tumour type and (iii) length of survivaI.
The statistical methods used should be clearly stated and should be the generally accepted
techniques refined for this purpose (Peto et aL., 1980; Gart et aL., 1986). When there is no
difference in survival between control and treatment groups, the Working Group usually
compares the proportions of animais developing each tumour type in each of the groups.
Otherwise, consideration is given as to whether or not appropriate adjustments have been made
for differences in survival. These adjustments can include: comparisons of the proportions of
tumour-bearing animais among the effective number of animaIs (alive at the time the first
tumour Is discovered), in the case where most differences in survival occur before tumours
appear; life-table methods, when tumours are visible or when they may be considered 'fatal'
because mortality rapidly follows tumour development; and the Mantel-Haenszel test or logistic
regression, when occult tumours do not affect the animais' risk of dying but are 'incidental'
findings at autopsy.

ln practice, classifying tumours as fatal or incidental may be difficult. Several survival-
adjusted methods have been developed that do not require this distinction (Gar et aL., 1986),
although they have not been fully evaluated.

10. OTHER DA TA RELEVANT TO AN EV ALVA TION OF CARCINOGENICITY
AND ITS MECHANISMS

ln coming to an overall evaluation of carcinogenicity in humans (see p. 25), the Working
Group also considers related data. The nature of the information selected for the summary
depends on the agent being considered.

For chemicals and complex mixtures of chemicals such as those in some occupational
situations and involving cultural habits (e.g. tobacco smoking), the other data considered to be
relevant are divided into those on absorption, distribution, metabolism and excretion; toxic
effects; reproductive and developmental effects; and genetic and related effects.

Concise information is given on absorption, distribution (including placental transfer) and
,

excretion in both humans and experimental animais. Kinetic factors that may affect the dose-
response relationship, such as saturation of uptake, protein binding, metabolic activation,
detoxification and DNA repair processes, are mentioned. Studies that indicate the metabolic fate
of the agent in humans and in experimental animais are summarzed briefly, and comparisons of.
data from humans and animais are made when possible. Comparative information on the
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relationshipbetween exposure and the dose that reaches the target site may be of particular
importance for extrapolation between species. Data are given on acute and chronic toxic effects
(other than cancer), such as organ toxicity, increased celI proliferation, immunotoxicity and
endocrine effects. The presence and toxicological significance of cellular receptors is described.
Effects on reproduction, teratogenicity, fetotoxicity and embryotoxicity are also summarzed
briefly.

Tests of genetic and related effects are described in view of the relevance of gene mutation
and chromosomal damage to carcinogenesis (Vainio et aL., 1992). The adequacy of the reporting
of sample characterization is considered and, where necessar, commented upon; with regard to
complex mixtures, such comments are similar to those described for animal carcinogenicity tests
on p. 17. The available data are interpreted critically by phylogenetic group according to the
end-points detected, which may include DNA damage, gene mutation, sister chromatid
exchange, micronucleus formation, chromosomal aberrations, aneuploidy and cell transfor-
mation. The concentrations employed are given, and mention is made of whether use of an
exogenous metabolic system in vitro affected the test result. These data are given as listings of
test systems, data and references; bar graphs (activity profies) and corresponding summary
tables with detailed information on the preparation of the profies (Waters et aL., 1987) are gi ven
in appendices.

Positive results in tests using prokaryotes, lower eukarotes, plants, insects and cultured
mammalian cells suggest that genetic and related effects could occur in mammals. Results from
such tests may also give information about the types of genetic effect produced and about the
involvement of metabolic activation. Some end-points described are clearly genetic in nature
(e.g. gene mutations and chromosomal aberrations), while others are to a greater or lesser degree
associated with genetic effects (e.g. unscheduled DNA synthesis). ln-vitro tests for tumour-
promoting activity and for cell transformation may be sensitive to changes that are not
necessarly the result of genetic alterations but that may have specific relevance to the process of
carcinogenesis. A critical appraisal of these tests has been published (Montesano et aL., 1986).

Genetic or other activity manifest in experimental mammals and humans is regarded as
being of greater relevance th an that in other organisms. The demonstration that an agent or
mixture can induce gene and chromosomal mutations in whole mammals indicates that it may
have carcinogenic activity, although this activity may not be detectably expressed in any or ail
species. Relàtive potency in tests for mutagenicity and related effects is not a reliable indicator
of carcinogenic potency. Negative results in tests for mutagenicity in selected tissues from
animais treated in vivo provide less weight, partly because they do not exclude the possibility of
an effect in tissues other than those examined. Moreover, negative results in short-term tests
with genetic end-points cannot be considered to provide evidence to rule out carcinogenicity of
agents or mixtures that act through other mechanisms (e.g. receptor-mediated effects, cellular
toxicity with regenerative proliferation, peroxisome proliferation) (Vainio et al., 1992). Factors
that may lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano et aL., 1986).

When available, data relevant to mechanisms of carcinogenesis that do not involve
structuraI changes at the level of the gene are also descnbed.
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The adequacy of epidemiological studies of reproductive outcome and genetic and related
effects in humans is evaluated by the same criteria as are applied to epidemiological studies of
cancer.

Structure-activity relationships that may be relevant to an evaluation of the carcinogenicity
of an agent are also described.

For biological agents-viruses, bacteria and parasites--ther data relevant to carcino-
genicity Include descriptions of the pathology of infection, molecular biology (integration and
expression of viruses, and any genetic alterations seen in human tumours) and other
observations, which might include cellular and tissue responses to infection, immune response
and the presence of tumour markers.

11. SUMMARY OF DA TA REPORTED

ln this section, the relevant epidemiological and experimental data are summarized. Only
reports, other th an in abstract form, that meet the criteria outlined on p. 11 are considered for
evaluating carcinogenicity. Inadequate studies are generally not summanzed: such studies are
usually identified by a square-bracketed comment in the preceding text.

(a) Exposures

Human exposure to chemicals and complex mixtures is summanzed on the basis of
elements such as production, use, occurrence in the environment and determinations in human
tissues and body fluids. Quantitative data are given when available. Exposure to biological
agents is described in terms of transmission, and prevalence of infection.

(h) Carcinogenicity in humans

Results of epidemiological studies that are considered to be pertinent to an assessment of
human carcinogenicity are summarized. When relevant, case reports and correlation studies are
also summarzed.

(c) Carcinogenicity in experimental animals

Data relevant to an evaluation of carcinogenicity in animais are summarized. For each
animal species and route of administration, it is stated whether an increased incidence of
neoplasms or preneoplastic lesions was observed, and the tumour sites are indicated. If the agent
or mixture produced tumours after prenatal exposure or in single-dose experiments, this is also
indicated. Negative findings are also summarzed. Dose-response and other quantitative data
may be given when available.

(d) Dther data relevant to an evaluation of carcinogenicity and its mechanisms

Data on biological effects in humans that are of particular relevance are summarized. These
may include toxicological, kInetic and metabolic considerations and evidence of DNA binding,
persistence of DNA lesions or genetic damage in exposed humans. Toxicological information, .
such as that on cytotoxicity and regeneration, receptor binding and hormonal and immunological
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effects, and data on kinetics and metabolism in experimental animais are gi ven when considered
relevant to the possible mechanism of the carcinogenic action of the agent. The results of tests
for genetic and related effects are summarzed for whole mammals, cultured mammalian cells
and nonmammalian systems.

When available, comparsons of such data for humans and for animais, and particularly
animais that have developed cancer, are described.

Structure-activity relationships are mentioned when relevant.

For the agent, mixture or exposure circumstance being evaluated, the available data on end-
points or other phenomena relevant to mechanisms of carcinogenesis from studies in humans,
experimental animais and tissue and cell test systems are summarzed within one or more of the
following descriptive dimensions:

(i) Evidence of genotoxicity (i.e. structural changes at the level of the gene): for ex ample,
structure-activity considerations, adduct formation, mutagenicity (effect on specific genes),
chromosomal mutation/aneuploidy

(ii) Evidence of effects on the expression of relevant genes (i.e. functional changes at the

intracellular level): for example, alterations to the structure or quantity of the product of a proto-
oncogene or tumour suppressor gene, alterations to metabolic activation/inactivation/DNA
repair

(iii) Evidence of relevant effects on cell behaviour (i.e. morphological or behavioural

changes at the cellular or tissue level): for ex ample, induction of mitogenesis, compensatory cell
proliferation, preneoplasia and hyperplasia, survival of premalignant or malignant cells
(immortalization, immunosuppression), effects on metastatic potential

(iv) Evidence from dose and time relationships of carcinogenic effects and interactions
between agents: for example, early/late stage, as inferred from epidemiological studies;
initiation/promotion/progression/malignant conversion, as defined in animal carcinogenicity
experiments; toxicokinetics

These dimensions are not mutually exclusive, and an agent may fall within more than one
of them. Thus, for example, the action of an agent on the expression of relevant genes could be
summarzed under both the first and second dimension, even if it were known with reasonable
certainty that those effects resulted from genotoxicity.

12. EV ALVA TION

Evaluations of the strength of the evidence for carcinogenicity arising from human and
experimental animal data are made, using standard terms.

It is recognized that the criteria for these evaluations, described below, cannot encompass
ail of the factors that may be relevant to an evaluation of carcinogenicity. ln considering ail of
the relevant scientific data, the Working Group may assign the agent, mixture or exposure
circumstance to a higher or lower category than a strict interpretation of these criteria would
indicate.
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(a) Degrees of evidence for carcinogenicity in humans and in experimentai animais and
supporting evidence

These categories refer only to. the strength of the evidence that an exposure is carcinogenic
and not to the extent of its carcinogenic activity (potency) nor to the mechanisms involved. A
classification may change as new information becomes available.

An evaluation of degree of evidence, whether for a single agent or a mixture, is IimIted to
the materials tested, as defined physically, chemically or biologically. When the agents
evaluated are considered by the Working Group to be suffciently c10sely related, the y may be
grouped together for the purpose of a single evaluation of degree of evidence.

(i) Carcinogenicity in humans

The applicability of an evaluation of the carcinogenicity of a mixture, process, occupation
or industry on the basis of evidence from epidemiological studies depends on the variability over
time and place of the mixtures, processes, occupations and industries. The Working Group seeks
to identify the specific exposure, process or activity which is considered most likely to be
responsible for any excess risk. The evaluation is focused as narowly as the available data on
exposure and other aspects permit.

The evidence relevant to carcinogenicity from studies in humans is classified into one of the
folIowing categories:

Suffcient evidence of carcinogenicity: The W orking Group considers that a causal
relationship has been established between exposure to the agent, mixture or exposure
circumstance and human cancer. That is, a positive relationship has been observed between the
exposure and cancer in studies in which chance, bias and confounding could be ruled out with
reasonable confidence.

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent, mixture or exposure circumstance and cancer for which a causal

interpretation is considered by the W orking Group to be credible, but chance, bias or
confounding could not be ruled out with reasonable confidence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence of a
causal associátion, or no data on cancer in humans are available.

Evidence suggesting iack of carcinogenicity: There are several adequate studies covering
the full range of levels of exposure that human beings are known to encounter, which are
mutually consistent in not showing a positive association between exposure to the agent, mixture
or exposure circumstance and any studied cancer at any observed level of exposure. A

conclusion of 'evidence suggesting lack of carcinogenicity' is inevitably limited to the cancer
sites, conditions and levels of exposure and length of observation covered by the available
studies. ln addition, the possibility of a very small risk at the levels of exposure studied can
never be excluded.

ln some instances, the above categories ffay be used to classify the degree of evidence
related to carcinogenicity in specific organs or tissues.
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(ii) Carcinogenicity in experimental animais

The evidence relevant to carcinogenicity in experimental animaIs is classified into one of
the following categories:

Suffcient evidence of carcinogenicity: The W orking Group considers that a causal
relationship has been established between the agent or mixture and an increased incidence of
malignant neoplasms or of an appropriate combination of benign and malignant neoplasms in
(a) two or more species of animaIs or (b) in two or more independent studies in one species
carried out at different times or in different laboratories or under different protocols.

Exceptionally, a single study in one species might be considered to pro vide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with regard
to incidence, site, type of tumour or age at onset.

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are limited
for making a definitive evaluation because, e.g. (a) the evidence of carcinogenicity is restricted
to a single experiment; or (b) there are unresolved questions regarding the adequacy of the

design, conduct or interpretation of the study; or (c) the agent or mixture increases the incidence
only of benign neoplasms or lesions of uncertain neoplastic potential, or of certain neoplasms
which may occur spontaneously in high incidences in certain strains.

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing either
the presence or absence of a carcinogenic effect because of major qualitative or quantitative
limitations, or no data on cancer in experimental animals are available.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent or mixture is
not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity is inevitably
limited to the species, tumour sites and levels of exposure studied.

(h) Other data relevant to the evaluation of carcinogenicity and its mechanisms

Other evidence judged to be relevant ta an evaluation of carcinogenicity and of sufficient
importance to affect the overalI evaluation is then described. This may include data on
preneoplastic lesions, tumour pathology, genetic and related effects, structure-activity
relationships, metabolism and pharmacokinetics, physicochemical parameters and analogous
biological agents.

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 W orking Group assesses if that
particular mechanism is likely to be operative in humans. The strongest indications that a
paricular mechanism operates in humans come from data on humans or biological specimens
obtained from exposed humans. The data may be considered to be especialIy relevant if they
show that the agent in question has caused changes in exposed humans that are on the causal
pathway to carcinogenesis. Such data may, however, never become available, bec au se it is at
least conceivable that certain compounds may be kept from human use solely on the basis of
evidence of their toxicity and/or carcinogenicity in experimental systems.
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For complex exposures, including occupational and indus trial exposures, the chemIcal
composition and the potential contribution of carcinogens known to be present are considered by
the W orking Group in Its overall evaluation of human carcinogenicity. The W orking Group also
determines the extent to which the materials tested in experimental systems are related to those
to which humans are exposed.

(c) Overall evaluation

FinalIy, the body of evidence is considered as a whole, in order to reach an overall
evaluation of the carcinogenicity to humans of an agent, mixture or circumstance of exposure.

An evaluation may be made for a group of chemical compounds that have been evaluated
by the W orking Group. ln addition, when supporting data indicate that other, related compounds
for which there is no direct evidence of capacity to induce cancer in humans or in animais may
also be carcinogenic, a statement describing the rationale for this conclusion is added to the
evaluation narrative; an additional evaluation may be made for this broader group of compounds
if the strength of the evidence warrants il.

The agent, mixture or exposure circumstance is described according to the wording of one
of the following categories, and the designated group is given. The categorization of an agent,
mixture or exposure circumstance is a matter of. scientific judgement, reflecting the strength of
the evidence derived from studies in humans and in experimental animaIs and from other
relevant data.

Group ¡-The agent (mixture) is carcinogenic to humans.
The exposure circumstance entails exposures that are carcinogenic to humans.

This category is used when there is suffcient evidence of carcinogenicity in humans.
Exceptionally, an agent (mixture) may be placed in this category when evidence in humans is
less than sufficient but there is suffcient evidence of carcinogenicity in experimental animais
and strong evidence in exposed humans that the agent (mixture) acts through a relevant
mechanism of carcinogenicity.

Group 2

This category includes agents, mixtures and exposure circumstances for which, at one
extreme, the degree of evidence of carcinogenicity in humans is almost suffcient, as weil as
those for which, at the other extreme, there are no human data but for which there is evidence of
carcinogenicity in experimental animais. Agents, mixtures and exposure circumstances are
assigned to either group 2A (probably carcinogenic to humans) or group 2B (possibly
carcinogenic to humans) on the basis of epidemiological and experimental evidence of carcino-
genicIty and other relevant data.

Group 2A-The agent (mixture) is probably carcinogenic to humans.
The exposure circumstance entails exposures that are probably carcinogenic to humans.

This category is used when there is limited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animais. ln sorne cases, an agent
(mixture) may be classified in this category when there is inadequate evidence of
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carcinogenicity in humans and suffcient evidence of carcinogenicity in experimental animaIs
and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in
humans. Exceptionally, an agent, mixture or exposure circumstance may be classified in this
category solely on the basis of limited evidence of carcinogenicity in humans.

Croup 2B-The agent (mixture) is possibly carcinogenic to humans.
The exposure circumstance entails exposures that are possibly carcinogenic to humans.

This category is used for agents, mixtures and exposure circumstances for which there is
limited evidence of carcinogenicity in humans and less than suffcient evidence of carcino-
genicity in experimental animaIs. It may also be used when there is inadequate evidence of
carcinogenicity in humans but there is suffcient evidence of carcinogenicity in experimental

animaIs. ln sorne instances, an agent, mixture or exposure circumstance for which there is
inadequate evidence of carcinogenicity in humans but limited evidence of carcinogenicity in
experimental animaIs together with supporting evidence from other relevant data may be placed
in this group.

Croup 3-The agent (mixture or exposure circumstance) is not classifable as to its carcino-
genicity to humans.

This category is used most commonly for agents, mixtures and exposure circumstances for
which the evidence of carcinogenicity is inadequate in humans and inadequate or limited in
experimental animaIs.

ExceptionalIy, agents (mixtures) for which the evidence of carcinogenicity is inadequate in
humans but sufficient in experimental animaIs may be placed in this category when there is
strong evidence that the mechanism of carcinogenicity in experimental animais does not operate
in humans.

Agents, mixtures and exposure circumstances that do not fall into any other group are also
placed in this category.

Croup 4- The agent (mixture) is probably not carcinogenic to humans.

This category is used for agents or mixtures for which there is evidence suggesting lack of
carcinogenicity in humans and in experimental animaIs. ln sorne instances, agents or mixtures
for which there is inadequate evidence of carcinogenicity in humans but evidence suggesting
lack of carcinogenicity in experimental animaIs, consistently and strongly supported by a broad
range of other relevant data, may be c1assified in this group.
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GENERAL REMARKS

This sixty-fourth volume of the IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans considers human papillomaviruses (HPYs).

Interest in the carcinogenicity of HPV first arose from studies of cervical cancer. Cervix
cancer is the second most corn mon cancer in women world-wide and there are about 400,000
new cases and 200,000 deaths from cervical cancer every year. It would probably be even
more common if effecti ve screening procedures for precursor lesions did not exist. HPY -16
was first isolated and characterized in 1983 from a cervical cancer specimen. To date, more
than 70 HPV types have been identified and over 15 of them have been reported in cervical
cancer biopsies.

These agents are unique in the IARC Monographs series for wealth of both epidemio-
logical and mechanistic investigations. More than 100 epidemiological case-control or cohort
studies have been reported and several more are still underway. ln addition, a great de al of
information is available on the molecular mechanisms employed by the virus and the host,
and HPV Is probably the best understood of any putative human carcinogen at the
mechanistic level.

The findings in cervical cancer have led to studies of HPY at other anogenital sites and
more remote sites. Of particular note are studies in skin cancer, for which a different range of
types have been found. ln addition, a number of cIosely related papillomaviruses infect
animaIs and there is a large experimental literature for these viruses.

lmproved screening, and ultimately vaccination, offer prospects for the eventual elimi-
nation of this cancer.
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HUMAN PAPILLOMAVIRUSES





1. Human papillomavirus (HPV) infection

1.1 Structure and molecular biology of human papilomaviruses

1.1.1 Structure of the viruses

HPV s form icosahedral non-enveloped partic1es with a diameter of approximately 55 nm.
They contain a double-stranded, circular and covalently c10sed DNA genome of 7500-8000 base
pairs (bp) (about 4950-5280 kDa), which is complexed by cellular histones (Klug & Finch,
1965; Pfister, 1987; Baker et al., 1991; Pfister & Fuchs, 1994). Papillomaviruses are resistant to
organic soi vents and to heating at 56°C (Bonnez et aL., 1994a). Virus paricles have a buoyant
density of 1.34 g/ml in caesium chloride and a sedimentation coefficient (S20,W) of 300 (Crawford &
Crawford, 1963; Pfister et al., 1977).

Since papilomaviruses cannot be grown efficiently in tissue culture, studies on the archi-
tecture of the virus paricles were originally restricted to those viruses that can be obtained from
naturally occurrng tumours, such as bovine papilomavirus (BPV), human papilomavirus type 1
(HPV-I) and cotton-tail rabbit papilomavirus (CRPV) (Crawford & Crawford, 1963; Finch &
Klug, 1965; Klug & Finch, 1965; Favre et aL., 1975; Pfister et aL., 1977). More recently, it was
demonstrated that virus-like paricles of BPV-l, CRPV, HPV-l, -6, -11, -16, -18 and -33 can be
obtained by expression of the structural proteins in recombinant vectors such as vaccinia or baculo-
viruses (Zhou et al., 1991a; Kirnbauer et aL., 1992; Hagensee et al., 1993; KImbauer et aL., 1993;
Rose et al., 1993; Christensen et aL., 1994a; Le Cann et aL., 1994; Pfister & Fuchs, 1994; Rose
et aL., 1994a; V olpers et al., 1994). The major caps id protein, LI, appears to be sufficient for
paricle formation (Kimbauer et aL., 1993). The antigenic and structural properties of virus-like
paricles were shown to be similar to those of virions (Hagensee et al., 1993; Christensen et al.,
1994b; Rose et al., 1 994a,b).

The virus capsid is composed of 72 capsomeres, which are aranged on an icosahedral surface
lattice. Sixt Y of the capsomeres are six-coordinated and the remaining 12 are five-coordinated
(Finch & Klug, 1965; Klug & Finch, 1965; Pfister & Fuchs, 1994). Analysis by cryo-electron
microscopy has been performed on BPV-l and HPV-I paricles (Baker et al., 1991). Capsomeres
consist of a trunk with distal and proximal thickening. They associate at their base and project
radially. Within each capsomere a central cylindrical channel can be visualized. Capsomeres
exhibit a fivefold symmetry and, therefore, are composed of five identical molecules - most
likely to be molecules of the LI protein, which makes up about 90% of the total protein (Favre
et al., 1975; Doorbar & Gallmore, 1987; Pfister & Fuchs, 1994).

The LI proteins have a molecular mass of about 55 000 and are highly conserved among ail
papillomaviruses. Glycosylation of LI protein of BPV-l and HPV-16 (expressed by a recombinant
vaccinia virus) has been reported, but the role of this modification in paricle formation is unclear
as yet(Mose Larsen et aL., 1987; Browne et aL., 1988; Zhou et aL., 1993; Pfister & Fuchs, 1994).
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The minor structural proteins, L2, have a molecular mass of about 75 kDa and are less-welI
conserved among papilIomaviruses. Their position within the virus paricle is not clear but their N-
termnus has been shown to bind DNA in a sequence-independent manner, which suggests a role
of L2 in packaging of the HPV genome (Komly et aL., 1986; Pfister & Fuchs, 1994; Zhou et al.,
1994) .

1.1.2 Taxonomy

Papilomaviruses have been placed as a subfamily (Shah & Howley, 1992) together with
polyomaviruses in the family Papovaviridae. Both groups of viruses have capsids with similar
structure and double-stranded, circular, covalently closed DNA genomes. It is now known that
the genome size and organization differ between the two virus groups and that there is no
significant amount of nucleotide or amino acid sequence homology between individual viral
genes, with the possible exception of some small protein domains (Clertant & Seif, 1984; Phelps
et aL., 1988). For these reasons the two groups should therefore be considered to be unrelated
and placed in separate families (for a review, see Bernard et al., 1994a).

There have been several reviews of the classification of papilomaviruses, both by pheno-
typic aspects and sequence similarities (Chan et al., 1992a; Van Ranst et al., 1992a; Bernard
et al., 1994a; Myers et aL., 1994; de Viliers, 1994; Chan et al., 1995). Different
papilomaviruses are classified as 'types'. HPV types are defined by genomic analyses and
therefore represent genotypes. Currently they are not classified by serology, and, therefore, the
term 'serotype' is inappropriate (see section 1.2). At present, a novel HPV genome is descnbed
as a new HPV type if the nucleotide sequences of its £6, £7 and LI genes (i.e. about one-third of
the genome) differ by more th an 10% from those of any previously descnbed HPV type
(de Villiers, 1994). Although this definition was established arbitrarly, it appears to be suff-
cient to define the natural taxonomic units - most recent isolates have been either almost
identical to previously described HPV types, differing by less than 2%, or novel. The former are
referred to as 'variants' or 'subtypes' (Gissmann et al., 1983; Deau et aL., 1993; Ho et aL.,
1993a,b; Ong et al., 1993), as defined by nucleotide sequence comparson rather than by
phenotypic analyses (see below). Two pairs of HPV types (HPV-34/64, HPV-44/55) differ by
less than 10% of their nucleotide sequences, but their historic taxonomic status has not been
revised (Chan et al., 1995).

To date, 70 HPV types have been described (Table 1) and their clinical origins and genomic
sequences have been reviewed (de Viliers, 1989; Delius & Hofmann, 1994; Van Ranst et aL.,
1994; de Viliers, 1994). The genomic sequences are available in EMBL (European Molecular
and Biological Laboratory) and GenBank databases and are edited by the HPV Sequence Data-
base at the National Laboratory at Los Alamos (Myers et aL., 1994). Studies of parial genomic
sequences predict the existence of additional HPV types (Bernard et al., 1994a,b; Shamanin
et aL., 1994a; Berkhout et aL., 1995).

Taxonomic orders based on similarties in sequence of £6, £7 and LI genes helped to
identify groupings of related HPVs (Pfister & Fuchs, 1994). At the level of greatest diversity
('major branches'), five supergroups of papilomaviruses can be distinguished, of which three
contain HPVs (supergroups A, Band E) (Chan et al., 1995). Figure 1 shows these relationships
in the fòrm of a phylogenetic tree. This tree is based on nucleotide sequence comparsons and, at
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least on the level of supergroups, does not strictly reflect phenotypic or pathogenic similarities
or differences.

Table 1. Taxonomie association and origin of HPV types 1 to 70

HPV Taxonomie Origin of cIoned genomeb.c HPV Taxonomie Origin of cloned genomeb'
type status type status

(supergroup)" (supergroup)"

HPV-I E Verrca plantaris HPV-38 B Malignant melanoma
HPV-2 A Verruca vulgaris HPV-39 A PIN
HPV - 3 A Verruca plana HPV -40 A PIN
HPV -4 B Verrue a vulgaris HPV -41 E Disseminated warts
HPV -5 B EV les ion HPV-42 A Vulvar papilloma
HPV -6 A Condyloma acuminatum HPV -43 A Vulvar hyperplasia
HPV - 7 A Butcher's wart HPV -44 A Vulvar condyloma
HPV -8 B EV lesion HPV-45 A CIN
HPV -9 B EV les ion HPV -46 (= HPV - 20b) (not recognized as separate
HPV - 1 0 A Verruca plana type)
HPV-II A Laryngeal papilloma HPV -4 7 B EV les ion 

HPV - 1 2 B EV les ion HPV -48 B Cutaneous squamous-cell
HPV - 1 3 A Focal epithelial hyperplasia carcinoma
HPV - 1 4 B EV lesion HPV -49 B Verrca plana
HPV - 1 5 B EV lesion HPV-50 B EV lesion
HPV - 1 6 A Cervical carcinoma HPV - 5 1 A CIN
HPV - I7 B EV lesion HPV-52 A CIN
HPV - 1 8 A Cervical carcinoma HPV-53 A Normal cervical mucosa
HPV - 1 9 B EV lesion HPV-54 A Condyloma acuminatum
HPV - 20 B EV les ion HPV-55 A Bowenoid papulosis
HPV - 21 B EV les ion HPV -56 A CIN, cervical carcinoma
HPV-22 B EV les ion HPV-57 A Inverted papilloma of the
HPV - 23 B EV lesion maxilary sinus
HPV - 24 B EV lesion HPV-58 A CIN
HPV - 25 B EV lesion HPV-59 A VIN
HPV-26 A Verruca vulgaris HPV -60 B Epidermoid cyst
HPV-27 A Verrca vulgaris HPV -61 A VaIN
HPV-28 A Verrue a plana HPV -62 A VaIN
HPV-29 A Verrca vulgars HPV -63 E Myrmecia
HPV - 30 A Laryngeal carcinoma HPV -64 A VaIN
HPV - 3 1 A CIN HPV -65 B Pigmented wart
HPV-32 A Focal epithelial hyperplasia HPV -66 A Cervical carcinoma
HPV-33 A Cervical carcinoma HPV-67 A VaIN
HPV - 34 A Bowen' s disease HPV -68 A Genital lesion
HPV-35 A Cervical carcinoma HPV -69 A CIN
HPV - 36 B Actinic keratosis HPV - 70 A Vulvar papilloma
HPV-37 B Keratoacanthoma

"For details of the taxonomy, see section 1.1.2, Figure 1 and Chan et aL. (1995)
h For references concerning the cIoning of these HPV types, see de Viliers (1989, 1994)

'EV, epidermodysplasia verrciformis; CIN, cervical intraepithelial neoplasia; VIN, vulvar intraepithelial
neoplasia; VaIN, vaginal intraepithelial neoplasia; PIN, penile intraepithelial neoplasia
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Figure 1. Relationship among 95 human and animal papilomaviruses, in the form of a
phylogenetic tree

Supergroup A

Supergroup B

1FPV Supergroup C

From Chan et aL. (i 995)

The largest supergroup, A, includes 44 HPV types and seven addition al but untyped
genomes (Chan et aL., 1995). These types are phenotypically heterogeneous. ln addition to ail
the HPV types that are found mostly in genital lesions, supergroup A contains several HPV
types (e.g. HPV-2), that are normally associated with non-genitallesions such as common wars.
The supergroup also includes HPV -7, which is normally found in 'butcher' s wars' (Orth et aL.,
1981; Ostrow et aL., 1981). Eleven groups can be distinguished within supergroup A, most of
which unite phenotypically and pathologically similar HPV types. One of these groups con tains
HPV-16, -31, -33 and -35 and another contains HPV-18 and -45, the HPV types most frequently
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reported in association with malignant genital lesions. Yet another group contains HPV -6 and
- II, which induce genital wars and other benign genital les ions as weil as larngeal papillomas.

Supergroup B contains most of the HPV types associated with epidermodysplasia verrci-
formis (EV) such as HPV -5 and -8 (but with the exception of HPV -3 and - 10, which are
associated with verrca plana of EV -patients, although these viruses belong taxonomically to

supergroup A). Phenotypically, this group is also not homogeneous as it includes several HPV
types, such as HPV-4, that are found in cutaneous lesions of individuals not afficted by EV.
These HPV types are found on a separate branch remotely related to the other EV -HPV s.
Recently, numerous novel HPV genomes, which also belong to the supergroup B, have been
identified in squamous-cell carcinomas of immunosuppressed patients (Shamanin et aL., 1994a;
Berkhout et aL., 1995).

1.1.3 Genomic variability

Genomic varability has been studied in detail in HPV-5 (Deau et al., 1993), HPV-6, -11
(Kitasato et aL., 1994; Heinzel et al., 1995), HPV-8 (Deau et al., 1991), HPV-16 (Icenogle et al.,
1991; Eschle et aL., 1992; Ho et aL., 1993a,b), HPV-18 and -45 (Ong et al., 1993). For these
HPV types, the varability of the nucleotide sequence does not exceed 2% in coding and 5% in
non-coding regions. The genomes of papilomaviruses evolve at rates at least five orders of
magnitude slower than those of some RNA viruses, and 1 % of genomic varability may
originate over a period exceeding 100 000 years. Some paricular genomic varants have been
reported throughout the world and other varants appear to segregate according to ethnic groups.
These findings strongly suggest that the known HPV types have existed in nearly identical
molecular form since the beginning of the human species (Ong et al., 1993). Databases of
genomic variation of HPV types are powerful tools for biomedical research because they alIow
for more refined studies of the epidemiology and pathology of HPV infection (Ho et aL., 1 993b).

Some nucleotide differences found in HPV - 16 variants cause changes in ami no acid codons
(Icenogle et aL., 1991; Chan et aL., 1992b; Eschle et al., 1992). Examples of functional and anti-
genic alterations of LI or L2 proteins of HPV-6 and -16 have been described (Kirnbauer et al.,
1993; Yaegashi et aL., 1993). Mutations altering binding sites for the transcription repressor
YYI have been recovered for HPV-16-associated cancers (Mayet al., 1994). Consistent
variation in the HPV - 1 6 E6 protein sequence has been observed in cervical cancers, which alters
the peptide epitope for HLA-B7 in a way likely to influence immune recognition by cytological
T cells (Ells et al., 1995).

1.1.4 Host range

Papilomaviruses are highly specific for their respective hosts. No HPV type has been
detected in any host other than humans, and, of the -20 animal papillomaviruses described so far
(one isolated from a bird, the others from different mammals; see section 4), most have been
found in a single host species. Exceptions are the bovine papilomavirus types 1 and 2, which
are also associated with equine sarcoids (see section 4). Hypotheses addressing specifie inter-
actions between viral and cellular proteins determining host specificity have been proposed
(Shadan & Vilareal, 1993).
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J.J.5 Related animal papillomaviruses

Phylogenetic studies suggest that papilIomaviruses have co-evolved with their animal hosts.
Lesions with a likely papilIomavirus etiology are widespread among different taxa (Sundberg,
1987), but so far the genomes of only about 20 mammalian papilIomaviruses have been cloned.

Four papilomavirus genomes have been cIoned from monkeys and apes (O'Banion et aL.,
1987; Kloster et aL., 1988; Ostrow et al., 1991; Reszka et al., 1991 ; Van Ranst et al., 1 992b),
and, as each of them is re1ated to an individual HPV type, the y may form the basis for useful
animal models for the pathogenicity of HPV (Ostrow et al., 1991).

The molecular biology of two animal papilomaviruses, CRPV (Shope & Hurst, 1933) and
BPV -1 (Lancaster & Oison, 1978) have been studied intensively. Methods developed in these
studies have become powerful tools for the study of the molecular biology of HPVs (for a
review, see Lambert et al., 1988). Although sequence alignments show only a small residual
degree of similarity, it is likely that most, if not ail, genes of BPV-l correspond to those of
HPV - 1 6 and other genital HPV types. Consequently, the biology of BPV - 1 proteins, such as

those encoded by the EJ, E2, E4, E5, LJ and L2 genes, can be considered as a model to
understand HPV proteins. Important phenotypic differences exist, however, with a particularly
large divergence of the transforming proteins E6 and E7 and of cis-responsive elements.

J.J.6 Target tissues

Ail papilIomaviruses infect epithelial celIs and, with the exception of the ungulate-specific
fibro-papilomaviruses (e.g. BPV -1) which also infect dermal fibroblasts, they are restricted to
this target celI population. The mechanism for this restriction is not cIear since papilomavirus
particles attach to and are taken up by cells derived from different tissues and different species
(Roden et aL., 1994a; Müller et aL., 1995a). Epithelial-specific transcription activation is likely to
play an important role in the selection of epithelial target celIs (Cripe et aL., 1987; Gloss et aL.,
1987).

J.J.7 Genomic structure and properties of gene products

The circular DNA genome of ail papilomaviruses can be divided into three segments of
unequal size. The long control region (LCR), also called the upstream regulatory region (URR)
or non-coding region (NCR), represents about 10% of the genome (see section 1.1.8). The early
(E) and late (L) genes are coded by about 50 and 40% of the genome, respectively.

The terms 'early' and 'Iate' genes are used for historical reasons rather th an meaning a strict
sequential expression of genes. For ex ample, the product of the E4 gene seems to play a role late
during the course of viral infection. The L genes both code for viral capsid proteins, whereas the
E genes encode proteins with a variety of regulatory functions. The two L genes, Li and L2,
each encode a single protein. Of the E genes, three, E4, E5 and E7, apparently encode single
polypeptide chains. The other three open reading frames, EJ, E2 and E6, give rise to more th an
one protein through differential splicing (at least in some papilomavirus types). Figure 2 is a
schematic representation of a typical papilomavirus genome and indicates the functions of the
encoded proteins (for review, see Galloway & McDougall, 1989).
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Figure 2. Genome organization of papilomaviruses
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Genes £5, £6 and £7 encode proteins with growth-stimulating functions. The properties of
these proteins, which are relevant for the carcinogenicity of the virus, are summarzed briefly
here and are discussed in detail in section 3.1.3.

The £5 gene is located at the 3' end of the early region, downstream from the £2 gene, and
is probably expressed through a polycistronic mRNA that also encodes E2. E5 proteins are small
polypeptides, 44 amino acids in BPV -1 and nearly twice that size in genital HPV s. Although
they lack extensive homology they are aIl extremely hydrophobic and are located within the
lipid bilayer of the celIular membranes. They interact with transmembrane domains of receptor
kinases, thereby altering their half-life and responses to ligands (Horwitz et al., 1989; Martin
et aL., 1989; Conrad et al., 1993). E5 proteins bind specificalIy to a 16 kDa cellular protein,
which is a component of vacuolar A TPases (Goldstein et al., 1991; Conrad et al., 1993). The
diverse consequences of these interactions include changes in intracellular signalling, which
may result in alterations similar to those brought about by mutations of ras genes in tumours
that do not contain HPV genomes.

£6 and £7 genes are positioned at the 5' end of the early region and are expressed in the
form of a polycistronic mRNA transcribed from the £6/£7 promoter (P97 in HPV-16; Cripe
et aL., 1987). The two reading frames are spaced by a short variable distance (2 bp in HPV -16,
8 bp in HPV - 1 8, excJuding the termination codon of £6).

E6 proteins of sorne genital HPVs (size: 158 amino acids in HPV-16) associate with the
tumour suppressor protein p53, thereby inducing ubiquitin-dependent degradation of p53

(Werness et aL., 1990), which leads to elimination of the p53-dependent control of the cell cycle.
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E6 proteins can also repress and activate transcription of heterologous and homologous

promoters through interactions with p53 or with the basic transcription initiation complex
(Lamberti et al., 1990; Desaintes et aL., 1992; Lechner et aL., 1992). E6 genes of HPV types
involved in malignancy seem to be able to be spliced differentially to shorter proteins (E6*,
E6**). The expression and function of E6* and E6** proteins in vivo are not understood,
although the mRNAs are detectable and that for E6* is particularly abundant (for review, see
Roggenbuck et al., 1991).

The properties of the HPV E7 protein have been reviewed (Münger & Phelps, 1993). The
E7 protein of HPV-16 has 98 amino acids, forms a complex with the retinoblastoma tumour
suppressor protein (pRB) and interferes with the binding of pRB to E2F transcription factors. A
consequence of E7 expression is the release of E2F transcription factors, which activate the
expression of several genes involved in the cell cycle (described in section 3.1.3).

El proteins initiate the replication of the papilomavirus genome. The El open-reading
frame is transcribed into polycistronic RNAs that star at the E6/E7 promoter. Additional El
transcripts of HPV - l, -6 and -11 star within the E7 genes and, in BPV -1, within El itself
(Stenlund et al., 1985; Baker & Howley, 1987; Chow et al., 1987a,b; Rotenberg et aL., 1989). ln
addition, experiments with BPV -1 point to the relevance of a promoter within the LCR for El
expression (Stenlund et aL., 1987). ln spite of this large amount of data, it has not yet been

resolved which one of these transcripts serves as the principal mRNA for translation of El
proteins.

El is the largest open-reading frame of papilomaviruses and encodes two known poly-
peptide products of about 68 and 27 kDa. The function of the smaller product is not known
(Hubert & Lambert, 1993). The 68 kDa protein binds to a specific sequence within the
replication origin and is functionally necessar for replication in vivo and in vitro (Blitz &
Laimins, 1991; Wilson & Ludes-Meyers, 1991; Spalholz et aL., 1993) (see section 1.1.9). These
El proteins have similarities with the A TP-binding sites of SV 40/polyoma T antigens and can
function as A TPases and helicases (Clertant & Seif, 1984; Bream et al., 1993; Seo et aL., 1993;
Yang et al., 1993).

E2 proteins regulate transcription and replication of papilomavirus genomes. Expression of
the E2 gene is complex and probably occurs in several promoters in each papilomavirus. ln
BPV-l, the full-length E2 protein is derived from an mRNA initiating at the promoter P2443, a
short distance 5' of the E2-A TG. Two shorter transcripts include only the carboxyl-terminal par
of E2. One of them starts at P3080, within the E2 gene. The other one stars upstream of E2 and
includes, by differential splicing, an E8 leader peptide (for reviews, see Ham et al., 1991;
McBride et aL., 1991). The situation is less weil understood in HPV-ll and -16, in which
transcripts have been reported that initiate immediately upstream of E2 but also internally of E2.
Other transcripts originate from the E6/E7 promoter or a promoter within E7 and are spliced in a
varety of ways to different pars of E2 (Chow et al., 1987a; Rotenberg et al., 1989; Sherman &
Alloul, 1992). Most of these experiments aimed at qualitative rather than quantitative data and,
because of this, it is not clear which E2 mRNAs are translated.

.-
The properties of E2 proteins have been reviewed (Giri & Yaniv, 1988; Ham et al., 1991;

McBride et aL., 1991). E2 genes of papilornaviruses encode proteins that differ in size from
410-30 amino acids in BPV-l, HPV-l and EV-HPVs to about 370 amino acids in genital
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HPVs. The proteins have highly conserved N-terminal transcription activation domains of about
200 amino acids and highly conserved carboxyl-terminal DNA binding domains of about 85
amino acids (Hegde et al., 1992). These two domains are linked by sequence-diverse hinge

regions. E2 proteins form dimers through sequences of their carboxyl-termnal domain. E2
dimers are DNA-binding factors and their carboxyl-termnal domains have a high specificity for
recognizing the sequence 5'-ACCGNNNNCGGT-3' (Gauthier et al., 1991). Bound to DNA, E2
proteins can function as transcriptional activators and repressors or as modulators of replication
(see sections 1. 1.8 and 1. 1.9). The two short forms of E2 proteins, which contain the carboxyl-
terminal DNA-binding but not the N-terminal transcription-activation domain, function as
repressors by competing for binding sites with the large E2 protein. These short E2 proteins are
abundant in BPV - 1 but are rare in HPV -infected cells.

E4 proteins seem to be involved in maturation and release of papilomavirus paricles. ln
HPV -1 1 -containing lesions, the £4 gene is expressed from an abundant spliced transcript. that
"includes the beginning of the £1 open-reading frame (Nasseri et al., 1987; Stoler et al., 1989).
£4 genes overlap with the variable central par of £2 genes, but E4 proteins differ from E2
protein sequences as they are encoded by a different reading frame. E4 proteins of different
HPVs have little nucleotide sequence similarty but they share a high proline content (about
15%). E4 proteins form organized fiamentous cytoplasmic networks that co-localize with
cytokeratin filaments and, at least in vitro in the case of HPV-16, can induce the collapse of the
cytokeratin network (Doorbar et aL., 1991; Roberts et al., 1993).

LI and L2 proteins are components of papillomavirus capsids. Thelate genes LI and L2 are
transcribed in BPV -1 and HPV -8 from a promoter in the LCR (Baker & Howley, 1987;
Stubenrauch et aL., 1992) and, during the generation of mRNAs, sequences corresponding to the
early genes have to be spliced out from the primar transcript. An equivalent promoter has not
yet been reported for genital HPV s. ln HPV -6 and -11, transcripts staring 5' of the L2 gene have
been detected together with other transcripts that use the £6/£7 promoter or the £7 internai
promo ter P847. These are spliced to E4 and include the genes L2 and LI (Chow et aL., 1987a). It
is not yet clear whether any of these promoters gives rise to the majority of the in-vivo translated
L2 and LI mRNAs. Nuclear localization signals direct the transport of the capsid proteins into
the nucleus (Zhou et al., 1991 b) where the viral particles areassembled.

1.1.8 Regulation of gene expression

The regulation of gene expression in papilomaviruses is complex - it is controlled by
different cellular and viral transcription factors, different promo ter usage, differential splicing,
differential transcription termination and mRNA stability. ln spite of significant insight into the
mechanisms operative in vitro, it is stiliargely unclear how they interplay in vivo and what their
relevance is during the normal papilomavirus life cycle. ln principle, the mechanisms have to
achieve the following: (i) epithelial-specific transcription; (ii) differential expression of
papilomavirus genes during the differentiation of squamous epithelia, in paricular the switch

. from early to late genes; (iii) feedback control by papilomavirus gene products, which may play
an important role in the persistence of papilomavirus infections; and (iv) response to
physiological factors of the infected host on papilomavirus gene expression. Many or aIl of
these phenomena are deregulated during malignant progression of papilomavirus lesions.
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Most of the se regulatory events are controlled by protein factors bound to cis-responsive
elements in the LCR (see Figures 2 and 3). The LCRs of genital HPVs range in size from 800 to
900 bp and are much shorter in many other papilomaviruses, paricularly in EV -HPV s. The

LCRs of ail genital HPV s have a similar organization of cis-responsive elements, which deviates
from that of EV-HPVs, BPV-l and CRPV. This diversity may reflect biologically distinct
mechanisms. Most of the following discussion concentrates on genital HPV s.

Figure 3 is a schematic representation of the HPV - 16 LCR. Four E2 binding sites, typical
for the LCRs of aIl genital HPV s, serve as landmarks in its molecular organization. Counting
from the 5' side, the first and second E2 binding sites divide the LCR into three functionally
distinct segments.

The 5' segment is about 300 bp long and is bracketed by the translation termination codon
of Li and the first E2 binding site (often referred to as E2 site No. 4, as it is most distal to the
transcriptional star site). This segment contains transcription termination and polyadenylation
sites for late transcripts as weil as a negative regulatory element acting at the level of late rnRNA
stability (Kennedy et al., 1991). Additional regulation exerted by this segment may include
transcription modulation function (Auborn & Steinberg, 1991). The distal E2 binding site
influences transcription from the £6/£7 promoter (Romanczuk et aL., 1990) but may also have
yet undetected functions.

The central segment of the LCR is about 400 bp long (Gloss et aL., 1987) and is flanked by
two E2 binding sites. The properties of this segment have been studied in HPV-l l, -16 and -18
and findings from the se HPV types can probably be generalized to other genital HPV types. This
LCR segment functions as an epithelial-specific transcription enhancer (Cripe et al., 1987; Gloss
et al., 1987; Chin et al., 1989; Cid et aL., 1993), which is probably an important mechanism for
the epithelial tropism of HPV s. This enhancer is also modulated by physiological factors such as
steroid hormones and by intracellular signallng pathways downstream of membrane-bound
receptors. At least nine different cellular transcription factors have been reported to bind about
20 different sites in this par of the LCR in each of the three extensively studied genital HPVs.
These factors are activator protein (APl), papillomavirus enhancer binding factor (PEFl), gluco-
corticoid and progesterone receptors, nuclear factor (NFI), octamer binding factor 1 (Oct - 1),
transcriptional enhancer factors (TEF-l, TEF-2) and transcription repressor (YYl) (Gloss et al.,
1987; Chan et aL., 1989; Gloss et aL., 1989; Chan et al., 1990; Chong et al., 1990; Sibbet &
Campo, 1990; Chong et aL., 1991; Bauknecht et al., 1992; lshiji et al., 1992; Cuthill et aL., 1993;
Sibbet et al., 1995).

Several of these transcription factors induce epithelial-specific activation, although they
occur in a similar form in cell types where no papillomavirus transcription can be measured
in vitro. The enigma of this mechanism is that mutations in binding sites for these factors reduce
transcription in epithelial cells, but occupation of the sites does not activate transcription in non-
epithelial cells. The following observations may resolve this contradiction: two factors, NFI and
AP 1, are heterodimers and consist of subunits with antagonistic functions. that are expressed
differently in epithelial and non-epithelial cells (Thierr et al., 1992; Apt et aL., 1993, 1994). ln
addition, the TEF-l factor requires a cofactor, which is absent in some non-epithelial cells (Ishiji
et al., 1992).
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The enhancers of many genital HPVs are activated by glucocorticoid and progesterone
receptors (Gloss et al., 1987; Pater et al., 1988; Chan et aL., 1989; Cid et al., 1993) with the
consequence of increased expression of the £6 and £7 genes. Mechanistically, glucocorticoid
and progesterone act through the same cis-responsive elements. Different elements that might
mediate responses to oestrogen, testosterone or retinoids have not been found so far. A
repressive effect of retinoids on HPV gene expression has been observed (Bartsch et al., 1992)
and it is possible that this mechanism is mediated by API binding sites, as APl and retinoids are
molecular antagonists (Fanjul et al., 1994).

The APl transcription factor is a downstream target of intracellular signalling cascades
initiated by receptors for extracellular ligands such as epidermal, keratinocyte or tumour growth
factors, but it is not known which of these hormones may have effects on HPV gene expression
in vivo. £6 and £7 gene expression is strongly stimulated by tumour promoting substances, such
as phorbol esters, which mimic sorne signalling pathways (Chan et aL., 1990).

The principal role of the E2 binding site at the 3' side of the central segment of the LCR is
in replication initiation (see below). However, in vitro it can also modulate transcription of the
£6 and £7 genes (Thierr et aL., 1992).

This E2 binding site and the translation start codon of the £6 gene delineate the 3' segment
of the LCR, which is about 140 bp long. This segment contains a single El binding site, which
identifies the origin of replication (see below). The transcription start site, which is onlyabout
5 bp upstream of the ATG of £6, is located about 90 bp downstream of the El binding site. A
segment of about 45 bp within these 90 bp contains a Sp 1 transcription factor binding site, two
E2 binding sites and a TATA box. These four sites provide a complex means for the modulation
of £6/£7 promoter activity. The TATA box is required to establish the basic transcription
complex and the Sp 1 factor for mediating the long-range effect of the enhancer. The E2 sites
overlap with the TATA box and with the SpI site in such a way that occupancy by E2 proteins
displaces the basic transcription complex and the Sp 1 factor (Dostatni et al., 1991; Tan et al.,
1994a). As the E2 proteins also have transcription stimulation functions, differential occupancy
of the two E2 binding sites leads to modulation of £6 promoter activity rather th an to a simple
switch. The interrption of negative regulation by E2 after chromosomal integration may play a
role in progression of HPV -infected cells (Schwarz et al., 1985). However, integration does not
seem to be a necessar prerequisite - man y cancers contain episomal HPV copies (Fuchs et aL.,
1989; Matsukura et aL., 1989; Cullen et al., 1991; Snijders et aL., 1992a) and somatic cell
hybridization of HPV -expressing cells with normal cells results in non-tumorigenic hybrids that
continue to express £6/£7 genes from integrated genomes (Saxon et al., 1986; Koi et al., 1989;
Bartsch et al., 1992).

The factor YY 1 can repress as weil as stimulate promoters. Each of the three segments of
the LCR of HPV-16 and -18, and possibly of ail genital HPVs, has one or multiple YYI binding
sites (Bauknecht et aL., 1992; Mayet aL., 1994; Myers et al., 1994; Bauknecht et al., 1995).
Some of these binding sites repress £6/£7 transcription. Repression is relieved by mutational
change of some YYI sites in vivo resulting in mutant genomes with increased carcinogenicity
(May et al., 1994).

Regulation of expression of the late genes is poorly understood in genital HPV sand, in
spite of the cloning of late gene transcripts, no strong transcription star site for these genes has
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yet been identified. A promoter has been detected in HPV -8 that, in vivo, gives rise to transcripts
encoding the late genes and, surprisingly, is stronger in transient transfections in tissue culture
than the £6/£7 promoter ofthis virus (Stubenrauch & Pfister, 1994). This promo ter is located in
the 5/ part of the LCR of HPV -8, in a region similar to a site where a late promoter has been
found for BPV-I (Baker & Howley, 1987). Since the structures of the LCRs of HPV-8 and
BPV - 1 differ both from one another and from that of genital HPV s, the existence of a similar
regulatory element in genital HPV s cannot be predicted.

/./.9 Replication

The replication of papillomavirus DNA has been reviewed (Lambert, 1991). After initiation
at a single site within the LCR, replication of papilomavirus DNA proceeds bi-directionally
(Waldeck et aL., 1984). ln-vitro studies have shown that the replication start is identified by å
single E i binding site, which is located in the 3/ segment of the LCR. ln genital HPV s, it lies
approximately half way between the two E2 binding sites at the promoter and the single E2
binding site on the Y side of this segment (Mohr et al., 1990; Lu et aL., 1993). The El protein
recognizes Af-rich motifs with only low sequence conservation, which, in the El bioding site
in HPV - 16, has the sequence T AA T ACTT AAACT ACAA T AA. E2 protein forms heteromers
with El protein in solution. These heteromers stimulate replication initiation by modulating El
binding site recognition through binding of E2 to either of two f1anking sites (Sverdrup & Kahn,
1994). Due to the overlap of alternative cis-responsive elements, replication cao repress
transcription from the E6 promoter (Sandler et al., 1993). The El proteinlNA complex initiates
replication and requires additional cellular factors similar to those required for replication of
SV 40 (Seo et al., 1993). Papilomaviruses are able to control the copy oumber of their genomes
in infected cells, a necessary prerequisite for episomal maintenance during persistent infection,
and which is best exemplified in tissue culture by the ability of the BPV - 1 genome to maintain a
constant copy number of about 100 genomes per infected cell during prolonged amplification in
mouse Ci 27 fibroblasts (Lambert et aL., 1988). The control mechanism is poorly understood, but
probably involves control of the extension of the replication fork rather th an control of initiation
events (Roberts & Weintraub, 1986). Productive infection and replication is restricted to
differentiating non-dividing celIs.

1.2 Serological response

Further information on the mechanisms of the immune response can be found in
section 3.2.

/.2./ Antigenic properties of HPVs

Papillomavirus capsids contain both type-specific and group-specific antigens. The group-
specific antigens appear to be hidden within the intact particle since they become recognized
only after disruption of the virions (Jenson et aL., 1980). Papilomavirus productive infection can
be detected in vivo by staining sections from different les ions with a genus-specific antiserum
(Jenson et al., 1980; Woodruff et al., 1980; Braun et aL., 1983; Taxy et aL., 1989; Um et al.,
1990).
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Since papilomaviruses cannot be grown in routine experimental systems, information
about the epitopes that are involved in the interaction between the virus and its host celI is
lirnted. Studies on such epitopes have been restricted to those papilomaviruses for which
biological assays exist, i.e. BPV-l (transformation of rodent cells in culture and induction of
fibropapillomas in bovine fetal skin xenografts), CRPV (induction of wars in cottontail rabbits)
and HPV - 11 (infection after xenograftng of human tissue). Antisera and monoclonal antibodies
tested against complete paricles of either HPV - II, BPV - 1 or CRPV proved to inhibit infection
in a virus-specific manner (Christensen & Kreider, 1990; Christensen et aL., 1990; Christensen
& Kreider, 1991; Ghim et aL., 1991; Jenson et aL., 1991; Christensen & Kreider, 1993; Lin et al.,
1993; Christensen et aL., 1994a); neutralizing activity was found in Ll-specific and L2-specific
sera (Roden et aL., 1 994b). ln sera of patients with genital wars or laryngeal papilomas,
neutralizing antibodies to HPV -11 virions were detected (Christensen et aL., 1992).

A varety of different seroreactive regions was identified within the LI and L2 proteins of
HPV-l, -6, -11, -16, -18 and -33 by using either experimentally produced antisera or human sera
from individuals with or without clinical HPV -related disease (Table 2). Seroreactive regions
within the HPV E4 and E7 proteins have recently been discussed by Viscidi and Shah (1992)
and by Dilner (1994). The significance of such epitopes during HPV infection is unknown.

Table 2. Seroreactive regions in HPV LI and L2 proteins

HPV type Gene aaa position Serum used for Specificity
detectionb

Reference

HPV -1

HPV -6

HPV -6

HPV -6 L2

HPV -11 L2

HPV.: 16 LI

HPV-16 LI

HPV-16 L2

HPV-16 L2

LI
L2

LI

127-133
102-108

417--37

L2 152-173,175-191,
187-199,201-217,
351-367
106-128, 187-199

196-205

49-84, 147-162,

179-188, 180-200,

355-367
103-127, 180-200

171-235,411-475

473-492
279-293

149-204
(three regions)

197-216

Anti-HPV-l

Human

Human

Anti-BPV -1

Human

Anti-BPV-l,
COPV, APV

Human

Human

Human

Type specifie Yaegashi et aL.

(1991)
Type specifie Jenison et al.

( 1989)

Type-specifie Yaegashi et aL.

(1992)

Cross-reaeting

Cross-reaeting Lehtinen et al,

(1990 )

Type specifie Yaegashi et aL.

(1992)

Cross-reacting

Cross-reacting Dillner et aL.

(1991 )

Cross-reacting Cason et aL.
Type specifie (1992)
Type specifie Jenison et al.

(1991 )

Cross-reacting Dillner et aL.

(1990a)
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Table 2 (contd)

HPV type Gene aaa position Serum used for Specificity Reference
detectionb

HPV - 1 8 L2 110-211 Human Type specifie Jenison et al.
(three regions) (1991)

HPV-33 L2 98-112, 107-117 Anti-L2 fusion Cross-reacting V olpers et aL.
82-94, 117-130 protein Type specifie (1993)

aaa, amino acid
hCOPV, canine oral papillomavirus; APV, avian papilomavirus

T-cell epitopes in HPV late proteins have been barely studied. Four T-cell determnants in
the HPV - 16 LI protein were defined using synthetic peptides to stimulate peripheral blood
mononuclear celIs from asymptomatic individuals (Strang et al., 1990). This protein was also
shown to contain three murine major histocompatibility complex (MHC)-class II-restricted T-
cell determinants (Davies et aL., 1990). For discussion of T-cell epitopes in HPV early proteins
see section 3.2.3.

1.2.2 Immune response to papillomavirus infections

(a) Initial studies

Until recently, only very limited information was available about the humoral immune
response to papilomavirus infections. There is no convenient experimental system for the large-
scale production of papilomaviruses. lnitially, only the structural proteins of those viruses that
cou Id be obtained in sufficient amounts (those from wars) were used as antigens. They were
used in a variety of serological assays, such as immunoaggregation, immunodiffusion and radio-
immunoassay (RIA) (Almeida et al., 1969; Pfister & zur Hausen, 1978; Pyrhönen & Neuvonen,
1978; Viac et aL., 1978; Pfister et al., 1979a, 1981a; Kienzler et al., 1983; Steele et aL., 1988;
Anisimová et aL., 1990; Steele & Gallimore, 1990; for review see Spradbrow, 1987). ln these
studies, HPV -specific antibodies were found to be associated with the presence of wars.

Nevertheless, some important aspects of the biology of papillomaviruses were discovered
with the aid of serology. Work by Almeida et aL. (1969) was the first to suggest that the
papillomaviruses infecting the skin and the papilomaviruses infecting the mucosa are different
from one another. The existence of a high prevalence of subclinical papilomavirus infections
was first demonstrated through the detection of antibodies to HPV -8 particles in 10% of sera of
asymptomatic individuals, in spite of the fact that HPV -8-induced lesions are extremely rare
(Pfister et aL., 1981 a).

(b) Use of genetically engineered or synthetic viral antigens in serological assays

With the expression of recombinant papilomavirus proteins, it became feasible to measure
antibodies directed to structural proteins of those HPV types that cannot be prepared from
clinicallesions (e.g. the mucosotropic virus types such as HPV - 16). ln paricular, the analysis of
the humoral immune response against early proteins was not possible until the development of
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these genetically engineered reagents. ln vitro recombination of the respective genes to
heterologous promoters able to drive their expression effciently and the introduction of such
recombinant molecules into appropriate hosts, such as Escherichia coli, yeast, insect cells or
mammalian cells, facilitated the production of the individual papillomavirus early or late
proteins as weil as of virus-like paricles (Komly et al., 1986; Matlashewski et al., 1986a; Banks
et aL., 1987; Bernhard et aL., 1987; Seedorf et aL., 1987; Thompson & Roman, 1987; Tomita et
al., 1987a,b; Sekine et aL., 1988; Tada et aL., 1988; Sato et aL., 1989a; Strike et al., 1989;
Meneguzzi et aL., 1990; Rose et aL., 1990; Tommasino et al., 1990; Carter et al., 1991; Zhou
et al., 1991a; Ghim etal., 1992; Kirnbauer et al., 1992; Stacey et al., 1992; Wilson & Ludes-
Meyers, 1992; Bream et al., 1993; Hagensee et al., 1993; Kirnbauer et aL., 1993; Park et aL.,
1993; Rose et al., 1993; Stacey et aL., 1993; Hines et al., 1994). HPV proteins produced in
prokaryotic or eukarotic vector-host systems and synthetic peptides have aIl been used as

antigens in different test systems, such as Western blot analysis, enzyme-linked immunosorbent
assay (ELISA) and radioimmunoprecipitation. The different methods have been reviewed by
Galloway (1992) and Gissmann and Müller (1994).

Expression of parts of proteins has been taken as a tool to identify seroreactive regions
(MülIer et al., 1990; Bleui et al., 1991; Jenison et aL., 1991). Synthetic peptides also proved
suitable for the definition of seroreactive regions (Dilner, 1990; DilIner et aL., 1990a; Krchnák
et al., 1990; Müller et al., 1990; Suchánková et al., 1992). A compilation of epitopes used by
different investigators was published recently (Viscidi & Shah, 1992; Dillner, 1994).

(i) Individuals with unknown disease status

There is limited information about the development of antibodies following natural
papillomavirus infection in humans. A few reports indicate the presence of 19(immunoglobu-
line)G or IgM antibodies to HPV-16 E4, E7, LI or L2 or HPV-6 LI proteins in up to 33% of
children one month to 10 years of age and 40% in children 10-20 years of age (Li et al., 1987;
Jochmus-Kudielka et al., 1989; Jenison et aL., 1990; Cason et al., 1992; Müller et al., 1 995b). ln
view of the rare occurrence of clinically apparent papilIomavirus infections in children, the
significance of these data in uncIear. No cases of seroconversion have so far been published.

Cross-sectional studies on the sera of healthy people demonstrated that antibody prevalence
to HPV - 16 E7 protein rises with age, whereas the prevalence of antibodies specific to HPV - 1 6
E4 decreases in individuals over 20 (Jochmus-Kudielka et al., 1989; Müller et al., 1995b).
Reactivity to HPV - 1 6 virus-like particles was found to decrease in older women without HPV-
16-related diseases (Jochmus-Kudielka et aL., 1989). There is evidence that antibodies decline
after disappearance of wars (Bonnez et al., 1993; Carter et al., 1994) and that antibodies
develop more frequently in females than in males (Tachez y et aL., 1994; Carer et aL., 1995).
Veress et aL. (1994) reported a peak of seropositivity of anti-HPV (HPV -11 L2 or HPV -16 E2,
E7, LI or L2) secretory IgA antibodies among cytologically normal women aged 25-32.

Lewensohn-Fuchs et aL. (1993) investigated the serological responses to HPV - 1 6 E2, LI
and L2 antigens before and after renal transplantation. Antibodies to the late proteins were
shown to decrease after transplantation but remained detectable throughout the study (up to three
years) whereas the number of patients with E2-specific antibodies increased after
transplantation. A significant difference was found between 120 renal transplant recipients and
215 controls in the prevalence of antibodies to HPV-16 E4 (32% versus 10%; odds ratio, 4.7;
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p.( 0.00001) and E7 (15% versus 4%; odds ratio, 6.4; p.( 0.00001) (Jochmus-Kudielka et al.,
1992).

(ii) HPV-associated benign diseases

Antibodies to viral proteins of HPV - l, -6, -8, - 1 1 or - 16 are found in patients with
papilomavirus-related benign lesions such as hand warts, condylomata acuminata, recurrent

respiratory papilomas as weIl as in controls (Li et aL., 1987; Steele & Gallimore, 1990; Steger
et al., 1990; Suchánková et al., 1990; Bonnez et al., 1991, 1992; Carter et al., 1994; Kirnbauer
et al., 1994).

The most remarkable differences in detection of antibodies between patients with benign
lesions and healthy controls were measured when complete HPV particles were used, although a
significant proportion of patients failed to react. ln contrast, with synthetic peptides, reactivity
was also seen in a proportion of sera obtained from asymptomatic individuals. ln sorne studies
applying bacterial fusion proteins or synthetic peptides, no differences were found (Jenison
et aL., 1990; Tachezy et aL., 1994; for review see Viscidi & Shah, 1992).

By Western blot analysis using a bacterial HPV -6b LI fusion protein, Li et aL. (1987) found
IgG antibodies in 18/30 sera from patients attending a colposcopy clinic and in 2/20 children
below five years of age. Suchánková et al. (1990) detected IgG antibodies to a 17mer peptide
shared between the HPV -6 and HPV -1 1 L2 proteins in the majority of patients with
condylomata acuminata but in less than 15% of asymptomatic individuals.

HPV - II particles produced from the mouse xenograft system were used to detect IgG anti-
bodies by ELISA. The median optical density in patients with genital warts (0.32) or recurrent
laryngeal papilomatosis (0.23) was greater th an in controls (0.12 and 0.08, respectively)

(Bonnez et al., 1991, 1992). lt was demonstrated that in condyloma patients who responded to
treatment, the median optical density dropped by 0.05% per day; it increased by 0.07% per day
in non-responders (Bonnez et al., 1993).

Wikström et al. (1992) reported increased prevalence of serum IgG and IgA antibodies to
HPV-6 Ll and L2 peptides in men with a history of genital wars in comparison to controls
(p .( 0.05 for both LI and L2). However, the antibody prevalence was similar to that of controls.

Using a carboxyl-terminal 19mer peptide of the HPV-16 E2 protein and an HPV-16 E7
derived 30mer peptide, IgA antibodies were found more frequently in cervical secretions of 29
patients with genital condylomata than in 28 controls (p.( 0.025 and p .( 0.005, respectively)
(Dilner et al., 1993).

ln recent studies, virus-like particles have also been used to detect, by ELISA, antibodies in
sera of patients with HPV -related benign lesions. Carer et aL. (1994) reported antibodies to
HPV-l capsids in 16 out of 18 women with current foot warts, compared to 38 out of 73
individuals without a history of foot wars (odds ratio, 7.2 (95% Ci, 1.5-69.4); p.( 0.01). There
was a loss of seroreactivity with time since the last appearance of the wars.

Using an HPV -ll virus-like paricle-specific ELISA, Rose et al. (l994a) tested sera that
had been analysed previously by whole-virion ELISA; they found a significant correlation
between the individual seroreactivities obtained in both assays (p .( 0.000001).

Antibodies to HPV -6 capsids were found more frequently among women with recurrent
genital warts than among female controls without history of genital wars (58% versus 19%,
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odds ratio, 6.5; 95% CI, 3.0-14.1). This association was even stronger in pregnant women (88%
versus 30%; odds ratio, 15.5 (95% CI, 1.8-735.7)) but was essentially absent in males (31%
versus 26%; odds ratio, 1.3 (95% CI, 0.6-2.6)) (Carer et aL., 1995). These authors also reported
a positive association between HPV -6 virus-like particle-specific antibodies and both HPV DNA
positivity in cervical swabs and number of sexual parners.

Only a few studies addressing the cell-mediated immune response to HPV antigens have
been reported. Lymphoproliferative responses to the HPV-l E4 and HPV-16 E4, E6, E7 and LI
proteins were observed in human donors, and no differences were found between normal donors
and patients with HPV -related diseases (Cubie et al., 1989; Strang et aL., 1990; Altmann et aL.,
1992; Steele et al., 1993; Kadish et al., 1994). Kadish et al. (1994) reported that cell-mediated
immune response to a carboxyl-terminal peptide of the HPV - 1 6 E7 protein was significantly
associated with infections by HPV-16, -31 or -33 as compared to infections by other HPV types.
These authors suggest that cell-mediated immune response may be associated to regression of
the disease.

(iii) HPV-associated precancer and cancer
A number of studies have compared the immune response to HPV -associated precancers

and cancers. They are discussed in section 3.2.

1.3 Methods for detection of HPV infections

HPV infections are detected by demonstration of HPV genomic sequences in infected
tissues and, to a lesser extent, by identification of HPV proteins in tissues. HPV s cannot be
propagated or isolated in tissue culture and, therefore, one of the most common methods of virus
detection is not available for HPVs. The presence of HPVs is also inferred from cytological,
histological, serological and clinical findings.

HPV detection methods have been developed most extensively for genital tract HPVs,
because these infections have been linked to cervical cancer. Of the numerous HPV s that infect
the genital tract, sorne types (e.g. HPV-16, -18, -31 and -45) are frequently found in cervical
cancers (high-risk HPV s) whereas others (e.g. HPV -6, -1 l, -42, -43 and -44) are rarely detected
in cervical cancers (low-risk HPVs). Therefore, in clinical and epidemiological investigations,
diagnosis of HPV aims at identification of specific types of HPV s, particularly those associated
with cancer. ln addition to the extensive studies on genital HPVs, recently developed

polymerase chain reaction (PCR) assays designed to amplify EV -associated HPV s have detected

large numbers of novel HPV s in skin lesions.

1.3.1 HPV diagnosis by morphology

The link between koilocytosis in cervical smears and HPV infection was established by
cytological and histological investigations in the mid-1970s (Meisels & Fortin, 1976; Purola &
Savia, 1977; Della Torre et aL., 1978). The presence of unequivocal koilocytes indicates
productive viral infection with high specificity. However, with the advent of techniques for
detection of viral genomes, it became evident that cytological and histological features are not
sensitive indicators of the presence of HPVs. ln a majority of individuals who are positive for
HPV DNA, no cytological or histological correlates of HPV infection can be detected (Bauer
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et al., 1991). ln contrast, colposcopic visualization of the cervix after application of acetic acid
identifies cervical HPV infection frequently, but the specificity of the procedure is unknown.
Therefore, indirect detection of HPV infection by cytology, histology and colposcopy is of
limited diagnostic accuracy. Moreover, these methods fail to discriminate between lesions
produced by different HPV types.

1.32 Detection of HPV proteins in infected tissues

Detection of HPV capsid antigen in affected tissue with a broadly cross-reactive antiserum
raised against disrupted viral capsids (see section 1.3.3) identifies productive HPV infection
with a high specificity. Detection of capsid antigen is highly correlated with the presence of
koilocytes. However, this antigen is sel dom detected in individuals who are infected with HPV s
but have no cytological abnormalities or in individuals who have high-grade cervical neoplasia
or invasive cancer (Jens on et al., 1985; Shah & Gissmann, 1989).

1.3.3 Detection of HPV genomic sequences

HPV genomic sequences are detected either by DNA amplification-based methods, in
which targeted viral sequences are first amplified by PCR (Saiki et aL., 1988) and then iden-
tified, or by direct hybridization of the genomes in the specimens, in which identification takes
place without prior amplification. The limitations of the methods are related to their analytical
sensitivity, clinical utility, complexity, reliability, ease of performance and commercial
availability.

Differences in the methods of specimen colIection (e.g. cervical scrapes versus cervico-
vaginal lavage; the device used to collect specimens; the composition of transport medium)
influence the reliability and analytical sensitivity of HPV diagnosis (Guerrero et al., i 992;
Schiffman, 1992a). For adequate diagnosis, non-amplification-based assays require a larger
amount of specimen than PCR methods.

(a) PCR-based methods

PCR-based methods are now the most commonly used in HPV investigations. They have
the highest analytical sensitivity and can detect as few as 10-100 copies of HPV genomes in the
tested portion of the cJinical specimens. PCR assays require very small amounts of specimen,
and a simple one-step treatment prior to amplification. lnitially, HPV type-specific primers were
designed with the use of computer-assisted matrix comparison analyses for different parts of the
genome. Type-specific primer pairs are very effcient and highly specific for the amplification
and identification of the chosen types. However, more than 40 genital HPVs were cloned and
had differing oncogenic potentiaL. Therefore, it was useful to devise a strategy to amplify a

broad spectrum of HPV types in a single PCR reaction using primer pairs based on highly
conserved sequences (consensus or general primers). A single amplification reaction with these
primers generates PCR products that are then utilized for type-specific identification of HPV s.
Several of the PCR methods in use are suitable for large-scale studies. Epidemiological
investigations related to questions of disease etiology, prevalence, persistence and latency of
HPVs rely heavily on PCR-based diagnoses. False positive results due to contamination, which
were frequent in the early studies, appear to be rare in more recent investigations. Strong
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laboratory discipline is needed to avoid contamination. A proportion of clinical specimens may
be unsatisfactory for PCR assays because the cellular DNA is not amplifiable.

The PCR methods for diagnosis of genital HPV s have been reviewed (Gravitt & Manos,
1992; van den Brule et al., 1993; Walboomers et aL., 1994). The main features of the two most
widely used methods, as currently used, are shown in Table 3. The modifications in these
methods, since their original ,descriptions (Manos et aL., 1989; van den Brule et al., 1990;
Snijders et aL., 1990), are referenced in the footnotes of Table 3. Both methods target sequences
in the L1 gene and detect HPVs in over 90% of invasive cancers (Walboomers et al., 1994;
Bosch et al., 1995).

Table 3. Comparisons oftwo widely used HPV-PCR methods

Myp9-MY1I GP5+/GP6+

Primers Consensus; degenerate; amplify a large
number of HPVs; an additional primer
added to amplify HPV -51 a

Amplification target

Probe label

Identification of PCR
products

450 bp region of LI gene

Biotin

(i) Dot blot hybridization with type-

specific and generic probes using
enhanced chemiluminescence

(ii) Also adapted to ELISA format

Consensus; not degenerate; amplify a
large number of HPV s; original
primers extended to improve
performanceh

140 bp region of LI gene

Radioactive

(i) Hybridization with type-specific

and generic (cock tai!) probes

(ii) Identification into !ow-risk and

high-risk types'

a Hildesheim et aL. (1994)
b de Roda Husman et aL. (! 995)

'Jacobs et aL. (1995)

Both of the above methods employ consensus (or general) primers, which amplify a broad
spectrum of HPV types in a single reaction. The primers are complementary to conserved
sequences in the L1 gene of HPV s. However, the different HPV s do not have identical
sequences, even in the most conserved regions, so the goal of amplification of man y HPV types
in a single reaction is met by the design of primers. The MY09-MY 1 1 primers are degenerate,
i.e. they are a mixture of many primers, with nucleotide differences at several positions that
render them complementar to the target DNAs of different HPV types. The GP5+/GP6+
primers are non-degenerate, i.e. they are a single set of primers that accept nuc1eotide

mIsmatches. ln the amplification reaction with GP5+/GP6+ primers, the stringency of primer
annealing is reduced, so as to allow the primers to an ne al to the target DNA, despite the
mIsmatches in nucleotide sequences. The GP5+/GP6+ primers are more efficient in
amplification of sequenc~s from archivai material where DNA may be degraded, because they
target a smaller fragment of the gene.

The HPV sequences in the PCR products are identified to specific types in a number of
ways. ln both the MY09-MY II and GP5+/GP6+ systems, type-specific probes for over 20
HPV s are available. These probes are employed to identify specific types in dot blot or Southem
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blot formats, or in an ELISA format. Alternatively, probe pools can be designed to distinguish
high-risk HPVs from low-risk HPVs (Jacobs et al., 1995). PCR products may also be identified
by their restriction enzyme digest. patterns or by nucleotide sequencing (Lungu et al., 1992;
Smits et al., 1992a; Bernard et aL., 1994a). The nucleotide sequence of the amplified product can
then be matched to the HPV nucleotide sequence database (Myers et al., 1994) in order to make
a type-specific identification or to identify new HPV types. For establishment of a novel HPV
type, the whole HPV genome must be cloned and evaluated at the HPV reference centre at
Heidelberg.

The above two methods, MY09-MYl1 and GP5+/GP6+, both amplify a region of the LI
gene of genital HPV s. Lungu et al. (1995) recently described a PCR method with amplification
of £6 sequences of genital HPV s. The primers are designed to amplify selectively 10 high-risk
HPV s. PCR methods have also been devised for the detection of a broad spectrum of cutaneous
HPVs (Tieben et aL., 1993; Shamanin et al., 1994a). Use of these methods in the study of skin
cancers in renal transplant recipients has revealed that many of these lesions con tain novel HPV
types related to the EV-associated HPVs (Shamanin et al., 1994a; Berkhout et al., 1995).

(b) ViraPapTMand Hybrid Capture™

ViraPapTM (Digene Laboratories, Silver Spring, MD, USA) was one of the first

commercially available HPV diagnostic tests and is approved by the US Food and Drug
Administration (FDA). ln this test, radioactive RNA probes of seven HPV types (HPV-6, -11,
-16, -18, -31, -33 and -35), available as a single pool or as three separate pools (ViraType™-
HPV-6 and -II; HPV-16 and -18; HPV-31, -33 and -35), are employed to hybridize cellular
DNA of clinical specimens placed on fiters that are autoradiographed to reveal the hybrids in a
dot blot format. The sensitivity and specificity of ViraPapTM as compared to other assays are
discussed below. This test has now been replaced by a second-generation assay, Hybrid

Capture TM.

Hybrid Capture™ does not employ radioactive reagents and screens for a total of 14 HPVs
with two RNA probe pools; probe A for five low-risk HPVs (HPV-6, -1 l, -42, -43 and -44) and
probe B for nine types ofHPV that are found in cancer (HPV-16, -18, -31, -33, -35, -45, -51, -52
and -56). The single-strand DNA in denatured specimens is reacted with the A and B RNA
probes. The DNA-RNA hybrids are captured and immobilized with a hybrid-specific antibody
and the hybrids are detected in an ELISA-type format with the use of a chemiluminescent
compound. The presence of the viral DNA in the specimens is expressed as relative light units
(RLUs). Higher ratios of specimen RLUs to control RLUs are indicative of a greater amount of
viral DNA in the specimens, and in this way the test results allow quantification of viral DNA in
the specimens (Cox et al., 1995).

The Hybrid Capture™ assay is available commercially and is approved by FDA. The
analytical sensitivity of this test is 105 copies of HPV-16 genome. The negative and positive
controls in the kit provide uniform standards for the testing laboratories. ln a study of inter-
laboratory varation in Hybrid Capture ™ results among three laboratories, specimens were
tested with probe pools A 'áÎd B. Kappa values in inter-laboratory pairwise comparsons for
positivity to either group A or group B ranged from 0.61 to 0.83. Of specimens that were
positive for group B by the reference standard, 74% were positive in ail three laboratories. The
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interlaboratory correlations of HPV quantitative data for probe B types ranged from 0.60 to 0.90.
Probable false positive results were occasionally encountered, in less than 3% of the tests
(Schiffman et aL., 1995).

(c) Southern blot hybridization

ln contrast to the PCR-based methods and Hybrid Capture™, which employ crude ex tracts
of the clinical specimens as a starting point, Southern blot hybridization requires the purification
of cellular DNA with a series of phenol:chloroform extractions. The purified cellular DNA is
digested with restriction enzymes, electrophoresed, denatured, transferred to filters and
hybridized at different stringencies with radiolabelIed HPV probes. The identification of HPV
types is based on the sizes of the hybridizing fragment and the stringency of hybridization.

The analytical sensitivity of Southern blot hybridization is similar to that for Hybrid
Capture™. The sizes of the hybridizing fragments provide an internaI control of the specificity
of the annealing reaction; therefore, faint signaIs in Southern blot hybridization, if the 

y
correspond to the expected positions of the bands, can confidently be interpreted as positive. The
test allows identification of viral subtypes and can provide evidence of viral integration.

The technique is labour-intensive and complex and employs radioactive probes. lt is
therefore not commonly used in large-scale epidemiological investigations. There is a significant
inter-laboratory variation in detection and typing of HPVs by Southern blot hybridization. ln a
study of 40 clinical samples, pairwise agreement between four laboratories rariged from 66% to
97% for HPV detection and from 77% to 96% for typing of positive specimens (Brandsma et aL.,
1989).

(d) ln-situ hybridization

This is the only method in which the viral genome can be identified in topographical
relation to the pathological lesion. Cells or tissue sections on slides are hybridized using
radioactive or nonradioactive DNA or RNA probes. Tests can be devised to detect viral DNA or
viral transcripts of individual viral genes (Dürst et al., 1992; lftner et al., 1992; Stoler et aL.,

1992).

The lower limit of detection of in-situ hybridization is 20-25 copies of the viral genome in
the celI (Schneider et al., 1991). This IImit of detection can be reduced further to one copy per
cell by the use of special procedures such as in-situ PCR (Nuovo et al., 1991a,b; Bernard et al.,
1994c).

Although labour-intensive, in-situ hybridization is very weIl suited for studies of molecular
pathogenesis of HPV -associated diseases. The method can locate the viral genome in the tumour
cells themselves, and correlate expression of specific viral genes with the evolution of the lesion.
However, the technique is not suitable for epidemiological investigations, not only because of its
complexity, but also because tissue specimens are generally not available from controls.

(e) Filter in-situ hybridization

This was the first HPV test designed for epidemiological study and was employed in
several large-scale investigations (Reeves et al., 1989; de Villers et aL., 1992). ln this assay,
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cells are placed on a fiter and Iysed, and the DNA on the filter is hybridized with radiolabelled
probes and autoradiographed (Wagner et al., 1984).

This test is now seldom employed in HPV investigations. The test had a high inter-
laboratory variability, and in one study there was no correlation between the results of filter
in-situ hybridization and the results of Southern blot hybridization (Schiffman, 1992a).

(f) Comparison of HPV testing methods

Results of selected studies comparing HPV testing methods are summarized in Table 4.
ViraPapTM is compared to two reference tests (Southern blot hybridization and PCR) for
detection of the seven HPV types incJuded in ViraPapTM. Southern blot hybridization is
compared to PCR as the reference test. The specificity of both ViraPapTM and Southern blot
hybridization was high, but their sensitivities varied over a wide range. The results of these
comparisons should be interpreted with caution bec au se the technical details of the tests between
laboratories performing the tests were not identical. AIso, in sorne instances, the small amounts
of specimens available may have contributed to lower sensitivities of non-amplification-based
assays (Guerrero et al., 1992; Schiffman, 1992a).

Table 4. Comparison of sensitivity and specificity of ViraPap ™ and Southern blot
hybridization

Reference test Southern blot hybridization PCR

Comparison test ViraPapTM ViraPapTM Southern blot hybridization

Sensitivity Specificity Sensiti vit Y Specificity Sensitivity Specificity

Kiviat et aL. 0.90 0.94
( 1990)

Bauer et al. (0.54)
(1991 )

Gravitt et al. (0.39) (0.96)
(1991 )

Guerrero et aL. 0,68 0.89 0.45 0.94 0,35 0,94
(1992 )

( J calculated by the Working Group

1.3.4 Detection of HPV infections and HPV-associated cancers by serological assays

The immunological responses to HPV infections and to HPV -associated cancers have been
discussed in section 1.2 and 3.2. Currently, the ELISA antibody assay using virus-like particles
as the antigen is the most promising assay for the detection of virus-specific antibody. However,
the antibody response is low-titred and not detectable in ail patients with documented infections.
Likewise, at present, antibodies to E6 and E7 proteins are the most promising markers of HPV _
associated invasive cancer.
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These assays are now widely employed in HPV investigations. The results of these studies
will indicate the extent to which the assays are useful as markers of HPV infection and of HPV-
associated neoplasia.

1.4 Epidemiology of infection

Many detailed reviews of the epidemiology of genital HPV infection have been published
(Koutsky et aL., 1988; Beutner et al., 1991; Moscicki, 1992; Mörrison, 1994; Schiffman, 1994;
Schneider, 1994). Less is known about the epidemiology of non-genital HPV infections. This
section focuses on new information and consistent themes that have emerged from studies of the
transmission, incidence, prevalence and natural history of HPV infection. Within each sub-
section data on genital infections are presented before data on non-genital infections.

1.4.1 Transmission

Results from several observational studies indicate that genital HPV s are transmitted
primarily through contact with infected cervical, vaginal, vulvar, penile or anal epithelium.
Barrett et al. (1954) reported that genital warts developed in four to six weeks in wives of
servicemen who had returned from overseas and who had had genital warts. Oriel (1971)
reported that 64% of sexual partners of individuals with genital warts developed genital warts
themselves after a mean interval of two to three months. Similar results have been reported by
others (Teokharov, 1969; Barrasso et al., 1987a).

ln studies of sexually inexperienced young women, HPV DNA and antibodies to genital
types of HPV are rarely detected (Fairley et al., 1992; Andersson-Ellström et al., 1994; Gutman
et al., 1994; Rylander et al., 1994; Carter et al., 1995; Critchlow & Koutsky, 1995). Additional
studies among young women show a positive trend between increasing numbers of recent sexual
partners and increasing prevalence of genital HPV infection (Rosenfeld et al., 1989; Moscicki
et al., 1990; Ley et al., 1991; Bauer et al., 1993). ln a cohort study of 18-20-year-old female
university students with a low-risk profile for sexually transmitted diseases (STDs), the overall
prevalence of genital HPV infection as determined by PCR-based analysis was 35%. The
prevalence at enrolment among the 183 sexually experienced women ranged from 17% of those
reporting only one partner to 83% of those reporting more than five partners (Critchlow &
Koutsky, 1995).

The above results indicate that, among adolescents and young adults, risk of genital HPV
infection with each new sexual contact is high. Unlike the transmission dynamics for certain
bacterial STDs (Brunham & Plummer, 1990), core groups (that is, small segments of the
sexualIy active proportion of the population with very high rates of partner change) do not
appear to be necessary to sustain high rates of genital HPV infection in communities throughout
the, world (Y orke et al., 1978). To what extent the high prevalence of genital HPV infection
among populations with relatively low rates of partner change can be attributed to a high rate of
infectivity, a long duration of infectivity or a combination of both of these is currently not
known.

Statistical evidence of HPV type-specific concordance in couples has been reported in two
studies. Among a consecutive series of 50 couples attending an STD clinic, 63% of men and
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72% of women were found to have HPV infection, as determined by PCR-based testing of
anogenital samples. Of the 50 couples, five were excIuded because one or both partners had an
inadequate HPV DNA sample. ln 20 couples both partners were HPV positive, in 21 couples
only one partner was positive, and in four couples both were negative. Thirteen couples had the
same HPV type detected, whereas only 8 would have been expected by chance (p = 0.009)
(Baken et al., 1995). Among 32 married couples, HPV -16 was detected in both the husband and
wife in 8 couples, of whom four demonstrated identical HPV -16 varIants (Ho et aL., I993a).
Although findings from the se two studies support the role of sexual transmission in the

epidemiology of genital HPV infection, they also demonstrate that quite often the same HPV
type or variant cannot be detected in genital samples from both members of a sexual partnership.

Papillomavirus concordance was also studied in a group of rhesus monkeys, the sexual

mating and offspring histories of which were known (Ostrow et aL., 1990). Rhesus papilloma-
virus type 1 (RhPV-l) DNA was detected in cervical specimens from 20 of 30 female monkeys
that had mated with one of two male monkeys infected with RhPV -1. None of 1 1 female
monkeys that had not mated with either of the infected males was positive. The 'index' male
monkey developed a penile carcinoma that metastasized to the Iymph node, and two of the
female mating partners developed cervical carcinoma. Both tumours and metastatic tissue were
positi ve for RhPV-1.

Infections in the oral cavity of genital types of HPV sand HPV -associated recurrent

respiratory papilIomatosis (rare conditions) may be related to oral-genital contact (Kashima
et al., 1992a). The occurrence of juvenile-onset recurrent respiratory papillomatosis in infants
and young children indicates that HPV infections may be transmitted from mother to infant,
probably at the time of delivery. There have been reports of HPV DNA detected in amnIotic
fluid, although in these studies transmission of the virus to the infant was not demonstrated
(Sedlacek et al., 1989; Armbruster-Moraes et aL., 1993). Age of mother, birth order of the infant
and mode of delivery are important determinants of transmission. Most infants who develop
juvenile-onset recurrent respiratory papilIomatosis are delivered vaginally rather th an by
caesarean section (Shah et al., 1986), and many are the first-born single or twin infant of women
who tend to be younger than other mothers delivering at the same institutions (Kashima et aL.,
1992a). Rare cases of ano-genital warts in new-borns have been reported (Tang et al., 1978) and
HPV DNA has been detected in mucosal scrapes and washes obtained from infants (Roman &
Fife, 1986; Jenison et aL., 1990; Fredericks et aL., 1993; St Louis et aL., 1993). However, results
from transmission studies of infants are not consistent, and do not provide a clear indication of
the rate of infection among neonates who are exposed perinatally. AIso, HPV type-specific
concordance between mother-infant pairs has been observed only rarely.

Case reports of HPV -16 periungual infections and carcinomas (Moy et al., 1989; Euvrard
et al., 1993) and of ano-genital warts in toddlers and children in whom sexual abuse has been
ruled out (Handley et al., 1993) indicate that HPV (both genital and non-genital types) may be
transmitted digitally from one epithelial site to another. Blood-borne transmission of HPV has
not been reported. Studies of children sharing glue pots show that common non-genital warts on
fingers and hands may be transmitted by fomites (glue in this instance) (Rowson & Mahy,
1967). Although fomite transmission of genital types of HPV has not been demonstrated, HPV



60 IARC MONOGRAPHS VOLUME 64

DNA has been detected on medical instruments and in laser plumes (Garden et aL., 1988;
Ferenczy et al., 1990).

Genital HPY infection may involve large areas of uro-genital, perineal, perianal, anal and
scrotal epithelium. ln men, a corn mon site of genital warts is the base of the shaft of the penis
(Chuang et al., 1984; Cook et al., 1993), a site that is not easily covered by a condom. For this
reason, consistent and correct use of condoms probably does not protect against transmission of
genital HPV as weil as it does against transmission of bacterial STDs and human immuno-
deficiency virus (HIV).

A study by MandaI et al. (1991) included 105 men (median age, 26 years) without clinical
evidence of anogenital warts who were attending an STD c1inic. Pooled specimens consisting of
exfoliated cells from the distal urethra, penile shaft, glans penis and anorectal junction were used
for detection of HPV DNA using dot blot hybridization techniques. HPV DNA was detected in
21 (20%) men. Fifteen men (14%) regularly used condoms and i 7 (16%) were circumcized but
neither circumstance was associated with the detection of HPY DNA.

As with genital types (Oriel, 1971), transmission of non-genital types of HPV is probably
more efficient in the presence of a macerated or abraded epithelial surface. Studies of plantar
warts suggest that the virus may be transmitted from the soles of the feet of one individual to a
concrete surface (such as found surrounding a swimming pool) to the feet of an unsuspecting
individual walking barefoot on this abrasive, HPY -1 laden surface (Rasmussen, 1958; Koutsky
et aL., 1988). Common warts (verruca vulgaris) are frequently detected on the fingers and hands
of butchers and workers who handle fish and poultry (Rüdlinger et al., i 989a; MeJchers et aL.,
1993; Stehr-Green et aL., 1993; Keefe et aL., 1994a). Transmission of HPV (particularly HPV-7)
in these occupational settings may be facilitated by the occurrence of accidental epithelial
wounding from sharp objects and by the sharing of equipment and protective gear (Melchers
et al., 1993).

1.4.2 Incidence

Few studies have been designed to provide estimates of the incidence of genital HPV
infection. ln one investigation of the general population of Rochester, MN, USA, the annual
age- and gender-adjusted incidence of genital warts increased between the early 1950s and the
late 1970s from 13 per 100 000 to 106 per 100 000 (Chuang et aL., 1984). This time period
corresponds to the years when the rates of other STDs were increasing dramatically in Europe
and North America (Aral & Holmes, 1995). Additional studies using data obtained from a
sample of private physician offices throughout the USA showed a 4.5-fold increase in the
number of first visits for condyloma between 1966 and 1984 (Becker et al., 1987). ln the United
Kingdom, national STD data suggested a 2.5-fold increase in the incidence of condyloma for
males and females between i 971 and 1982 (Koutsky et al., 1988). Incidence data for subclinical
genital HPV infections are currently not available.

The incidence of common and plantar warts in the general population has not been studied.
lt has been suggested, from the data available, that the incidence is higher among children living
in institutions th an among those living in houses, and higher in children th an in adults

(Rasmussen, 1958; Massing & Epstein, 1963).
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ln children between 0 and 14 years of age, recurrent respiratory papillomatosis has an
incidence per 100 000 of 0.7 in Denmark, 0.6 in the USA, 0.1 in Japan and of 2.8 in Thailand
(Christensen et al., 1984; Ushikai et aL., 1994).

1.4.3 Prevalence

Unlike incidence, which measures the rate of new infection in a population during a given
time interval, prevalence measures the percentage of a population that has new, persisting or
recurring infection at a given point or period in time. For genital infections such as gonorrhoea
which are often symptomatic and cJear with appropriate therapy, estimates of prevalence and
incidence may be comparable. For infections such as HPV, which persist with or without
treatment, measures of prevalence and incidence will be different. Host characteristics and
cIinical manifestations of incident versus prevalent cases are also likely to be different.
Prevalence is an important measure of the burden of disease in a population. Measures of

incidence are used to identify characteristics of individuals that are at risk of developing disease.

Using PCR-based HPV DNA detection methods, several investigators throughout the worId
have determined the prevalence of genital HPV infection among populations of women with
normal Pap (Papanicolaou) smears (Table 5). Data in Table 5 are presented in descending order
of positivity of HPV. However, the results from the various studies are not strictly comparable
because Pap smears were evaluated by different criteria, and different HPV DNA assays,
primers and methods of epithelial sampling were used (see Table 5 for references). Despite these
methodological differences, sorne important conclusions can be drawn from the presented data.
First, younger rather than older women are more likely to have HPV DNA detected in genital
tract specimens. Secondly, HPV DNA is rarely detected in genital tract specimens of women
who report no previous sexual activity (Fairley et aL., 1992; Rylander et aL., 1994; Critchlow &
Koutsky, 1995). Thirdly, geographical differences in the prevalence of HPV infection are not
readily apparent.

Results from the se studies also indicate that, as with women with cervical neoplasia
(McCance et al., 1985; Lörincz et al., 1990; Bergeron et al., 1992), women with normal Pap
smears are more likely to have HPV -16 infection th an infection by any of the other classified
types of HPV.

SampIing techniques for detecting HPV DNA may be less sensitive when used in men than
women. Penile scrapings may yield limited cellular material and, thus, are often negative for
HPV DNA when analysed by molecular methods that do not include an amplification step
(Grussendorf-Conen et al., 1987; Barrasso, 1992).

ln one study (Kataoka et al., 1991), urethral smears were obtained from i 05 male Swedish
Army recruits between the ages of 18 and 23 years. Their reported mean lifetime number of
sexual partners was 1.4. Eighteen (17%) had HPV DNA detected in the urethral specimen. ln
addition, ail those with visible les ions provided penile biopsy specimens for the detection of
HPV DNA by a PCR-based method. Of these 39 men undergoing penile biopsy, 17 (44%) had
HPV DNA detected in the biopsy specimen. Urethral specimens obtained from these same men
were positive for HPV DNA in only 10 (26%).



0\NTable 5. HPV DNA detection rates by PCR amplification among women with cytologically negative Pap smears

Reference Study population No. of Sites HPV types tested for Age of subjects Percentage Percentage
subjects tested (range, mean or HPV HPV - 1 6/1 8

SD) positive positive

ter Meulen Gynaecology c1inic, (261) Cervix HPV-6, -1 l, -16, -18, -31, -33, 15-70; 30,9 years (47,9) (16,9)
et al. (1992) Tanzania -35, -39, -40, -45, -5 L, X
Wheeler et al, University Health 357 Cervix HPV-6, -1 l, -16, -18, -31, -33, 18-47; 23 years 44.3 8 (HPV - 1 6)
(1993) Service, USA -35, -39, -45, -51, -52, -54, -59,

PAP 88, PAP 238A, W 13B
Kjaer et al, Random sample, 129" Cervix HPV-I l, -16, -18, -33 20-39 years 43.4 35 s;;:(1993 ) Greenland n
Pao et al, Clinic, Taiwan 102 Cervico- HPV-6, -1 l, -16, -18, -33 NA 42.2 9.8 3:
(1990) vaginal 0

Z
Lambropoulos Gynaecology clinic, 201 Cervix HPV-16, -18, X 17-45 years 40.8' 7,5 00et al. (1994) Greece ;:
Becker et al. Gynaecology clinics, 309 Cervix HPV-6, -1 l, -16, -18, -31, -33, 18-40; 26 years 40,1 LU ;p

""
(1994 ) USA -35, -39, -45, -51, -52, -53, -54, ::

Vi
-56, -58, -59, P AP 88, W 13B, ~
PAP 238A 0r

Kjaer et al, Random sample, 126" Cervix HPV-I l, -16, -18, -33 20-39 years 38.9 44.4 C
3:(1993 ) Denmark rr

Critchlow & University, USA, 183 Cervix, HPV-6, -Ii, -16, -18, -31, -33, 18-20 years 35 14 0\.t
Kautsky sexuallyactive vulvo- -35, -45, X
(1995) vaginal
Bauer et al. University Health 44i' Cervix HPV-6, -1 L, -16, -18, -31, -33, mean, 22.9 years; 32,S/' NA
(199 1 ) Service, USA -35, -39, -45, -5 L, -52, W 13 B, SD,4.2

PAP 88, PAP 155, PAP 251,
PAP 238B, X

Seck et al, Infectious Disease 47' Cervix HPV-6, -1 L, -16, -18, -31, -33, NA 24.5 NA
(1994 ) Service, Senegal -35, X
Czeglédy et al, Family planning 77 Cervix HPV-6, -IL, -16, -18, -31, -33 mean, 25.8 years 19.5 10.4
( 1992a) cIinic, Kenya



Table 5 (contd)

Reference Study population No, of Sites HPY type tested for Age of subjects Percentage Percentage
subjects tested (range, mean or HPY HPY 16/1S

SD, standard positive positive
deviation)

Schiffman Health Maintenance 453 Cervico- HPY-6, -IL, -16, -18, -26, -31, mean, 34 years 17,7 2,9et aL. (1993) Organization clinics, vaginal -33, -35, -39, -40, -42, -45, -5 l,
USA -52, -53, -54, -55, -57, -59,

PAP 3S, PAP 155, PAP 23SA, ::
PAP 251, PAP 291, W 13B c:

$:Engels et al, STD clinic, Kenya 97 CervIx HPY-6, -il, -16, -IS, -31, -33, mean, 2S years; 16,5 NA ~
( 1992) X SD,9,7 Z

'ïMelkert et ai. Screening, 156 Cervix HPY-6, -Il, -16, -IS, -31, -33, mean, 15-34 years 14,1 3.S ~
'ï(1993 ) Netherlands X -rMelkert et al, Hospital, 2320 Cervix HPY-6, -Il, -16, -IS, -31, -33, mean, 15-34 years 13,9 3,9 r0(1993 ) Netherlands X
$:Muñoz et al, Random sample, 9S Cervix HPY -6, -IL, -16, -18, -3 l, -33, mean, 47,S years 13.3 11.2 ~
~(1992) Colombia -35, X -;;van Doornum STD clinic, 108.! Cervix HPY-6, -11, -16, -IS, -33 mean, 29 years 11.9,1 10,2 c:
C/et al, (1992) Netherlands, -
Z~ 5 partners
'"
tT6 months before n
-Jentry -0Bosch et al, Random sample, IS1 Cervix HPY-6, -Ii, -16, -IS, -31, -33, 19-70; 39,2 years 10,5 3,3 Z(1993 ) Colombia -35, X

Melkert et al, Hospital, IS26 Cervix HPY-6, -IL, -16, -IS, -31, -33, 35-55 years 6,6 1.5
(1993 ) Netherlands X
Bosch et al, Random sample, 193 Cervix HPY -6, -11, -16, - 1 S, -31, -33, 18-68; 36,1 years 4,7 0,5
(1993 ) Spain -35, X
Muñoz et al, Random sample, 130 Cervix HPY-6, -il, -16, -IS, -31, -33, rnean, 52,3 years 4,6 3,1
(1992) Spain -35, X
Melkert et al, Screening, 1555 Cervix HPY -6, -IL, -16, -18, -3 i, -33, 35-55 years 4,2 0.9
(1993 ) Netherlands X

0\
W



0\.t

Table 5 (contd)

Reference Study population No, of Sites HPV type tested for Age of subjects Percentage Percentage
subjects tested

(range, me an or HPV HPV 16/18
SD, standard positive positive
deviation)

-Nishikawa Gynaecology clinic, 52 Cervix HPV-16, -18, -33 18-73; 38,5 years 3,8 3.8 ?
etal, (1991) non-pregnant (HPV-16 (HPV-16 :;n

women, Japan only) only) ~
Engels et al, Family planning 109 Cervix HPV-6, -11, -16, -18, -31, -33, mean: 28 years; 3.7 NA 0

Z(1992) clinic, Kenya X SD,9,7 0
c::;

Critchlow & University, USA, no 56 Cervix, HPV-6, -11, -16, -18, -31, -33, 18-20 years 3,6 0.0 ?
'"Koutsky reported coi tus vulvo- -35, -45, X ::

(1995) vaginal C/

..Rylander et al, Adolescent clinic, 130 Cervix HPV-6, -11, -16, -18, -31, -33, 10-25; 18 years 1.5 0.0 0r(1994 ) Sweden, no reported -39, -40, -45, -55, -56, X (HPV -6 C
coi tus only) ~

t'Fairley et al. Clinic, Australia, no 55 Vagina HPV-6, -11, -16, -18, -31, -33, 13-41; 18 years 0,0 0.0 0\
(1992) reported coitus X .t

NA, not available; SD, standard deviation; X, primers
"Each group con tains three women with dysp1asia
hExcludes cases with cervical dysplasia and condylomatous atypia

'Excludes cervical dysplasia in HIV (human immunodeficiency virus)-negative cases
dExcludes three cases with Pap IlIa smear

( ), calculated by the Working Group
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Genital HPV DNA prevalence was also measured by PCR among 168 men (mean age of 46
years) and 327 women (mean age of 44 years) residing in Spain and 128 men (mean age of 46
years) and 308 women (mean age of 42 years) residing in Colombia (Bosch et aL., 1994a). ln
Spain, 3.6% of men and 4.9% of women were positive for HPV, and in Colombia, 19% of men
and 13% of women were positive.

Among men attending STD clinics for various reasons, higher prevalence estimates of
genital HPV infection detected by PCR-based methods have been reported (84%, Wikström
et al. (1991); 63%, Baken et al. (1995)).

Studies of HIV (human immunodeficiency virus)-infected men and women suggest that the
prevalence of HPV infection as determined by PCR-based methods is high (over 75% for
cervical infection among women and 54-55% for anal infection among men) (Caussy et aL.,
1990a; ter Meulen et al., 1992; Kiviat et aL., 1993; Seck et al., 1994). The HPV type distribution
among HIV -infected populations is similar to the type distribution seen in uninfected
populations (Palefsky et al., 1990; Kiviat et al., 1993).

Recent data suggest that there may be geographical or ethnic differences in the prevalence
of different variants of HPV. B Y sequencing segments from isolates of HPV - 16 and -18 obtained
from various patient populations from five continents, Ho et aL. (1993b) and Ong et aL. (J 993)
suggest that the observed distribution of variants of HPV - 16 and - 1 8 indicates that, to establish
each phylogenetic branch, both of these viruses evolved separately for a period in both Africa
and Eurasia. ln addition, the investigators speculate that because representatives from both
HPV -16 branches are present in American countries, the variants were probably transferred via
immigration from Europe and Africa. Whether variants of oncogenic types of HPV are
important in predicting increased risk for invasive cancer of the genita1 tract or anus remains to
be determined.

Among adults, the prevalence of common warts among office workers and engineering
fitters declined with age (Keefe et al., 1994a). Currently, data concerning the prevalence of
subcJinical infection by non-genital HPV types are not available.

1.4.4 Natural hzstory

Little is known about the natural history of genital HPV infections. Nevertheless, cJinical
findings from a variety of studies suggest the folIowing observations: (i) Although most
individuals with genital HPV infection do not develop signs or symptoms that are brought to the
attention of a clinician (Bauer et al., 1991), it is likely that many infections cause micros-
copically visible intraepithelial lesions that are never detected. (ii) Within a few years of initial
infection, most individuals are cJear of the molecular, microscopic and clinical signs of the
initial infection (Evander et al., 1995). (iii) Severely impaired celI-mediated immunity appears
to enhance replication of the virus, thereby increasing the probability of an individual deve-
loping new or recurrent lesions (Frazer et al., 1986; Halpert et al., 1986; Palefsky et al., 1990;
Vermund et al., 1991; Kiviat et aL., 1993; Maiman et al., 1993). (iv) Only a small percentage of
individuals infected with an oncogenic type of HPV develop cancer (zur Hausen, 1990).
(v) Cervical cancer Is a corn mon HPV-associated malignancy (Krone et aL., 1995), perhaps in
part because cells capable of proliferation at the junction of columnar and squamous epithelium
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are exposed to the surface and, therefore, are most susceptible to infection and transformation by
HPV.

Additional findings that suggest how different cJinical courses have evolved for specific
types of genital HPVs incJude the following: (i) Most macroscopicalIy visible genital warts are
caused by HPV -6 or - 1 1; HPV -6 in approximately two-thirds of cases and HPV - 1 1 in one-third
(Gissmann et al., 1983). (ii) Virtually ail cases of recurrent respiratory papilomatosis are
associated with HPV -6 or -1 1; HPV - 1 1 in approximately two-thirds of cases and HPV -6 in one-
third (Abramson et al., 1987). (iii) DNA from HPV-16, rather than DNA from other types of
HPV, has been detected in genital tract specimens over the longest period of time (Hildesheim
et al., 1994; Shoultz et al., 1994). (iv) High-grade cervical intraepithelial lesions, which often
involve HPV - 1 6 or - 1 8, may arise spontaneously without priOf development of a low-grade
les ion (Koutsky et al., 1992). (v) Most patients with cervical cancers are infected with HPV - 16

or -18 (Low et aL., 1990; Lörincz et al., 1992; Bosch et aL., 1995). (vi) ln patients with cervical
cancer, HPV -18 DNA is detected more often in adenocarcinomas, adenosquamous-cell

carcinomas and small-celI carcinomas than in squamous-cell carcinomas (Barnes et al., 1988;
Tase et al., 1988a; Stoler et al., 1991).

Persistence of HPV - 16 variants was studied in a cohort of young women. A total of 127
HPV-16 specimens obtained from 40 women were tested for sequence differences in the ton-
coding regiön of the genome using single stranded. conformational polymorphism of PCR-
amplified material. Using this technique, 16 different variants of HPV - 1 6 were detected, but

only two variants accounted for over 50% of the infections. AlI HPV - 1 6 specimens from 24
women who were repeatedly positive over two to six visits showed the same single stranded
conformational polymorphism pattern at every visit. Sequencing of clones from a subset of
specimens indicated that many women were infected by more than one variant, but that one
variant seemed to predominate over time, with other variants detected only intermittently (Xi
et aL., 1995).

A variety of viral, host and exogenous factors may influence the course of HPV infection.
The type(s) or variants of virus, anatomic site of infection and host response define whether a
given genital HPV infection wilI be self-Iimited and escape detection, produce a c1inicalIy
evident benign proliferative lesion, or slowly, over the course of several years, on average,
induce malignant transformation of infected cells.

1.5 Pathology of HPV genital tract infection and evidence from pathology for progression
to malignancy

A number of reviews have been written describing the changes that are associated with
HPV infection of the epithelium of the male and female lower anogenital tract (Barrasso et aL.,
1987a; Fu et aL., 1988; Fu & Reagan, 1989; Richart et aL., 1992; Wright & Richart, 1992;
Richart & Wright, 1994; Wright et aL., 1994a). Similar reviews have been written for the
putative HPV -related lesions of the skin (Price et al., 1988; Blessing et al., 1989; Jablonska &
Majewski, 1994). At other epithelial sites, HPV infection has been described infrequently and
few reviews are available linking HPV infection to histological changes at these sites.
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1.5.1 Terminology

(a) Dysplasia and carcinoma in situ

B Y the late 1800s, the histological changes that occurred at the margins of invasi ve
squamous-cell cancers of the cervix had been recognized and described (Williams, 1888). Their
significance was not appreciated at the time, but these changes later came to be caIled carcinoma
in situ (CiS), a term first introduced by Schottlander and Kermauner (1912) to describe cervical
cancer precursors and later reintroduced by Broders (1932). Cullen (1900) first noted that these
changes resembled the cytological and pattern alterations that were present in the adjacent
invasive squamous-ceIl cancer and suggested that they may be precursor lesions.

OriginalIy, only epithelia that contained atypical cells throughout their full thickness were
regarded as cervical cancer precursors. However, with the introduction of exfoliative cytology, it
became apparent that many cytological atypias ret1ected histological changes that, although
lacking the fuIl thickness de-differentiation of classical CiS, nevertheless shared sorne of the
cytological and histological changes associated with CiS, which was recognized as a cancer
precursor. When it became recognized that there was a wide spectrum of changes associated
with histological alterations thought potentially to be cervical cancer precursors, it became
important to define the se minor atypias better, to understand their biology more completely and
to devise an expanded terminology with which to identify them. Reagan and Hamonic (1956)
introduced the term 'dysplasia' to designate cervical epithelia that contained cytologicaIly
atypical cells but lacked full thickness de-differentiation. The dysplasias were further divided
into mild, moderate and severe grades, depending upon their differentiation (see Table 6). It was
implicit in this terminology that the higher the grade, the closer the lesion was in aggregate to
invasion. This assumption was based upon the observation that higher-grade dysplasias
resembled CIS and invasive cancer more cJosely th an those of lower grade. CIS remained in the
clinicians' minds, however, as the only true cancer precursor. Patients with CIS were generally
treated by total abdominal hysterectomy, and patients with lesser degrees of epithelial change -
the dysplasias - were either treated by cervical conization or foIlowed prospectively without

treatment.

(h) Cervical intraepithelial neoplasia (CIN)

With continuing clinical experience, it became obvious both to pathologists and clinicians
that there was extremely poor inter- and intra-observer reproducibility in differentiating CIS
from dysplasia. It was particularly difficult for pathologists to distinguish severe dysplasia and
CiS, and clinicians became increasingly sceptical of the rationale for therapy dictated by the
dysplasia-CIS classification system.

ln view of this, and after the completion of a number of laboratory and clinical studies that
were begun in the 1960s, it became apparent that severe dysplasia and CIS could not be
distinguished reproducibly at any level and that the lesser degrees of atypia - particularly
moderate and severe dysplasia - merged imperceptibly in objective measurements with the

higher-grade lesions (Richart, 1973).
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These observations led to the introduction of the term 'cervical intraepithelial neoplasia'
(CIN) to designate the spectrum of cervical diseases thought to play a role in cervical
carcinogenesis (Richart, 1973). The implication of the CIN terminology was that there was a
continuum of change that began with mild dysplasia and ended with invasive cancer after
passing progressively through the intermediate stages of intraepithelial disease. The clinical
implications of this new terminology were that presumed precursor lesions should be treated
based on their size and location - not simply on their histological grade. Although the CIN
lesions were graded CIN l, CIN II and CIN II, the CIN II category now included severe

dysplasia and CIS (see Table 6), and, in terms of treatment, there was a lower emphasis on
hysterectomy in favour of out-patient-directed methods and conservation of the uterus (Richart,
1987).

As molecular data accumulated, it became apparent that the spectrum of atypical epithelial
changes that occurred in the female lower genital tract and were etiologically related to HPV
could best be described as a two-tiered, rather than a three-tiered, disease process, and the CIN
classification was modified appropriately (see Table 6) (Richart, 1990). Those lesions
commonly referred to as mild dysplasia, flat condyloma or CIN l, which were thought to be the
result of an acute epithelial viral infection, were designated low-grade ClN. Those lesions that
contained more severe cytological atypia, which were thought to be true potential cancer
precursors and to require treatment, were designated high-grade CIN. The distinction between
low-grade CIN and high-grade CIN was based upon an assessment of cytological atypia and the
presence or absence of abnormal mitotic figures. However, it was emphasized that the diagnostic
decision should be taken at an operational level as weIl as a morphological level so that the
clinician cou Id infer accurately from the diagnosis whether the pathologist believed that the
lesion being diagnosed was el true cancer precursor or not.

ln several recent publications (Koutsky et al, 1992; Kiviat & Koutsky, 1993; Wright &
Riopelle, 1984), it has been reported that, in incident cases of CIN, the mean age of low-grade
,CIN and high-grade CIN may be more similar th an for prevalent disease and that sorne high-

grade CINs may be the immediate result of high-oncogenic-risk HPV infection. High-grade
CINs may occur de novo and may not require a pre-existing productive infection (Kiviat et aL.,
1992). More data are needed to clarify the se observations.

(c) Squamous intraepitheliallesion (SIL)
At this stage, cytological nomenclature was highly disparate, owing to the diffculties in

communication and comparison of quality-control procedures between laboratories.
Recognizing this, and the problems caused by an extremely low degree of intra-observer and
inter-observer reproducibility in cytological diagnoses, a group was convened in Bethesda, MD,
USA, to devise a uniform cytological terminology (National Cancer lnstitute Workshop, 1989;
Luff, 1992). This meeting fui1her recognized that the molecular data are most consistent with a
two-tiered, rather than a three-tiered, system. This new nomenclature, known as 'The Bethesda
System' (TBS), introduced the terms 'Iow-grade squamous intraepithelial lesion' (LSIL) and
'high-grade squamous intraepithelial lesion' (HSIL) (see Table 6). Low-grade SIL includes
CIN 1 or mild dysplasia, koilocytosis, koilocytotic atypia and f1at condyloma. The high-grade
SIL designation includes CIN II and CIN ILL or moderate and severe dysplasia and CIS.
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(d) Gther organs in the male and jèmale anogenital tract

lntraepithelial lesions of the vagina, vulva, penis and anus are generally diagnosed using a
modification of the CIN terminology system and are generally graded in three classifications as
in the original CIN nomenclature. The presumed precursor lesions for these organs are referred
to as vaginal intraepithelial neoplasia (VaIN), vulvar intraepithelial neoplasia (VIN), penile
intraepithelial neoplasia (PIN) and anal intraepithelial neoplasia (AIN).

1.5.2 Temporal and spatial relationships between cervical cancer precursors and invasive
cancer

(a) Histologicalobservations

The original observations that suggested the concept of a cervical cancer precursor and that
led to the term CIS were made by pathologists who noted that the epithelium overlying or
adjacent to cervical cancers contained cytological and pattern alterations that were similar to
those found in invasive cancers. This simple, but profound, observation led to the concept that
cancers were preceded by a precursor state that could be recognized histologicalIy. The
invention of the colposcope by Hinselmann (1925) allowed gynaecologists to recognize
clinicalIy alterations in the cervical epitheIium that could be diagnosed, by punch biopsy, as
CIS. These alterations could then be treated ta prevent the development of invasive cancer.
However, it was not until Papanicolaou and Tram (1943) published their observations on
exfoliated celIs that the true implications of these early histological and colposcopical

observations could be utilized as part of mass screening programmes and be translated into
cancer-prevention schemes. Subsequent observers noted that the me 

an age of diagnosis of mild,
moderate and severe dysplasia, carcinoma in situ and invasive cancer increased progressively
and that this increase was accompanied by an increasingly large lesional size. lncreasing lesional
size was accompanied by an increase in gland and canal involvement, and that, further still, the
larger the lesion, the more likely it was to contain are as of invasion. These were compelling
observations in support of the progression of CIN to cancer (Koss, 1992).

(b) Microinvasive and early invasive cervical cancers
The most important direct pathological evidence that putative cancer precursors are, in fact,

precancerous lesions was the histological observation of invasion arising from such lesions.
Tongues of invasion ranging from only one or two celIs to larger lesions can be observed to arise
directly from surface CIN les ions or from intraepithelial lesions involving the endocervical
glands. These tongues of microinvasive carcinoma (Wright et aL., 1994b) may be single or
multiple and are generally accompanied by a local inflammatory infiltrate and a desmoplastic
response. For the cervix, the risk of metastasis depends upon the degree of stromal penetration.
Microinvasive cancer with stromal penetration of 3 mm or less rarely metastasizes and such
lesions are commonly treated conservatively by cervical conization alone.

(c) Clinicalobservations

Smith and Pemberton (1934) drew attention to the fact that patients who had invasive
cervical cancer were commonly found to have had CIS in their prior biopsies; indeed, when
patients with CIS diagnosed by biopsy were followed without treatment, a significant number of
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them developed invasion. Similar observations were made by Kottmeier (1961) who followed
31 women with CIS prospectively for at least 12 years. Seventy-two percent of these women
developed invasive cancer. ln a similar study in New Zealand (McIndoe et aL., 1984), 13 1
patients with persistently ab normal Pap smears were folIowed for 4-23 years. Twenty-nine
percent developed invasive carcinoma of the cervix or vaginal vault and 69% had persistent CIS,
which was treated subsequently. These observations of the natural history of CIS suggest that, in
the majority of patients, once it is established, CIS rarely regresses spontaneously. It is not clear
why there is a discrepancy between the direct clinical follow-up observations and the data
obtained from the population-based screening programme in British Columbia, which suggested
that a high proportion of CIS regress without treatment. The 'yawning gap' between the
cumulative incidence of CIS and that of invasive cancer which is seen in that study (Miller,
1992) is not concordant with clinical observations. The natural history of precursors of a lesser
histological grade than CIS has been studied extensively. These studies have been reviewed by
Östör (1993).

1.5.3 Histological changes in HPV-related lesions of the lower female genital tract

(a) Non-productive (latent) HPV infection

HPV is thought to infect the basal or parabasal celIs of the squamous epithelium and to give
rise either to a non-productive (latent) or a productive infection. The non-productive HPV
i.nfection is defined as one in which the virus' s replication is synchronized with the cell cycle but
in which no ne of the cytopathogenic effects of HPV can be detected - the epithelium appears
normal cytologicalIy and histologicalIy. Although there is no direct evidence for a solely non-
productive HPV infection, there are a number of clinical observations that suggest that it occurs.

(i) HPV DNA can be detected in patients with what appears to be normal cervical
epithelium. ln HPV DNA-positive/Pap smear-negative patients, the risk of developing an
abnormal Papanicolaou smear within two years is substantialIy greater than that of HPV DNA-
negative controls (Koutsky et aL., 1992).

(ii) It is a common and widely known clinical observation that patients who have no
clinical or cytological evidence of HPV while in the interpartum state may develop HPV -related
lesions during the relatively immunocompromised pregnant state, only for such lesions to remit
without treatment post partum.

(iii) Patients who had organ transplants may develop HPV -related lesions of the genital
tract (Penn, 1986).

(iv) Patients in whom HPV -related les ions have been treated may have detectable HPV
DNA despite normal cytological, colposcopical and histological findings. Such patients are at
increased risk of recurrence compared to HPV DNA-negative controls (Koutsky et aL., 1992).

(h) Low-grade CIN

A number of authors reported that it was possible to distinguish between f1at condyloma
and a true CIN les ion (Meisels & Fortin, 1976). However, in subsequent studies it was reported
that the distribution of HPV types in those lesions designated as f1at condyloma and CIN are
indistinguishable from one another (Kadish et aL., 1986; Wilet et aL., 1989), and that due to this
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lack of consistent morphological features, the ability to make such distinctions has extremely
low inter- and intra-observer reproducibility. ln addition, there are no differences in nuclear
DNA content, as both have diploidlpolyploid DNA distribution patterns (Fu et aL., 1983; Fujii et
aL., 1984). It is not thought to be possible to separate flat condylomas from low-grade CIN or
SIL lesions.

Low-grade CIN (Figures 4 and 5) is, by definition, a les ion that is weil differentiated and

contains alterations that are characteristic of the cytopathogenic effects of a replicative HPV
infection. Operationally, it is a les ion that is thought by the pathologist ta be the result of an
acute viral infection and not to represent a true cancer precursor. Low-grade CIN lesions can
arise through infection by any of the anogenital HPV types and the cytopathogenic effects of one
type compared to another are generally reported to be indistinguishable at the level of the light
microscope; however, sorne investigators have reported that HPV - 16-induced les ions are more
pleomorphic than those induced by other HPV types (Crum & Levine, i 984; Crum et aL., 1991)

Figure 4. Pap smear: low-grade CIN (SIL)

a

Normal superficial cells contain small, pyknotic regular nuclei. Abnormal cells are of superficial type but have
irregular, hyperchromatic, large nue lei with a coarse, ehromatin pattern.

Most low-grade CIN lesions contain a thickened epithelium due to the acanthosis that
accompanies epithelial hyperplasia, and many also contain papillomatosis. The basal and lower
parabasal layers characteristically have litte cytological atypia, are arranged in a uniform
fashion on the basal lamina and are not highly disorganized. As viral replication begins in the
upper parabasal and lower intermediate layers of the epithelium, it is accompanied by the
characteristic cytopathogenic effects of HPV infection and cytological and organizational
alterations become evident. The effects that are most characteristic of an HPV infection incJude
binucleation, perinuclear cytoplasmic cavitation with a thickened cytoplasmic membrane, and,
most importantly, nuclear atypia. The expression of the E4-encoded proteins in squamous
epithelial celIs causes the cytokeratin matrix to collapse due to a specific binding to cytokeratin
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proteins (Doorbar, 199 i; Doorbar et aL., 1991), possibly leading to the typical perinuclear

cavitation, which is one feature of a productive HPV infection. The combination of nuclear
atypia and perinuclear halo formation is referred to as koilocytosis or koilocytotic atypia (Koss
& Durfee, 1955). These koilocytotic celIs are the principal halImark of a productive HPV
infection of the cervical, vaginal or vulvar mucous membrane. It is important to emphasize that
perinuclear halos may be produced as a result of vaginal infections or may accompany reparative
or metaplastic processes.

Figure 5. Low-grade CIN

The epithelial cells are pleomorphic but difterentiate as they reach the superficial layers. A tripolar mitosis is
present consistent with the polyploidization that leads to cytological atypia,

The most characteristic histological feature of HPV infection, and the one that is most
useful diagnostically, is nucJear atypia. HPV-related nuclear atypia is due to heteroploidy (Fu
et aL., 1981), which appears to resuIt from mitotic spindle abnormalities and leads to D N A
replication without cytokinesis. The precise mechanism responsible for the abnormalities in
mitosis and cytokinesis is not cJear. The results of the interference with the mitotic process are
the formation of bi- and multi-nucJeated cells and enlarged atypical nucJei, accompanied by
heteroploidization.

ln the low-grade lesions, the nucJei are principally diploid and polyploid. GeneralIy, mitotic
figures are increased in low-grade lesions though this is generally confined to the lower third of
the epithelium as are undifferentiated or basal-type cells. Mitotic figures are characteristically
absent from the upper layers of the epithelium in low-grade ClN. Most of the mitotic figures
have a normal appearance, but cells with tri polar mitoses or tetraploid-dispersed metaphases
may also be seen (Winkler et aL., 1984). These two types of abnormal mitotic figures are also
commonly found in polyploid lesions in other organs.
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(c) High-grade CIN

High-grade CIN lesions (Figures 6-9) are substantially more atypical cytologically than
low-grade CIN, have a higher degree of disorganization and have undifferentiated cells that
extend past the lower third of the epithelium. This is reflected in the spectrum of HPV types
found in low-grade CIN, which differs substantially from that found in high-grade CIN lesions
(Matsukura & Sugase, 1995). ln high-grade CIN, there is nuclear crowding, substantial
pleomorphism, loss of both tissue organization and cellular polarity, and mitotic figures
characteristicalIy occur in the middle and upper third of the epithelium, in addition to the lower
third. Cytological atypia that are found in high-grade CIN lesions differ substantially from those
seen in the low-grade lesions. The nuclei in high-grade CIN are generally larger than those in
low grade, their nucIear membranes are more prominent and tend to be convoluted and distorted,
and the nuclear chromatin pattern is characteristically clumped, coarsely granular and contains
pro minent chromo-centers. As the nuc1ei enlarge, the nucIear:cytoplasmic ratio is altered in
favour of the nucleus, and the cell borders, which commonly contain visible desmosomes in the
low-grade lesions, become indistinct and hard to define. lt has been reported that the E6 protein,
particularly, and also the E7 protein of HPV - 1 6 induce chromos omal aberrations (White et aL.,
1994). The characteristic koilocyte of the law-grade CIN is generalIy absent or markedly
attenuated in the high-grade lesions.

Figure 6. Pap smear: high-grade CIN (SIL)

Normal superficial cells contain small, pyknotic, regular nuclei. Abnormal cells exfoliated fwm high-grade lesions
are of the neoplastic basal and parabasal types, have an altered nuclear cytoplasmic ratio, and contain very

hyperchromatic, irregularly shaped, pleomorphic nuclei with a dense, abnormal chromatIn pattern.

One of the most important features distinguishing high-grade CIN from low-grade CIN is
the presence of abnormal mitotic figures (AMFs) (Winkler et aL., 1984). Although many
different types of AMFs are found in high-grade CINs, the most characteristic one is the three-
group metaphase (i.e. chromosomal material on either side of the equatorial chromosomes in the
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metaphase) (Claas et aL., 1992). Other AMFs that are commonly seen incJude the two-group
metaphase, multi-polar mitoses in excess of three, lagging metaphase chromosomes, coarsely
cIumped chromosomes and highly abnormal, bizan-e mitotic figures. AMFs are found in
aneuploid les ions (aneuploidy is a marker for cancer or precancer) and have been reported to be
the histological marker that best predicts the biological behaviour of CIN (Fu et aL., 1981). As
virtualIy ail high-grade lesions and invasive squamous-celI cancers of the cervix are aneuploid,
and as AMFs are an excellent surrogate marker for aneuploidy (Bergeron et aL., 1987a,b; Fu
et al., 1988), these mitotic abnormalities serve as a useful objective marker to distinguish
between low-grade and high-grade ClN. ln the presence of an AMF, a les ion will consistently be
aneuploid and will be a true cancer precursor. ln the absence of AMFs, the other histological
features commonly used to cJassify these lesions should be taken into account.

Figure 7. High-grade CIN

Ali the epithelial cells contain atypical nuclei with a pleomorphic, hyperchromatic pattern. The basal layer is
disorganized, and basal-type cells extend through most of the thickness of the epithelium. Mitoses occur in aIl
layers, and sorne contain coarsely clumped chromosomes.

(d) Microinvasive and invasive squamous-cell cancer of the cervix
Microinvasive squamous-cell cancer of the cervix (Figure 10) is a single or multiple

irregular tongue of neoplastic squamous epithelium that breaks through the plane of the basal
lamina and invades the cervical stroma or epithelial lamina propria. Characteristically, areas of
microinvasion are better differentiated than the high-grade CIN from which they most
commonly arise. They lack the smooth contour and crisp demarcation from the subjacent stroma
that is found in both surface high-grade CIN and high-grade CIN with glandular involvement.
Areas of microinvasion infitrate in an irregular fashion, splitting collagen bundles.
Microinvasive foci are commonly accompanied by an inflammatory and desmoplastic response.
Microinvasion is defined as an invasive lesion that invades the cervical stroma to a depth of no
more than 3 mm, and, frankly, invasive cancer (Figure 11) has a similar histological appearance
to micro invasion but has invaded more than 3 mm into the cervical stroma. There is no
convincing evidence that the histological appearance of invasive cancer or the patient' s
prognosis can be predicted from the HPV type that has produced the lesion.

kajo
Rectangle



76 lARC MONOGRAPHS VOLUME 64

Figure 8. High-grade CIN with glandular involvement

The epithelium is disorganized and has an irregular cytological appearance. The CIN extends into the endocervical
glands but has a regular border and conforms to the shape of the gland. There is no stromal response, This lesion
would be diagnosed as CIN grade II in a three-grade nomenclature system.

Figure 9. High-grade CIN

The full thickness of the epithelium is composed of highly pleomorphic, hyperchromatic cells that are disorganized
and poorly attached to the basal lamina. Under a three-grade system of nomenclature, this would be diagnosed as
CIN II and in CUITent nomenclature as high-grade CIN.

(e) Vaginal intraepithelial neoplasia

The histological changes in the vaginal mucous membrane associated with HPV infection
and HPV -induced neoplasia are similar to the changes that are seen in the cervical mucous
membrane.
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Figure 10. Microinvasive squamous-cell carcinoma

Multiple tongues of neoplastic squamous epithelium split collagen bundles in a focus of early invasion. The
lesional tissue is more differentiated than in high-grade CrN, and the outline is irregular. The stromal invasion is
accompanied by an inflammatory infiltrate and surrounded by a desmoplastic response.

Figure Il. Pap smear: invasive squamous-cell cancer

Highly atypical pleomorphic nuclei with an extremely irregular chromatin pattern and large irregular chromo-
centers in a background of necrotic cells.

(f) Vulva

The most characteristic HPV -related lesion found on the vulva is the acuminate war.
Condyloma acuminatum, which is almost always caused by HPV -6 or -11 (Gissmann & zur
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Hausen, 1980; Gissmann et aL., 1982; Nuovo et al., 1990; Matsukura & Sugase, 1995), is, by
definition, an exophytic lesion. lt has cytological and histological features and organizational
alterations similar ta those seen in the cervical and vaginal mucous membranes, except for the
presence of substantial acanthosis and papillomatosis. Condylomata acuminata occurring on the
mucous membranes characteristically have the full constellation of HPV -re1ated cytopathogenic
effects, including koilocytosis. Warts that occur in the keratinizing epithelium, however,
commonly contain minimal cytological atypia, and koilocytes may be difficult to identify,
particularly in clinically older lesions.

The intraepithelial lesions of the vulvar skin have a much more complicated histological
pattern th an those of the mucous membranes of the cervix and vagina (Wilkinson, 1994). It is
common to distinguish three different VIN types histologicalIy - basaloid, warty and welI-
differentiated. The basaloid type, as the name implies, is composed generally of small fairly
uniform cells that are hyperchromatic and contain alterations in nuclear chromatin distribution
patterns. They tend not to be highly active mitotically, and abnormal mitotic figures are seldom
encountered. Warty type VIN is generally a highly pleomorphic lesion with multinucIeated
celIs, cytological atypia, coarse chromatin clumping, large numbers of mitoses and AMFs. The
warty type VIN is commonly associated with koilocytosis, and adjacent condylomatous-type
changes are frequently seen. The welI-differentiated type of VIN is characteristically composed
of a complex, proliferative lesion, which is only minimalIy altered in pattern and contains mini-
mal nuclear atypia. Dyskeratosis is a common feature. High-risk HPV types are found princi-
paIl y in the warty and basalaid types of VIN. They are uncommon in the welI-differentiated
type,

(g) Vagina, anus and penis

Squamous neoplasms of the vagina are similar in morphology to those of the cervix.
Squamous neoplasms of the anus are similar morphologically to those arising in other
keratinizing epithelia, including the HPV -related lesions of the vulva. The anus has a squamo-
columnar junction and a transformation zone similar to that seen in the cervix. Squamous-cell
cancers and their precursors develop at the squamo-columnar junction and in the transformation
zone of the anus, as in the cervix.

(h) Adenocarcinoma in situ and adenocarcinoma

Just as the squamous intraepithelial lesions occur on the squamous side of the cervical
squamo-columnar junction, so adenocarcinomas in situ and adenocarcinomas occur on the

columnar side. They are commonly associated with CIN lesions, particularly those that are high
grade (Luesley et aL., 1987). The endocervical epithelium appears not to support productive
HPV infections, and low-risk HPV types have not been found in endocervical neoplasia
(Higgins et aL., 1992a).

Adenocarcinoma in situ is characterized by complex gland formation in the distribution of
the normal endocervical glands, cytological atypia (Figure 12), an increased mitotic rate and a
gland-within-gland pattern. Cytological alterations similar to those seen in other aneuploid

cellular populations are present and AMFs are corn mon. Adenocarcinoma in situ is
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distinguished from invasive adenocarcinoma (Figure 13) by virtue of its pattern and lack of
demonstrable invasion.

Figure 12. Pap smear: adenocarcinoma in situ

..

..

.,.

Endocervical cells appear in large, coarse aggregates, The nuclei are crowded and overlap, and. the nuclear
chromatin Is irregular with coarsely clumped chromatIn and large prominent chromocenters.

1.5.4 Pathology of non-melanoma skin cancer and cutaneous HPV infection

(a) Cutaneous HPV infection
ln EV patients, skin wart infection takes the folIowing three clinical forms, each with

characteristic clinical and histopathological features: common and plane warts (verruca vulgaris
and verruca planar), which are also seen in the general population, and EV -specific lesions,
namely red plaque-like lesions and scaly pityriasis-like lesions (Orth et al., 1979). ln addition,
seborrheic keratoses with typical EV -like histological changes have also been described in sorne
patients (Jacyk et aL., 1993a; Tomasini et aL., 1993). The path010gy of these lesions is reviewed
by Jablonska & Majewski (1994).

(h) Non-melanoma skin cancer
Non-melanoma skin cancer refers to basal-cell and squarnous-cell carcinorna and,

conventionalIy, to the precancerous lesions actinic keratoses, Bowen' s disease and

intraepidermal carcinoma. This term also refers to keratoacanthoma, a common cutaneous
lesion, which broadly resemb1es a squamous-cell carcinoma, but who se natural history is benign.

ln immunosuppressed transplant patients, both the clinical and histopathological features of
non-melanoma skin cancer differ. It is not possible to distinguish reliably keratoacanthoma and
squamous-cell carcinoma in transplant recipients, for ex ample, and for management and
classification purposes the y are referred to collectively as squamous-cell carcinoma. Similarly,
in transplant recipients, actinic keratoses, intraepidermal carcinoma and Bowen' s disease are not
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distinct entities. Since they are aIl thought to be dysplastic precancerous lesions, they are
referred to colIectively as verrucous keratoses (Blessing et al., 1989). The pathology of non-
melanoma skin cancer and the cytological evidence for a putative role for HPV in these lesions
has been reviewed (Price et al., 1988; B1essing et al., 1989).

Figure 13. Pap smear: invasive endocervical adenocarcinoma

The abnormal glandular eells oeeur In elumps wIth Irregularly shaped, pleomorphie nue lei with prominent large,
highly irregular ehromoeenters.

1.5.5 Pathology of HPV-induced changes in the nude mouse system and tissue culture studies

When squamous epithelial cysts established beneath the renal capsule of nude mice are
infected with HPV -IL, changes occur similar to those seen in condylomata acuminata (Kreider
et aL., 1986). When human-cultured epithelial cells are transfected with HPV - 1 6 DNA and
alIowed to differentiate, the morphological changes resemble high-grade CIN (McCance et aL.,
1988; McDougalI, 1994).

1.6 Clinical disease of established HPV etiology (other than precancer and cancer)

Genital HPVs cause condylomata, laryngeal papilomas and some papilomas at other
mucosal sites, e.g. the oral or sinonasal cavity and conjunctiva. Cutaneous HPV types and EV
HPV types cause skin lesions. HPV s have been reported as being associated with ffany
additional conditions, but the significance of these observations is as yet unclear (Shah &
Howley, 1996). This section will only address benign conditions clearly associated with HPV.

1.6.1 Genital area

Condyloma acuminatum and genital wart are synonyms. The prevalence estimates of
condyloma vary from 0.24 to 13%, depending mainly on the risk of sexually transmitted
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diseases (STD) and age distribution in the population examined (Kjaer & Lynge, 1989). The
prevalence of condyloma in STD clinic patients was 1 1 % compared with 2% in college students
and was highest in the age group 16-24 years (Kiviat et al., 1989). Positivity for HPV DNA,
which may reflect subclinical disease, was more th an two-times higher th an clinical disease in
377 first attendees of a STD clinic; 15% had genital warts, compared with 35% who were
positive for HPV by ViraPap™IViraTypeTM (Borg et al., 1993).

ln women, the vulva, vestibule, vagina, perineum and perianal region are the most common
sites for condylomata acuminata. HPV -6/1 1 was detected by Southern blot hybridization in up to
95% of condylomata acuminata (Gissmann et al., 1982; Johnson et al., 1991; Nuovo et aL.,
1 99 1 b).

Condylomata acuminata are rarely detected on the uterine cervix. HPV -6/1 1 was identified
in 65% and HPV - 16/18 in 8% of the se lesions by Southern blot hybridization (Mitrani-
Rosenbaum et al., 1988). Cervical condylomata may be hyperkeratotic and are sometimes
confused with cancer owing to a bizarre pattern of vessels (Coppleson, 1991). The major caps id
protein, LI, can be detected more often and in higher quantities in condylomata acuminata of the
uterine cervix than in similar lesions of the penis or vulva (35% compared with 12% in a total of
95 cases) indicating a higher content of virus particles (Wools et al., 1994).

Genital warts are rarely observed in children. ln a series of 25 children between seven
months and 12 years in age, 74% of anogenital warts were HPV -6/1 1 -positive and 17.4% were
positive for HPV -2 by Southern blot hybridization. Clinical examination could not differentiate
between HPV -2-positive and HPY -6/1 1 -positive genital lesions. Ali children with HPV -2-
positive condyloma also had cutaneous common warts which appeared to be due to auto-
inoculation. One female newborn had anal warts one week after delivery and was probably
infected in utero (Obalek et al., 1993). HPV -6-positive cutaneous lesions were found on an arm
and a leg in a nine-year-old girl who was HPY DNA-negative in the genital tract and had no
evidence of sexual abuse (Blauvelt et al., 1992). 1

ln men, penile and urethral condylomata show a distribution of HPY types similar to that of
genital warts in women. Lesions are condylomatous, macular, papular and may be keratotic
(Barrasso et al., 1987a; Del Mistro et al., 1987; Zhu et al., 1993a; Labropoulou et al., 1994).
Acuminate, papular and well-demarcated punctated lesions are most likely to contain HPV
(Hippeläinen et aL., 1993). ln a series of 108 male patients, condylomata were located on the
penile shaft in 51%, the shaft and peri anal region in 14%, the shaft and scrotum in 2%, the shaft
and urethral meatus in 15% and the urethral meatus alone in 18 % (Rosemberg, 1991).

1.6.2 Upper respiratory and digestive tract and conjunctiva

HPV-ll is the most prevalent type (50-84%) found in laryngeal papilomas (Gissmann
et al., 1983; Ushikai et al., 1994). When analysis is restricted to adult papilomas, HPV -6 is
found most commonly (Corbitt et al., 1988). Recurrent respiratory papilomatosis originates in
the upper respiratory tract where ciliated columnar and squamous epithelium are juxtaposed
(Kashima et aL., 1993). ln adults with recurrent respiratory papillomatosis, biopsies of normal
mucosa adjacent to papillomas were HPV DNA-positive in a majority of patients (Steinberg
et aL., 1983; Rihkanen et aL., 1993, 1994), a finding that possibly explains frequent recurrences.
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Oral verrcal-papilary lesions are clinically subdivided into verruca vulgaris, condyloma
acuminatum, multiple and single papilomas, and focal epithelial hyperplasia (Scully et al.,
1985). Ali of 10 verrucae vulgares from the lip in one series were positive for HPV -2 DNA
(Eversole et al., 1987a), whereas the majority of oral lesions contained DNA from genital HPV
types (Premoli-de-Percoco et aL., 1993). Oralcondylomata acuminata resemble genital lesions
with a 85% (17/20) positivity rate for HPV -6, - 1 1 or related types (Eversole et al., 1 987b). HPV-
13 and -32 are found almost exclusively in focal epithelial hyperplasia; 90% of these les ions are
positive for one of these HPV types (Pfister et aL., 1983a; Beaudenon et al., 1987). Of 202 cases
of benign oral leukoplakia, 2.5% was positive for HPV-6/1 1 and 3.5% for HPV-16 by in-situ
hybridization (Gassenmaier & Hornstein, 1988).

Conjunctival papilIomas are positive for genital HPV types (Lass et aL., 1983). The
prevalence of HPV -6 in conjunctival papillomas detected by in-situ hybridization decreases with
age (McDonnell et al., 1987). The authors suggested that HPV -6 infection of the conjunctiva is
possibly acquired during passage through an infected birth canaL.

1.6.3 Skin

Skin warts are classified according to macroscopic and microscopic morphological criteria.
Infection with specific HPV types can be broadly correlated with these lesions (Gross et aL.,
1982; Croissant et aL., 1985; Jablonska et al., 1985; Melton & Rasmussen, 1991).

(i) Typical common or mosaic warts, i.e. rough keratotic papules or nodules, on the
hands, knuckles or periungual areas contain HPV-2, -4, -7, -26, -27, -28 or -29. Using PCR on
specimens obtained from II 1 immunocompetent patients, HPV -2a was found in 36% of the
warts, HPV-2c in 23% (now known to be HPV-27; Chan et al., 1994a), HPV-57 in 12%, a
vaiiant of HPV -57 in 14%, HPV -7 in 4% and HPV -4 in 1 % (one endophytic common wart)
(Rübben et al., 1993). HPV-35 was found in a periungual wart of a patient with HPV-35-
positive Bowenoid papulosis (Rüdlinger et al., 1989b).

(ii) Butchers warts have the clinical appearance of corn mon warts but occur on the hands
of those who work with raw meat, fish, and poultry. Among 60 butchers, HPV - 1 was found in

6.7% of warts examined by Southern blot hybridization, HPV -2 in 45%, HPV -3 in 15%, HPV-4
in 10% and HPV -7 in 23% (Orth et al., 1981). A similar distribution of HPV types was seen
with PCR analysis; 23/26 lesions were positive for HPV DNA: HPV-2 in 7.5%, HPV-4 in
1 1.5%, HPV -7 in 27% and unidentified HPV types (possibly containing HPV - 1 or -3) in 42%
(Melchers et aL., 1993). ln another series, HPV-7 was found by PCR in 74/1 12 (66%) warts of
men working in meat-processing plants (abattoir workers and butchers) (Keefe et al., 1 994b).

(iii) Filiform or papilomatous common warts found most frequently on the face, lips,
eyelids or nares contain HPV-I, -2 or -7 (Jablonska et aL., 1985; Egawa et aL., 1993a). HPV-7
was found in two individuals with generalized or extensive facial warts with filiform appearance
(de VilIiers et aL., 1986a).

(iv) Flat or plane warts, which can appear at different locations on the body and can forff a

linear arrangement (i.e. Koebner warts), are associated with HPV-2, -3, -10, -26, -27, -28, -29 or
-41 (Melton & Rasmussen, 1991).
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(v) Deep plantar warts, i.e. hyperkeratotic plaques or nodules on the plantar surface of the
foot, are usually positive for HPV-l or -4 (Jablonska et a/., 1985; RÜbben et aL., 1993). HPV-
associated epidermal cysts of the sole of the feet of 33 Japanese patients contained HPV -60

(Kato & Ueno, 1992; Egawa et al., 1994). HPV -63 and - 1 were present in the same nucleus of
one plantar wart (Egawa et al., 1993b).

Morphological and virological findings of skin lesions found in immunocompromised
patients after transplant or in patients with EV are discussed in section 2.5.

1.7 Therapy and vaccination

When treating patients with HPV infections and/or HPV associated neoplasia, the sexual
partner may also be infected and les ions may be multifocal or multicentric. Strict therapeutic
guidelines have not been established for HPV -related les ions since no valid studies have

addressed the issues of treatment of the sexual partner or multiple body sites.

1.7.1 Therapy qj'benign disease

The choice for treatment of genital warts is che mi cal or physical destruction. Chemo-
destruction of genital warts with 20% podophyllin resin extract results in cure rates of between
35% and 45% (van Krogh, 1981; Rosemberg, 1991). ln recent years, podophyllotoxin, the active
ingredient in podophyllin resin, has become available for treatment of genital warts (Baker et al.,
1990). A 0.5% podophyllotoxin solution reduced the me an number of warts from 6.27 to 1. 1,
destroyed about 70% of ail warts and totally cleared the warts in 29-50% of patients (Baker
et al., 1990; Bonnez et al., 1994b). ln a randomized trial with 138 men and 67 women, 0.5%
podophyllotoxin lotion was compared with 25% podophyllin solution. The former totally
cIeared 81% of warts compared with 61% by podophylIin (p 0: 0.001) (Kinghorn et aL., 1993). ln
addition, podophylIotoxin solution is more efficacious than podophyllotoxin cream (Syed &
Lundin, 1993). Podophyllin and its compounds should not be used in pregnant patients as it is a
teratogen.

Topical trichloroacetic acid (TCA) is the alternative to podophylln. lt is applied topically to
warts as a 50-85% solution and can be self-administered. A 85% solution gave a 60-80%
eradication rate (Malviya et aL., 1987; Menendiz Velazquez et aL., 1993). The advantage ofTCA
is that it can be used in pregnancy. The cIinical cure rate of TCA in pregnant patients with
cervical condylomata was 83% with a 85% solution (Menendez Velasquez et aL., 1993).

Five percent 5-f1uorouracil (5-FU) ointment is recommended only for treating extensive and
recalcitrant HPV -related vaginal lesions (Krebs, 1991). However, care must be taken not to
overtreat - chronic vaginal ulcerations have been reported in sorne patients (Krebs &
Helmkamp, 1991). Vaginal stenosis, burning vulva syndrome or dyspareunia may also occur in
sorne women after 5-FU treatment. 5-FU is contraindicated in pregnant women. The neo-
adjuvant effect of 5-FU after CO2 laser surgery is controversial (Reid et al., 1990) and may
result in vaginal adenosis.

Excision, electrosurgical removal or cryotherapy are most frequently used for the treatment
of HPV -related cutaneous lesions. After several sessions, cryotherapy or CO, laser therapy lead
to the complete cure of genital warts in the majority of patients (Bergman et al., 1984; Reid
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et al., 1985; Rosemberg, 1991). Similar success (78/91, i.e. 86% free of disease) is reported with
the argon laser after one or two treatment sessions (Rotteleur et al., 1986). The Nd:Y AG
(neodium:yttrium aluminium gamet) laser cured only 30% of 20 men with urethral condylomata
atter one course of treatment; to attain successful treatment, 40% received up to five courses
(V olz et al., 1994).

The antiviral, immunomodulating and antiproliferative action of interferon appeared to be
promising for the treatment of genital warts. Although initial studies with recombinant

(X-interteron appIied systemically or intra-Iesionally resulted in signiticantly higher complete
response rates in interferon-treated patients compared with placebo, i.e. 36% versus 17% (Eron
et aL., 1986) and 62% versus 21% (Friedman-Kien el al., 1988), two recent studies using various
recombinant (X-interferons found no significant etfect (Reichman et al., 1990; Condylomata
International Collaborative Study Group, 1993a). After initial promising results on the effect of
interferon in an adjuvant setting after laser therapy (Reid et al., 1992), two recent studies
showed no advantage when interferon was used after laser or cryotherapy compared with obser-
vation alone (Eron et aL., 1993; Condylomata International Collaborative Study Group, 1993b).

Similar data have been reported for the adjuvant treatment of recurrent respiratory
papillomatosis. A study with 66 patients lIsed (X-n 1 -interferon in a randomized crossover trial as
an adjuvant to surgery; it was reported that the papilloma growth rate was slowed by interferon
treatment (Kashima et al., 1985; Leventhal et aL., 1988). ln a study of 123 patients randomly
assigned to surgery plus interferon versus surgery alone there was no adjuvant effect of
interferon (Healy et aL., 1988).

Since recurrent respiratory papilomatosis is a serious, recalcitrant disease that is difficult to
treat, several drugs have been tested for their therapeutic effcacy in various small case series:
13-cis-retinoic acid showed sorne effect in combination with (X-interferon in three recurrent
respiratory papillomatosis patients, increasing surgical treatment intervals by a factor of two
(Lippman et al., 1994). Ribavirin showed a promising effect in the CRPV model (Ostrow et al.,
1992). It was used in four patients with recurrent respiratory papilomatosis. Complete remission
was seen in two adults and partial remissions in another adult and one child resulting in a
prolonged interval between required surgeries (McGlennen et al., 1993). Photodynamic therapy
was used in 33 patients who had moderate to severe recurrent respiratory papillomatosis. These
patients were treated with dihaematoporphyrin ether intravenously 48-72 h prior to photo-

activation with an argon pump dye laser system; a 50% decrease iIl papilloma growth rate was
seen on average, with three patients remaining free of disease but continiiing to be infected
latently (Abramson et al., 1992).

1.7.2 Therapy o.fprecancers

Cervical intraepithelial neoplasia (CIN) is the most commonly detected genital precancer in
humans. The folIowing section wil refer mainly to data regarding cervical disease but the
principles apply generally to treatment of HPV -associated precancerous lesions of other body
sites.

There are no strict clinical guidelines for the therapy of CIN; interim therapeutic guidelines
were established at a recent consensus conference in the USA (Kurman et aL., 1994). However,
there is general agreement that, prior to treatment, histological verification is mandatory in order
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to classify the lesion and to exclude invasive cancer. Overdiagnosis and overtreatment of lesions
that are not CIN should be avoided. ldeally, therapy should be undertaken by a physician who
understands the cytological, colposcopical, virological and histological aspects of cervical
neoplasia and who takes into account the patient' s physical and mental status as weiL. Treatment
of CIN may be excisional or destructive. The main disadvantage of the destructive methods is
that invasive cancer may be missed. The incidental finding of invasive cancer was reported in
conization specimens in 0.8% patients in whom invasive cancer was missed by colposcopically
directed biopsy preoperatively (Prendiville et al., 1989; Bigrigg et al., 1990; Luesley et al.,

1990; Whiteley & Oláh, 1990). If invasive cancer is not detected in the triage procedure priOf to
destructi ve therapy, this diagnostic error may lead to reCUlTence and death (Se vin et aL., 1979;

Townsend et al., 1981). Destructive therapeutic techniques, such as COl laser vaporization or
cryotherapy, should be confined to the management of purely ectocervical low-grade lesions
confirmed by colposcopy, cytology and histology (Se vin et aL., 1979; Baggish, 1982; Andersen
& Husth, 1992).

Co Id knife conization has been used for decades to treat CIN but is increasingly being
replaced by the COl laser (Dorsey & Diggs, 1979) or high-frequency electrosurgical excision
(large loop excision of the transformation zone, i.e. LLETZ, or loop electrosurgical excision
procedure, i.e. LEEP) preoperatively (PrendivilIe et al., 1989; Bigrigg et aL., 1990; Luesley
et al., 1990; White1ey & Oláh, 1990; Wright et al., 1992). Compared to LEEP excision, more
tissue is removed by cold knife conization (15.8 mm versus 9.2 mm depth and 5.6 g versus 2.6 g
of weight; p ~ 0.01) (Girardi et al., 1994). This is of special importance in young women since
conization has a negative effect on fertility; in a case-control study following 56 patients and
1 12 controls, the duration of pregnancy was shorter (p ~ 0.001) and the incidence of premature
delivery was higher (p ~ 0.0001) in women with a history of laser conization (Hagen &
Skjeldestad, i 993). Similar data are reported for LEEP, after which 24% of women had babies
with a birthweight of less than 2500 g as compared with 7% in controls (p = 0.03) (Blomfield
et al., 1993). Other studies found no adverse effects of LEEP on fertility or pregnancy outcome
(Cruickshank et al., 1995; Ferenczy et al., 1995). ln a comparison of LEEP and cold knife
conization patients in a case-control study with 43 women in each group, there was a mean
operating time of 2.8 min versus 14 min (p ~ 0.01), blood loss of 3.3 ml versus 79 ml (p ~ 0.01)
and postoperative complications such as haemolThage in 4.7% versus 20.9% (p ~ 0.05)
(Oyesana et aL., 1993a). The same au th ors compared LEEP with COi laser conization in a
randomized trial with 150 patients in each group; significant differences were detected in
operating time (2.5 min versus 24.2 min; p ~ 0.001), pain under local anaesthesia (7% versus
45%; p ~ 0.001), blood loss (2.77 ml versus 27.15 ml; p ~ 0.001) and thermal artifact on
histological evaluation of the co ne margins (5 vers us 25 specimens; p ~ 0.01) (Oyesana et al.,
1 993b). Persistence rates for CIN after excisional treatment is about 4% (Prendivile et al., 1989;
Bigrigg et al., 1990; Luesley et al., 1990). Persistence is more likely when the CIN involves the
margins of excised tissue (Paterson-Brown et al., 1992; Lopes et aL., 1993). The 'see and treat
approach using the LEEP technique (Keijser et aL., 1992) eliminating histological evaluation
prior to treatment should only be performed by experienced specialists who can ascertain
whether or not invasive cancer is present. Many physicians prefer to obtain a histological
diagnosis prior to treatment. IlTespective of the surgicål technique, an endocervical cUlTetage is
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usualIy performed folIowing the treatment to verify that residual CIN is not present (Hatch et aL.,
1985).

Natural and recombinant interferon has been used as mono- and adjuvant therapy for
treatment of CIN in a number of studies (Choo et al., 1986; Schneider et al., 1987a; Yliskoski
et al., 1990, 1991; Schneider et aL., 1995). A comparison of thé therapeutic results is difficult
since the studies vary in design, dosage, mode and duration of application and measurement of
study outcome. Interferon is currently used principalIy for specific indications such as recurrent
or extensive disease. Its therapeutic efficacy in the management of HPV -associated lesions
remains controversial.

1.7.3 Vaccination

Therapeutic vaccination may potentialIy be used to treat patients with established HPV
infections or HPV -associated precancer or cancer; prophylactic vaccination may potentially
protect against HPV infection. Theoretically, protection can be achieved by induction of virus-
neutralizing antibodies priOf to exposure, and successful therapeutic vaccination wilI depend on
stimulation of celIular immune response.

ln animal models (BPV, CRPV and COPV), neutralizing antibodies produced after either
natural infection or immunization with recombinant capsid proteins protect against subsequent
viral challenge (Campo, 1991; Christensen & Kreider, 1991; Christensen et al., 1991; Jarrett
et al., 1991; Lin et aL., 1992; Campo et al., 1993; Chandrachud et al., 1995; Ghim et al., 1995).
Antibodies often recognize conformation-dependent epitopes and are specific for individual
papillomavirus types. Neutralizing antibodies are found in sera of HPV -positive patients

(Christensen & Kreider, 1993; Kirnbauer et al., 1994), but regression or recurrence of HPV-
induced lesions have not yet been correlated with previous antibody status. Recently, synthetic
virus-Iike particles have been developed after expression of papilomavirus structural proteins
in vitro (Zhou et al., 1991a; Hagensee et al., 1993; Kirnbauer et al., 1994). Studies using such
particles in prophylactic vaccines wil show whether anti-HPV neutralizing antibodies are able
to protect against HPV infection.

Vaccination with non-structural papilIomavirus proteins can generate a celIular immune
response that may be effective in the treatment of papilIomavirus-induced lesions. Regression of
papilIomas has been achieved in caule by vaccination with BPV-4 E7 protein (Campo et al.,
1993) and in rabbits by vaccination with CRPV Eland E2 proteins (Selvakumar et aL., 1995). ln
mice, the transforming proteins E6 and E7 of HPV - 1 6 induce specific cytotoxic T ce Ils (Chen
et al., 1991, 1992a) or CD4 + delayed type hypersensitivity T cells (McLean et aL., 1993), which
both mediate rejection of transplanted E6 or E7 expressing cells. Elimination of virus-infected
cells by cytotoxic T cells depends on proper MHC (major histocompatibility complex) class 1-
restricted presentation of virus-derived peptides by the target cell. However, HPV -infected celIs
may escape immune surveillance since MHC (major histocompatibility complex) class 1
expression is downregulated in CIN or cervical cancer (Connor & Stern, 1990; Cromme et al.,
1993a). Several potential cytotoxic T-cell epitopes of HPV-16 E6 and E7 have already been
identified (Kast et al., 1993). Such epitopes as weil as the proteins themselves are candidates for
therapeutic anti-HPV vaccines. Several first phase trials are already in progress (Muñoz et aL.,
1995).



2. Studies of eancer in Humans

ln the following discussion of HPV infection as an exposure posing a risk of cancer, the
importance of distinguishing 'transient' from 'persistent' infection is emphasized. Several Iines
of epidemiological evidence suggest that many incident HPV infections are transient, especially
at younger ages, whereas less-common, persistent infections pose a higher risk for the
development of subsequent cancer. These terms are admittedly iI-defined, as it is unclear
whether persistent infection can include an Undetectable 'latent' phase. Nevertheless, persistent
cytological evidence of low-grade CIN has been shown to pose a higher risk of progression than
the first occurrence of (incident) low-grade CIN (Richart & Barron, 1969; Nasiell et al., 1986).
AIso, persistent HPV DNA detection accompanying cytological/histological diagnosis of CIN
has been associated with a high absolute and attributable risk of progression (Remmink et aL.,
1995).

ln the absence of cytological evidence of CIN, 'high-risk' types of HPV (type 16 in
particular) tend to persist longer than low-risk types (Hildesheim et aL., 1994), and continued
viral DNA detection is associated cross-sectionally with greater risk of incident CIN (Wideroff
et al., 1995).

Persistence cannot be determined reliably by a single measurement of HPV infection.
Moreover, it is not correct to assume that odds ratios or attributable proportion estimates from
studies using cross-sectional assessment of past HPY infection are equivalent to prospective risk
estimates. TypicalIy, prospective risk estimates are lower than those from cross-sectional
studies, because HPY infections appear to be lost more often in eventual 'controls' th an in
eventual 'cases', so that HPV positive cases in case-control studies are more likely to be
persistent infections.

It is also worth noting here that there are too many anogenital HPY types to study each
individualIy. For this reason, types are often grouped into putative 'high-risk' and 'low-risk'

groups. These working definitions tend to be variable, as there are several possible sets of
grouping criteria, based on either (i) biological behaviour in vitro, (ii) phylogeny imputed from
DNA sequence homologies, or (iii) epidemiology. ln epidemiological studies, the definition of
'high-risk' anogenital types can be based most liberally on finding type-specific HPY DNA (in
the absence of other types) in cases of anogenital cancer. More strictly, 'high-risk' types have
been defined as those associated with elevated relative risks of cancer in analytical studies.

Sorne authors have used the terms 'cancer-associated types' or 'oncogenic' types as
synonyms for 'high-risk' types; ail of these terms should be considered preliminary, given that
the studies are designed to establish oncogenicity.

-87- .
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2.1 Descriptive studies of anogenital cancer

This section is limited to the descriptive epidemiological data addressing geographical and
temporal correlations at the population Ievel between cancer incidence and HPV prevalence at
anogenital sites. To ensure comparability, the section includes only those studies in which the
same HPV -testing methods were used for the populations being compared. There appear to be
no relevant descriptive data relating rates of HPY infection to rates of cancer at non-anogenital
sites.

Finally, because of the variability in exposure measurements of HPY and disease
measurements of CIN, the results from different studies are only grossly comparable. Relative
risks can be compared for general consistency and strength, but comparisons of absolute risk
estimates are not reliable.

2.1.1 Cancer of the uterine cervix

Few studies have auempted to correlate rates (or time trends) of cervix cancer with rates (or
time trends) of HPV infection in different parts of the world, but several studies have examined
them separately.

Cervical cancer mortality trends in a number of countries have been surveyed by Cuzick
and Boyle (1988), Beral et aL. (1994) and others. Incidence and mortality trends are reported in a
recent monograph (Coleman et al., 1993a). The highest rates are found in South America, Asia
and Africa, although there are few good data for the last. Very low rates are seen in Israel and
the Middle East. The rates appear to be fairly stable in these areas and this is also true for
southern and eastern Europe. However, marked declines have been observed in both incidence
and mortality of cervical cancer in North America, western Europe and Japan. Much of the
reduction has been attributed to an effect of screening (Hakama et aL., 1991; Aareleid et al.,
1993). An exception to the overall long-term decrease in these countries is a recent increase in
rates among young women in the United Kingdom, Australia and New Zealand (Cuzick &
Boyle, 1988). Even more recently, increases in cervical cancer rates among young women have
been reported in Scandinavia and eastern Europe (Beral et aL., 1994). ln the USA, blacks have
approximately twice the cervical cancer rate of whites, but a study in Detroit of women aged 15-
39 (Weiss et aL., 1994) found that the rates were decreasing more rapidly in blacks and were
nearly equal to those of whites by 1991. The most recent incidence data from the USA suggest a
stabilization or a slight increase in the rate of cervical cancer among white women under the age
of 50 (Ries et aL., 1994). (Sorne of the international variation in rates of invasive cancer is likely

to be due to the marked differences in the availability of screening and diagnosis and treatment
of preinvasive lesions.J

No time-related trends in HPV DNA positivity have been identified in studies of archivai
CIN and cervical cancer specimens obtained from women residing in the USA and the United
Kingdom (Collins et aL., 1988; Anderson et aL., 1993). Findings from these studies indicate that
the association between specific types of HPV and cervical neoplasia has been consistent over
the past 25-50 years. ln each time period, high-risk types of HPV (HPV -16 and -18) were most
frequently detected. Also, the more recently discovered HPV types (HPY-42, -45, -51, -52
and -56) were found in archivai specimens, some of which were obtained 25 years earlier.
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The early studies of the rates of HPV infection in normal women in high-risk and low-risk
areas for cervical cancer yielded apparently paradoxical results (Table 7). Comparisons between
Denmark and Greenland, the latter of which has a fivefold to sixfold higher cancer rate, did not
show higher HPV rates in Greenland. ln a population-based study of 1247 randomly selected
women aged 20-39, cervical scrapes were analysed for HPV by filter in-situ hybridization
(Kjaer et al., 1988). The positivity rate for HPV-16118 was higher in Denmark (13%) than in
Greenland (8.8%). Rates for HPV-611 1 were also slightly higher (7.5% vers us 6.7%). ln a
second study of 255 women (Kjaer et aL., 1993), similar prevalences were found in the two
countries by dot blot (3.9% in Greenland versus 6.3% in Denmark) and PCR (43% versus 39%,
respectively). (The Working Group noted that the apparent lower prevalence of HPV infection in
the high-risk area may be explained by the earlier age at first intercourse among Greenlandic
women causing an earlier peak and subsequent decline in the HPV -age curve. Consequently,
studies covering only the age group 20-39 years may not be fully informative in this respect.)

ln a study of 2330 women attending routine family planning and maternai and child health
care clinics in Recife (high incidence) and São Paulo (lower incidence), Brazil, Villa and Franco
(1989) found a threefold higher prevalence of HPV - 16118 by fiter in-situ hybridization in
women from the high-incidence area (5.9% versus 2.0% in the low-incidence area) and a 2.4-
fold higher prevalence in women from the high-incidence area (5.1 % versus 2.1 %).

Muñoz et aL. (1992) studied 228 population-based controls from a case-control study of
invasive cancer and found a higher rate of HPV-positivity by PCR in Colombia compared to
Spain (13.3% versus 4.6%), although the positivity rates were similar by Southern blot (4.2%
versus 5.7%, respectively). ln a comparison study in the same area (Bosch et aL., 1993), controls
to CIN III cases had twice the positivity rate for any HPV by PCR in Colombia compared to
Spain (10.5% vers us 4.7%). Rates for HPV-16 were also much higher (3.3% versus 0.5%).
Cervical cancer incidence rates are about eight times higher in Colombia.

Hildesheim and colIeagues (Hildesheim et aL., 1993; Bauer et al., 1993) compared HPV
DNA prevalences in two populations of cytologicalIy normal women in the USA, presumed to
vary substantialIy in their risk of cervical neoplasia. Specifically, 404 poor, white, black and
Hispanic women in Washington, DC (high prevalence of cervical neoplasia) were compared
with 483 middle class, predominantly white women attending a pre-paid health plan in Portland,
Oregon (Jow prevalence of cervical neoplasia) using the same LI consensus primer PCR test
method. The prevalence of HPV DNA was 33.7% in the Washington population, compared to
17.7% among the Portland women.

2.1.2 Otheranogenital cancers

Other anogenital cancers have been associated with HPV, notably vulvar, penile and anal
cancer. Trends in the incidence ofanal cancer have been studied in Denmark by Frisch et al.
(1993) who found that they were stable between 1943 and 1957, but increased by 50% in men
and tri pIed in women between 1957 and 1987. A similar pattern was observed in Connecticut,
USA, where, on the basis of tumour registry data, the incidence of anal cancer increased 2.3-fold
among women and 1.9-fold among men between 1960-88. An increase has also been observed
in other parts of the USA, and anal cancer is now more frequent in women than men, in blacks
than whites, and in residents of metropolitan rather than rural areas (Melbye et al., 1994a).
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Table 7. Comparison of HPV detection rates in populations at different risk of cervical cancer

Reference Location Cervical Source of study No. of HPV type-specifie detection rate (%) Detection method
cancer population paricipants (types included)
incidence per 6111 16118 16 18 6111 + HPV-
10' population 16118 + positive

31/33/35

Kjaer et aL. Greenland 1.98" Random samples of the 586 6,7 8,8 Filter in-situ

(1988) Denmark 0,35" general female 661 7,5 13,0 hybridization
population (1986) -.

;i
Kjaer et aL. Greenland 1.98" Random samples of the 129 3,9 V iraPap ™ / :;n(1993 ) Denmark 0,35" general female 126 6.3 ViraType™ ~population (1988) 0

Greenland 20.2 14,7 43.4 PCR (11,16,18,33) Z
Denmark 24,6 19.8 38,9 0

elVila & Recife 96,5 Random samples of Total: 2330 5,2 5,9 Filter in-situ :;;iFranco São Paulo 35.1 women attending 3 2.4 2,0 hybridization 'i
( 1989) family-planning and :i

C/maternaI and child ~health clinics 0
Muñoz et aL. Colombia 48,2 Random samples of 98 9,2 13,3 PCR (6,11,16,18, l'

c:(1992) Spain 5,7-ó,1 women in paricipating 130 3,1 4.6 31,33,35) ~
areas rr

Bosch et aL. Colombia 48,2 W omen attending 181 3.3 10,5 PCR (6,11,6,18, ~
(1993) Spain 5,7-6.1 screening programmes 193 0,5 4,7 31,33,35)

and family-planning

clinics
Hildesheim Washington, High risk Women attending 404 33,7 PCR (Li
et aL. (1993); DC, USA screening programmes consensus primers)
Bauer et aL. Portland, OR, Low risk 483 17,7
(1993) USA-
"Cumulative incidence per 100 women (20-39 years)
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ln contrast, the incidence of penile cancer was observed to decline during 1943-90 in
uncircumsized populations des pite the lack of screening procedures and changes in diagnostic
criteria (Frisch et al., 1995).

Correlation analyses based on data from 136 cancer registries around the world revealed
statistically significant correlations between the rates of cervical cancer and cancers of the
mouth and oesophagus and between cancer of the penis and cancers of the mouth and hypo-
pharynx (Muñoz et aL., 1990). Bosch and Cardis (1990) used a similar approach to show a
correlation between the incidence of cervical cancer and that of cancer of the penis, vagina and
vulva. These reports are in line with previous studies in England and Wales (Smith et aL., 1980),
China (Li et aL., 1982) and Brazil (Franco et aL., 1988). .

Further support for an etiological parallel between anal and cervical intraepithelial neo-
plasia (Scholefield et aL., 1989, 1992) and between anal and cervical cancer has been
substantiated in recent Iinkage studies of multiple primary cancers undertaken in Denmark and
the USA (Melbye & Sprøgel, 199 i ; Rabkin et aL., 1992).

2.2 Case reports and case series

Nearly 20 years ago H. zur Hausen suggested that human papillomavirus (HPV) could be
causalIy involved in cervical carcinogenesis (zur Hausen, 1976). Subsequently, HPV DNA has
been found repeatedly in cervical cancers and has also been implicated in the genesis of several
other human cancer types, particularly neoplasms of the anogenital area, as weil as of the skin
and the respiratory and digestive tracts.

2.2.1 Cancer of the uterine cervix

(a) Pre-invasive cervical les ions

Table 8 gives a summar of case series of cervical intraepithelial neoplasia (CIN) that
included more than 70 cases. and gave the HPV results by cytological/istological category. The

range of HPV results is broad, but in general the HPV detection rate increased with the severity
of the les ion independent of the detection method used. (Cytological/istological misclassifi-
cation of less-severe diagnoses may explain much of this trend.) The prevalence of HPV in CIN
ILL was reported to be more than 70% in 13 out of the 21 studies. The varation in detection rate

between studies was lowest for the PCR method for ail cytological/istological groups. The
varety of HPV types found in less-severe lesions is greater than that in more-severe lesions, in
which the cancer-associated types are typically found.

ln the six case series including more than 10 patients with adenocarcinoma in situ (Table 9),
HPV DNA was found in 25-97% of cases. (The diagnosis of glandular intraepitheliallesions is
more problematic than squamous intraepithelial diagnoses.)

(b) Squamous-cell carcinoma

Microscopic evidence of HPV infection has been linked to adjacent cervical cancer for
decades. Table 10 summarizes the prevalence of HPV DNA in series (~ 40 cases) of patients
with cervical squamous-cell carcinoma recorded in studies pub 

Ii shed from 1988 to date. ln
studies using PCR -based tests designed to detect more than a single HPV type, the HPV



\0Table 8. PrevaleDce of HPV DNA iD cervical intraepithelial neoplasia (CIN) case series. (2. 70 cases) N

Reference Study area Detection meihod No, of cases Overall HPV HPV type-specifie positivity (%) Comments
(types included) positivity (%)'

6 II 16 18 Others

Fuchs et al, Austria Southem blot 33 CIN 1 36 27 9 3 Frozen tissue
(1988 ) (6,10, II, 16, 18,31,33) 43 CIN Il 40 9 35 2

140 CIN II 56 6 48 7
Kunnan et al, US NB razil Southem blol 63 CIN 1 71 II 5 19 2 35 Frozen tissue,
(1988 ) (6, II, 16, 18,31) 61 CIN Il 87 15 41 2 30 'Others' = HPV-31 and

32 CIN II 97 3 66 6 22 uncharacterized types -Lim- Tan Singapore Southem blot 37 CIN 1 22 3 3 16 Frozen tissue ;¡::et al, (1988) (11,16,18) II CIN II 55 9 45 n
41 CIN II 61 7 27 2 24 ~McNicol Canada Filter in-situ hybridization 44 CIN l 84 64 27 14 Cervical swabs 0

Zet al, (1989) (6/11,16/18) 18 CIN II 72 67 56 036 CIN II 81 56 33 19 CiAmortegui USA ln-situ hybridization 312 CIN l 50 17 12 7 15 Fixed tissue, ::
;¡et al, (1990) (6/11,16,18,31) 114 CIN II 54 5 25 7 17 'Others' = HPV-31 and '"::46 CIN II 43 24 9 Ii -16/18/31 unspecified C/Billaudel France Southem blot 41 CIN 1 27 9 9 22 Frozen tissue ..0et al, (1991)

(6, 16, 18) 20 CIN II 50 5 15 30 l'
32 CIN II 63 28 3 31 c:

Cooper et al, South Africa ln-situ hybridization 17 CIN II 53 6 6 41 Fixed tissue, ~
tr(l99Ia) (6, II, 16, 18,31,33,35) 55 CIN II 49 27 Ii il 'Others' = HPV-31 and 0\.lUnited 24 CIN II 58 42 4 13 -33Kingdom 49 CIN II 73 49 14 10

Nuovo et al, USA ln-situ hybridization 174 LSIL 89 18 29 41 Fixed tissue,
(1991 b) (6/11,16/18,31/33/35, 70 HSlL 71 49 23 'Others' predominantly

42/43/44,51/52,45/56)
HPV-31, -33, -35

Comelissen Netherlands PCR (Li consensus 19 CIN 1 68 5 21 5 37 Fixed tissue,et al, (1992) primers and 6/ il, 16, 18, 16 ClN Il 81 50 6 25 'Oihers' = HPV-31, -33
31,33) 73 ClN II 90 53 7 33 and unidentified

Meguenni Aigeria Southem blot 83 CIN VII 42 7 35 Frozen tissueet al, (1992)
(6/11, 16) 92 CIN II 54 3 51

Saragoni Italy ln-situ hybridization 26 LSIL 38 19 19 Fixed tissueet al: (1992) (6/11,16/18,31/35/51) 45 HSlL 36 24 16



Table 8 (contd)

Reference Study area Detection method No. of cases Overall HPV HPV type-specifie positivity (%) Comments
(types included) posiiivity (%)b

6 Il 16 18 Others

Anderson USA ln-situ hybridization 159 HPV/CIN 1 43 9 14 23 Fixed tissue,
et aL. (1993) (6/11,16/18,31/33/35, 136 CIN IIIII 55 4 27 27 'Others' predominant1y

42/43/44, 45/56, 51/52) HPV -31/33/35
Cromme Nether1ands PCR:GP 5/6, TS 34 CIN 1 68 53* Fixed tissue, C/

'"et al, (1993a) (6, Il, 16, 18,31,33) 32 CIN II 91 75* *HPV types 16, 18,31 C
28 CIN II 100 96* 0-.

Hellberg Sweden ln-situ hybridization 50 CIN 1 60 2 24 12 4 18 Fixed tissue. HPV- tT
CI

et al. (1993) (6, Il, 16, 18,31,33) 54 CIN II 81 2 54 9 17 positive cases younger 0
23 CIN II 100 70 9 22 than HPV-negative "T

ncases ~Cuzick et al. United PCR (semi quantitative) 13 CIN 1 77 23 23 Cervical swabs Zn(1994 ) Kingdom (6111, 16, 18,31,33,35) 12 CIN II 75 42 25 tT
61 CIN II 95 67 20 10

-.Delvenne Belgium ln-situ hybridization, 90 LSIL 64 24 16 36 Fixed tissue. 'Others' Z
et al. (1994) immunohistochemistry , 50 HSIL 86 10 50 36 include HPV -31, -33, ::

PCR (LI consensus -35 (21 % in LSIL, 20% C
~primers) in HSIL) plus cases ;i

positive on1y by Z
immunohistochemistry CI

or PCR,
Hippe1ainen Fin1and ln-situ hybridization 127 CIN I11 69 20 30 19 Fixed tissue
et al, (1994) (6/11,16/18,31/33,42) 25 CIN II 96 4 80 12
de Roda Nether1ands PCR GP-5/6 and TS-PCR 97 1 Pap IIa 72 2 1 25 5 35 Cervical swabs.
Husman et al, (6,11,16,18,31,33) 295 Pap IIb 85 1 1 50 8 23 'Others' primarily
(1994 ) Southem blot of GP-PCR 107 Pap iV 100 1 51 12 31 HPV -31 and -33 or

products unknown
(21 types)

\0w
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Table 8 (contd)

Reference Study area Detection method No, of cases Overall HPV HPV type-specifie positivity (%) Comments
(types inc1uded) positivity (%/

6 II 16 18 Others

Sebbelov Denmark ln-situ hybridization 52 CIN VII 21 31 Fixed tissue ..
et al, (1994) (16) 53 CIN II 25 25 ;i

PCR (in ß-globin 40 CIN VII 53 15 :;n
positive) 34 CIN II 85 29 ~
(16, 18,31, 33, 35, 45) 0

Oreenland ln-situ hybridization 49 CIN VII 14 14 Fixed tissue Z0
(16) 46 CIN II 20 20 0
PCR (in ß-globin 24 CIN VII 54 13 :;

;ipositive) 30 CIN II 70 3 17 'i
(16, 18,31,33,35,45) :i

C/
Burger et al. Netherlands PCR 32 CIN l 44 3 16 19 16 Cervical scrapes, ~
(1995) (6111,16,18,31,33) 39 CIN II 69 3 31 8 36 Multiple types found in 0

l"
49 CIN II 86 2 59 8 27 many samples C

Matsukura & Japan Dot blot 71 CIN l 94 lO 3 82 Frozen tissue, ~
tTSugase (27 HPV types) 56 CIN II 100 23 1 75 'Others' predominantly ~(1995) 93 CIN II 95 45 49 HPV-52, -58 (CIN l, II,

II), -56 (CIN r), -31
(CrN II)

PCR, p01ymerase chain reaction; OP, general probe; TS, type-specifie; Pap, Papanicolaou smear test result; LSIL, low-grade squamous intraepithelial1esions; HSIL,
high-grade squamous intraepithelia11esions
'Including studies that used hybridization methods
bOf those types tested



Table 9. Prevalence of HPV DNA in cervical adenocarcinoma in situ case series (~ 10 cases)

Reference Study area Detection method No. of Overall HPV HPV type-specifie positivity (%) Comments
(types included) cases positivity (%)"

6 Il 16 18 Others

Farnsworth Australia ln-situ hybridization 17 88 29 59 Fixed tissue en
et al. (1989) (6, Il, 16, 18,31) ..

c:
Okagaki et aL. USA ln-situ hybridization 21 67 24 48 Fixed tissue 0-
( 1989) (6, 16, 18)

rr
en

Nicklin et al, Australia ViraType™ in-situ 28 25 25 4 Fixed tissue. HPV 0
(199 1 ) (6/1 1, 16/18,31/33/35) status and smoking 'T

n
had no significant ;:
effect on behaviour of Zn
the lesions, rr

3i ~
. Higgins et al. Australia ln-situ hybridization 97 32 65 Fixed tissue -

(1992a) (6, 1 1, 16, 18, 31, 33)
Z
::

Duggan et al, Canada Dotblot(6, Il, 16, 18, 37 27 14 14 Fixed tissue, HPV c:
(1993 ) 31,33,35) positive cases tended ~

;:
to be older th an HPV Z
negative cases, CI

Lee et al. USA PCR 36 42 22 22 Fixed tissue, No
(1993 ) (16,18) association between

HPV status and age

"Of those types tested
bCervical intraepithelial glandular neoplasia (CIGN) grade II, CIGN I/I also present in 27 of the women

\0
VI



1.0\Table 10. Prevalence of HPV DNA in squamous-cell cervical cancer case series. (~40 cases)

Reference Study area Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
(types inc1uded) cases positivity (%)h

6 II 16 18 Others

Fuchs et al, Austria Southern blot 44 68 9 57 9 7 Frozen tissue, Ail Iymph node
(1988) (6,10, II, 16, 18,31, metastases had HPV DNA of the same

33) Iype as the primary tumour.
'Oihers' = HPV-IO

Kurman et al, USAI Southern blot 58 86 41 22 22 Frozen tissue,
(1988) Brazil (6,11,16,18,31) 'Others' = HPV -31 and uncharacterized ..

types ~::Meng et aL. China Dot blot 46 48 2 39 7 Frozen tissue n
(1989) (1 1,16,18) ~0Walker et aL. USA Southern blot 62 71 63 6 2 Frozen tissue. HPV - 18-positive cases Z(1989) (6, 1 1,16, 18,31) had a worse prognosis than HPV - 1 6- 0

positive and HPV -negative cases, Cì::Ji et al, China ln-situ hybridization 43 44 44 Fixed tissue, No infonnation on ~'i(1990) (6,11,16,18,31,33) histological group ::
Low et al, Singapore Dot blot 63 Frozen tissue C/75 72 16 ~(1990) (16,18) 0

Southern blot 58 78 66 21 l'
c:(16,18) ~Riou et al, France Southern blotlCR 89 83 61 8 18 HPV-negative women had a worse tT

(1990) (-50%) (6, II, 16, 18,31,33, prognosis than HPV -positive women, 0\.t
Africa 35, 39, 42) No association between HPV status and
(-50% ) age

van den Brule Netherlands PCR:GP 5/6, TS PCR 50 100 84 26 6 Frozenlfixed tissue.
et al, (1991a) (611 1,16,18,31.33) 'Others' = HPV-31 and -33
Cooper et al, South Africa ln-situ hybridization 69 64 42 22 Fixed tissue. No association between
(1991b) (6, II, 16, 18,31,33, HPV status and age

35)

Higgins et al, Australia ln-situ hybridization 171 83 63 il 9 Fixed tissue, HPV -negative cases were

(1991a) (611 l, 16, 18,31133) older and had a worse prognosis th an 

HPV -positive cases, Survival was not
related to HPV type, 'Others' = HPV-
31/33



Table 10 (contd)

Reference Study area Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
(types included) cases positivity (%)b

6 Il 16 18 Others

Sebbe10v Norway Southern b10t 50 62 54 8 Frozen tissue, No association between
et al. (1991) (11, 16, 18) HPV status and age, stage or survival
Hørding et al, Denmark PCR 50 72 60 12 Fixed tissue. No association between
(1992) (16, 18) HPV status and tumour grade
Czeglédy Hungary PCR 75 48 48 No information on histology, Presence
et al. (1992b) (16) of HPV-16 DNA in the majority of C/

metastasizing Iymph nodes of HPV -16- -3
positi ve cases c:0

Meguenni A1geria Southern blot 78 76 3 73 Frozen tissue. No information on -
tI

et al, (1992) (6/11, 16) histological groups C/

0Sarkar et al, lndia ln-situ hybridization 49 86 86 6 Fixed tissue 'T
(1992a) (16, 18) n
Chen et al, Taiwan, PCR 40 78 3 50 5 20 Frozen tissue, No association between ;p

Z
(1993a) China (6,11,16,18,31,33, HPV status and stage or differentiation n

42, 52, 58) tI~
Falcinell Italy PCR 42 69 64 Fixed IIssue, No mutaIIon of Ki-ras gene -

Z
et al, (1993) (6/11, 16, 18) was found. ::
Kenter et aL. Netherlands PCR 69 49 49 Fixed tissue. HPV -positive cases older c:
(1993 ) (16) than HPV -negative cases, No association ~

;p
between HPV status and prognosis Z

Krstiansen Norway PCR/Southem blot 105 69 53 II Frozen tissue. No associalIon between
C/

et al. (1994a) (6, II, 16, 18,33) overall HPV and age or differentiation,
HPV-18 positivity was associaied with
younger age and poorly differentiated
tumours,

Matulic & Croatia Southern blot 44 61 61 Frozen IIssue
Saric (1994) (6, 16/18)

Ngan et al, Hong Kong PCR/Southern blot 64 73 67 39 Frozen tissue
(1994 ) (LI consensus primers

and 16, 18)

Pao et al, Taiwan, PCR (LI consensus 61 89 75 Frozen or fixed tissue, No informalIon

(1994a) China primers) 49 57 43 on histological groups
\0-i



Table 10 (contd)
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Reference Study area Detection method

(types included)
No. of Overall HPV HPV type-specifie positivity (%)
cases positi vit y (%)b

Comments

Willamson
et al. (1994)

Bosch et al.
(1995 )

South Africa PCR (Li consensus

primers and 6, 1 L, 16,
18,31,33,45)

22 countries' PCR (Li consensus

primers and type

specifie, 26 types)

6 IL 16 18 Others

59 78 44 2 34 Frozen tissue,
'Others' predominantly unclassified
types

881 93 51 12 33 Frozen tissue, ~-globin-positive (see also
Table 12)

'Others' predominantly types related to
HPV-16 and -18

PCR, polymerase chain reaction; GP, general probe; TS, type-specifie
"Including studies published 2: 1988 having used hybridization methods
bOf those types tested

'Africa (Algeria, Benin, Guinea, Mali, Tanzania, Uganda), Central and South America (Argentina, Bolivia, Brazil, Chi le, Colombia, Cuba, Panama, Paraguay), Southeasi
Asia (Indonesia, Philippines, Thailand), North America (Canada, USA) and Europe (Gennany, Poland, Spain)
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prevalence is in the range of 57-100% with most studies detecting HPV in more th an 75% of
cases. The prevalence from the largest study was 93% (Bosch et aL., 1995). ln studies using
Southern blot or in-situ hybridization, the ranges are 61-86% and 44-86%, respectively. HPV-
16 is by far the most prevalent type. The data currently available do not support a relationship
between HPV detection in cervical cancers and the age of the patients.

Figures 14 and 15 show the percentage positivity in squamous-cell cervical cancer case
series of HPV and HPV - 1 6, respectively.

(c) Adenocarcinoma and adenosquamous carcinoma

Table 1 1 summarizes cervical adenocarcinoma case series published since 1988 that
included more than 15 cases and used hybridization methods for HPV detection. The prevalence
of HPV ranged from 15 to 88% in nine studies using PCR or Southern blot. ln six studies using
in-situ hybridization, HPV was detected in 0-69% of cases. ln the majority of investigations,
HPV -18 was the predominant type; however in sorne studies, HPV - 16 was as prevalent as HPV-
18. HPV-positive cases tended to be younger than HPV-negative cases for unknown reasons.

A few studies of HPV in adenosquamous carcinomas have been conducted. The detection
rate in series with more than 10 cases ranged from 18 to 94%. ln the most recent study, HPV-16
and - 1 8 were detected with about the same frequency (Tase et aL., 1988; Walker et al., 1989;
Leminen et aL., 1991; Duggan et aL., 1993; Bosch et al., 1995).

(d) Geographical and temporal variation

Little geographical varation is seen in the overall prevalence of HPV invasive cancers but
there is sorne difference in the distribution of types. The best data come from a study by Bosch
et aL. (1995) in which nearly 100 invasive cancer specimens, from 22 countries covenng most
pars of the world, were analysed in a single laboratory. The assay was based on PCR amplifi-
cation using Li consensus primers, and samples were probed with different oligonucleotides
capable of detecting and discriminating between 26 different anogenital HPV types. HPV DNA
was detected in 93% of the tumours, with no significant geographic variation in overall posi-
tivity. HPV-16 was present in 50% of the specimens, HPV-18 in 14%, HPV-45 in 8% and HPV-"
31 in 5%. HPV-16 was the predominant type in aIl countries except lndonesia and Algeria,
where HPV - 1 8 was more common. There was significant geographical varation in the pre-
valence of some of the less-common virus types. A clustering of HPV -45 was apparent in
western Africa, while HPV -39 and -59 were virtually confined to cancer cases from Latin
America. ln squamous-cell tumours, HPV - 1 6 predominated, but HPV - 1 8 predominated in
adenocarcinomas and adenosquamous tumours. Further details on type-specific positivity by
area are shown in Table 12.

ln a series of smaller studies, Sebbelov et aL. (1994) found similar rates of HPV -16 positi-
vit Y by PCR in archivai specimens from two additional countries, Greenland and Denmark (pre-
invasive lesions, 63% and 68%, respectively; invasive cancers, 82% and 70%, respectively). Acs
et aL. (1989) found a slightly higher rate of HPV - 1 6 positivity by Southern blot in 82 cancers in
eastern Panama (43%) than in 69 from central Panama (29%). ln a small study of 37 invasive
cancers in two Mexican cities with high cervical cancer rates (Mexico City and Monterrey),
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González-Garay et al. (1992) found similar positivity rates for HPV-16 (29% and 26%,
respectively) and HPV-18 (7% and 10%, respectively) by Southern blot.

Figure 14. Detection of HPV DNA in sqamous-cell cervical cancer case series

ISH: . . . .

PCR: .. . i.. i . .. .

SouthernlDot: . .. ..... .

o 10 20 30 40 50

Per cent

60 70 80 90 100

ISH, in situ hybridization; PCR, polymerase chain reaction
Data are taken from Table 10,

Figure 15. Detection of HP-16 in squamous-cell cervical cancer case series

ISH: .. . .

PCR:
... .... .. . . . .

Southern/Dot: .. .. .i. .
o 10 20 30 40 50

Per cent

60 70 80 90 100

ISH, in situ hybridization; PCR, polymerase chain reaction
Data are taken from Table 10.

Two historical studies of biopsy material have yielded possibly conflcting data regarding
changes in HPV positivity in neoplastic specimens over time. Anderson et al. (1993) compared
176 cervical tissues showing cervical intraepithelial neoplasia from 1964 to 1965 with 165 cases
from 1988 to 1989 in Richmond, VA, USA, and found virtually the same positivity rate (43%
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Table 11. Prevalence of HPV DNA in cervical adenocarcinoma case series" (;? 15 cases)

Reference Study area Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
(types included) cases positivity (%)b

6 IL 16 18 Others

Tase et al, USA ln-situ hybridization 40 43 3 40 Fixed tissue, No association
(1988) (2,6, 16, 18) between HPY and histological

differentiaiion
Walker et al. USA Southern blot 25 52 20 32 Frozen tissue, HPV-18-positive
(1989) (6, Ii, J 6, 18, 31) cases had a worse prognosis than

HPY-16-positive and HPY-
CI

negative cases, ""
Riou et al. France & Southern blot/CR 17 88 24 59 12 C0(1990) Africa (6, 1 l, 16, 18,31,33,35, -

rr39,42) v:
Bjersing et al. Sweden PCR 26 42 15 27 Fixed iissue, HPY -positive cases 0

"T(1991) (16,18) were younger th an HPY-negative n
cases, :t

ZGriffn et al, United ln-situ hybridization 16 6 6 Fixed tissue n
(199 1 ) Kingdom (6,1 1,16,18,31) rr:;PCR 16 31 25 6 -

(11,16,18) Z
::Leminen Finland ln-situ hybridization 95 20 4* 16* Fixed tissue. No correlation C

etal, (1991) (16,18) between HPY status and age, ~
ploidy or survival, but correlation :t

Z
with boih stage and tumour size. CI

*Including Ii adenosquamous
cancers

Young et al. United ln-situ hybridization 21 0 Fixed tissue
(1991 ) Kingdom (6,1 1,16,18)
Hørding et al, Denmark PCR 50 70 18 52 Fixed tissue. No association
(1992) (16,18) beiween HPY status and tumour

grade. Higher rate of HPV,18-
positive carcinoma among
younger women

Cooper et al, United ln-situ hybridization 16 69 25 44 Fixed tissue, No association
(1992 ) Kingdom (6,11,16,18,31,33,35) between HPY status and tumour

South Africa 22 41 41 difterentiation 0
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Table 11 (contd)

Reference Study area Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
(types included) cases positivity (%)"

6 Il 16 18 Others

Johnson et al, USA PCR 19 79 21 58 Fixed tissue, HPV-positive cases
(1992a) (16,18) were younger th an HPV-negative

cases. .-Duggan et al, Canada Dot b10t 60 42 15 25 2 Fixed tissue, HPV-positive cases ;i:;(1993) (6,11,16,18,31,33,35) tended to be younger than HPV- r:
negative cases, ~Fulcheri et al, Ita1y ln-situ hybridization 18 6 6 Fixed tissue 0

Z(1993) (6/1 1,16/8,31/35/51) 0Lee et al, USA PCR 20 15 10 5 Fixed tissue a
(1993) (16, 18) :;

;iMatsuo et al, J apan PCR (LI consensus 24 25 17 13 Fixed tissue, HPV -positive cases "'
::(1993) primers and 16, 18) were younger than HPV -negative C/

cases, ..0Mi1de- Germany PCR (consensus primers) 24 63 38 29 Fixed tissue, HPV-positive cases l'Langosch (6/11,16,18,31) were younger than HPV -negative C
~et al, (1993)

cases, rr
Bosch et aL. 22 countries' PCR (LI consensus 25 96 28 56 12 Frozen tissue. 'Others' related to 0'.t(1995) primers and type specifie, HPV-18

26 types)

PCR, polymerase chain reaction
"Including studies published ~ 1988 having used hybridization methods
bOf those types tested

'Africa (A1geria, Benin, Guinea, Mali, Tanzania, Uganda), Central and South America (Argentina, Bo1ivia, Brazil, Chi1e, Colombia, Cuba, Panama, Paraguay),
Southeast Asia (Indonesia, Philippines, Thailand), North America (Canada, USA) and Europe (Germany, Po1and, Spain)
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vers us 47%) by in-situ hybridization. However, Kock and Johansen (1987) compared 208
biopsy specimens from 1972 and 225 from 1983 in Denmark and found a large increase in the
proportions showing condylomatous atypia (12% versus 50%, respectively). Within this group,
immunoperoxidase staining for the HPV antigen was performed and an increase in positivity in
the more recent samples was also found (12% versus 21 %, respectively).

Table 12. Prevalence of individual HPV types by geographical region

HPV type Region

Africa Central Southeast Europe North Total
and South Asia America
America

No. (%) No. (%) No. (%) No. (%) No. (%) No, (%)

HPV - 1 6 and related
HPV - 1 6 79 (42.5) 255 (50.5) 42 (42.9) 56(65.1) 33 (57.9) 465 (49.9)

HPV-31 5 (2.7) 35 (6.9) 1 (1.0) 5 (5.8) 3 (5.3) 49 (5.3)

HPV-33 5 (2.7) 18 (3.6) 2 (2.0) 1 (1.2) 0 26 (2.8)

HPV-35 4 (2.2) 10 (2.0) 1 (1.0) 1 (1.2) 0 16 (1.7)

HPV -52 4 (2.2) 16 (3.2) 2 (2.0) 3 (3.5) 0 25 (2.7)

HPV-58 5 (2.7) 11 (2.2) 2 (2.0) 1 (1.2) 0 19 (2.0)

HPV - 1 8 and related

HPV - 18 33 (17.7) 48 (9.5) 31 (31.6) 7 (8.1) 9 (15.8) 128 (13.7)

HPV-39 0 13 (2.6) 1 (1.0) 0 0 14 (1.5)

HPV-45 23 (12.4) 37 (7.3) 8 (8.2) 2 (2.3) 8 (14.0) 78 (8.4)

HPV-59 0 14 (2.8) 1 (1.0) 0 0 15 (1.6)

HPV -68 4 (2.2) 2 (0.4) 1 (1.0) 3 (3.5) 1 (1.8) 11(1.2)

Other
HPV -6 0 1 (0.2) 0 0 0 1 (0.1)
HPV - 1 1 0 1 (0.2) 0 0 0 1 (0.1)
HPV-56 6 (3.2) 3 (0.6) 3 (3.1) 2 (2.3) 2 (3.5) 16 (1.7)

Miscellaneous 5 (2.7) 16 (3.2) 4 (4.1) 1 (1.2) 0 26 (2.8)

Undetennined 2 (I.) 8 (1.6) 0 1 (1.2) 1 (1.8) 12(1.3)

HPV negatives 19 (10.2) 36 (7.1) 3 (3.1) 4 (4.7) 4 (7.0) 66 (7. 1 )

Total specimens 186 505 98 86 57 932

Adapted from Bosch et aL. (1995)

2.2.2 Anogenital cancers

(a) Cancer of the vulva and vagina

ln Table 13, results from vulvar cancer case series (~ 10 cases) are summarzed. The HPV
prevalence ranged from 0% to 100%. No HPV DNA was seen in 29 tumours with substantial
keratinization and adjacent lichen sclerosus, butwithout adjacent vulvar intraepithelial neoplasia



0.tTable 13. Prevalence of HPV DNA in vulvar cancer case seriesQ (~ 10 cases)

Reference Study area Detection method No, of cases Overall HPV HPV type-specific positivity (%) Comments(types included) positivity (%)b

6 Il 16 18 Others

Di Luca et al, Italy Southern blot 10 SCC 20 20 Frozen tissue(1986) (16)
Macnab et al, United ln-situ hybridization 10 SCC 80 80 Frozen tissue(1986 ) Kingdom (16,18)
Gupta et al, Italy ln-situ hybridization 10 early SCC 50 10 40 Fixed tissue. Among -( 1987) (6/11, 16, 18) 6 verrucous 0 cases with histological ~:;carcinomas

evidence of viral n
infection, 78% were HPY ~
positive, ln those without 0
signs of viral infection Z033% were HPV positive. ciBender et al. Germany ln-situ hybridization 27 59 19 41 No information on :;

~(1988) (6/11,16/18)
histological group '"Carson et al, USA Southern blot/in-situ 16 ASCC 6 6 Fixed tissue. The :i

C/(1988) hybridization 26 SCC 19 4 12 4 prognosis was worse for ~(1-6,16,18)
ASCC than for SCc. 0rIkenberg et al, Germany Southern blot 18 33 33 Frozen tissue, No c:(1988 ) (16)
correlation between HPY ~
status and grade or stage tT

0\of tumours .tVenuti & Italy Dot blot/Southern blot 15 SCC 87 20 80 Frozen tissueMarcante (16,18)
(1989 )

Neill et al, United Southern blot 10 SCC with lichen 0
(1990) Kingdom (16,18,31,33) sclerosus

10 SCC with VIN 64* 55* * II lesions lestedII
Pilotti et al, Italy ln-situ hybridization/ 10 SCC LA 10 Fixed/frozen tissue. Data(1990) Southern blot

only given for HPV -16(6, II, 16, 18,31)
PCR 75 75





Table 13 (contd)

Reference No. of cases CommentsStudy area Detection method
(types inc1uded)

Overall HPV
positivity (%)'

HPV type-specifie positivity (%)

6 Il 16 18 Others

PCR
(6, Il, 16, 18,33)

Fixed tissue
Felix et al,
(1993)

USA (Barolin' s gland)

7 SCC
2 ad~noid cystic J

carcinomas
1 AC

86 86

o

SCC, squamous-cell carcinoma; ASCC, adenosquamous-cell carcinoma; VIN, vulvar intraepithelial neoplasia; PCR polymerase chain reaction; AC, adenocarcinoma
"Inc1uding studies having used hybndization methods
bOf those types tested
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(VIN); however, HPV DNA was detected in 41 % of tumours with minimal keratinization and/or
adjacent VIN. HPV-16 was the predominant type detected, but cases containing HPV-6/1 1 have
also been reported.

The prevalence of HPV in VIN ILL (¿ 20 cases) ranges from 30 to 95% with four of seven
studies finding HPV in more than 80% of cases (Table 14). The prevalence tends to be
consistently higher th an in series of vulvar cancer.

ln vaginal cancer case series (3-18 cases), the range of positivity was 21-67%, with HPV
detected in 48% of cancers overall (see Table 15). HPV-6 and -18 were the predominant types.

(h) Cancer of the penis

. Table 16 summarzes the prevalence studies of penile cancer that incIuded more than five
cases. Studies in which in-situ hybridization was used detected HPV in 5-40% of squamous-cell
carcinoma, whereas Southern blot and PCR studies found HPV in 44-100% and 18-82%,
respectively. It seems that HPV (predominantly HPV-16) is found in penile squamous-cell
carcinomas in some regions of the world, but, curiously, HPV has not been found in the five
small studies of 'verrcous' carcinomas conducted to date.

( c) Cance r of the anus

ln Table 17 results from anal cancer case series (¿ 5 cases) are shown. ln-situ hybridization
studies found 24-73% of cases (squamous-cell carcinomas) to be HPV positive. The corres-
ponding figures for Southern blot and PCR studies are 63-85% and 24-100%, respectively, and
HPV - 16 is the type most commonly observed. Scholefield et aL. (1991) examined 173 anal
squamous-cell cancers from fixed sections in six countries and found HPV-16 DNA in 29% of
those usingDNA-hybridization. Much lower positivity rates were found in lndia (3%) and South
Africa (11%) than in Poland, Switzerland, Brazil and the United Kingdom, where the rates were
similar (approximately 40%).

2.2.3 Other cancers

The presence of HPV at other cancer sites has been studied considerably less often and in
far fewer patients compared to cancer of the cervix and anogenital areas. Some positive findings
reported below may have been inflated by publication bias, as suggested by some especially
high HPV prevalences in early reports that are refuted in more recent studies (e.g. prostatic
cancer). From an interpretative viewpoint, it is also important to bear in mind that the presence
of HPV according to any technique does not constitute a proof of causality per se, and the
finding of HPV in cancer tissues frequently goes along with detection of several other viroses
(e.g. Epstein-Bar virus, hepatitis C virus (see IARC, 1994a), etc.). Conversely, negative results
also cannot be used confidently, since the type-specific methods developed for search of the
genital tract (e.g. to detect HPV-6, -11, -16 and -18) may not be informative in cancers at
different sites whereother, perhaps not yet identified, site-specific types may play a raie.
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Table 14. Prevalence of HPV DNA in high-grade vulvar intraepithelial neoplasia (VIN III) case series (~20 cases)

Reference Study Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
area (types included) cases positivity (%)"

6 II 16 18 Others

Bomstein et al, USA ln-situ hybridization 46 83 37 48 9 Frozen tissue, No difference in HPV
(1988) (6/1 1, 16/18/31) status between cases with multicentric

and unicentric disease
Buscema et al, USA Southem blot 22 84 68 5 II Frozen tissue

:;(1988) (6,1 1,16,18,31) (37 ;:lesions) n
Kaufman et al, USA ln-situ hybridization 46 83 20 24 17 24 9 Frozen tissue. HPV DNA more often ~0(1988) (6, II, 16, 18,31) present in older cases, Prevalence of HPV ZDNA similar in multifocal and unifocal 0

les ions a;:Jones et al, New ln-situ hybridization 29 52 52 Fixed tissue. HPV positive cases were ;l(1990a) Zealand (6, II, 16, 18)
younger th an HPV negative cases, Five 'i::cases progressed to cancer. Ali five had v.
multifocal anogenital neoplasia, ln four ..
cases, HPV - 1 6 was found in both VIN II 0

r:
and cancer tissue, c:Beckmann et al, USA ln-situ hybridization, 21 95 29 76 14 Fixed tissue. Ali women had multicentric ~

m(1991a) PCR squamous-cell neoplasia of the anogenital 0\
(6, 16) region, .t

Park et al, USA PCR, in-situ 20 wary 65 65 Fixed tissue, HPV positive cases were
(1991 ) hybridization 10 basal 30 30 younger than HPV negative cases,

(6, 1 l, 16, 18)

Nuovo et al, USA PCR (£6, Li consensus 22 59 41 18 Fixed tissue
(l991c) primers and 6, 11, 16,

18, 31, 33, 35)

PCR, polymerase chain reaction
'Of those types tested



Table 15. Prevalence of HPV DNA in vaginal cancer case seriesa (~3 cases)

Reference Study area Detection method No. of Overall HPV HPV type-specifie positivity (%) Comments
(types included) cases positivity (%/

6 Il 16 18 Others
CI

Frozen tissue
'"Mitrani- Israel Southern blot 3 33 33 c:

Rosenbaum (6/11, 16/18) 0..
et al. (1988) tI

CI
Ostrow et al, USA ln-situ hybridization/fiter 14 21 14 Fixed tissue 0

'T(1988) in-situ hybridization n
(2,6, 16, 18) ~

ZKiyabu et al, USA PCR 14 64 57 7 Fixed tissue n
(1989) (16, 18) tI:;
Ikenberg et al. Germany Southern blot 18 56 44 11 Frozen tissue ..

Z
(1990) (6/11, 16, 18) ::
Ku1ski et al, Australia Histological fiter in-situ 3 67 Fixed tissue c:

3:( 1990) hybridization ~
(6, Il, 16, 18) Z

CI

peR, polymerase chain reaction
alncluding studies having used hybridization methods
bOfthose types tested

.-o'-
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Table 16. Preval en ce of HPV DNA in penile cancer case series. (~ 5 cases)

Reference Study area Detection method No. of cases Overall HPV HPV type-specific positivity Comments
(types included) positivity (%)'

6 IL 16 18 Others

McCance et al, Brazil Southem blot 53 51 49 9 Frozen tissue
(1986) (16, 18)

Vila & Lopes Brazil Southem blot 18 SCC 44 6 39 Frozen tissue. Presence of HPV
( 1986) (6, IL, 16, 18) DNA was not related to age,

extent of disease or prognosis,
Kiyabu et al, USA PCR 5 40 40 Fixed tissue -?(1989) (16, 18) ¡i
Weaver et al, USA ln-situ hybridization 9SCC IL Il Fixed tissue. HPV -6/11 was n

2:(1989) (6, IL, 16, 18,31,33) found in 25/30 penile 0condylomas, Z
Higgins et al, Australia ln-situ hybridization 20 SCC 35 35 Fixed tissue, Verrcous 0a(1992b) B razil (6, Il, 16, 18,31,33) 6SCC 33 33 carcinomas from Australia (2) ¡i

5 verrcous 0 and Brazil (3) ?
'"carcinomas ::

Kulski et al, Australia Histochemical fiter in- 10 SCC 20 Fixed tissue Vi

~(1990) situ hybridization 0
(6, Il, 16, 18) L'

c:Moriyama et al, Japan ln-situ hybridization 19 5 5 Fixed tissue, HPV -6/11 was 2:(1990) (6/11,16/18,31/33/35) found in 11/ 12 penile tr
condylomas, 0\.t

Vana et al, USA PCR 16 SCC 81 6* 56 19* Fixed tissue, *On1y positive by
(1991) (6/11,16) 2 verrcous 0 in-situ hybridization

ln-situ hybridization carcinomas
(6, Il, 16, 18,31,33,35)

Sarkar et al, USA PCR Il SCC 82 82 Fixed tissue. Bowenoid crs:
(1992b) (6/11,16,18) 1 verrcous 0 7/7 HPV -16 positive; non-

carcinoma Bowenoid CiS: 0/8 HPV
posi ti ve

Tomesello et al, U ganda Dot blot/Southem blot 13 SCC 100 100 Frozen tissue. Samples
(1992) (6,1 1,16,18,31,33) contained DNA with low

homology to HPV-16/18.



Table 16 (contd)

Reference Study area Detection method No, of cases Overall HPV HPY type-specifie positivity Comments
(types inel uded) positivity (%)'

6 IL 16 18 Others

Wiener et al, USA PCR 29 SCC 31 28 3 Fixed tissue, No association
(1992a) (16,18) between HPV status and age,

grade or survival
Iwasawa et al, Japan PCR III SCC 63 61 2 Fixed tissue, HPV -positive
(1993 ) (16, 18,33) (untreated) cases younger than HPV- en

-312SCC 17 17 negative cases: Iymph node c:
(treated) metastases from HPV -16- 0-

positive cases were also HPV- tI
16 positive. Lymph nodes from CI

0HPY -negative cases were HPY "I
negative. n

Malek et al, USA PCR (Li consensus 7 SCC 71 Fixed tissue; 75% of cases were ;:
Z(1993) primers)

heavy smokers. n
Masih et al, USA ln-situ hybridization 10 SCC 40 40 Fixed tissue (":;
(1993 ) (6, II, 16, 18,31) 10 0 -

Zverrucous
::carcinomas
c:Chan et aL. Hong Kong PCR (16, 18) 34 SCC 18 12 12 Fixed tissue. HPY positive s;

(1994b) 7 verrucous 0 cases older than negative cases ;:
Zcarcinomas CI

Suzuki et al. Japan PCR (Li, £6 consensus 13 SCC 54 31 23 Frozenlfixed tissue. 'Others' =
(1994 ) primers) HPV-31 and ,33. Nop53

mutation was found among
HPV -positive or -negative
cases.

SCC, squamous-cell carCinoma; PCR, polymerase chain reaction; CIS, carcinoma in situ
'Ineluding studies having used hybridization methods
bOf those types tested





Table 17 (contd)

Reference Study area Detection method No, of cases Overall HPV HPV type-specifie positivity (%) Comments
(types inc1uded) positivity (%)"

6 II 16 18 Others

Duggan et al. Canada ln-situ hybridization with: 13 SCC Fixed tissue
(1991) Horseradish peroxidase (9 F, 4 M) 0

Alkine phosphatase 62 8 54 CI
-i

Dot blot (6, II, 16, 18, 85 23 8 70 c:
33) 0..

Higgins et al. Australia ln-situ hybridization 41 SCC 73 68 2 2 Fixed tissue, HPV-positive tT
C/

( 1991 b) (6, Il, 16, 18,31,33) 6AC 0 cases were younger than 0
HPV -negative cases, "T

Koulos et al, USA PCR 6AC 33 33 Fixed tissue
n
~

(1991 ) (16,18,31,35) 2SCC 100 100 50 Z
Palefsky USA PCR 13 85 15 77 31 Fixed tissue n

tT
et al, (1991) (6/11,16,18,31,33) ~..
Scholefie1d India, South ln-situ hybridization 173 SCC 29 29 Fixed tissue, HPV prevalence Z
et al. (1991) Africa, (16) significantly lower in samples ::

Switzerland, from India and South Africa c:
3:Poland, compared to the samples from ~

Brazil, United Switzerland, Poland, Brazil Z
Kingdom and United Kingdom CI

Zaki et al, USA PCR (Li consensus 7 CLS 86 29 14 43 Fixed tissue
(1992) primers) IL SCC 73 9 9 18 36

(7 F, 4 M)

SCC, squamous-cell carcinoma; F, females; M, males; CIS, carcinoma in situ; PCR, polymerase chain reaction; AC, adenocarcinoma; NA, not available
alnc1uding studies having used hybridization methods
bOf thase types tested

--
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(a) Oral cancer

ln Table 18, results from case series of oral cancer (~ 15 cases) are presented. Studies using
in-situ hybridization detected HPV in 0-24% of squamous-cell carcinomas while HPV was
detected by Southern blot in 12-70% and by PCR in 0- 1 00%. ln verrcous carcinomas, HPV
was detected in 0-48% of cases. Generally, HPV - 1 6 was the most frequent type observed,
although HPV-18 and other types have been observed with equal frequency in sorne studies
(e.g., Kashima et aL., 1990; Yeudall & Campo, 1991; Woods et al., 1993). This area has recently
been reviewed by Snijders et aL. (1 994a).

(h) Cancer of the pharynx and tonsil

Among patients with cancer of the pharynx, four studies found HPV DNA, of types 16 and
18, in 13-67% of cases (Brandsma & Abramson, 1989; Watts et aL., 1991; Arndt et aL., 1992;
Ogura et aL., 1993), whereas Dickens et aL. (1992) found no HPV in 16 cases using PCR to test
for HPV-16/18. ln two studies of tonsilar carcinoma, HPV-16 was detected by Southern blot in
two of three cases (Brachman et aL., 1992) while in the other study, using general primer
mediated PCR, HPV DNA was detected in 12 of 14 (86%) cases (Snijders et al., 1994a). ln this
latter study, HPV - 16 and -33 were detected most frequently (in eight and four carcinomas,
respectively)

(c) Oesophageal cancer

Table 19 gives a summar of oesophageal cancer case series of more than 10 cases. The
HPV prevalences found in studies using in-situ hybridization range between 0% and 43%. One
study detected HPV in 45% using Southern blot. Four PCR studies found that 0- 10% of cases
were positive while another study detected HPV in 49% of oesophageal cancer patients. HPV - 16
and - 1 8 have been observed with similar frequency.

(d) Cancer of the colon and rectum

One study found one HPV -positive case of caecum caòcer out of 27 malignant colon
cancers (Ostrow et al., 1987a). Several other studies detected no HPV in this type of neoplasia
(Grimmel et aL., 1988; Kulski et aL., 1990; Higgins et al., 1991b; Koulos et aL., 1991; Nuovo,
1991; Shah et aL., 1992; Shroyer et aL., 1992).

(e) Nasal/sinonasal cancer

ln invasive nasal/sinonasal cancer series (~ 5 cases), HPV has been detected in 0-25% of
cases, with HPV -16 being the most common type (Klemi et aL., 1989; lshibashi et aL., 1990;
Furuta et aL., 1991; Judd et aL., 1991; Furuta et aL., 1992; Kashima et aL., 1992b; Ogura et aL.,
1993).

(f) Laryngeal cancer

Table 20 summarizes larngeal cancer series (~ 25 squamous-cell carcinoma cases, 2. 3
verrcous carcinoma cases). Among squamous-cell carcinomas and carcinomas of unknown, .



Table 18. Prevalence of HPV DNA in oral cancer case seriesa (?15 cases)

Reference Study area Detection method No. of cases Overall HPV HPV type-specifie positivity (%) Comments
(types included) positivity (% /

6 Il 16 18 Others

Mait1and et al, United Southem b10t 15 SCC 47 40 7 Frozen tissue
( 1987) Kingdom (16)
Gassenmaier & Germany ln-situ hybridization 68 SCC 24 HPV -IL and -16 (re1axed conditions) Fixed tissue
Homstein (1988) (2, 6, Il, 16) 9 HPV-6, -IL, -16 (stringent conditions)
Syijänen et al. Fin1and ln-situ hybridization 51 SCC 12 6 8 Fixed tissue C/

"'
( 1988) (6, Il, 13, 16, 18,30) c:0Chang et aL. Fin1and ln-situ hybridization 40 SCC 3 Fixed tissue ..

tT(1990a) (6/11/16/18) C/
PCR 28 3 23 3 0

"T
(6, Il, 16, 18) \.

Greer et aL. USA ln-situ hybridization 50 SCC 6 2 2 2 Fixed tissue ;i
Z(1990) (6, Il,16,18,31,33, 20 verrcous 20 5 15 \.

35) carcinomas tT:;
Kashima et al, USA Southem blot/reverse 29 17 3 3 10 Frozen tissue, Z(1990) b10t 'Others' = HPV- :i

(6, IL, 16, 18, 31) 3, -13 and -57 c:
3:re1ated types ;iTsuchiya et al. J apan Southem b10t 25 SCC 12 Frozen tissue Z
CI

( 199 1 ) (6/11,16/18,31/33/35)
Watts et al, USA Southem blot 23 SCC 70 35 48 Frozen tissue
(1991) (2,6/11, 13, 16/18,32)

PCR 14 SCC 100 7 50 79 14
(6, IL, 16,18)

Yeudall & United Southem blot/CR 39 SCC 46 26 21 Frozen tissue
Campo (1991) Kingdom (4,16,18)
Young & Min USA ln-situ hybridization 17 SCC 0 Fixed tissue
(1991) (6/11,16/18,31/33/35) 10 verrcous 0

carcInomas

.-.-
Vi
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Table 18 (contd)

Reference Study area Detection method No. of cases Overall HPV HPV type-specific positivity (%) Comments
(types inc1uded) positivity (%)b

6 11 16 18 Others

Zeuss et al. Spain ln-situ hybridization 15 SCC 0 Fixed tissue
(1991 ) (6/11,16/18,31/33/35) 5 CIS 0

Shindoh et al, Japan PCR 24 SCC 33 33 4 Fixed tissue,
(1992) (16,18,33) (tongue HPV-positive

only) cases tended to be .-
~

older than HPV- It
negative cases. n

Holladay & USA PCR (Li consensus 37 SCC 19 19 3 Fixed tissue ~0
Gerald (1993) primers) 2 verrcous 0 Z

0carcinomas a
N oble- Topham Canada PCR 25 verrcous 48 4 8 40 Fixed tissue It

~et al, (1993) (6/11,16,18) carcinomas "t
::

Ogura et al. Japan PCR 15 SCC 0 Frozen tissue Vi

(1993) (16, 18)
..
0

Shroyer et al. USA PCR (generic), in-situ 17 verrcous 41 18 29 Fixed tissue l'
c:

(1993) hybridization carcinomas ~
(6/11, 16/18,31/33/35) tT

Woods et al. USA PCR (Li consensus 18 SCC 78 28 61 61 Fixed tissue. No 0\.t
(1993) primers) association

between HPV
status and age,
gender, tobacco
usage or alcohol
consumption

SCC, squamous-cell carcinoma; PCR, polymerase chain reaction; CIS, carcinoma in situ
"Including studies having used hybridization methods
bOf those types tested



Table 19. Prevalence of HPV DNA in oesophageal cancer case series. (2: 10 cases)

Reference Study area Detection method No, of cases Overall HPY HPY type-specifie positivity (%) Comments
(types included) positivity (%)b

6 II 16 18 Others

Kiyabu et al, USA PCR 13 SCC 0 Fixed tissue
(1989) (16, 18)

Chang et al. China ln-situ hybridization 51 SCC 43 6 8 18 16 Fixed tissue, Koilocytosis
(1990b) (6, 1 1,16, 18) (25 F, 26 M) present in 55% of cases
Kulski et al. Australia Histochemical fi!ter 39 23 Fixed tissue C/

--(1990) in-situ hybridization c:
(6/11116/18) el..

Loke et al, Hong Kong ln-situ hybridization 37 SCC 0 Fixed tissue
m
C/

(1990) Slot blot Frozen tissue 0
(6, II, 16, 18)

"T
nChang et al. China Southern blot 20 SCC 45 Frozen tissue ~

(1992) (1 1,16,18,30) Zn
PCR 51 SCC* 49 6 14 18 14 Fixed tissue, Koilocytosis m;:
(6, IL, 16, 18) (25 F, 26 M) present in 49% of cases ..

*Same material as Chang Z
:ietal, (l990b) c:

Toh et al, Japan PCR (Li consensus 45 SCC 7 2 4 Fixed tissue 2:
(1992) primers) ~

Z
(16,18,31,33,52, C/
58)

Chang et al. China ln-situ hybridization 363 SCC 23 2 4 2 16 Fixed tissue, HPY DNA
(1993) (6/1 1,16,18,30,53) (148 F, 215 was found in 7/57 of the

M) Iymph node metastases,
'Other': unidentified types

Furihata et al, J apan ln-situ hybridization 71 SCC 34 14 20 Fixed tissue. HPY
(1993a) (16,18,31,33) (9 F, 62 M) positivity and especially

high-level expression of
p53 were both markers of
poor prognosis.

---.



Table 19 (contd)

Reference Study area Detection method No. of cases Overall HPV HPV type-specifie positivity (%) Comments
(types included) positivity (%)b

6 Il 16 18 Others

Ogura et al. Japan PCR 14 SCC 7 7 Frozen tissue
(1993 ) (16, 18)

Poljak & Slovenia ln-situ hybridization 20 SCC a Fixed tissue
Cerar (1993) (6/11, 16/18, (M)

31/33/51)
PCR la 10

Togawa et aL. International PCR (consensus 72 24 0 0 13 L 10 Fixed or frozen tissue,
(1994) primer) and RFLP HPV -16, -18 not detected

(6, Il, 16, 18) in adjacent normal tissue

SCC, squamous-cell carcinoma; PCR, polymerase chain reaction; M, males; F, females; RFLP, restrction fragment length polymorphism
aIncluding studies having used hybridization methods
bOf those types tested
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Table 20. Prevalence of HPV DNA in laryngeal cancer case seriesQ (SCC, ~ 25 cases; verrucous carcinomas, ~ 3 cases)

Reference Study area Detection method No. of cases Overall HPV HPV type-specifie positivity (%) Comments
(types included) positivity (%)b

6 II 16 18 Others

Abramson et al. USA Southern blot 5 verrcous 100 100 Frozen tissue
(1985) (11,16,18) carcinomas
Brandsma et aL. USA Southern blot 6 verrcous 100 100 Frozen tissue
( 1986) (6, 1 L, 16, 18) carcinomas
Kahn et al, Germany Southern blot 41 0 Frozen tissue CI

'"
(1986) (30) c:0Scheurlen et al, Gerrany Southern blot 36 3 3 Frozen tissue -

tT
(1986a) (16) CI

0Syrjänen et al. Finland ln-situ hybridization 1 16 SCC 13 4 8 5 Fixed tissue "T
(1987a) (6, 11, 16,30) n~

;¡Hoshikawa et al. Japan PCR 34 SCC 21 3 18 Fixed tissue Z
(1990) (6, 16) n

tT
Perez-Ayala Spain PCR 48 SCC 54 54 Frozen tissue, ~-et aL. (1990) (11,16) 3 verrcous 100 100 HPV -16 prevalence Z

carcinomas increases with ::
decreasing c:

~
differentiation, ;¡

Somers et al. USA Southern blot 25 SCC 4 4 Frozen tissue. Z
CI

(1990) (2,6,11,16,18,30, 'Others' = HPV-35
31,33,35)

Arndt et aL. Gerrany ln-situ hybndization 27 SCC 63 37 71 Fixed tissue. Most
( 1992) (6/11, 16/18) cases were heavy

smokers.
Brandwein et al. USA PCR (Li consensus 40 SCC 8 3 5 Fixed tissue, All
(1993 ) primers) but one HPV-

negative cases were
smokers.

--\.
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Table 20 (contd)

..Reference Study area Detection method No. of cases Overall HPV HPV type-specifie positivity (%) Comments ;p
;:(types included) positivity (%)h n

6 Il 16 18 Others 3:0
ZKasperbauer USA PCR (LI consensus 20 verrucous 85 Fixed tissue 0et al, (1993) primers) carcinomas C1
;:ln-situ hybridization 0 ;p
""(6/11,16/18, ::31/33/35) Vi
~Ogura et al, Japan PCR 31 20 16 3 Frozen tissue 0(1993) (16, 18) r-
c:
3:SCC, squamous-cell carcinoma; PCR, polymerase chain reaction rr
0\"lncluding studies having used hybridization methods .thOf those types tested
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histology, two studies using in-situ hybridization found 13% and 63% of cases to contain HPV,
respectively. Southern blot studies found 0-4% HPV-positive patients and studies that used PCR
detected HPV in 8-54% of the cases. ln contrast, in four studies of laryngeal verrucous
carcinoma, which is a variant of welI-differentiated squamous-cell carcinoma that clinically
resembles laryngeal papilIoma, HPV DNA was detected in 85- 1 00% of cases (a total of 3 1 cases
out of 34 were positive). HPV - 1 6 was by far the most frequent type detected in these tumours.

(g) Lung cancer

Development of HPV- II-positive lung cancer subsequent to (juvenile) recurrent laryngo-
tracheo-bronchial papilIomatosis has been reported (Byrne et al., 1987; Bejui- Thivolet et al.,
1 990a; Guilou et al., 1991). ln one report of a single patient, respiratory papillomatosis was
associated with HPV -6/1 1 infection but HPV - 16 was detected with increasing frequency as the
atypia progressed to carcinoma over a period of nine years (Doyle et al., 1994).

Four case series have reported HPV in primary lung cancers. Stremlau et al. (1985) found
HPV- 16 in one of 24 (4%) cases of various histologies; Ostrow et al. (J 987a) found HPV - 1 6 in
one of 20 (5%) cases; Bejui- Thi volet et aL. (1 990b ) found predominantly HPV - 1 6 and - 1 8 in six
of 33 (J 8%) cases of squamous-cell cancer and Y ousem et aL. (1992) found HPY (predomi-
nantly HPV -16/1 8, -31/33 and -35) in six of 20 (30%) squamous-cell cancers. ln other case

series, no HPY DNA was detected (Carey et aL., 1990; Shamanin et aL., 1994b; Szabó et al.,
1994). ln 131 bronchial squamous-cell carcinomas, Syrjänen et al. (1989) found 12 HPY-
positive cases (9%) using in-situ hybridization.

ln a series of 31 bronchial squamous-celI papillomas, Popper et al. (J 994) tound that HPV-
IL, detected by in-sItu hybridization, was frequently associated with benign papillomas (9 of 16,
56%) while HPV - 1 6 and - 1 8 were found in 1 1 of 12 (92%) papillomas associated with

squamous-cell carcinomas.

(h) Cancer of the skin
The evidence available to date suggests a very low prevalence of mucosal-associated HPV

types in aIl non-genital skin cancers other than those occuffing at periungual and palmoplantar
sites. ln these rare tumours rsometimes found in patients who also have HPV - 16/18-positive
cervical disease J, the high prevalence of HPV - 1 6/18 DNA suggests possible genital transmission
of HPV infection from genital sites.

lt should be noted that many studies employ methods suitable for the detection of mucosal-
associated HPY types only. This may not be informative in determining the true prevalence of
HPY in non-genital skin cancers. Recent studies, employing degenerate and nested primers
designed to detect EV -related HPV types, have found a higher prevalence of HPY DNA in skin
cancer, both in immunosuppressed patients and (in preliminary studies) in skin cancers in the
general population (Berkhout et al., 1995). These early data need further evaluation.

Squamous-cell carcinoma and keratoacanthoma

A very low prevalence of HPY (0-20%) is found in squamous-cell carcinoffa and
keratoacanthoma in most studies where the tumour site is not specitïed (Table 21). However,
HPV -9 and -37 were found in a single keratoacanthoma in one case series of seven tumours and
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Table 21. Prevalence of HPV DNA in skin cancer case series - Squamous-cell carcinoma and keratoacanthoma

Reference Study area Detection method Number and Overall HPV HPV type-specifie positivity Comments
(types included) type of lesions positivity (%)" (%)-

6/11 16/18 Other types

detected .-
;p::Scheurlen Germany Blot hybridization and 7KA 14 9,37* Frozen tissue, *ln a single KA. n

et al, c loning/recombi nati on Present at -10 copies/ce11. HPV- ~
(1986b) 37 not found in any of 35 0

Z
malignani melanomas or 190 0
other skin tumours a::Grimmel Germany Southem blot (41 ) 6 KA a Frozen tissue, HPV -41 not ;p

'"et al. (1988) 10 SCC 20 41 found in any of 44 melanomas ::
or 47 non-malignant skin C/

~1esions 0
Eliezri et al, USA ln-situ hybridization 16SCC a Fixed IIssue c-

c:
(1990) (NA) ~
Kawashima Poland Southem blot/CR 33 KA a Frozen tissue. *HPV -16, No tT

0\et al. (1990) (5/8/14, 17/20/23/24, 51 SCC 2 untyped HPV DNA found in any of 14 .t
6/11, 16/18/33, 1-4/7, (location NA) cutaneous homs
10/28 ) 25 SCC (lip) 4 4*

Pierceall USA PCR (6/1 1,16.18) 21 SCC 19 19* Frozen iissue. * Ali HPV -16, 0/7
et al. (1991) normal biopsies contained HPV,

KA, keratoacanthoma; SCC, squamous-cell carcinoma; NA, not available; PCR, po1ymerase chain reaciion
apercentage of those types tested
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HPV -41 was found in two (of 10) squamous-celI carcinomas in another. HPV - 16, although not
found in most studies other than those examining periungual tumours, was found in four (of 21)
squamous-cell carcinomas in one case series and in one (of 25) in another.

HPV -16/18 was found in 60% of 21 periungual squamous-celI carcinomas (based on two
case series). lndividual case reports also document the presence of HPV-161l8 in periungual
squamous-cell carcinoma (Table 22). It should be emphasized that tumours at this site arc
extremely rare.

Verrucous carcinoma (epithelioma cuniculatum)

lndividual reports document HPV - 1, -6/1 1 and - 1 6/18 iÍ1 single cases of verrucous carci-
noma, a rare, indolent (typically non-metastasizing) tumour occurring at acral sites. However,
HPV was not identified in any of Il tumours in one case series (Table 23).

Premalignant cutaneous disease (Bowen's disease and actinic keratoses)

There is a very low prevalence of HPV in Bowcn' s disease and actinic keratoses whcre the
tumour site is not specified. HPV -1 and -2 have been reported in single cases and HPV -2, -34,
-36 and -41 have been found in occasional lesions in larger case series. HPV -16 was found in
one (of three) Bowen's tumours in one study and in one (of 18) cases in another (Table 24).
These data contrast with the high prevalence of HPV found in periungual and palmoplantar
Bowen' s disease, where HPV - 16/18 is found in 57-70% of les ions in several case series
(Table 25). Again, it should be emphasized that disease at this site is very rare.

Basal-cell carcinoma

There is a very low prevalence of HPV in basal-cell carcinoma in most case series (0-2%),
but in one study HPV-16 was found in three (of 16) cases (Table 26).

Other skin les ions

HPV has not been identified in other benign skin lesions at non-genital sites, including
seborrheic keratoses (Zhu et aL., 1991), trichilemmomas (Leonardi et al., 1991 a) or acanthomas
(Leonardi et aL., 1991 b) in single case series. HPV -38 has been found in a single malignant
melanoma (out of 36) in one study (Scheurlen et al., 1986b).

(i) Breast cancer

HPV DNA was not detected in one series of 25 breast cancer cases where low-stringency
Southern blot was used (Ostrow et al., 1987a) and in a study of 80 breast cancers (consensus
PCR) (Wrede et al., 1992). ln contras t, one other PCR study found HPV-16 in 30% of 17 cases
(Di Lonardo et al., 1992).

(j Ovarian cancer

Among ovarian cancer cases, HPV was not detected in five studies (25 cases). However, in
one study HPV-6 was detected in WIL2 cases using in-situ hybridization, and ¡n another HPV-
16 DNA was found in nine (50%) and HPV-18 DNA in three (17%) cases (of 18) using PCR
(Table 27). One case contained both HPV - 1 6 and - 1 8.
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Table 22. Prevalence of HPV DNA in skin cancer case series - Periunguallpalmar squamous-cell carcinoma

Reference Study Detection method N umber and type Overall HPV HPV type-specifie positivity Comments
area (types included) of lesions positivity (no. or %)

(no. or %)"
6/11 16/18 Other types

detected

Moy et aL. USA Dotblot(6/11,16/18) 10 periungual SCC 60 60 Fixed tissue. Episomal -
(1989) HPV -16 found in 4/6 HPV- ?

¡;16-positive specimens n
Ostrow USA Southern blot and two- 1 SCC, finger 1/1 1/1 Episomal and integrated ~
et al, dimensional gel HPV -16 demonstrated in 0

Z(1989a) electrophoresis (2, 6, tumour tissue 0
16,18,31) 0

¡;
Eliezri et al. USA ln-situ hybridization 1 1 periungual SCC 81 63* 2 untyped Fixed tissue, *HPV - 1 6 also ?'i
(1990) (NA) found in 25/40 anogenital ::

V1
SCC -c

Guitar et al, USA ln-situ hybridization 1 SCC, nail bed III III Clinicopathological study of 0r(1990 ) ( 6/11, 1 6/18 ) 12 cases. Only one c:
examined for HPV patient ~

tT
also had HPV - 1 6 in cervical 0\
tissue. ,t

Ashinoff USA PCR (16/18) 2 SCC, finger 2/2 2/2 Fixed tissue
et aL. (1991) ln-situ hybridization

(6/11,16/18,31135/51)
Moy & USA Dot blot (6/11, 16/18) 1 SCC, finger III ILL Frozen tissue
Quan (1991)

SCC, squamous-cell carcinoma; NA, not available; PCR, polymerase chain reaction
"Percentage of those types tested



Table 23. Prevalence of HPV DNA in skin cancer case series - Verrucous carcinomaJepithelioma cuniculatum

Reference Study Detection method Number and Overall HPY HPY type-specifie positivity Comments
CIarea (types incIuded) type of lesions positi vit Y ..

6/1 1 16/18 Other types c:0detected ..tI
CI

Knobler et al, Austria Dot blot (6, Il, 16/18) 1 EC, lower leg 1/1 1/1 Frozen tissue 0
"1(1989) n
;.Garven et al, USA ln-situ hybridization 1 YC, leg 1/1 1/1 1/1 Fixed tissue. A single Z(1991 ) (11, 16, 18) tumour contained HPY - 1 1 ntI

and -18, ;:..Noel et al, Belgium ln-situ hybridization 1 YC, leg 1/1 1 Frozen tissue. Tumour Z
(1993) (1-5, 11, 16, 18) contained HPY - L , :i

c:Petersen et aL. Denmark PCR (consensus primer) 13 CC*, site not 0/11 Fixed tissue, *2 of 13 s:(1994 ) specified specimens did not amplify ;.
Zß-globin, CI

PCR, polymerase chain reaction; EC, epitheIioma cuniculatum; YC, verrucous carcinoma; CC, carcinoma cuniculatum belonging to the group of YC

N
VI
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Table 24. Prevalence of HPV DNA in skin cancer case series - Bowen's disease and actinic keratoses

Reference Study Detection method Number and type of Overall HPY type-specifie positivity Comments
area (types included) les ions HPV (%)

positivity

(no. or %)" 6/11 16/18 Other types

detected .-
;i:;Ikenberg et al. Germany Southern blol (16) 3 BD 33* 33 Frozen tissue, *HPV containing n

(1983 ) BD at unspecified site. HPY -16 ~
in 12/15 genital BD 0

ZPfister & Haneke Germany Southern blot (l, 3, 6, 8, Ii, 1 non-geniial BD 1/1 2 0
(1984 ) 13) el:;Grimmel et al. Germany Southern blot (41) 6AK 17 41 Frozen tissue ;i
( 1988) 'i::Guerin-Reverchon France ln-situ hybridization II non-genitaJ BD 45 18 2 and Fixed tissue, HPV - J 6/18 found en
et al, ( i 990) (1, 2, 5, 6/11, 16/18) uniyped in 1/6 bowenoid papulosis and ~0

in 0/10 control skin samples r'
Kawashima et al. Poland Southern bioiIPCR 83 non-genital BD 2.4 34 Frozen tissue, HPV -16 found in C

~(1990) (5/8/14, 17/20/23/24, 6/ II, 55 AK 5,5 36 9/23 genital BD and HPV -33 in tT
16/18/33,1-4/7,10/28) a further 4/23 cases 0\.tKeltler et al. USA In-siiu hybridization 18 non-genital BD 6 6 Fixed iissue

(1990) (1,6/11, 16/18)

Inaba et al. (1993) Japan ln-situ hybridization (NA) 1 BD forearm 1/1 j Frozen tissue
(6-year-old boy)

BD, Bowen's disease; AK, actinic keratoses; peR, polymerase chain reaction; NA, not available
"Percentage of ihose iypes tesled



Table 25. Prevalence of HPV DNA in skin cancer case series - Periungual and palmoplantar Bowen's disease

Reference Study area Detection method Number and Overall HPY HPY type-specifie positivity Comments
(types included) type of lesions positivity (no. or %r

(no. or %)
6111 16/18 Other types

detected

Ikenberg et al, Germany Southern blot ( 16) 1 periungual BD ILL III Frozen tissue
(J 983)
Kawashima Pol and ln-situ hybridizaiion 1 periungual BD III 34* Frozen tissue, *HPY -34 also
et al, (1986) ( 1 6 followed by found in 1136 genital

VJ
-3

cloning and bowenoid papulosis but in c:0recombination) 0113 non-genital SCC and ..
tT

0/12 non-genital BD VJ

Stone et al, USA rn-siiu hybridization 1 plantar BD ILL III 0
"T

( 1987) (1. 4, 6/1 1, 1 611 8 ) n
Rüdlinger USA rn-situ hybridization 1 periungual BD III 35 ~

Zet al, (l989b) (NA) n
tTKettler et al. USA ln-situ hybridization 7 palmoplantar 70 70 Fixed tissue :;

(1990) ( L , 611 1. 1 6118) BD ..
Z

Ashinoff et al, USA PCR (16118) 5 periungual BD 60 60 Fixed tissue ::
(1991) ln-situ hybridization c:

3:(6/8, 16/18. 31135/51) ;p
McGrae et al. USA Dot bJot hybridization 3 BD finger 100 100 Z

VJ
(1993 ) and PCR (NA) (1 patient)
Nordin et al, Netherlands NA 1 BD finger ILL 1/1 HPY - 1 6 also found in vulvar

(J 994) and cervical dysplastic tissue
from this patient

Sau et al, USA ln-situ hybridization 7 BD nail bed 57 57 Fixed tissue
(J 994 ) (611 L, 16/18,

31133/51)

BD, Bowen's disease; SCC, squamous-cell carcinoma; NA, not available; PCR, polymerase chain reaction
"Percentage of those types tested

-
l'-.
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Table 26. Prevalence of HPV DNA in skin cancer case series - Basal-cell carcinoma

Reference Study area Detection method Number and Overall HPY HPY type-specific positivity Comments
(types included) type of lesions positiviiy (%)" (%)-

6/11 16/18 Other types ,.
detected ;::;n

Grimmel Germany Southern blot (41 ) 13 BCC 0 Frozen tissue 3:
et al. (1988) 0

ZEliezri et al, USA ln-situ hybridization 26 BCC 0 Fixed tissue 0a(1990) (NA) :;
Kawashima Pol and Southem blotJCR 53 BCC 2 20 Frozen tissue ;:'iet aL. (1990) (5/8/14, 17/20/23/24, ::

C/6/11,16/18/33,1-4/7,
~10/28) 0l'Pierceall et al, USA PCR(6/1L 16,18) 16BCC 19 19* Frozen tissue. * Ali HPY- c:

(1991 ) 16, 0/7 normal skin 3:
rrbiopsies contained HPY, 0\

Nahass et al. USA PCR (LI consensus 3 sc rotaI BCC 0 Fixed tissue .t
(1992) primers)
Zhu et al, USA PCR and Southern blot 13 BCC 0
(1 993b) 

BeC, basal-cell carcinoma; NA, not available; PCR, polymerase chain reaction
"Percentage of those types tested



Table 27. Preval en ce of HPV DNA in ovarian cancer case series (~5 cases)

Reference Study Detection method No, of cases Overall HPV HPV type-specifie positivity Comments
are a (types included) positivity (%)" (%)-

6 11 16 18 Others

de Villiers Germany Reverse Southem blot 7 ma1ignantt cancers 0 Frozen tissue, No
et al.

information on histology
C/(1986b) ..

Kaufman USA ln-situ hybridization 12 adenocarcinomas 83 83 Frozen tissue C0et al. (1987) (6,11,16, 18) ..t'Ostrow USA Filter in-situ 10 malignant cancers 0 Frozen tissue C/

0et al. hybridization (low 4 metastatic cancers 0 "T
(1987a) stringency) n

;pLeake et al, USA Southem blot 12 adenocarcinomas 0 Frozen tissue. Z(1989) (6,16,18,31,35) 3 tumours of 10w 0 Histopatho10gica1 changes n
t'PCR (6/11) malignant potential suggestive of HPV :i

infeciion (koilocytosis) in ..
Z

5/15 tumours ::
McLellan USA PCR 24 tumours of low 0 Fixed tissue C

~et al, (1990) (6,11,16, 18) ma1ignant potentiaI
;pBeckmann USA PCR (LI consensus 18 malignant cancers 0 Fixed tissue. ß-Globin was Z
C/

et aL. primers) II 'borderline' 0 successfully amplified in
(1991b) each tissue sample,
Lai et al, Taiwan, PCR (16, 18) 18 cases 61 50 17 Frozen tissue
(1994 ) China-
PCR, polymerase chain reaction
aOf those types tested

N1.
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(k) Cancer of the bladder and urethra

For these tumours, contamination during tissue acquisition is a particular concern. The
range in prevalence of HPV detected in bladder cancer cases is wide. ln six studies, HPV was
detected in 0% (0/5), 2% (1/44), 5% (1/22), 16% (12/76), 20% (4/20) and 29% (26/90) of cases,
respectively, with HPV - 16 being the most corn mon type (Ostrow et aL., 1987a; Bryant et aL.,
1991; Kerley et aL., 1991; Chetsanga et al., 1992; Shibutani et aL., 1992; Furihata et aL., 1993b).
No HPV DNA was found in a total of 150 bladder cancers from three further studies using PCR
(Knowles, 1992; Saltzstein et aL., 1993; Sinclair et aL., 1993).

ln urethral carcinomas, HPV has been detected in 29- 1 00% of the cases based on four case
series including one, four, 14 and 18 cases, respectively (Grussendorf-Conen et aL., 1987;

Mevorach et al., 1990; Wiener et aL., 1992h; Wiener & Walther, 1994).

(l Prostate cancer

Concerning HPV in prostatic cancer tissue (Table 28), four studies found HPV in 41-75%
of cases using Southern blot or PCR. HPV - 16 was the type most frequently detected. ln contrast,
three studies found no HPV DNA and two studies found 3/23 cases (13%) and 6/34 (25%) to be
positive for HPV - 1 6. Cuzick (1995) has recently reviewed the data on HPV and prostate cancer.
He noted that the positivity rates were as high in benign prostatic hypertrophy as in invasive
cancer, raising doubt about any direct role of HPV in prostatic cancer.

(m) Cancer of the eye

HPV has been found in both intraepithelial neoplasia of the conjunctiva (0-80%) and in 62-
100% of invasive carcinomas of the conjunctiva, eyelid and lacrimal sac (Table 29).

2.3 Cohort studies

Virtually aIl prospective studies of HPV infection and cancer have focused on the cervix.
The pathogenesis of HPV -related cervical cancer is usually pictured as a multistage process with
at least three pathological stages: (i) HPV infection, (ii) increasingly severe grades of intra-
epithelial neoplasia (CIN l-I1I) and (iii) invasive cancer. ln practice, these postulated stages
cannot be distinguished perfectly. The cytological/histological signs of HPV infection and CIN 1
in particular tend to be overlapping and transient. Despite the resultant methodological

diffculties, prospective epidemiological studies have adopted this useful three-stage modeI.

Accordingly, two different types of cohort studies of cervical HPV infection have been
conducted. The first type examines the postulated transition from HPV infection to development
of CIN. The second focuses on the apparent 'progression' of CIN (including the cytological
diagnosis of HPV) to cancer or, more commonly, to high-grade CIN as a surrogate or inter-
mediate end point for cancer. These two complementary types of cohort studies wiII be discussed
in turn.



Table 28. Prevalence of HPV DNA in prostatic cancer case seriesa

Reference Study Detection method No, of Overall HPV HPV type-specifie positivity (%) Comments
area (types included) cases positivity (%)"

6 Ii 16 18 Others

McNicol & Canada Southern blot 4 75 Frozen tissue
Dodd (1990) (16, 18)

Masood et al, USA ln-situ hybridization 20 0 Fixed tissue

(1991 ) (6, Il, 16, 18,31,33,35) CI
McNico1 & Canada PCR 27 52 52 4 Frozen tissue. Specimens -3

Dodd (199 1 ) (16,18) obtained by transuretheral C0
resection and suprapubic -

t'
prostatectomy CI

0
Anwar et al, J apan PCR (16, 18, 33) 68 41 16 25 7 Fixed tissue 'T

( 1992a) n?
Effert et al. USA PCR 30 0 Fixed tissue, Specimens Z
(1992) (16,18) obtained by radical n

t'
prostatectomy ~-

Ibrahim et al, USA PCR/in situ hybridization 24 25 25 Frozen and fixed tissue Z
(1992) :i

C
Rotola et aL. Italy PCR (6/1 1,16) 8 NA 50 75 Frozen tissue $:
(1992) ?

Z
Serfing et al. USA PCR (6,11,16,18,33) 30 0 Frozen tissue v:

(1992)
Sarkar et al, USA PCR 23 13 13 Fixed tissue

(1993) (6/J 1, 16, 18)
Moyret - LaI le PCR(l6,18) 17 53 53
et al, (1995)

PCR, polymerase chain reaction; NA, not available
"Including studies having used hybridization methods
bOf those types tested

-
VJ
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Table 29. Prevalence of HPV DNA in eye lesion case series" (~2 cases)

Reference Study Detection method No, of cases Overall HPY HPY type-specifie positivity Comments
area (types included) positivity (no. or %)

(no. or %l
6 IL 16 18 Others

Conjunctiva
Lass et al. USA Southern blot 2 papillomas 50 50 Frozen tissue
(1983) (11)
McDonnell USA ln-situ hybridization 28 dysplasias 0 Fixed tissue. Of papilloma cases,
et al, (1987) (2, 6, 16, 18) 23 papillomas 65 65 14 eontained koiloeytosis, -

;:McDonnell USA PCR 5 dysplasias 100 100 Fixed tissue :;
et al, (1989a) (16, 18) 1 eareinoma III III r:

1 melanoma 0 3:
Lauer et al, USA PCR 5 intraepithelial 80 80 20 Fixed tissue 0

Z
(1990) (16, 18) neoplasias 0
Odrich et al, USA PCR (El consensus 3 SCC (bilateral) 100 100 Frozen tissue a

:;
(1991 ) primers and 6, 11, 16, ;:

18,33) ""::
MeDonnell USA PCR 42 neoplasias 88 88 Fixed tissue. 1 i invasive eareinomas, C/
et al, (1992) (16, 18) 12 severe dysplasias/CIS and 19 ..

0mild/moderate dysplasias t"
c:

Eyelid 3:
MeDonnell USA PCR 1 SCC ILL ILL Fixed tissue tT

0\
et aL. (1989b) (16/18) ,l
Hayashi et al, J apan ln-situ hybridization 21 sebaceous 62 19 24 52 33 48 Fixed tissue. 12 cases had antibodies
(1994 ) (6,11,16,18,31,33) carcinomas (14 F, ta p53, The presence of antibodies

7 M) was more frequent in advaneed cases.

Lacrimal sac
Madreperla USA PCRJin-situ 3 carcinomas 100 33 67 Fixed tissue
et al, (1993) hybridization (6, Il, 3 papillomas 100 100

16,18,31,33,35)

SCC, squamous-cell carcinoma; CIS, carcinoma in situ; PCR, polymerase chain reaction; F, female; M, male
"Inc1uding studies having used hybridization methods
bpercentage of those types tested
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2.3.1 Following HPV DNA detection in normal women to cytological diagnosis ofC1N

Cohort studies of HPV infection as a risk factor for incident CIN have enrolled apparently
normal women, using DNA diagnostic assays to test for HPV infection. However, no exami-
nation of the cervix in vivo can rule out the presence of CIN in its most subtle form, when only a
few cell clusters might be affected. Thus, no prospective study of HPV infection and 'incident'
CIN can claim truly to have started with a completely CIN-free cohort. As a result, the strong
cross-sectional association between HPY DNA detection and prevalent CIN unavoidably biases
(upwards) estimates of absolute and relative risk for newly developed CIN, especially in the
early months of follow-up.

At the practical (e.g. cIinical) level, the importance of this bias is uncIear. ln effect, the
cohort studies are determining whether the detection of HPV DNA precedes the diagnosis of
ClN. ln the published prospective studies, the diagnosis of the initial absence of CIN in the
cervix has been based upon two common clinical techniques, exfoliative cytology and
colposcopy. Most cohorts have been composed of women who are normal at enrolIment and
report no medical histories of abnormal cervical cytological (Papanicolaou smear) diagnoses
except for benign inflammatory or reactive changes. For greater certainty of lack of disease,
sorne groups have also subjected the key enrollment slides to review, or have examined aIl
women colposcopically to rule out prevalent cervical lesions missed by cytology. The deve-
lopment of CIN within the cohorts has been diagnosed either by cytological or colposcopic
screening at regular intervals, with the endpoint defined either as first cytological appearance of
CIN, or more accurately a colposcopicalIy directed biopsy diagnosed as ClN.

Using these available diagnostic techniques, the microscopic diagnoses of HPV infection
and CIN overlap. Recognition by pathologists that the cytological diagnosis of HPV infection
(koilocytotic atypia) is practicalIy indistinguishable morphologically from the mildest grade of
CIN (CIN 1) has introduced logical circularity into the prospective studies of HPV infection and
incident CIN 1. If the diagnosis of CIN 1 includes the cytological evidence of HPY infection,
then, of course, the relative risk of CIN 1 will be elevated following detection of HPY DNA.
Sorne investigators have attempted to address this issue by presenting relative risks following
HPV infection for koilocytotic atypia and various grades of CIN separately, even if the
pathological distinctions are unreliable.

ln addition, the Working Group was aware of several large unpublished studies of HPV
infection in women with normal cytological diagnoses. The major (:: 1000 women) ongoing
cohorts include, at minimum, the work of the groups of R. Burk in the USA, J. Cuzick in the
United Kingdom, E. Franco in Brazil, R. Herrero in Costa Rica, S. Kjaer in Denmark, L.
Koutsky in the USA, C. Meijer in the Netherlands, A.B. Moscicki in the USA, J. Peto in the
United Kingdom and lndia, M. Ronderos in Colombia and M. Schiffman in the USA.

Lörincz et aL. (1990) folIowed a cohort of 215 cytologicalIy normal women from a single
gynaecologist's practice in Washington DC, USA, testing them for over 15 types of HPY DNA
using low-stringency Southern blot. Mean folIow-up was about two years, during which time
three (15%) of the 20 women initially HPV-positive were diagnosed with cervical or vaginal
intraepithelial neoplasia, compared to only nine (5%) of the 195 women who were initialIy
HPV-negative. However, medical abstracting revealed that 10 of the 12 women developing
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neoplasia had already had CIN prior to their cytological normalcy at enrollment. ln other words,
HPV positivity was, at least in part, predicting recurrent rather th an incident disease.

Badaracco et al. (1992) folIowed 82 cytologically normal women with HPV -16 or - 1 8 (by
dot blot) for approximately 18 months. They observed 22 new cytological diagnoses of 'HPV
effect (koilocytotic atypial and three new diagnoses of CIN among the initially infected
women. However, they also observed seven new cytological diagnoses of 'HPV effect among
20 women without HPV - 1 6 or - 1 8 at enrolment. Thus, the relative risk of cytological ab nor-
mality following detection of HPV DNA was not elevated. (The study population was not weIl
described and no types other than HPV-16 or -18 were assayed.¡

Koutsky et al. (1992) studied a cohort of 241 cytologically normal women who had no past
medical history of CIN and had been recruited in a sexually transmitted disease clinic in Seattle,
USA. HPV-6, -1 l, -16, -18, -31, -33 and -35 were assayed using dot blot or Southern blot
hybridization. The population was folIowed every four months by repeated HPV testing and
cytological and colposcopic examinations for an average of 25 months. Twenty-eight women
developed histologically confirmed high-grade CIN. CIN 1 was not an endpoint. A Cox
regression analysis, treating the repeated HPV test results as a time-dependent covariate, indi-
cated that HPV DNA positivity was associated with an adjusted relative risk (RR) for high-grade
CIN of IL (95% Ci, 3.7-31). The RR was highest for women with HPV-16 and -18 (RR, Il
(95% Ci, 4.6-26)) and for those with repeated positive tests (for ~ 3 tests: RR, 26 (95% Ci, 6.5-
112)). On the basis of survival analysis, the cumulative incidence of biopsy-confirmed high-
grade CIN among HPV -positive women was 28% at two years, compared with 3% among HPV-
negative women. Most of the incident high-grade CIN occurred within the first two years of
folIow-up.

ln Helsinki, Finland, StelIato et al. (1992) followed a cohort of 214 cytologicaUy normal
women of whom 145 were HPV DNA positive and the remainder were age-matched HPV-
DNA-negative patients from the same clinical setting. The commercial dot-blot system,
ViraPapTM/ViraTypeTM, was used for HPV testing. The subjects were folIowed actively every

four months for a mean of about one year, with cytological evidence of CIN triggering a
colposcopically directed biopsy. During follow-up, cytological evidence of CIN was seen in 25
( 17%) HPV -positi ve women compared with only one (1 %) HPV -negative woman (p = 0.005 by
Xl test). Of the se 25 women, histological confirmation of CIN was reported for 10. The increased
risk of incident CIN was restricted to women with the 'cancer-associated' or 'high-risk' types of
HPV (HPV-16, -18, -31, -33 and -35).

de Viliers et aL. (1992) used filter in-situ hybridization to assay for HPV -6/11 and -16/18 in
a large cohort of cytologically normal women in south-western Germany. Two out of 13 wornen
(15.4%) who developed carcinoma in situ or invasive cancer during five years of passive
cytological foUow-up were HPV -positive at enrolment, compared to 8.8% of aU women who
were cytologically normal at enrolment. (The study cohort was not weIl defined.)

Prospective data from a cohort study of HPV infection and incident CIN among IL 200
cytologically normal women with no past history of CIN, recruited in 1989-90 from cytological
screening cIinics at the Portland, Oregon, USA, Kaiser-Permanente prepaid health plan, have
been reviewed by Shah and Howley (1996). The length of foUow-up extended to four years.
Incident cases of CIN were mainly low-grade or koilocytotic atypia, HPV DNA positivity at
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enrolment (defined by Hybrid Capture 
TM) was associated with an elevated risk of subsequent

ClN. The risk peaked in the first two years following enrolment. Using life-table methods, the
cumulative risk of new CIN following HPV DNA detection using Hybrid Capture™ approached
60% by four years of follow-up.

2.3.2 Following mild dysplasialoilocytotic atypia to CIN Ill/invasive cancer

Prospective studies of the progression of HPV -associated mild dysplasia are designed to

begin where the incidence studies end. ln other words, they follow prospectively women with
cytological or histological diagnoses of CIN to an endpoint of progression to more severe
cervical neoplasia. The startpoint is usually mild dysplasia, and, for obvious ethical reasons, the
endpoint in truly prospective (not historical cohort) studies is high-grade CIN and not invasive
cancer, unless cases develop inadvertently despite surveilance.

Accurate assessment of disease states is difficult without interfering with the natural history
of the disease. Cytological, histological and colposcopic assessments may ail be inaccurate and,
moreover, biopsy may lead to regression.

ln the USA, CIN 1 and the cytological evidence of HPV are now formally combined as
'low-grade squamous intraepithelial lesions' (LSIL) (Solomon, 1989). Similarly in the forth-
coming World Health Organization histopathology classification, changes associated with HPV
infection are included under CIN 1. There is a large literature dating back two decades regarding
the natural history of mild dysplasia, which has also been calIed 'minimal dysplasia', 'slight
dysplasia', 'mild dyskaryosis' or 'CIN l. Correspondingly, previous terms for the cytological

evidence of HPV infection in the absence of dysplasia were 'koilocytotic atypia', 'condylo-
matous atypia' or 'f1at condyloma'. Prospective studies with any of these terms as an enrolrnent
diagnosis were considered relevant for the evaluation of carcinogenicity of HPV s.

(a) Prospective studies of mild dysplasialoilocytotic atypia without HPV DNA testing

The cytological/histological diagnosis of cervical HPV infection is neither sensitive nor
specific (Sherman et aL., 1994; Kato et aL., 1995). Moreover, 'HPV effect cannot reproducibly
be distinguished from CIN l, which is associated with the same spectrum of HPV types. As
mentioned above, the two diagnoses are combined as 'LSIL' in both the Bethesda system and
the forthcoming WHO classification.

Nevertheless, it is useful to summarze briefly the man y important studies that preceded the
advent of HPV DNA testing, but which demonstrated the prospective risk of high-grade cervical
cancer precursor lesions following the diagnosis of low-grade les ions now thought to be HPV-
induced. Representative prospective studies of cohorts thought to have specifically cytologically
or clinically defined HPV infections of women (koilocytotic atypia, condylomatous atypia, f1at
condyloma or venereal warts) wil be reviewed individually. The many similar prospective
studies of cohorts diagnosed with CIN 1 (mild, minimal or slight dysplasia or dyskaryosis) wil
be summarzed in aggregate, because some groups continue to view CIN 1 as more severe (e.g.
more of a cancer precursor) than the cytologic evidence of HPV infection alone.
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(i) Follow-up of cohorts with HPV infection diagnosed microscopically

or clinically

Meisels and Morin (1981) analysed the cytological records of 234 715 women participating
in a mass screening programme in Quebec, Canada, from 1975 to 1979. Of these women, 3977
were diagnosed with 'flat condyloma'. Within the five-year study period, 4.7% of the 3670
patients with condyloma and 10% of the 307 patients with condyloma with nucJear atypia were
subsequently diagnosed with dysplasia, carcinoma in situ or cancer.

Using a historical cohort approach, Franceschi et aL. (1983) in Oxford, United Kingdom,
compared the risk of diagnosis of CIN following an initial cIinical diagnosis of genital warts
with the risk following diagnosis of other sexually transmitted diseases. Genital warts are now
known to be associated with HPV -6, - 1 1 and related types (see section 1.6). Among the cohort
of 489 women who had a smear three to four years after first attendance, the risk of CIN III or
microinvasive carcinoma in women diagnosed with genital warts (71206) appeared to be higher
than among the women with other diseases (2/283), although the numbers of events were quite
smali.

Chuang et aL. (1984) conducted a historical cohort study of cervical cancer risk in
Minnesota, USA, following the diagnosis of genital warts. Among the 500 women, 1 1 cases of
cervical carcinoma in situ were diagnosed after an average of four years giving a RR of 3.8
(95% CI, 1.9-6.8) compared to historical rates from the local area.

ln the United Kingdom, Evans and Monaghan (1985) observed that, in a group of 51
patients with histological diagnoses of HPV infection, 16% progressed to high-grade cervical
neoplasia within 12 months. This included one case of microinvasive carcinoma.

ln Melbourne, Australia, Mitchell et aL. (1986) folIowed 846 women, diagnosed in 1979 as
having cytological evidence of HPV, and carried out repeated cervical examinations during
1980-85. Women with previous or concurrent diagnoses of dysplasia were excluded. Over the se
six years, carcinoma in situ developed in 30 women, compared to 1.9 cases expected from
general population incidence rates, yielding an RR of 16 (95% CI, 11-22).

Pagano et aL. (1987) followed 251 patients referred to a colposcopy clinic in Melbourne,
Australia, for cytological diagnoses of HPV infection without ClN. Over up to three years of
folIow-up, 10% of women developed histologically confirmed ClN. Nearly aIl progressions
occurred within the first 12 months following initial assessment.

To examine whether HPV predicted an increased risk of subsequent cytological or histo-
logical diagnosis of CIN, Boyle et aL. (1989) established a historical cohort of women diagnosed
in Connecticut, USA, in 1973-81, 631 with cytological evidence of HPV and 410 with Tricho-
monas infections. Average folJow-up time was about two years. Thirteen women with HPV and
two with Trichomonas had CIN diagnosed within six months of the identifying smear and were
excluded from the analyses. The absolute risk of CIN following HPV infection was 8.7%,
yielding an RR of 2.7 (95% CI, 1.4-4.9) when compared to the Trichomonas-infected cohort,
after adjustment for age, nulIiparity and frequency of cytological examination. The RR for CIN
II-III was 3.2 (95% CI, 1.3-7.8).

Kataja et aL. (1989) presented a life-table analysis of the best-known cohort study of
cervical HPV infection defined cytologicalIy (Syrjänen et aL., 1 987b). A cohort composed of
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256 women with cytological evidence of HPV infection without CIN and 106 women with HPV
and CIN was established in Finland beginning in 1981. They were examined by colposcopy,
cytology and/or punch biopsy every six months. From life-table analyses, the cumulative risk of
progression to carcinoma in situ was estimated to be about 15% at 78 months for the group with
HPV infection alone. The cumulative risk of progression among women with HPV/CIN 1 was
20-25% at 78 months. The two risk curves were not significantly different in the earIier years of
folIow-up when the person-years were greatest. However, longer follow-up of the group with
HPV and CIN 1 indicated a continued substantial risk of progression up through the longest
observation period of 96 months.

Sigurgeirsson et aL. (1991) estimated the relative risks of cervical cancer and carcinoma
in situ associated with a diagnosis of venereal warts by constructing a historical cohort from
patients' records. They compared the incidence of cervical cancer among 711 Swedish women
with venereal warts diagnosed during 1969-84 to national registry data. With a me an follow-up
of eight years, the RR for cervical cancer was 1.8 (95% CI, 0- 10; one case); that for carcinoma
in situ was 1.5 (95% CI, 0.9-2.5; 17 cases). However, among a corresponding group of 2549
men with venereal warts, the RR of anogenital malignancy was 2.6 (95% CI, 1.2-5.0; nine
cases).

Gram et aL. (1992) linked hospital records to Norwegian cancer registry data to examine the
temporal relationship between the cytological diagnosis of HPV or Trichomonas infection and
subsequent risk ofCIN III in northern Norway. From 1980 to 1989, HPV infection was noted in
678 of 43 016 women with negative Pap-smears, while Trichomonas was diagnosed in 988. The
age-adjusted incidence rates of CIN III were as follows: 225 per ioS person-years follow-up

among women with neither infection, 459 per 105 person-years among women with Trichomonas
and 729 per ioS person-years among women with HPV. The RR for the development of CIN III
among women with HPV, adjusted for several possible confounding variables, was 3.5 (95% CI,
1.9-6.6) compared to uninfected women.

Montz et al. (1992) followed 203 women in Los Angeles, USA, with cytological diagnoses
of low-grade SIL. The presence of occult high-grade CIN missed by cytology was minimized by
enrollment colposcopy. Seven women (3.4%) progressed to high-grade SIL: one at three
months, one at six months and five at nine months.

(ii) Follow-up of cohorts with mild dysplasia

The many cohort studies of women diagnosed with CIN 1 were comprehensively reviewed
recently by Östör (1993) who provided useful aggregate estimates by pooling the data from over
15 studies. ln total, he reviewed the follow-up of about 4500 women with CIN 1 from published
studies. The observed risk of progression to CIN III in the studies was II %, with 1 % observed
progression to invasive cancer during follow-up (which was often short and truncated by
treatment). The remaining cases persisted (32%) or regressed (57%).

Soutter and Fletcher (1994) reanalysed five studies (Robertson et aL., 1988; Fletcher et aL.,
1990; Cooper et aL., 1992b; Hirschowitz et aL., i 992; Kirby et aL., 1992) of cytological follow-
up of women with mildly abnormal cervical smears. The four latter studies were too recent to be
included in Östör' s pooled estimates (Östör, 1993). Soutter and Fletcher estimated that the
annual incidence of invasive cancer among women with mildcytological abnormalities was
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between 143 and 420 per 105 person-years, which is comparable to Östör's cumulative incidence
of 1 %. The magnitude of risk of cervical cancer following diagnosis of CIN 1 was calculated to
be 16-47 times greater th an the incidence of cervical cancer in women of similar age in the
general population of England and Wales.

(h) Prospective studies ofmild dysplasia/oilocytotic atypia with HPV DNA testing

ln recent prospective studies of CIN I/oilocytotic atypia, HPV DNA typing has sometimes
been included as an independent covarate. The aim of including HPV typing in progression
studies has been to determine whether HPV type predicts the risk of progression independently
of microscopic diagnosis.

Campion et aL. (1986) in London, United Kingdom, used filter in-situ hybridization to test
for HPV -6 and - 16 among 100 women aged -: 30 years with persistent CIN 1 (mild dyskarosis
on three consecutive smears taken within 16 weeks). No biopsies were taken at enrolment. The
cohort was examined every four months by colposcopy and cytology for a range of 19 to 30
months. Of the 26 women who progressed to histologically confirmed CIN ill, 22 (85%) had
tested positive for HPV-16 DNA at enrolment; only 17 of the 74 women (23%) who did not
progress to CIN ILL had tested positive for HPV-16 DNA. Thus, the presence of HPV-16 was
significantly associated with risk of (and time to) progression; presence of HPV - 6 was not. (The
HPV test method used in this study is now obsolete and possibly inaccurate with regard to
typing. For example, the possibility of cross-reacti vit Y between HPV - 16 and related types not
known at the time of the investigation should be considered.)

Schneider et aL. (1987b) monitored 48 HPV -positi ve West German women cytologically
over a period of three to 24 months. Filter in-situ hybridization had been used to detect HPV-
6/11 and - 16/18. Of the 17 women with an initial cytological diagnosis of 'condyloma', two
progressed to histologically confirmed CIN Iii. Both were HPV -16/18-positive at enrolment
(one was also positive for HPV -6/1 1), whereas there were no instances of progression among the
seven women positive for HPV -6/1 1 only. The same association of risk of progression with
HPV-16/18 positivity was seen among the six women who progressed to CIN III among the 26
who were initially diagnosed as 'CIN I1I' .

Caussy et aL. (1 990b) studied 47 cases of invasive cancer and 94 matched controls in British
Columbia, Canada, using archivai pathology specimens. The cases were women treated for
invasive cancer from 1960 to 1986, and archivai biopsies showing CIN, taken at least two years
before the diagnosis of cancer, used to test for HPV DNA at the pre-invasive stage using tissue
in-situ hybridization. HPV-6/ll, -16/33 and -18 were assayed. The controls were women with
previous, available CIN biopsies who had not progressed to invasive cancer. (An appreciably
larger percentage of controls than cases had been treated at the CIN stage.) The controls were
matched to cases on a variety of factors, including date of the biopsy showing CIN. The
investigators observed non-significantly elevated HPV prevalence for ail three type groups
among the case group (6.4% for HPV-18; 8.5% for HPV-6/11; 19% for HPV-16/33) compared
with their matched controls (2.1 %, 3.2% and II %, respectively).

Kataja et aL. (1990) performed a survival analysis of enrolment HPV typing data from the
long-term Finnish prospective study of women with cytological evidence of HPV infection
(Syrjänen et al., 1 987b). Staring in 1981, the cohort was followed every six months by cytology
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and colposcopy (with or without biopsy, depending on the study subgroup) for a mean of 50
months. For 458 women in the cohort, archivai enrolment specimens were assayed for HPV -6,
-11, -16, -18, -31 and -33 using in-situ hybridization. Clinical progression was defined as a
change from no CIN to CIN or from lower to higher grade CIN. The overall rate of progression
was 16.4%. The risk of progression was highest in 91 women positive for HPV-16 (35.2%) or
14 having multiple infections (28.6%), intermediate for 205 women with other HPV types
(15%), and lowest in 48 HPV -negative women (6.1 %). These differences were statistically
significant in both contingency-table and survival-curve analyses. (The inconsistency of finding
HPV DNA negativity in women diagnosed with cytological changes supposedly indicating HPV
infection raises the possibility of either false positive cytological diagnoses or false negative
DNA hybridization.)

U sing a retrospective cohort design, Weaver et al. (1990) studied 32 patients in Ohio, USA,
with histological diagnoses of CIN L 'with koilocytosis', testing archivai paraffin-embedded
specimens with in-situ hybridization for HPV-6/11, -16, -18, -31 and -33. The cytological
follow-up, a minimum of two exarnnations over at least 1 year, ranged from 12 to 80 months
with a mean of 27 months. The cumulative rate of progression to CIN II or greater was 9%
(3 cases), with no apparent difference in rates of progression between the HPV-positive (7%)
and HPV-negative (12%) subcohorts. (The Working Group noted the small sample size of this
study.)

Byrne et al. (1990) followed 42 women in the United Kingdom with cytological evidence
of CIN 1 or II at four-monthly intervals, using cytology and colposcopy, with an endpoint of
histologicalIy confirmed CIN III. Enrolment and follow-up specimens were tested for HPV -6,
_ 1 l, - 16 and - 1 8 using a slot blot DNA hybridization method. The women were seen from three
to II times over the 45-month follow-up period. Thirty of the 42 women (71 %) were positive
for HPV-16 or -18 DNA at sorne time during the study. ln this subgroup, five of 30 (16.7%)
progressed, compared to one of the 12 women (8.3%) who were HPV-16/18-negative

throughout. (The HPV exposure measurement mixes enrolment and follow-up positivity into a
cumulative positivity measurement that is not strictly prospective.)

Parr et al. (1990) reported on 44 women with CIN L-II, whom they followed by quarerly
cytological and colposcopic exarnnation over a two- to three-year period. The women were
tested by dot blot at each visit for HPV-6, -1 l, -16 and -18. The detection of HPV-16 or -18 at
any time during follow-up was associated with a significantly increased risk of progression to
CIN ill. (The enrolment DNA data are not reported separately to permit a strictly prospective
analysis.)

Using cytology and colposcopy quarerly for up to 36 months, Hørding et al. (l991b)
monitored 15 women in Copenhagen, Denmark, diagnosed histologically with mild dysplasia.
Filter in-situ hybridization was used to test enrolment and follow-up specimens for HPV -11, -16
and -18. HPV positivity at any time was found in seven of the women, ail of whom had
progressive or persistent lesions. ln comparson, only four of the eight persistently HPV-
1l/16/18-negative patients had persistent or progressive CIN. (When combined with similar
results for women found initially to have CIN ii, the differences by HPV positivity/negativity
were statistically significant. However, this study mixes enrolment and follow-up HPV
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positivity into a cumulative HPV positivity measurement that is not strictly prospective. The
HPV test used is obsolete.)

Pich et aL. (1992) followed 24 women in Italy, with CIN 1 or CIN II lesions immuno-
histochemicalIy positive for HPV antigens. The biopsies were further analysed for HPV-6/il
and -16/18 DNA. Follow-up included quarerly cytological, colposcopic and histological exami-
nations over a two-month to 65-month period. Four of 10 women with HPV-16/i8 progressed to
histologically diagnosed CIN III, compared with none of 14 HPV-161l8-negative women. (This
investigation combines CIN 1 and II, and does not separate clearly enrolment versus follow-up
HPV positivity.)

Hellberg et al. (1993) conducted a historical cohort study of 201 women with CIN lesions
tested for HPV-6, -1 l, -16, -18, -31 and -33 by in-situ hybridization. The me an follow-up time
was 17.3 years. ln a multivariate analysis, HPV type was significantly assocIated with risk of
progression, independent of grade of ClN. (Crude data permitting analyses specific for HPV
type among women with low-grade CIN were not presented).

Downey et aL. (1994) followed 92 women in the United Kingdom with cytologically/histo-
logically diagnosed CIN 1 or 'wart virus infection' for up to 70 months of passive surveillance
(medical record review and quarterly cytology with colposcopy following any abnormal
cytological diagnoses). The endpoint, reached by 25 patients, was the histological diagnosis of
CIN II or more-severe disease. Cervical DNA from samples taken at enrolment was tested for
HPV-16 using 'semiquantitative' PCR only. The presence of HPV-16 DNA was non-signifi-
cantly (but negatively) associated with risk of progression. Also, counter to the expectations

raised by cross-sectional data from the same population (Bavin et aL., 1993), greater viral burden
was not predictive of progression. (The Working Group noted that HPV testing was conducted
for HPV-16 only, and that other high-risk types could be present in the 'HPV-negative' group.
Also HPV -16 positivity was unusually prevalent among the low-grade cases (51/92), raising a
concern about the accuracy of the viral typing.)

Gaarenstroom et aL. (1994) performed a retrospecti ve cohort study of HPV testing by
general primer PCR among 227 patients with frozen cervical swabs taken at the time of first
abnormal cervical cytological diagnosis. AlI women had colposcopically directed biopsies at
entry. Cohort members were followed subsequently by colposcopy and cytology at 3-month
intervals, without therapeutic interventions for at least 6 months. The presence of HPV - 1 6 ON A
at enrolment predicted the folIowing: a significantly elevated 29% risk of progression to higher-
grade neoplasia (defined histologicalIy); a 10% risk of progression for HPV - 18, -31, -33 and
unknown types; and a 0% risk of progression among women positive only for HPV -6 or - 1 1 or
negative for HPV. (The cohort included 100 women with underlying CIN II-ILL at enrolment, as
weil as 101 with underlying CIN 1 and 26 with no CIN demonstrated histologically. Excluding
the 24 women with CIN III did not alter the conclusions but further recalculations are not
possible from the data presented.)

Remmink et aL. (1995) prospectively followed a cohort of 342 women in Amsterdam, with
a new cytological diagnosis of 'Pap IIlb' or lower, suggestive of mild, moderate or severe
dysplasia. Surveillance every three to four months included cytology, colposcopy without
biopsy and HPV DNA testing for 27 types by a well-validated PCR technique. The mean
follow-up of the entire cohort was about 16 months. At the start of follow-up, 62% of women



STUDIES OF CANCER lN HUMANS l41

were HPV-positive. Nineteen women (5.6%) progressed, defined as developing a les ion with a
colposcopic impression of CIN ILL over more than two quadrants of the cervix or a Pap smear of
class V (highly suggestive of malignancy). Ali 19 women subsequently had histologically
confirmed CIN III and ail were HPV -positive both at enrolment and continuously during follow-
up.

2.3.3 Prospective studies of HPV infection at body sites other than the cervix

ln Australia, Planner and Hobbs (1988) followed, without treatment, 103 women with
colposcopic and histological evidence of HPV infection of the vulva, with no associated VIN.
One patient experienced progression to a VIN ILL lesion after two years.

Arndt et aL. (1993) studied the prospective risk of carcinoma of the larynx related to
laryngeal infection with HPV-16 or -18 among 150 patients with chronic laryngeal inflam-
-mation, followed for up to 3.5 years. PCR was used to test for HPV-16 and -18 DNA in
laryngeal biopsies. Fifteen (16.5%) of the 91 patients positive for HPV-16 or -18 developed
laryngeal cancer, compared to only one patient (1.7%) among the 59 in the HPV-negative group.

2.4 Case-ontrol studies

To date, case-control studies contribute the bulk of the epidemiological evidence linking
HPV to cervical cancer and to CIN III. The initial studies were severely hampered by test
validity and study design (for reviews see Koutsky et aL., 1988; Muñoz et al., 1988; Bosch &
Muñoz, 1989; zur Hausen, 1989; Franco, 1992; Bosch et aL., 1994b; Schiffman & Schatzkin,
1994). ln addition to the general concern on the comparson of studies based on HPV DNA
assays of different sensitivity and specificity, the interpretation of case-control studies is
difficult because, in many cases, the published investigations were not based on cases and
controls drawn from defined and comparable populations; rather, they consisted of a series of
cases collected in a medical facility and compared to an undefined group of women without
cervical abnormalities. ln addition, many studies were based on small numbers of cases and
controls, and potential confounders, such as age, were not controlled for.

This monograph includes a comprehensive compendium of published reports of different
quality. The data on cervical cancer and CIN lesions are presented in an ordered fashion by stage
of disease and by HPV detection method employed. Tables 30, 31 and 36 include studies of CIN
les ions in which HPV was detected by non-hybridization methods (Table 30), hybridization
methods not including amplification (Table 31) and PCR based methods (Table 36). ln a similar
manner, Tables 38, 39 and 40 summarize studies on invasive cervical cancer. Table 37 and 41
summarize studies of CIN and invasive cancer in which serological assays were used to assess
HPV exposure.

Of the studies included, only a lirnted number fulfi the epidemiological requirements of a
case-control study. These are the studies in which the following criteria are met:

(i) There is a recognizable study design airnng at avoiding bias in the recruitment of

cases and the selection of controls.

(ii) The study subjects are representative of the general population.
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(iii) There is a comprehensive effort to evaluate aIl known or suspected risk factors for

cervical cancer.

(iv) The size of the study is sufficiently large to allow precise estimates of risk.

(v) The estimates of HPV exposure are based on state-of-the-art PCR methods.

(vi) The statistical analysis includes multivariate techniques.

The few studies that fulfilled these criteria were highly influencial in the Working Group's final
evaluation and they are placed as first entries in Tables 36 and 40.

Of ail the variables that may affect the results, test validity seems to be the main one. ln this
light, it is remarkable that hospital-based studies (Eluf-Neto et al., 1994) produce similar risk
estimates to population-based studies (Muñoz et al., 1992). The increased detection level
afforded by PCR-based methods over previous assays provided more accurate estimates of the
HPV prevalence in cases and controls, but in many studies, quantitative information on the level
of HPV DNA is not available, so the importance of high-level positivity cannot be investigated.

2.4.1 Cervical cancer

Reviews of the case-control studies relating HPV DNA detection and cervical neoplasia are
largely consistent in showing that the association is strong with odds ratios greater th 

an lOin the
majority of studies. The association is specific to a limIted number of HPV types. HPV - 16, -18,
-31, -33 and -45 account for perhaps 80% of the types found in biopsies of invasive cervical
cancer worldwide (Bosch et aL., 1995). The association is also consistent geographically in ail
countries in which studies have been conducted. The increased detection level afforded by PCR-
based methods over previous assays has provided more-accurate estimates of the HPV pre-
valence in cases and controls. ln general, odds ratios and attributable risks (ARs) are higher in
PCR-based studies (although the association is consistently present and statistically significant
iITespective of the HPV detection method used) (for reviews, see Bosch et al., 1992; Muñoz &
Bosch, 1992; Schiffman, 1 992a,b ).

(a) HPVand CIN ILL

Table 30 summarizes case-control studies in which exposure to HPV was assessed using
morphological criteria of diagnosis in cells or biopsies or using immunoperoxidase staining to
detect HPV capsid antigen in biopsies. lt is known that the sensitivity of morphological changes
such as koilocytosis is low and that the presence of markers associated with a productive HPV
infection decreases as the severity of the intraepithelial process advances (see section 1.5). Many
of these studies are crude by CUITent standards but were of importance at the time when the
association between HPV and cervical neoplasms was unknown. However, it soon became clear
that DNA-based studies were capable of detecting HPV DNA in a large fraction of cervical
cancer. The studies listed in Table 30 are therefore of limited value concerning the association
between HPV and cervical cancer.

Reid et al. (1982) examined the margins of neoplastic lesions in women undergoing
hysterectomy for cervical cancer, CIS or for reasons not related to cervical neoplasia. A semi-
objective rating system of HPV -related morphological changes was used to evaluate specimens.
Cases and controls were classified according to a war score and a categorical division into



Table 30. Case-control studies of CIN 1-111 using HPV non~hybridization methods

Reference and Cases (number and Controls (number and HPV prevalence (%) Odds ratio HPV test/comments/adjustments
study area type) type) (95% Cl)"

Reid et al, (1982) Ali women with 40 age-, race- and SES- Cases Controls Definite HPV Criteria for se ven histological

Detroit, MI, USA hysterectomy matched women with Negative 0 80,0 versus negati ve parameters scored in 3 levels:

20 CIN I hysterectomy and no Suspect 12.5 10,0 or suspect negative; suspect; infected

20 CIN II cervical paihology Infected 87,5 10.0 (CIN I-II, 63

(13.4-345,5)) CI

Grunebaum et al, 25 1 patients referred 90 normal cervices from Control, 24.4 (CIN I-ILI, 2.5 Koilocytosis, multinucleation,
-i
c:

(1983) to colposcopy with same cHnic Mild dysplasia, 62,5 (1.9-4.4)J parakeratosis, dyskeratosis 0..
New York, USA CIN I-II Moderate dysplasia, 59,8 rr

Severe dysplasia, 22,9
CI

0
CIS, 14,3 'i

Syrjänen (1983) 345 dysplasias, CIS, 275 dysplasias, CIS, Conirol, 0 (0/129) Staining, immunoperoxidase-P AP n
;i

Finland invasive invasive non- Ali, 56.2 (122/217) (00 (115-00)1 (paraffin sections), Z
condylomatous condylomatous lesions Papillomatous, 100 (00 (187-00)1 HPV Ag in cells n

rr
lesions Inverted,69,7 (00 (159-00)1 ¡:

Flat, 52.5 (00 (98-00) 1
..
Z

Syrjänen et al, 79 dysplastic and/or 31 dysplastic and/or Conlrol, 0 Staining, immunoperoxidase-P AP :i
(1983 ) CIS with CIS without- Ali cases, 70.8 (00 (44-00)1 (paraffin sections), c:
Finland condylomatous condylomatous les ions Papilomatous, 100 (00 (32-00)J HPV Ag in cells ~

lesions Inverted, 83,3 (00 (43-00)J
;i
Z

Flat, 66,7 (00 (36-00) J CI

Adam et aL. (1985) 23 CIN 23 matched, no CIN Conirol, 0 (0/10) Presence of siructural antigen in
Houston, USA CIN I-II, 27 (3111) (00 (0.4-00)1 biopsy specimens,

CIN II, 0 (0/2) Not computable Prospective cohort study of women
Ali, 22,2 (4/18) Any les ion, exposed to dielhylstilboestrol

(00 (0.4-00))

Guijon et aL. (1985) 33 CIN ¡-II reterred 54 women with no CIN Case, 45 (2l. (4,1-152.8)) Koilocytosis
Manitoba, Canada to colposcopy attending family- Control,3,7

planning clinic

.t
lN



Table 30 (contd) -t
Reference and Cases (number and Controls (number and HPV prevalence (%) Odds ratio HPV testJcomments/adjustments
study area type) type) (95% CI)

Zaninetti et aL. 126 abnormal Pap 1914 normal cervices, Ever having History of genital wars,
(1986) smears in women less same age and clinic genital wars OR adjusted for number of sexual
Italy than 20 years of age

9,15 (5,1-16,3) partners
Höckenström et al. 49 women with a 124 women age, parity, Dysplasia or HPV infection: (8.4 (3,1-23,5)) Koilocytosis, atypia, dysplasia
(1987) consort with genital OC use and dale-of- Case, 37
Oothenburg, wars exainnation matched to Control, 6
Sweden the case attending

family-planning clinics
Alberico et al. 533 cases attending 533, age matched to the Dyskeratosis, 26 Any CIN versus Detection of condylomatous ..

~(1988) colposcopy with cases, with no CIN CIN I, 39 normal cytohistological features ::Trieste, Italy dyskarosis to CIN II CIN II, 51 (333 (45-6460)) n
and CiS. Of these, CIN II-CIS, 25 3:0299 CIN I-II Normal, 0,19 

ZCuzick et al. (1990) 1 JO CIN I 833 family-planning Control, 5 Hislory of genital wars, 0
elUnited Kingdom 103 CIN II clinic and local OPs CIN I, 33 CIN 1, 8.4 P 0( 0,05 ::284 CIN II CIN II, 28 CIN II, 7,1 ~'iCIN II, 16 CIN II, 3.4 ::Seshadri (1991) 16 CIN 1 50 controls Control, 28,9 Histopathological evidence of HPV iZ
~India 29 CIN II CIN I, 62.5 (4.2 (1.-16,9)) infection 025 CIN II CIN II, 75,9 (7,8 (2.6-27,0)) l'
c:CIN II, 60,0 (3,8 (0.4-49.4))
3:Kjaer et al, (1992) 586 CIS 614 population based Ever genItal warts History of genital wars, riDenmark 59 invasive cancers 1.7 (1.2-2,5) OR increased with early age at first 0\.t

episode of geniial warts, OR adjusted
for age, smoking, number of parners,
oral contraception, and parity

Thanapatra et al, 970 specimens with 22691 specimens with CIN I-ILI, 26 (28,8 (23.8-34.9)) Koilocytosis, atypia
(1992) CIN I-II no CIN or carcinoma Control, 1,2
Thailand from screening

programme

( ) Calcu1ated by the Working Oroup
CIN, cervical intraepithe1ia1 neoplasia; SES, socio-economic status; crs, carcinoma in situ; OC, oral contraceptive; Ag, antigen; Pap, Papanicolaou; PAP, peroxidase-
antiperoxidase; OP, genera1 practitioner; OR, odds ratio
"00, zero cases ¡n control group
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definite HPV changes, suspected HPV changes and no HPV changes. Using as cases those that
had definite HPV changes and comparing these to those that were negative or suspected, the
odds ratios were (107 (95% CI, 17.6-877)1 for invasive cervical cancer (see also Table 38) and
(63 (95% CI, 13.4-345.5)) for CIN lesions.

Grunebaum et al. (1983) evaluated HPV signs in 348 patients referred to a colposcopy
clinic. Of these, 251 women had histologically confirmed CIN L-III and they were compared to
90 women with normal cervices. The presence of HPV signs was 44.6% among cases and 24.4%
among controls (OR, 2.5 (95% CI, 1.9-4.4)). Of se ven cases of invasive cancer diagnosed in this
series, none had HPV signs.

ln two studies, Syrjänen (1983) and Syrjänen et al. (1983) compared the presence of HPV
signs in cervical lesions ranging from dysplasia to CIS in 79 and 345 patients with 31 and 275
patients without concomitant condylomatous lesions. HPV antigens were investigated using the
immunoperoxidase-peroxidase-antiperoxidase method. Cases without associated condyloma
(controls) were consistently negative and cases with associated condyloma were HPV antigen-
positive in 70.8% and 56.2% of patients, respectively.

Adam et aL. (1985) studied 23 cases of CIN lesions arising in a cohort of women exposed in
utero to diethylstilboestroI. A control group of 23 cohort members without CIN were identified.
The peroxidase-antiperoxidase method was used to detect HPV structural antigen and par of the
biopsies were also reviewed for the presence of HPV signs. Of CIN L-II cases, 27% were
immunoperoxidase-positive compared to none of the controls. None of the differences was

statistically significant (p ? 0.05). Of 18 cases investigated (CIN I-III, HPV and squamous
metaplasia), 15 had HPV -related changes histologically and four had HPV structural antigen
reacti vit Y .

Guijon et al. (1985) compared the presence of HPV signs in 33 women with colposco-
pically detected and biopsy-proven CIN I-III and 54 women with normal cervices; 45% of cases
and 3.7% of the controls had HPV signs (OR, 21.7 (95% CI, 4.1-152.8)).

Zaninetti et al. (1986) conducted a similar study in Italy including 126 women below 20
years with ab normal Pap smears and 1914 women of the same age with a normal Pap smear. A
history of wars was reported by 15 cases (11.9%) and 22 controls (1.1 %). The estimated relative
risk, adjusted for number of sexual parners, was 9.15 (95% CI, 5.1-16.3).

Höckenström et aL. (1987) investigated the presence of dysplasia or HPV signs in 49 female
consorts of men with condylomata acuminata and compared them to a group of 124 women
from family-planning clinics matched to cases on age, oral contraceptive use, parity and date of
examination. Thirty-seven percent of cases had HPV -related signs compared to 6% of controls
(OR, 8.4 (95% CI, 3.1-23.5)).

Alberico et al. (1988) evaluated condylomatous signs in 533 women attending a colposcopy
clinic with diagnoses ranging from dyskarosis to carcinoma in situ. A control group of 533
women with normal cervices were also evaluated. The prevalence of HPV colposcopic signs in
the 299 CIN L-III lesions was 38.5% compared with 0.19% in controls (OR, 333 (95% CI, 45-
6460)).

Cuzick et aL. (1990) investigated 497 women under the age of 40 with CIN L-III and 833
controls from general practitioners' files or family-planning clinics. A history of genital wars
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was reported by 5% of the controls, 33% of the CIN 1 cases, 28% of the CIN II cases and 16% of
the CIN III cases (p c: 0.05 for each CIN stage as compared to controls).

Seshadri et al. (1991) compared 70 women with CIN 1-III to 50 controls with normal
cervices. HPV exposure was assessed using the standard histopathological criteria. The presence
of HPV changes was reported in 28.9% of the controls, 62.5% of CIN 1 cases, 75.9% of CIN II
cases and 60.0% of CIN ILL cases. The estimated odds ratio for the group of CIN L-II was (OR,
5.9 (95% CI, 2.3-15.4)).

Kjaer et al. (1992) compared the history of genital warts in 586 cases of carcinoma in situ
of the cervix, 59 cases of invasive carcinoma and 614 controls drawn from the general

population that generated the cases. One-hundred-and-two cases reported having had episodes of
warts (17.9%) as weIl as 62 controls (10.3%). The odds ratio adjusted for age, smoking, number
of partners, oral contraception and parity was 1.7 (95% CI, 1.2-2.5). The risk increased with
earIier age at first episode of genital warts.

Thanapatra et al. (1992) compared the presence of HPV signs and a cytological diagnosis of
CIN in women participating in a national screening programme in Thailand. Of 970 women
diagnosed as CIN L-III, 26.0% had HPY signs compared to 1.2% of the controls (OR, 28.8 (95%
CI,23.8-34.9)j.

Evans et al. (1992) investigated the history of anogenital warts in relation to the presence of
CIN i-II in the United Kingdom. The reported odds ratio for a history of vulvar warts was 0.34
(95% CI, 0.13--.84).

ln China, Su (1987) used the peroxidase stain to explore HPV genus specific antigen in 244
cervical tissue specimens. Six of 52 cases of carcinoma (12%) were HPV positive as compared
to no ne of the 20 controls tested.

ln the USA, Amburgey et al. (1993) conducted a case-control study of 102 cases of CIN 1-
II matched to an equal number of controls. No HPV detection method was used but cases
reported genital warts more often than controls (OR, 2.5 (95% Ci, 1.0-6.4)).

ln Durban, Kharsany et al. (1993) examined a series of patients attending an STD clinic.
HPY exposure was found cytologically in 22/48 (46.0%) cases, colposcopically in 28/48
(58.3%) and histologically in 26/45 (57.8%). Women with CIN had clinical HPV signs in 13/28
(46.4%).

Kjaer et al. (1991) investigated the history of genital warts in husbands of monogamous
women with CIN and in the husbands of a control group in Denmark. The study group included
41 case couples and 90 control couples. Genital waTts were reported in 9/41 (22.0%) husbands
of cases and in 2/90 (2.2%) husbands of controls. The odds ratio, adjusted for age and use of a
condom with the partner, was 17.9 (95% CI, 3.3-98.3). Cell specimens from the male genital
warts were analysed using ViraPapTM and ViraType™ and only two husbands of cases were

found to be HPV-positive (one had HPV-6/l 1 and the other HPY-16/l8). (The Working Group
noted that ViraPapTM assays in specimens from the male genitalia may be inaccurate in detecting

HPY DNA prevalence.)

Table 31 contains a summar of case-control studies investigating preinvasive les ions (CIN
I-III) using hybridization assays without amplification techniques, including Southern blot, dot
blot, fiter in-situ hybridization (FISH) and varants of the se methods.



Table 31. Case-ontrol studies of CIN 1-111 lesions using HPV hybridization assays without amplification

Reference and Cases Con troIs HPV prevalence Odds ratio (95 % CI) HPY test Comments/adjustments
study area (number and type) (number and type) (%)

McCance et al. Colposcopy c1inic 17 without cervical HPV,16 HPV-16 DNA hybridization
(1985) 20CIN 1 abnormality CIN l, 55 (5.7 (1.1-35,6)) Probes: 6, 16 and low
London, United 30 CIN II CIN II, 66 (9.3 (1.8-53.6)) stringency
Kingdom 28 CIN II CIN II, 71 (11.(2,2-70,5))

Control, 18

Demeter et aL. 6 minor ceII atypias 23 normal Any HPV Any HPV Filter in-situ Colposcopy cIinic
(1987) 29 CIN 1 Minor ceII atypia, 33.3 (1.1 (0,1-10,5)) hybridization attendees C/
Australia 35 CIN II CIN l, 72.4 (6.0 (1.5-24.4)) Probes: 6/1 1 and/or ..

C62 CIN II CIN Il, 77 1 (7.7 (2,0-30,8)) 16/18 0CIN II, 710 (5.6 (1.8-18.2)) ..
tTNormal, 30.4 v:

HPV-16/18 HPV-16/18 0
Normal,21.8 'T

(JMinor ceII atypia, 16,6 (0,7 (0.03-9,9)) ;pCIN 1, 51. (3.9 (1.0-16.)) Z
CIN II, 51.4 (3.8 (1.0-15,0)) (J

tTCIN II, 53,2 (4.1 (1.2-14.5)) ~
Pao et al. 276 urogenital 39 symptom free Symptom free, 15.4 Any HPV ln-situ DNA Detection in exfoliated ..

Z(1989) condylomata Urogenic condylornata, (29.8 (11.0-84,8)) hybridization cervicovaginal ceIIs ::Taipei, Taiwan, 47 cervical dysplasias 84.4 6/1 1,16,18,31,33 C
China CIN or CIS, 72,3 (14.4 (4.4-49,7)) ~
Duggan et al. 300 CIN/condylomata 90 normal CIN/condylomata, 60 Any HPV ;p

Z(1990) Normal, 26.6 (4,1 (2.4-7.2)) v:
Canada High.risk HPVs

(18.8 (7,6-49.4))
Kataoka & 37 cIinical findings 71 symptom free Case, 32.4 Any HPV Non-isotopic Young women (14-27)
Yakushiji Control, 5,6 (8.0 (2.1-33,0)) subgenornic probes

(1990) on Southern blot
Japan hybridization
Becker et al. 52 atypias 1447 Pap negative Pap negative, 5,6 HPV Dot-blot Random sample of
(1991) 77 slight dysplasias Atypia.21. (4,5 (2.1-9.5)) hybridization assay patients undergoing a
New Mexico, 27 moderate-severe Slight dysplasia, 45.5 L 14,0 (8.3-23,9)) (YiraPapTM) pelvic examination.
USA dysplasias Moderate-severe (33,7 (13.8-84.1)) Prevalence vares with

dysplasia,66.7% Any Pap abnormalities, ethnicity,
(11. (7.8-17,6)) -.t-.
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Reference and Cases Controls HPV prevalence Odds ratio (95 % CI) HPV test Comments/adjustments
study area (type and number) (type and number) (%)

Lindh et aL. 52 CIN 1 416 with no CIN No CIN, 14 HPV Southern blot, probes Women attending
(1992 ) 23 CIN II-II CIN 1, 50 (6,3 (3,3-12.1)) 6, Il, 16, 18,31.33, outpatient clinics
Sweden CIN II-II, 39 (4,8 (1.9-12,5)) 35

Ali CIN, (5,5 (3,1-9,7))
HPV-16
Ali CIN, (3.4 (1.-9,8))

HPV-18
Ali CIN, (12,3 (4,3-36,1)) ..

Lörincz et al, 270 borderline atypias 1566 normal Normal, 6.4 HPV Southern Pooled analysis and HPV ;;
(1992 ) 638 definite cervical cervices Borderline atypia, 23,7 Any cervical disease. 27.1 hybridization testing of subjects from 8 ¡on
USA diseases: LSIL & HSIL Cervical disease, 79,3 (p 0: 0,0001) studies, No ad just ment s, 

3:LSIL,69.5 Definite cervical disease, (55.4) crude odds ratios 0
HSIL, 87.4 LS1L Z

HPV-16, 36.9 (25,0-54,5) 0
HPV-18, -45, -56. 32,7 (19,2-55,8) a

¡o
HS1L ;;
HPV-16, 235.7 (198,5-279,5) '"

:i
HPV-18, -45, -56, 65.1 (50.2-84.5) C/

Manavi et al, 411 dysplasias 240 normal Prevalence given by Pap HPV ln-situ nucleic acid ~
(1992 ) cytologies grade II, (27.9 (1 1.2-73,5)) hybridization 0l'
Austria II, (52.9 (20,3-146.4)) c:

iV, (136.5 (44,3-447.7)) 3:
V, (468,0 (130,9-1852,7)) tT

0\
Meekin et aL. 87 dysplasias 1347 normal Control, 8,3 Odds ratio for atypia or dysplasia: Dot-blot DNA Attendees of family ,l
(1992) 84 atypias cytologies Dysplasia, 48.3 HPV, 5,8 (4,0-8,6) hybridization planning clinics
New Zealand 495 infectionslbenign Atypia, 20,2 HPV-16/18, 6.4 (3.3-5,9)

atypias Infection/enign atypia,
10,1

Tanaka et aL. 145 abnormal 100 normal Normal, 2 Southern blot, probes HPV and HPV type
(1992 ) cytologies cytologies Benign, 2 HPV 6, Il, 16, 18,31,33, specifie prevalence, No
Japan Condyloma, 100 (p 0: 0,001) 35 multivariate analysis.

Mild-moderate dysplasia, (31,8(6.8-204.1 )J HPV prevalence by age
39 and type of lesion
Severe dysplasia/CIS, 44 (38,1 (5.8-3 i 8.5))
Invasive, 70 (114.3 (12.9 -1463.2))
Any abnormal, 30 (20,7 (4,7-126.8))
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Reference and Cases Controls HPV prevalence Odds ratio (95 % Cl) HPV test Comments/adjustments
study area (type and number) (type and number) (%)

Levine et al, 34 cytological SIL 147 cytological Cytological control, 16 ViraPapTM
Population-based case-

(1993) 25 equivocal atypias con troIs Histoiogical control, i 9 controi study of college
USA 19 histological HSIL 150 histological Cytological SIL, 58 7.3 (3.3-17.0) students, Age: 18-35.

controis Equivocal atypia, 40 3.4 (1.4-8,5) Covariates: age. multiple

Histological HSIL, 68 10.3 (3,3-32,0) Iifetime sexual parners,
oral contraceptive use

Meyer et al, 61 LSIL 72 cytologically Normal, 6,9 HPV ViraPapTM combined Patients: high risk for
(I 993) 16 HSIL normal women LSIL,29,5 (5,6 (1.8- 18,8)) with ViraTypeTM . HPV infection. Type-in- C/USA HSIL,68,7 (29.5 (6.2-158,1)) situ hybridization specifie information aiso -:

available. No odds ratios, c:
el

no multivariate analysis ..
tTBecker et aL. 201 H dysplasias 337 hospital Case, 66,5 12.8 (8,2-20,0) ViraPapTM C/

(I 994 ) controls Control, 13.9 0
New Mexico, '"

nUSA
;t

Brisson et aL. 548 H CIN 612 hospital H CIN, 42,5 8,7 (5,1-15.0) Southern blot for Zn(I 994 ) 338 L CIN con trois L CIN, 12,0 1.6 (0.9-3,0) HPV - 16 tTCanada Control, 6,02 :;
TM ..Davidson et al, 74 atypias 723 normal Normal,14,1 1.0 ViraPap Alaska native women, Z

(I 994 ) 68 LSIL cervices Atypia, 29,7 2,7 (0.8-9,5) ViraTypeTM
3 groups: routine care ::Alaska, USA 96 HSIL LSIL, 64.7 10.4 (6,1-17,8) c1inics (n = 492), referral c:

HSIL, 89.6 14.4 (9.6-21.8) colposcopy c1inic ~
(n = 385) and population- ;t

Z
based (n = 249), Odds C/
ratio combined for HPV-
16/18 and .31/33/35

Marin et al. 109 ab normal smears 42 normal smears HPV-16 / HPV-18 ln-situ hybridization Age: 17-51
(I 994 ) 22 LSIL Normal, 11.9/4,8 HPV-16
Slovenia 7 CIN l LSIL, 13,6/1.6 (1. (0,2-6.5))

14 CIN IL-II CIN I, 14,3/0,0 (1.2 (0,0-15,0))
CIN II-II, 21.4/14,3 (2,0 (0,3-12.2))

Any CIN/HPV-16/18
(1.9 (0.6-6.3))

L J Calculated by the Working Group
CIN, cervical intraepithelial neoplasia; CIS, carcinoma in silU; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; H, high grade;Pap, Papanicolaou smear .t

\0
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McCance et al. (1985) investigated 78 cases of CIN 1-III with FISH using probes for HPV-
6 and -16. The CIN cases were compared to 17 controls. HPV-16 positivity was found in 18% of
the controls and 55%, 66% and 71% of CIN L-III, respectively (ORs, 5.7 (95% CI, i. 1 -35.6);
9.3 (95% CI, 1.8-53.6); 11.7 (95% CI, 2.2-70.5)).

Demeter et al. (1987) conducted a FISH-based study of 132 cases of CIN 1-III using probes
for HPV-6/11 and -16/18. The CIN cases were compared to 23 controls. HPV-16/18 positivity
was 21.8% among controls and 51.7%, 51.4% and 53.2% for CIN L-II respectively (ORs, 3.9
(95% CI, 1.0-16.0); 3.8 (95% CI, 1.0-15.0); 4.1 (95% CI, 1.2-14.5)).

Pao et al. (1989), using in-situ hybridization, investigated 47 cases of dysplasia and 39
contro1s. Prevalence rates of HPV DNA positivity were 15.4% among controls and 72.3%
among cases (estimated OR, 14.4 (95% CI, 4.4-49.7)).

ln Venezuela, Azocar et al. (1990) investigated 119 non-monogamous women using
ViraPapTM and cytological criteria (normal/abnormaJ). HPV DNA positivity rates among cases
with ab normal cytology were 88% (16/18) and 26% (26/101) among women with normal
cytology (OR, 23 (95% CI, 4.6-157)).

ln Canada, Duggan et aL. (1990) used the dot blot system to investigate a series of 401
patients attending a colposcopy clinic in which a cytologicallhistological diagnosis was

available. Of the 300 subjects classified as CIN/condyloma, 60% were HPV DNA positive. ln
the group with normal cytology, 26.6% had evidence of HPV DNA (OR, 4.1 (95% CI, 2.4-7.2)).
The HPV types identified were largely high-risk types (HPV -16/18/33) or HPV -6/1 1. HPV -16
was the predominant virus detected (OR for high-risk types, 18.8 (95% CI, 7.6-49.4)). There
was a strong trend of increasing prevalence of high-risk types in relation to the severity of the
CIN lesion (p .; 0.001).

Kataoka and Yakushiji (1990) used Southern blot hybridization to investigate 37 cases of
dysplasia and 71 controls. HPV prevalence rates were 5.6% among controls and 32.4% among
cases (estimated OR, 8.0 (95% CI, 2.1-33.0)).

ln the USA, Becker et al. (1991) studied 1603 randomly selected Hispanie, native
American and non-Hispanic white women to determine the prevalence of cervical HPV infection
according to Pap smear results. These results included atypia (52 cases), slight dysplasia (77
cases) and moderate to severe dysplasia (27 cases). Women with normal Pap smears (1447
cases) served as controls. The method used to detect HPV was dot-blot hybridization
(ViraPapTM). The HPV DNA prevalence in the group with negative Pap smears was 5.6%, 21.2%
for atypia, 45.5% for slight dysplasia and 66.7% for moderate-severe dysplasia (estimated crude
ORs, 4.5 (95% CI, 2.1-9.5) for atypia; 14.0 (95% CI, 8.3-23.9) for slight dysplasia; and 33.7
(95% CI, 13.8-84.1) for moderate-severe dysplasia; 11.7 (95% CI, 7.8-17.6) for any Pap
abnormality).

ln northern ltaly, Garuti et al. (1991) investigated HPV DNA prevalence in 276 biopsies
using Southern blot hybridization. They reported an increased trend in the prevalence of HPV-
16 from specimens with normal cytology to invasive carcinoma. The opposite trend was
observed for HPV -6 and - 1 1.

ln Sweden, Lindh et aL. (1992) compared the HPV DNA prevalence using Southern blot in
416 women with no clinical signs of HPV-related disease with that of 75 women with CIN (52
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with CIN 1 and 23 with CIN II-ILL). A mixture of subgenomic probes were targeted at HPV -6,
-11, -16, -18, -31, -33 and -35. HPV prevalences were 14% for asymptomatic women, 50% for
women with CIN 1 lesions, and 39% for women with CIN II-III lesions (estimated crude ORs
for any HPV: 6.3 (95% CI, 3.3-12.1) for CIN 1; 4.8 (95% CI, 1.9-12.5) for CIN II-II; and 5.5
(95% CI, 3.1-9.7) for aIl CIN). The type-specific prevalences for cases (aIl CIN) and controls
were, respectively: 8% versus 3% for HPV-6, 4% versus 1% for HPV-l 1,8% versus 4% for
HPV-16, 15% versus 2% for HPV-18, 12% versus 4% for HPV-31, 8% versus 3% for HPV-33,
1 % versus 1 % for HPV -35, and 1 % versus 0.5% for undetermined HPV (ORs for CIN: 3.4 (95%
CI, 1.1-9.8) for HPV-16, and 12.3 (95% CI, 4.3-36.1) for HPV-18).

ln the USA, Lörincz et aL. (1992), in a pooled analysis of eight studies of the relationship
between HPV infection and cervical neoplasia, compared 1061 cases of cervical disease (atypia
(270), LSIL (377), HSIL (261) and carcinoma (153)) with 1566 women with a normal cervix.
The method used to detect HPV was low-stringency and high-stringency Southem blot
hxbridization with specific probes for HPV-6/i l, -16, -18, -31, -33, -35, -42, -43, -44, -45, -51,
-52, -56 and -58. The overall HPV DNA prevalence among cases was 23.7% for borderline
atypia and 79.3% for cervical disease. The HPV DNA prevalence for controls was 6.4%. Risk
estimates (not adjusted for other risk factors) were 27.1 for any cervical disease and (55.4) for
definite cervical disease. Type specific HPV prevalences are shown in Table 32.

Table 32. Distribution of HPV types by diagnosis

HPV type Normal Atypia LSIL HSIL

(%) (%) (%) (%)

(n = 1566) (n = 270) (n = 377) (n = 261)

Negative 93,6 76,3 30.5 12.6

6/11 0.5 2.2 16.7 3.1

16 1.0 4.4 16.2 47.1

18 0.3 1.9 4.0 5.0

31/33/35 0,8 3.0 11. 19,2

42/43/44/45 0.5 2.6 4.5 1.5

51/52/56/58 1. 2.2 7.7 5.7

Unclassified 2,1 7.4 9.3 5.7

From Lörincz et aL. (1992)

The crude odds ratios (95% CI) for type-specific HPV sare shown in Table 33.

ln Austria, Manavi et al. (1992) compared the HPV DNA prevalence using in-situ
hybridization in 411 patients with cytological dysplasia with that of 240 cytologically normal
women. HPV prevalences according to the Papanicolaou classification were: 2.5% for Pap
grade 1, 41.7% for Pap grade II, 57.6% for Pap grade III, 77.8% for Pap grade IV and 92.3% for
Pap grade V. The corresponding crude ORs as compared to women with a Pap grade 1 were:
(27.9 (95% CI, 11.2-73.5)) for Pap grade II, (52.9 (95% CI, 20.3-146.4)) for Pap grade ILL,

(136.5 (95% CI, 44.3-47.7)) for Pap grade IV and (468.0 (130.9-1852.7)) for Pap grade V.
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Table 33. Crude odds ratios for HPV types in relation to atypia,
LSIL and HSIL

HPY type Atypia LSIL HSIL

6/1 L, 42, 43, 44
31,33,35,51,52
16

18,45,56

6.1 (3.1-12,1)
2.6 (1.-5,2)

5,0 (2.5-9,9)
6,6 (2,8-15.7)

52.6 (36.0-76.9)
21.6 (17.9-26.1)
36,9 (25.0-54.5)
32,7 (19.2-55,8)

24.1 (13.4-43,4)
71.9 (51.0-101.6)
235.7 (198.5-279.5)
65,1 (50.2-84.5)

From Lörincz et aL. (1992)

ln New Zealand, Meekin et al. (1992) compared the HPV DNA prevalence using dot blot in
1347 cytologically normal women with that of 666 women with dysplasia (n = 87), atypia
(n.= 84) or a cytology showing the presence of infection or benign atypia (n = 495). HPV
prevalences were as follows: 8.3% for control women, 48.3% for dysplasia, 20.3% for atypia
and 10.1 % for infection or benign atypia. The OR associated with any HPV was 5.8 (95% Ci,
4.0-8.6) for atypia or dysplasia. The corresponding OR for HPV': 1611 8 was 6.4 (95% Ci, 3.3-

5.9).

ln Japan, Tanaka et al. (J 992) compared the HPV DNA prevalence using Southern blot in
100 women with normal cytology with that in 145 women with an abnormal cytology. Probes
for HPV-6, -II, -16, -18, -31, -33 and -35 were used. The HPV DNA prevalence in the group
with normal cytology was 2%. The overaIl HPY prevalence in women with abnormal cytology
was 30% - 2% for benign lesions, 1009-) for condylomas, 39% for mild-moderate dysplasia,
44% for severe dysplasia/CIS and 70% for invasive cancer. fEstimated crude ORs were 31.8
(95% CI, 6.8-204.1) for mild-moderate dysplasia, 38.1 (95% Ci, 5.8-318.5) for severe
dysplasia/CIS, 114.3 (95% CI, 12.9-1463.2) for invasive carcinoma and 20.7 (95% Ci, 4.7-
126.8) for any abnormality.1

ln the USA, Goff et al. (1993) examined 360 biopsies of attendees of a colposcopy clinic
with ViraPaprM. Of 71 CIN L-II cases, 35 (49.3%) were HPV positive as were 31 of 225

controls (13.8%) 10R, 6.1 (95% CI, 3.2-1 1.6)).

Levine et af. (1993) conducted a population-based case-control study of US college

students aged 18-35 years to estimate the effect of HPV infection on SIL of the uterine cervix.
Cases incJuded 34 cytological SIL and 25 equivocal atypia as weil as 19 histologicaIly
confirmed HSIL. The control group consisted of 147 subjects with a normal cervical cytology.

rMThe method used to detect HPY was ViraPap . The HPV prevalence among cases was 58%
among cytological SIL, 40% among cases of equivocal atypia and 68% among histological
HSIL. The HPV prevalence among cytological controls was 16% and among histological
controls 19%. Risk estimates were adjusted for age, multiple lifetime sexual partners and oral
contraceptive use. The adjusted odds ratios for HPV DNA presence were as folIows: for cyto-
logical SIL, 7.3 (95% CI, 3.3-17.0); for equivocal atypia, 3.4 (95% CL, 1.4-8.5); and for histo-
logical HSIL, 10.3 (95% CI, 3.3-32.0). The distribution of HPV types among cases and controls
are shown in Table 34.
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Table 34. Distribution of HPV types by diagnosis

HPY type Cytological diagnosis Histological diagnosis

Control Equivocal SIL Control HSIL
(%) (%j (%) (%) (%)

Negative 85A 60.0 42A 82A 33,3
611 1 O,() 16.0 6.1 0.7 5,6
16/18 lA 8,0 18.2 2.7 33.3
31/33/35 4.2 0,0 12.1 4.7 5.6
611 1 + 31/33/35 0.0 0.0 3.0 0,0 5.6
16118 + 31/33/35 0,0 8,0 0,0 0,0 0,0
Indeterminate 9.0 8.0 18.2 9A 16,7

From Levine et al. ( i 993)

The type-specific crude odds ratios (95% CI) for a larger sam pIe selected subsequently

from the same population are shown in Table 35.

Table 35. Odds ratios for HPV -types in relation
to LSIL and HSIL

HPY Iype Cytological LSIL Cytological HSIL

6/11
16118

31/33/35

6.9 (1.6-29.0)
12.9 (4.7-35.0)

5.2 (1.-16.0)
12A (3,3-46.0)
10.8 (3.0-39,0)

From Levine et al. ( 1993)

ln the USA, Meyer et al. (1993) estimated the HPV DNA prevalence in 61 patients with
LSIL, 16 patients with HSIL and 72 cytologically normal women. The method used to detect
HPV was ViraPaprM combined with ViraType™ in-situ hybridization. HPV prevalences were:
6.9% for cytologicalIy normal women, 29.5% for LSIL and 68.7% for HSIL. Crude ORs were
(5.6 (95% Ci, 1.8-18.8)) for LSIL and (29.5 (95% CI, 6.2-158.1)) for HSIL.

ln a young population in the USA, Moscicki et al. (1993) compared HPV -positive and

HPV -negative women who were also studied with colposcopy. Detailed criteria to evaluate
colposcopy findings were used. Women who were HPV-16/l8-positive by ViraPapTM had a
higher mean number of lesions (1.7 versus 0.7; p -c 0.001) and higher lesional scores (3.4 versus
1.0; p -c 0.001) than women who were HPV -negative or HPV -positive for HPY -6, -il, -31, -33
or -35.

Becker et al. (1994) conducted a case-control study in New Mexico, USA, incJuding 201
cases of high-grade dysplasia and 337 hospital controls. Scraped specimens from the cervix were
investigated using ViraPapTM and ViraType™ and peRo The corresponding HPV DNA pre-
valences for ViraPapTM were as folIows: cases 66.5%, controls 13.9% (OR, 12.8 (95% CI, 8.2-

20.0)).
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ln Canada, Brisson et aL. (1994) investigated the presence of HPV DNA using Southern
blot in 548 cases of high-grade CIN, 338 cases of low-grade CIN and 612 hospital controls. The
corresponding HPV DNA prevalences were 42.5%, 12.0% and 6.0%, respectively, and the ORs
adjusted for age, number of sexual partners, age at first intercourse, smoking, oral contraceptive
use, DNA source and DNA load were 1.6 (95% Ci, 0.9-3.0) for low-grade CIN and 8.7 (95%
CI, 5.1-15.0) for high-grade CIN. A dose-response was observed with increasing load of HPV-
16 DNA. The association with low-grade CIN was not statistically significant.

ln the USA, Davidson et al. (1994) estimated HPV prevalences in 96 i Alaska native
women, of which 723 had a normal cytology, 74 had atypia, 68 LSIL and 96 HSIL. ViraPapTM

TMand ViraType were used to detect HPV DNA. The HPV prevalences were 14.1% for normal
women, 29.7% for atypia, 64.7% for LSIL and 89.6% for HSIL. As compared ta normalcy, the
crude ORs were: 2.7 (95% Ci, 0.8-9.5) for atypia, 10.4 (95% Ci, 6.1-17.8) for LSIL and 14.4
(95% Ci, 9.6-21.8) for HSIL. The corresponding odds ratios for HPV types 16/18 were 1.5
(95% Ci, 0.7-3.4) for atypia, 2.6 (95% Ci, 1.2-5.6) for LSIL and 7.1 (95% Ci, 4.5-11.3) for
HSIL. Odds ratios for HPV -31/33/35 were: 2.4 (95% Ci, 1.3-4.5) for atypia, 3.9 (95% Ci, 2.1-
7.4) for LSIL and 6.3 (95% Ci, 3.7-10.5) for HSIL.

ln Slovenia, Marin et al. (1994), using in-situ hybridization, investigated 109 cases of
abnormal smears, 22 with LSIL, 7 with CIN 1 and 14 with CIN II and 42 controls. Among
control s, the prevalence rate of HPV-16 was 11.9% and of HPV-18 4.8%. Among cases the
prevalence was 32.1% for HPV - 1 6 and 10.4% for HPV - 1 8. The estimated OR for any CIN and
HPV-16/18 combined was (1.9 (95% Ci, 0.6-6.3)).

Table 36 summarizes the results of case-control studies that investigated preinvasive les ions
(CIN 1-~i) using hybridization assays with amplification techniques, There are two PCR
techniques that were used by most of the studies. One uses consensus primers based on approxi-
mately 450 bp of the Li region of HPV - 1 6/1 8, and utilizes type-specitìc and generic probes. The
other amplifies a smaller region of Li, detects a broader range of types, and is often followed by a
separate type-specific PCR (see section 1.3.3). The two tests have not been formally validated
against each other. During the period in which they have been used, the number of HPV -specific
probes has increased and the strategies to colIect, store and analyse specimens have improved
considerably. Therefore, any varation in the prevalences observed may be an arefact, partialIy due
to differences in the methodology employed.

ln Spain, Bosch et al. (1993) compared 157 cases of severe dysplasia, carcinoma in situ or
CIN II with 193 controls having normal cytology, nonspecific intlammatory changes or Pap

grades 1 and II. The method used to detect HPV was PCR based on consensus primers of the Li
region with probes for HPV-6, -Ii, -16, -18, -31, -33 and -35. The HPY DNA prevalence was
70.7% among cases and 4.7% among controls. Risk estimates were adjusted for age, geographical
area, number of sexual parners, age at first sexual intercourse, Chlamydia trachomatis and
husband's sexual parners. The adjusted OR for HPY DNA presence was 56.9 (95% CI, 24.8-
130.6; attributable fraction, 72.4%). The distribution of HPV types in cases was HPV-16 (69.4%),
HPV-18 (0.9%), HPV-31 (1.8%), HPV-33 (8.1%), HPV-35 (0.9%) and HPV unknown (18.9%).
The distribution of HPY types in con trois was as follows: HPV -16 (1 i. 1 %), HPV -18 (0.0%),
HPV-31 (ll.l%), HPV-33 (11.1%), HPV-35 (0.0%) and HPV unknown (66.7%). The adjusted



Table 36. Case-control studies of CIN 1-111 lesions using HPV hybridization assays, including amplification (PCR) methods

Reference and Cases ContraIs HPY prevalence (%)
study area (number and type) (number and type) -

Type Cases

Bosch et al, 157 severe 193 normal cytology, HPY 70,7
(1993 ) dysplasias, nonspecìfic 16 69.4
Spain carcinomas in silu, inflammatory changes or 18 0,9

CIN II Pap 1 and Il 31 1.8

33 8,1

35 0,9

Colombia 125 severe 181 normal cytology, HPY 63,2
dysplasias, nonspecific 16 51.9
carcinomas in situ. inflammatory changes or 18 °
CIN II Pap 1 and Il 31 3,8

33 3,8
35 2,5

Coker et aL. ll4CIN 1 223 normal cytology HPV-16/18/33
(1993 ) 28 CIN IIll CIN ILLIL 35,7
South Caralina 115 atypias CIN 1 24,5

140 inflarnmatory Atypia 6,1

Inflammatory 10,7
Normal 2,7

Schiffman el al, 319 condylomatous 453 randomly selected CIN 1

(1993 ) atypias from 1 7 654 women HPY -16118 36,0
Portland, OR, 131 CIN 1 with normal cytology 31,33,35, 1
USA 50 CIN IIII and no known history of 39,45,5 L, 52 34.4

CIN 6/11,42,

J 21.6

other or

unknown

CIN LI-LL
HPV-16/18 62

31,33,35, 1
1039,45,51,52

6111.42

Jother or 18
lInknown

Odds ratios (95% CI)

ContraIs

4,7
11.1

°
11.11
11.1

°

10,5

31.6
°

~'31

2,9

3,3

11.5

56,9 (24,8-130,6)
295,5 (44,8-1946.4)

28,9 (5,5-152,8)

15,5 (8,2-29.4)

271 (10,6-69,5)

23.4 (2,8-190,6)

219 (6.4-74.5)
LU (43-32)
3,0 (0,9-9,8)
2,6 (0,8-8.4)
1

200 (68,0-570,0)

130 (47,0-370,0)

24 (9.3-60,0)

2,9 180 (49,0-630,0)

3.3 22 (4,8-97)

11.5 10(3-36)

HPV test

PCR
6, 11, 16,

18,31,33,
35

PCR
6, Ii, 16,

18,31,33,
35

PCR
6b, IL, 16,

18,33

PCR
6111, 16,

18,26,31,
33, 35, 39,

40, 42. 45,

51, 52, 53,

54,55,57,
59

Comments/adjustments

Attribiitable fraction, 72.4%,
Age, geographical area,
niimber of sexlIal partners, age
at first intercourse, Chlamydia
trachomaiis, husbands sexuaJ
partners

Attriblltable fraction, 60.3%

Age, race, smoking, sexual
behavioiir, use of oral
contraceptives.
60% were black and of low
socioeconomic level.

Age, HPY test results and
lifetime numbers of sex
partners

v...
Co-
rr
v.
o
'1
n
;p
Zn
rr~
Z
:ic
~
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Z
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Table 36 (contd)

Reference and Cases Controls HPV prevalence (%) Odds ratios (95% CI) HPV test Comments/adjustments
study area (number and type) (number and type) -

Type Cases Con trois 

Van der Brule 124 Pap ila (a) 1346 symptom-free HPV overall HPV overa// PCR No adjustments.
ela/. (l99Ia) 31 Pap IIb population Pap ila 70 (68.1 (45.4-102.4)) 6/11, 16, Cases: Pap ila + Pap IIb +
Amsterdam, 22 Pap IV (b) 239 gynaecological Pap IIb 84 18,31,33 Pap IV
Netherlands outpatient population Pap IV 100 Controls: (a) + (b) + (c)

without history of (a) 3.5
cervical pathology, (b) 9.2 -

;l(c) 177 gynaecological (c) 21.5 ~
outpatient population HPV-16/18 HPV-16/18 n
having history of Pap ila 41 (135.8 (82.5-225.9)) ~cervical pathology Pap IIb 58 0

Pap iv 70 Z0(a) 0.9
(1(b) 2.5 ~

(c) 12 ;l
Age, ethnicity, education, 'iMorrison el al. Hospital Family-planning clinic HPV 84.6 39.0 10.4 (3.6-30.4) PCR ::(1991) 65 non-pregnant 59 women with normal One HPV 53.8 35.6 7.2 (2.4-21.9) 16, 18,33 number of cigarettes daily, C/

Bronx, NY, USA with histopatho- cytology type 30.8 3.4 43 (6.9-266.6) current use of oral ~
logical documen- )0 one HPV contraceptives, age at first 0rtation of SIL type coitus, HPV infection c:

determined by PCR. ~
SIL: including atypia, CIN l, m
CIN II and CIN II 0\.tPasetto el al. Hospital Hospital HPV-16 32.4 8.9 (12.8 (4.4-38.8)) PCR

(1992) 23 CIN II-II ¡ 48 normal cytology 16
Urbino, Italy cytology specimens specimens
Nakazawa el al. Hospital Hospital HPV-16 24.3 8.7 (2.8 (0.8-9.4)1 PCR No odds ratios given in the
( 1992) 37 CIN II 69 normal HPV-18 2.7 5.8 (0.4 (0.02-4.1)) 16, 18 paper. No adjustments
Osaka, J apan HPV-16 and 0 1.4

-18

HPV 27 16 (1.95 (0.67-5.73))
Bavin el al. Hospital Hospital HPV-16 74.3 63 (1. (0.61-4,84)) PCR Use of semiquantitative PCR
( 1993) 35 CIN II 54 normal 16 for HPV-16
London, United
Kingdom



Table 36 (contd)

Reference and Cases Contrals HPV prevalence (%) Odds ratios (95% CI) HPV test Comments/adjustments
study area (number and type) (number and type) -

Type Cases Contrais

Margalt et al. Hospital Hospital: 64 women 16 and/or 18 Biopsy Scrape HPV-16 and/or -18 PCR The prevalence of HPV -16 in
(1993) 66 biopsies/cervical with normal (cases) (cases) Odds ratios for CIN 16, 18 contraIs was 11%.Barcelona, Spain scrapes of patients Papanicolaou test using cervical scrapes

with cervical
(1.7 (0.5-5.8))

les ions: 

14 chronic ChI 43 0 C/inflammations (ChI) -i
C5 cervical CC 80 20 0condylomas (CC) ..
tT24CIN 1
C/12CINII CIN 1 50 17 010 CIN ii CIN Il 50 17 'T

1 invasive CIN II 70 20 n
carcinoma (IC) lC 0 0 ;.

ZBecker et al. 201 H dysplasias 337 hospital contrais 93.8 42.1 20.8 (10.8--0.2) PCR n
(1994)

Li tT;:New Mexico
consensus ..
primers Z

Cuzick et al. 81 CIN IL-II 1904 negative cytology HPV 75 4.5 (65 (33-113)l Type- Cases and controls t'ram ::
C(1995 ) or CIN 1 16 44 1.6 (50 (28-88)) specifie women undergoing routine
3:London, United 18 6 0.8 (13 (5.4-31)l PCR (16, screening ;iKingdom 31 25 1.4 (24 (13--5)l 18.31,33) Z

33 9 0.8 f 12 (4.7-30)) C/
LIaw et al. 40CIN 1 261 normal cytology CIN l, 14.0 (6.1-32) PCR HPV-16 predominant in CIN
(1995) 48 CIN IL-II, 92 9 CIN IL-ILL, invasive, LI-II and invasive cancers;Taiwan invasive cervical

122.3 (38.5-388.9) HPV-52 and -58 predominant
cancers

in CIN 1 and contrais
Strickler et al. 49 ON ii. cervical 40 women with normal 92.1 25.7 (2.7 (1.1-7.0)) PCR Li HTL V -1 was also identitied as
(1995) cancers cervix or CIN 1 p for trend with HPY consensus a risk factor for CIN 1~i-Jamaica

grade 0( 0.001 primers cervical cancer.

( J Calculated by the Working Group
Pap, Papanicolaou smear test result; CIN, cervical intraepithelial neoplasia; H, high-grade; peR, polymerase chain reaction; HTLV-I, human T,lymphotropic virus; SIL, s'luamous intra-
epitheliallesion

-
Vi-.
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ORs for specific HPV types were: for HPV-16, 295.5 (95% CI, 44.8-1946.4); for HPV-31, -33 and
-35,28.9 (95% CI, 5.5-152.8); and HPV unknown, 18.7 (95% CI, 6.6- 54.8).

ln Colombia, Bosch et al. (1993) compared 125 cases of severe dysplasia, carcinoma in situ or
CIN III with 181 controls having normal cytology, nonspecific inflammatory changes or Pap
grades 1 and II. The method used to detect HPV was PCR with probes for HPV -6, -1 l, -16, -18,
-31, -33 and -35. The HPV DNA prevalence was 63.2% among cases and 10.5% among controls.
RIsk estimates were adjusted for age, geographical area, number of sexual parners, age at first
sexual intercourse, C. trachomatis and smoking. The adjusted OR for HPV DNA presence was
15.5 (95% CI, 8.2-29.4; attributable fraction, 60.3%). The distribution of HPV types in cases was
HPV-16 (51.9%), HPV-18 (0.0%), HPV-31 (3.8%), HPV-33 (3.8%), HPV-35 (2.5%) and HPV of
unknown type (38%). The distribution of HPV types in controls was HPV - 16 (31.6%), HPV - 1 8

(0.0%), HPV-31 (0.0%), HPV-33 (5.3%), HPV-35 (0.0%) and HPV of unknown type (47.4%).
The adjusted ORs for HPV type specific were as follows: HPV -16, 27.1 (95% CI, 10.6-69.5);
HPV -31, -33 or -35, 23.4 (95% CI, 2.8- 1 90.6); HPV of unknown type, 12 (95% CI, 5.1-28.6).

ln the same study (Bosch et aL., 1993), 852 specimens were tested using the commercial dot
blot system, ViraPapTM. The results were as follows: in Spain the study incJuded 207 CIN ILL cases
and 209 controls, and HPV DNA prevalences were 33.8% and 3.8% and the OR was 13.4 (95%
CI, 5.9-30.6); in Colombia, the subjects included were 187 cases and 249 controls and HPV DNA
prevalences were 28.9% and 10.0% and the OR was 8.7 (95% CI, 4.9-15.3). These risk estimates
were adjusted for ail varables that showed an association with cervical cancer in the study.

The comparison of results when testing the same specimens with ViraPapTM, Southem

hybridization and PCR showed concordant results for the presence or absence of HPV DNA in
65% of the cases. PCR and Southern blot hybridization were concordant in the type specific
result in 86% of the specimens (see also section 1.3; Guerrero et al. 1992).

ln South Carolina, USA, Coker et al. (1993) compared 114 cases of CIN l, 28 cases of CIN
II-ILL, 1 15 cases of atypia and 140 cases of infection or inflammatory changes with 223 con trois
selected from normal cytology. The method used to detect HPV DNA was PCR and specific
probes were used for HPV-6b, -1 l, -16, -18 and -33. The HPV DNA (HPV-16, -18 or -33)
prevalence was 35.7% among cases with CIN II or III and 2.7% among contraIs. Risk estimates
were adjusted for age, race, smoking, number of sexual partners and CUITent use of oral contra-
ceptives. The adjusted OR for HPV DNA (type HPV-16, -18 or -33) was 21.9 (95% CI, 6.4-
74.5) for CIN IIIIII.

ln Portland, Oregon, USA, Schiffman et al. (1993) compared 50 cases of CIN II-III with
453 controls selected randomly from 17 654 women with normal cytology and no known history
of CIN (not matched). Cervico-vaginal lavages were used to colIect cytological specimens. The
method used to detect HPV was PCR and specific probes were used for HPV -6/1 l, - 16, - 1 8, -26,
-31, -33, -35, -39, -40, -42, -45, -51, -52, -53, -54, -55, -57 and -59. Risk estimates were adjusted
for age, HPV test results, and lifetime numbers of sexual partners. The distribution of HPV types
in cases of CIN II - III was as folIows: HPV - 1 6 or - 1 8: 62%; HPV -6, - 1 l, -42, other or unknown:
18%; and HPV-3 l, -33, -35, -39, -45, -51 or -52: 10%. The distribution of HPV types in controls
was: HPV-16 or -18: 2.9%; HPV-6, -Ii, -42, other or unknown: 11.5%; and HPV-31,

-33, -35, -39, -45, -51 or -52: 3.3%. The adjusted ORs for type-specific HPV in CIN II-III were:
HPV-16 or -18, 180 (95% CI, 49-630); HPV-6, -1 l, -42, other or unknown, 10 (95% CI, 3-36);
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HPV-31, -33, -35, -39, -45, -51 or -52,22 (95% CI, 4.8-97). The study also included 319 women
with condylomatous atypia, randomly chosen among the 492 women diagnosed in the screening
programme. Taken together, the 492 cases with lesions classified as condylomatous atypia or
above and the 453 controls, the odds ratios were: HPV -6, - 1 L, -42, other or unknown, 8.7 (95% CI,
5.8-13.0); HPV-31, -33, -35, -39, -45, -51 or -52,33.0 (95% Ci, 18.0-59.0); HPV-16 or -18,51.0
(95% Ci, 28.0-94.0).

Further analyses of this study were reported following correspondence by Luthi and Burk
(1993). This association of CIN 1 and CIN II-II was not modified by age.

ln Amsterdam (Netherlands), van den Brule el al. (1991 a) compared 124 cases of Pap IlIa
(mild and moderate dysplasia), 31 cases of Pap IIb (severe dysplasia) and 22 cases of Pap IV
(carcinoma in situ) with 1346 controls selected from a symptom-free population of women, 239
female gynaecological olltpatients without a history of cervical pathology and 177
gynaecological outpatients having a history of cervical pathology. The method used to detect
HPV was PCR testing for HPV -6/1 1, - 1 6, -18, -31 and -33. The HPV DNA prevalence among
cases was 70% in Pap IlIa, 84% in Pap IIlb, 100% in Pap IV, 3.5% among symptom-free

controls, 9.2% in women without a history of cervical pathology and 21.5% in women having a
history of cervical pathology. The distribution of HPV - 16 and - 1 8 in cases was: Pap Ila, 41%;
Pap I1lb, 58%; and Pap IV, 70%. The distribution ofHPV types 16 and 18 in controls was 0.9%
in the symptom-free population, 2.5% in the gynaecological outpatient population without a
history of cervical pathology and 12% in the gynaecological outpatients having a history of
cervical pathology.

ln New York (USA), Morrison el al. (1991) compared 65 nonpregnant woman who had
histopathological documentation of a cervical SIL (incJuding atypia, CIN l, II, II), with 59

controls selected from family-planning or other gynaecology clinics in order to obtain cyto-
logically normal specimens. The method used to detect HPV was PCR for HPV - 16, - 18 and -33.
The HPV DNA prevalence was 84.6% among cases and 39% among controls. Risk estimates
were adjusted for age, ethnicity, education, number of cigarettes smoked daily, current use of
oral contraceptives, age at first coi tus and HPV infection determined by PCR. The adjusted ORs
for HPV DNA presence was 10.4 (95% Ci, 3.6-30.4). One HPV-type was found in 53.8% of
cases, and more than one type was found in 30.8%. One HPV type was found in 35.6% of
controls, and more th an one type in only 3.4%. The adjusted ORs for HPV type specific were:
one HPV type, 7.2 (95% Ci, 2.4-21.9); more than one HPV type, 43 (95% CI, 6.9-266.6). ln
this study there was an attempt to quantify the intensity of the HPV viral load by visual inspection
of the signal and the size of the band. The dose-response relationship was then assessed by

stratifying the results of the Southem blot and the PCR assays into three categories (negative,
weak, strong). The ORs were as follows: Southem blot - weak signal, 15.7 (95% Ci, 4.4-56.3);
strong signal, 21.1 (95% CI, 4.9-91.0; p for trend.: 0.01); PCR - weak signal, 8.0 (95% Ci, 2.3-
27.5); strong signal, 12.7 (95% Ci, 3.8-42.4; p for trend.. 0.01).

ln Urbino (Italy), Pasetto el al. (J 992) compared 23 cases of CIN II and CIN II with 148
controls selected from women with a normal colposcopic examination, i.e. the absence of
vaginal or vulvar lesions. The method used to detect HPV was PCR, HPV-16. The HPV DNA
prevalence was 32.4% among cases and 8.9% among controls. (The crude OR for HPV-16 DNA
was 12.8 (95% CI, 4.4-38.8).)
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ln Japan, Nakazawa et al. (1992) compared 37 cases of CIN III with 69 controls from the
outpatient c1inIc of the department of obstetrics and gynaecology of Osaka University Medical
School. The method used to detect HPV was PCR, for types 16 and 18. The HPV DNA
prevalence was 27% among cases and 16% among controls. (The crude OR for HPV DNA
presence was 1.95 (95% CI, 0.67-5.73)). The distribution of HPV types in case~ was: HPV-16,
24.3%; HPV - 1 8, 2.7%; HPY - 1 6 and - 18, 0.0%. The distribution of HPV types in controls was:

HPV-16, 8.7%; HPV-18, 5.8%; HPV-16 and -18, 1.4%. (Crude odds ratios for HPV-16, 2.8
(95% Ci, 0.8-9.4); for HPV - 1 8, 0.4 (95% Ci, 0.02-4.1 ).)

ln London, Bavin et al. (1993) studied 179 women sequentialIy referred to the Royal Free
Hospital Colposcopy Clinic because of a smear suggesting mild dyskaryosis. The method used
to detect HPV was PCR and the probe used was type 16. Ali women were explored with
colposcopy and, when required, with biopsy, and a final diagnosis was reached. Of 179 women
investigated, 35 were considered CIN II and 54 were considered normaL. The HPV-16 DNA
prevalence was 74.3% among cases and 63% among contraIs. (The crude OR for HPY-16 DNA
presence was 1.7 (95% Ci, 0.61-4.84)).

ln Barcelona (Spain), Margall et al. (J 993) compared 66 women who had had either
ab normal Papanicolaou smears or abnormal biopsies (14 chronic inflammatory lesions, 5
cervical condylomata, 24 CIN L , 12 CIN Il, io CIN III and 1 invasive carcinoma) with 64

controls with normal Papanicolaou tests. The method used to detect HPV was PCR, testing
HPV-16 and -18 in the biopsies and cervical scrapes. The HPV-16 and/or -18 DNA prevalence
in biopsies among cases was: chronic intlammatory lesions, 43%; cervical condyloma, 80%;
CIN l, 50%; CIN Il, 50%; CIN ILL, 70%; and invasive carcinama, 0%; that in cervical scrapes
was: chronic intlammatory lesions, 0%; cervical condyloma, 20%; CIN l, 16.6%; CIN II,
16.6%; CIN II, 20%; and invasive carcinoma, 0%. The HPV -16 prevalence in cervical scrapes
among controls was 11%. The crude OR for HPV DNA presence in cervical scrapes for CIN 1-
II was (1.7 (95% Ci, 0.5-5.8)). This study showed that among cases, the observed HPV DNA
prevalence varies according to the sampling method. PCR performed on biopsies yielded
systematically higher positivity rates than PCR performed on cytological specimens (see
Table 36). Comparing the HPV DNA prevalence rates in cytological specimens from cases and
control s, there is no significant association between HPV and CIN. (Using the HPY results
obtained using the biopsies in cases and the cytology among controls, the estimated OR for CIN 1-
II was (9.7 (95% Ci, 3.3-29.2)).)

Becker et al. (1994), in a study described on p. 153, analysed 201 high-grade dysplasia

patients and 337 controls. Using PCR and common primers, HPV prevalences were 93.8% in cases
and 42. 1 % in controls (OR, 20.8 (95% Ci, 10.8-40.2)).

ln the United Kingdom, Cuzick et aL. (1995) compared the use of cytology and HPY testing
for the detection of cervical abnormalities in 1985 women undergoing routine screening.
Semiquantitative PCR was used to detect HPV - 1 6, - 1 8, -31 and -33 and only 'high-Ievel'
infections were called positive. Women who were either HPY -positive or who had some degree of
dyskaryosis on cytology were referred for colposcopy. Of 81 women found to have CIN II-ILL on
colposcopy, 61 (75%) were HPV-positive in comparison with 85 of 1904 (4.5%) women with
negative cytology or biopsies showing CIN 1 or less (control group) (OR, 65 (95% Ci, 38-113)).
HPV-16, -18, -31 and -33 were found in 44%,6%,25% and 9%, respectively, of women with CIN
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II-Ill and in 1.6%, 0.8%, 1.4% and 0.8%, respectively, ofcontrol women. Some women were
infected with more th an one HPV type. ln comparson with HPV -negative women, the OR

associated with infection with different HPV types were (50 (95% CI, 28-88)) for HPV-16, (13
(95% CI, 5.4-31)) for HPV-18, (24 (95% CI, 13-45)) for HPV-31 and (12 (95% CI, 4.7-30)) for
HPV-33.

ln Taiwan, Liaw et al. (1995) conducted a study including 88 patients with biopsy-
confirmed CIN L-ILL and invasive cervical cancer (three cases). PCR was used to detect HPV
DNA. The prevalence of HPV DNA was 92% among high-grade cases (CIN II-II, invasive
cervical cancer) and 9% among controls (OR, 122.3 (95% CI, 38.5-388.9)). The viral types
identified differed between high-grade cases (HPV - 16 was predominant) and low-grade CIN and
controls (HPV-52 and -58 were predominant).

Strickler et aL. (1995) investigated a series of cases in Kingston, Jamaica, an area where
human T-cell Iymphotropic virus type 1 (HTLV-l) is prevalent. The HPV DNA prevalence, as
assessed by PCR was as folIows: benign (n = 40), 25.7%; ASCUS (atypical squamous cells of
unknown significance) (n = Il),50.0%; koilocytosis atypia/CIN 1 (n = 60), 49.2%; CIN II (n =
29), 63.0%; and CIN IIllcarcinoma (n = 49), 92.1%. The trend in HPV prevalence increased

significantly with severity of the lesion (p .: 0.001). The study also identified HTL V - 1

seroprevalence as an independent risk factor for cervical cancer (OR, 3.82 (95% CI, 1.03-14.2)).

ln Belgium, Vandenvelde and Van Beers (1993) used a PCR system to screen 71 dysplastic or
neoplastic specimens and 323 normal specimens. HPV -33 was found to be highly prevalent in this
population and HPV-16 and -18 were the types more strongly related to advanced ClN.

Table 37 summarizes the results of case-control studies that investigated preinvasive lesions

(CIN L-III) using serological assays. ln aggregate, the studies demonstrate that even relatively
minor cervical abnormalities elIcit a systemic immune response. Antigen choice was observed to
influence greatly the epidemiological associations, suggesting that varous stages of HPV natural
history ilay be marked by ditferent immune responses.

Serum IgA antibodies to a carboxyl-terminal 19mer peptide of the HPV-16 E2 protein was
present in 20/30 CIN patients but only in 6/27 controls without CIN (Dilner et aL., 1989a).

Local IgA antibodies to BPV virions were detected more frequently in cervical secretions of
18 women presenting with an ab normal smear (with or without CIN) than in 24 controls
(p .: 0.005) (Di lIner et aL., 1 989b). Baird (1983) described an increased prevalence of serum IgG
antibodies to disrupted BPV virions in sera of patients with CIN and cervical cancer (included in
Table 37). This result was not confirmed in a subsequent study (Dilner et aL., 1 990b), but an
increase in serum IgA antibodies to disrupted BPV virions was found by these investigators.

Cason et al. (1992) investigated sera of 52 patients with CIN and of 21 children by ELISA
using an HPV-16 Ll-specific peptide (aa 473-492). Ninety-one percent of the 23 patients with
HPV-16 DNA-positive CIN compared to only 66% of 29 HPV-16 DNA-negative patients
(p .: 0.05) and only 24% of the 21 children (p .: 0.001) had measurable IgG antibodies.

Strickler et aL. (1994) compared 21 women with incident SIL (16 koilocytotic atypia, 3 CIN 1
and 2 CIN III) to 56 matched controls with regard to HPV seropositivity using a panel of synthetic
peptides. Many of the cases had only very slight cytological abnormalities (koilocytotic atypia), yet
an elevated percentage (86%) of case sera was seroreactive to HPV -16 for IgG and/or IgA
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Table 37. Case-control studies of preinvasive CIN lesions using serological assays for HPV antigens

Reference Cases ContraIs HPY serological Odds ratio Serological tests/comments/-
and country (number and type) (number and type) prevalence (95 % Cl) adjustments

(%)

Dillner et aL. 30 CIN 27 without CIN Case, 66.7 (6,7 (1.9-27,5)) Serum IgA antibodies to a HPY-16
( 1989a) ContraI, 22,2 E2 peptide
USA -

);Dillner et aL. 18 abnormal smears, with or 24 normal smears Case, 61 (4,5 (1.1-21.9)) Local IgA antibodies 10 BPY virions :;n(l989b) without CIN Control, 25

3:Sweden
0
ZCason et al. 23 HPY-16 DNA positive 29 HPY-16 DNA Case, 91 (5.4 (1.0-56,5)) ELISA, using HPY -16 LI-special 00(1992) ClN negative CIN Control: peptide :;United Adult, 66 );
'"Kingdom Child, 24 ::
C/

Stricker et al, 21 SIL 56 matched Case, 86 HPY -16 ..
0(1994 ) Control, 54 5,76 (1.4-26.8) r
c:USA
3:
(TWideroff 152 pathologically confirmed 688 normal Case: Serum IgG antibodies to HPY -16 0\.tet aL. (1995) squamous intraepithelial cytology Low-grade, 34,2 (2,7 (1.-4,6)) virus-like panicles

USA lesions: High-grade, 52.4 (5.7 (2,1-15.4))
76 low-grade ASCUS, 14,5 (0.9 (0.4-2.0))
2 i high-grade Control, 16, i
55 ASCUS

( J Calculated by the Working Group
CIN, cervical intraepithelial neoplasia; ASCUS, atypical squamous cells of undetermined significance; SIL, squamous intraepithelial lesion
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(adjusted OR, 5.76 (95% CI, 1.24-26.8)). ln contrast, seroreactivity to HPV-6 was negatively
associated with risk of incident SIL (OR, 0.13 (95% CI, 0.02-0.77)) for IgG.

Wideroff et aL. (1995) used an enzyme-Iinked immunosorbent assay to detect serum IgG
antibody response to HPV - 16 virus-like paricIes in a nested case-control study of cervical
neoplasia. One hundred-and-fifty-two cases with pathologically confirmed squamous intra-
epithelial lesions and 688 controls with normal cytology were tested. Of cases with low-grade and
high-grade lesions, 34.2% and 52.4% were seropositive, respectively, compared to 16.1% of the
controls. However, in multivariate analyses, seropositivity was associated more with HPV-16
DNA status (especialIy HPV - 1 6 DNA persistence) than with pathology grade per se.

(b) HPV and invasive cancer of the uterine cervix

Table 38 summarizes the findings of five studies that investigated the association of HPV
infections with invasive cervical cancer using non-hybridization methods.

A study from Detroit, Ml, USA, described in detail on p. 142, used morphology to assess
HPV exposure and incJuded women undergoing hysterectomy for cervical cancer (40 cases) or
for other reasons and who showed a normal cervix (40 controls). Using the women who clearly
presented HPV signs as exposed and comparing them to women who were negative or suspect,
(the OR was 107 (95% CI, 17.6-877)) (Reid et al., i 982).

One study used history of genital warts and number of episodes of genital warts as a
surrogate measure of exposure to HPV. The study found an excess risk for two or more episodes
of warts and a trend with increasing number of episodes (Peters et aL., 1986). (The W orking

Group noted that genital warts is Iikely to be a surrogate of HPV -6/1 1 infection.)

Su (1987) used peroxidase-antiperoxidase staining and found no association of HPV signs
with invasive cancer.

ln a study from Thailand, described p. 146, 417 cases of cervical carcinoma were identified
of which 19 showed HPV signs (4.6%). Among 22 691 controls, the prevalence was 1.2% (OR,
3.9 (95% Ci, 2.3-6.4)) (Thanapatra et aL., 1992).

ln a study from India (Thankamani et al. (1 992a), using indirect immunofluorescence

staining, HPV DNA was found in 41% of invasive cervical carcinomas compared to none in oral
cancers.

Table 39 summarizes studies that used hybridization methods without amplification
procedures to assess exposure to HPV. Most are Iisted below.

McCance et al. (1985) investigated, in London, UK, the prevalence of HPV-16 among 13
cases of invasive carcinoma with DNA hybridization with HPV probes 6 and 16. These were
compared to 17 controls. HPV - 1 6 positivity was 18% among controls and 92% among cases

(OR, 45.2 (95% CI, 4.3-2555.9)).
Lörincz et al. (1987) examined 190 biopsies with southem hybridization for HPV -611 1, - i 8,

-31 and others. Cases of CIN L-ILL were HPV positive in 77% of instances, invasive cervical
cancer biopsies in 89% and controls in 9% (OR for CIN L-IIL, 35.0 (95% CI, 6.9-239.9); OR for
invasive cervical cancer, 00 (95% CI, 5.9-0)). The study noted the predominance of HPV - 1 8 in
cervical adenocarcinomas and suggested that HPV - 1 6 was more common in specimens from
Brazil and Peru than in specimens from the USA.



Table 38. Case-control studies of invasive cervical cancer using HPV non-hybridization assays 0\.t
Reference and Cases Con troIs HPY prevalence Odds ratio HPY tesUcomments/adjustments,
study area (number and type) (number and type) (%) (95 % CI)

Reid et al. (1982) 40 ICC 40 age-, race- and Negative (107 (17,6-877)) Criteria for seven histological
Detroit, MI, USA Ali women with SES-matched women Case, ° parameters scored in 3 levels:

hysterectomy with hysterectomy Control, 70,0 negative, suspect and infected
and no cervical Suspect
pathology Case, 5,0 

Control, 15,0 -
Infected ;;:;Case, 95.0 n

Control. 15,0 ~0Peters et al. (1986) 200 population- 200 matched One episode 2.5 (0,8-7,3) Self-repol1ed genital warts, Z0USA based registry ICC neighbourhood Case, 5,5 Adjusted odds ratios (genital warts) a
controls Control, 2.5 :;?

More rhan one episode 5,0 (1.1-23.5) 'i
:iCase, 4,5 C/

Control, 1,0 ~
0Su (1987) 30 LCC 20 of unknown iCC,O Peroxidase, r-
c:China 22 ICC with origin ICC + condyloma, 27 Paraffin blocks (n = 244) classified by ~condyloma Control, ° diagnosis t'
0\.t

Thanapatra et al. 417 ICC 22 691 specimens Case, 4,6 (3.9 (2.3-6.4)) Koilocytosis, atypia.
(1992) with no CIN or Control, 1,2 Description of HPY signs in ail smears
Thailand carcinoma (first visit and follow-up) attending a

national screening program for a
period of 1 year

Thankamani et aL. 64 ICC 5 normal cervices Normal, ° Indirect immunofluorescence staining
(1992a) 10 oral cancers iCC, 41 (00 (0,6-00)) and peroxide antiperoxidase
India Oral cancer, °

( ) Calculated by the Working Group
LCC, invasive cervical cancer; SES, socioeconomic status



Table 39. Case-control studies of invasive cervical cancer using HPV hybridization assays without amplification

Reference and Cases Controls HPV prevalence Odds ratio (95 % CI) HPV test Comments/adjustments
study area (number and type) (number and type) (%)

McCance el al, 13 ¡CC 17 with no cervical HPV-16 DNA hybridization
(1985) abnonnaIity ICC,92 (45.2 (4.3-2555,9)1 Probes: 6, 16 and low
London, United Control, 18 stringency
Kingdom

Kulski el al. (1987) 54 ICC (45 SCC) 5 biopsies from CIN,74 1~(1.9-~)) Southem blot Cross-sectional; 82 biopsiesAustralia II CIN I-I1 healthy women ICC,73
I~ (3.0-~)J 1 l, 16, 18 classified by diagnosis

CIN II HPV-16,65
(~ (1.5-~)1

HPV-18,7 í.(~(O.l-~)J -3Control, 0
c:Löiincz el al. (1987) 78 CIN I-1l1 23 biopsies CIN I-IL, 77 135.0 (6.9-239.9)) Southem hybiidization Study in biopsies for the 0-USA, Brazil, Peru 64 SCC SCC, 89 (~ (5.9-~)1 6/1 1, 18, 31, others USA, Peru and Brazil m

Control, 9 í.
Meanwell el al. 47ICC 26 benign ICC, 66 HPV-16 13.7 (1.3-10.0)) Southem hybiidization Also risk factors but no 0
(1987) gynaecologically Control, 35 adjustment 'T
United Kingdom n

;iSchneider el al. 73 ICC 442 hysterectomies ICC, 26 HPV, 12.2 (1.2-3.9)) Filter in-situ Hysterectomy cases classified Z(1987b) 47 CIN CIN,45 HPV-16/18, 12.8 (1.4-5.5)) hybiidization by reason: cancerlbenign nGennany Control, 14 16,18,6/1 1 rr
Zhang el al. (1987) 29ICC 9 Cases HPV, 113.1 (1.4-119)) Hybridization Cross-sectional: biopsy :;-China 2 dysplasias HPV-16,52 HPV-16, 18,2 (0.9--05.3)) 16,18 specimens ZHPV-18,9 ::Comrols

c:HPV-16, IL
$:Chao el al., 1988 31 ¡CC (biopsy) 190 (cytology) ¡CC (biopsYJ HPV, (28 (5-158)) Southem blot Controls not comparable to ;iTaiwan, China 7 ICC (cytology) HPV-16,51 HPV-16, 139 (13-123)1 16,18,3 1,33 cases. Different series with Z

HPV-18,5 on!y 7 ICC cases. No real í.
HPV-31,0 case-control
HPV -33, 3

¡CC (('yi%gy)
HPV-16,43

Controls
HPV-16,2.6

Fuchs el al. (1988) 216 CIN I-ill 31 hospital controls CIN ¡-IlL. 50.0 (30.0 (4.3-601.9)) Southern hybiidization
Austria 44 ICC ICC, 68.2 1377 (5.3-1673.1))

Control, 3.2

Hsieh el al. (1988) 77 ICC 16 other tissues, ICC. 63.6 HPV, I~ (2.9-~)J Southem hybridizationChina including nonnal Control,6.3
cervIx

0\
Vi
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Reference and Cases Controls HPV prevalence Odds ratio (95 % CIl HPV test Comments/adjustments
study area (number and type) (number and type) (%)

Wilczynski el al. 1 1 adenocarcinomas IL other cancers iCC Southem blot Adenocarcinomas only(1988a) 6 hysterectomies HPV-16,18.2
(= (0.3-=)) 16,18,31,6111USA HPV-18,45.5 (= (19-=))

Control, 0

Zhang et al. (1988) 241CC 33 with non-cancer ¡CC, 96 HPV, (230 (22-2359)) Dot hybridizationJ- Cross-sectional study inAustralia 15 CIN II gynaecological CIN II, 80 Southem blot gynaecologic c1inic. Data
20 CIN 1-11 problems CIN 1-11, 65 6111,16118 from biopsy tabulated. Also

Control. 9 good correlation with scrapes
CoIgan et al. (1989) 7ICC 12 hysterectomies CIN,60 Southem blot Cross-sectional; onJy biopsy ..Canada 30 CIN/condylomata ICC,57 (= (1.5-=)) HPV-16/31 ~

i'Control,O nCzeglédy el al. 41 ICC 22 scrapes ICC, 60 (9.9 (2.5-39.0) J Southem blot/dot Cross-sectional; 336 samples
a;(1989) 12 CIN II HPV -16,46 (40.1 14.3-937)) blot/tilter in-situ tested, 22 of them were 0Hungar 7 CIN 1-11 HPY-18,15

(= (0.7-=)) hybridization nonnal Z3 vaginal cancers CIN III, 66
(12.7(2.3 - 70)) 4, Ii, 16, 18 018 condylomata CIN 1-11, 43 (11.1 (2.0-6.2)) Ci

i'Control. 14

~Donnan el al. (1989) 681CC 116 hospital: surgical ICC, 11/30,37 HPY-16 Filter in-situ HPY detennined onJy in '"China 48 dysplasias and gynaecological Dysplasia. 5/28, 18 ¡CC: 9.3 (1.0-84.1) hybridization subsample :iHPV: subsample of 58 outpatient con trois Controls, 1117, 6 Dysplasia: 3.5 (0.3-118) CI
matched by age. ~
17 con trois for HPY, 0

l'different l'rom
Cprevious ones
a;Reeves et al. (1989) 759 hospital-based 1467 (age-matched) HPV HPY Filter in-situ Adjusted for age, number of rrPanama, Costa Rica, cases communityand Case, 67.1 (37 (3.0-.5)) hybridization, sexuaJ parners, age at tirst 0\Colombia, and hospital controls Control,35.4 6111,16118 sexual intercourse, number of .t

Mexico HPV-/6//8 HPV-16118 live births, interval sinee Jast
Case, 62 signal Pap, years of education
Control, 32 +/-: 2.1 (1.6-2.8)
HPV-6/11 1 +: 4.1 (3.2-5.4)
Case. 17 2-4+: 9.1 (6.1-13.6)
Control, 7 HPV-611 1

signal
+/-: 2.2 (15-3.1)
1+: 4.6 (2.6-82)
2-4+: 3.9 (0.8-17.9)

Chang el al, (1990e) 5 condylomata i 1 normal Normal, 0 DNA in-situ Series of genital biopsies fromChina acuminata Condylomata acuminata, 100 (= (5.6-=)) hybridization, pathology departments21 sec sec. 57.1 (= (2.4-=)) 6, 1 i, i 6 and 18
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Reference and Cases Contrais HPV prevalence Odds ratio (95 % CI) HPV test Comments/adjustmentsstudy area (number and type) (number and type) (%)

Yokota elal. (1990) 31 rcc 666 with normal Cases HPV, l31. (13.7-71.1)) Filter in-situ OutpatientsJ apan cervices from out- HPV-16,39 HPV-16, (34.4 (13.7-86.)) hybridization
patientc1inics and HPV-18,1O HPV-18, (32.2 (5.2-193,6)) 611 1,16,18
screening centers HPV-611 1,3

Controls
HPV-16,2

(/HPV-18,1
--HPV-611 1,1
c:Zhang (1990) 1161CC 36 ICC,51 HPV, (17.6 (5.2-53.7)) Southem blot Crass-sectional 0China

Control. 6 HPV-16, (=(5.1-=)) 16,33,31 ..
tTHildesheim el al. 7661CC 1532 hospital and HPV-16118, 4.3 (3.0-.0) Filter in.situ Same study as Reeves et al. (/

(1991) community contraIs HPV-16118+HSV, 8.8 (5.9- hybridization (1989). This analysis focuses 0Latin-America
130) 611 1,16118 on the interaction HSV/HPV. "T

nOhta el al. (1991) 24rCC 124 (Pap 1-11) ICC,65 HPV, (721 (14-361)) V iraPap ™ ;iJapan 62 Pap Ila Pap IL, 50 ViraType™ Z56 Pap II Pap 1-11, 6 n29 Pap Ilb
tT8 CLS :;..Si el al. (1991) 31S ICC 24 normal biopsies ICC,60 HPV, (22 (5.0-95.4)) Dot blot/Southem blot Crass-sectional ZChina 14CIN Ci N, 50 HPV-16, (16.1 (3.9-149.8)) 16, II ::48 condyloniata Condylomata,28 HPV-18, (= (0.2-=))
c:34 cervicitis Cervicitis, 20
æ:Control, 8.3

;iWei elal. (1991) 169 for HPV 77 cervicitis ICC,40 (1.23 (0.3-4.8)) Dotblot Survey of 6710 women. ZChina 34CIS 2 cervical polyps CIS. 71 6b, 11,16, 18 Biopsy of those with (/10ICC CIN Il, 40 (4.44 (1.9-10.7)) abnonnalìties. HPV inSCIN 1 CIN IL, 33 biopsies6 CIN Il CIN 1,25
5 CIN II Control, 36.7

Kadish el al. (1992) 63 LSIL 122 controls LSIL, 92.1 (17.3 (6.1-52.9)) SouthemUSA 126 HSIL/ICC HSrUICC,66.7 (3.0 (1.-5.2))
Control, 40

Kanetsky el "1. 41CC 272 (226 tested for Case, 33 HPV, IS.3 (1.9-121) ViraPap ™ 278 blacklelderly women(1992) 1 crs HPV) Control. 2.7 611 L, 1611 8, 3l/33/35 attending screening program.New York, USA i ClN 1
Also questionnaire for risk
factors

0\--
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Reference and

study area
HPV prevalenL'e

(%)
C ()l1l1ents/ad justments

Cases
(number and iype)

Conlrols
(nul1ber and iype)

Odds raiio ('15 Ck Ci) HPV tesl

Lörincz et al, (1992)
USA

153 ¡CC 1566 normal cervices Conlrol. 6..

Case, S9.5

HPV - 16, 52.6

HPV -1 S, 26.3

Mandelblait et al. 6 (4ICC, 2 CINi 226 Case, .13..1

( 1992) Comrol. 2.7
New York, USA

Saito tlal. (1992) 20 CIN ¡-ILL 599 hospital CIN L-III. 45
Japan 22 ¡CC ¡CC. 6S.2

Comrol. 4.2
Thankamani ti ,,1. 1021CC 12 hysterectonÜes HPV - l l, 36
(1992b) Control. 0
¡ndia

HSV, 5.1 

Marin et "l, ( 1994) 60 SCC 42 normal HPV-16, -lS
Slovenia 6 adenocarcinomas Auenocan..'inoma 33,3 33.3

SCC 43,3 7.0
Control 11.'1 .i.

HPV-16, 260.0 (216,'1-31 1.91
HPV - l~, -45, -56,
2Yb. 1 (1 '1~.9-44 1. Ii

112.211.2-122.911

1 ISO (6,2-52.3)1
147.2116,3-141.7)J

110000 (1.5-10 OOO)J

HPV-/6
13.7 (0.4-36.011
15,7 (I.S-19.1))

Souihern hybridizaiion Pooled analysis and HPV
lesiing of subjects l'rom S
siudies. No adjusimems, crude
odds raiios

Dot hloi Women aged 65 or more

Doi blol

Hybridizaiion
Il,IHSV-2)

HPV-I t only, Abo HSV-2

ln-situ hybridizaiion

( J Calculated by the Working Group
SCC, squamous-cell carcinoma; ¡CC. invasive cervical carcinoma; CIN, cervical imraepilhe1ial neoplasia; LSIL, low grade squamous imraepithelial lcíon; HSIL. high grade syuamous imraepithelial
lesion; Pap, Papanicolaou smear; HSV, herpes simple x virus
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Schneider et al. (1 987b) studied HPV in Germany by filter in-situ hybridization methods
with probes for HPV -6/1 1, - i 6 and - 1 8 in 616 women with a history of hysterectomy. HPV was
present in 33% of 120 women with cervical neoplasia and in 14% of 442 women with benign
disease. fThe OR was 2.2 (95% CI, 1.2-3.9) for any HPV and 2.8 (95% CI, 1.4-5.5) for HPV-
16/18.1

Choo et al. (1988), in Taiwan, used dot blot and Southern blot hybridization to search for
HPV-16, -18, -31 and -33 in 31 cases of invasive cervical carcinoma and 190 cytologically
healthy women (viral DNA was studied in cervical swabs). The prevalences of HPV -16 were
51 % among carcinoma cases and 2.6% among contrais fOR, 39 (95% CI, 13- 123) 1.

ln Austria, Czerwenka et al. (1989) examined a series of cytology specimens with southern
blot, dot blot and in-situ hybridization. Specimens classified as normal or Pap II were HPV
positive by Southern blot in 27/166 (16.3%) whereas smears that were Pap Ili-iv were HPV
positive in 55/77 (74%) (OR, 14.7 (95% CI, 7.3-29.9)).

ln a study from Hong Kong, Donnan et aL. (1989) assessed prevalence of HPV - 1 6 by
Southern blot in 30 invasive cervical cancer cases and 17 gynaecological controls. A total of Il
cases and one control were positive (OR, 9.3 (95% CI, 1.0-84.1)).

Reeves et al. (i 989) conducted a population-based case-control study in Panama, Costa
Rica, Colombia and Mexico including 759 cases and 1467 age-matched, randomly selected

controls. HPV DNA was determined by filter in-situ hybridization with probes for HPV - i 6/18
and -6/1 1. Known and suspected risk factors for cervical cancer were assessed via direct
interview. Prevalences for any HPV were 67.1% for cases and 35.4% for controls; those for
HPV-16/18 were 62% for cases and 32% for controls; and those for HPV-6/1 i were 17% for
cases and 7% for controls. Relative risks for cancer, adjusted for age, number of sexual partners,
age at first sexual intercourse, number of live births, interval since last Pap smear and years of
education were: for any HPV, (3.7 (95% cr, 3.0-4.5)); for HPV- 16/18 signal +/-, 2.1 (95% CI,
1.6-2.8); signal 1+,4.1 (95% cr, 3.2-5.4); signal 2-4+,9.1 (95% CI, 6.1-13.6); for HPV-6/1 1
signal +/-, 2.2 (95% CI, 1.5-3.1); signal 1 +, 4.6 (95% CI, 2.6-8.2); signal 2-4+, 3.9 (95% CI,
0.8-17.9). fSeveral publications based on the sa me study provided slightly different risk
estimates (Reeves et aL., 1987; Brenes et al., 1987; Reeves et aL., 1989; Herrero et al" 1990;
Hildesheim et aL., 1991; Herrero et al., 1992)1.

Y okota et al. (1990) studied HPV infection in women from Tokyo, Japan, attending out-
patient gynaecology clinics and screening centres. Filter in-situ hybridization methods were
employed with probes for HPV -6/1 L, - 1 6 and - 1 8. ln 31 invasive cervical cancer cases, the
prevalences were 3%, 39% and 10% and in 666 control women without cervical pathology were
1%,2% and 1%. For invasive cervical cancer cases, the ORs were f31.2 (95% CI, 13.7-71.1)1
for any type of HPV, (3.7 (95% CI, 0.4-31)1 for HPV-6/1 1, (34.4 (13.7-86.4)1 for HPV-16, and
(32.2 (95% CI, 5.2-193.6)) for HPV-18.

Kadish et al. (i 992) in the USA used cervicovaginal lavage and Southern hybridization to
investigate 329 women attending a colposcopy clinic. The HPV DNA prevalence was 49/122
(40.2%) among controls and 142/189 (75.1 %) of patients with SIL or cancer (OR, 4.5 (95% CI,
2.7-7.6)). Among patients with LSIL, 58/63 (92.1%) were HPV positive fOR, 17.3 (95% CI,
6.1-52.9)). Of the patients with HSlL or cancer, 841126 (66.7%) were HPV positive (OR, 3.0
(95% CI, 1.7-5.2)).
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Lörincz et aL. (1992) reported on a pooled analysis of subjects included in eight studies that
were investigated using Southern blot, including the aforementioned Lörincz et aL. (1987). A
total of 153 cases of invasive carcinoma were compared to 1566 controls with normal cervices.
The prevalence of HPV in controls was 6.4%. The prevalence among cases was 89.5%, of which
52.6% was HPV-16 and 26.3% HPV-18. The type specific ORs were 260.0 (95% CI, 216.9-
311.9) for HPV-16, 296.1 (95% CI, 198.9-441.1) for HPV-18, -45 or -56, and 31.1 (95% CI,
18.7-51.8) for HPV-31, -33, -35, -51 and -52.

Mandelblatt et al. (1992) investigated HPV DNA by dot blot in six cases of cervical
neoplasia and 226 controls aged 65-96 years from New York, USA. HPV DNA was detected in
two cases and six controls (OR, 17.6 (95% CI, 1.4-155.0)).

Saito et aL. (1992) assessed HPV DNA by dot blot in 22 invasive cervical cancer cases and
599 cytologically normal women from Osaka, Japan. The prevalence of infection was 68.2% in
cases and 4.2% in controls (odds ratio, 47.3 (95% CI, 16.3-142)).

Monsonego et al. (1993) studied a series of patients from Pars, France, with squamous
genital cancer of the cervix (15), vagina (3), vulva (3) and anus (2). The study also included 48
specimens from the same locations without abnormal cytological features that served as
controls. Blot hybridization was used to detect and type HPV DNA. The prevalence of ail types
of HPV among controls was 26/48 (54.2%). Among squamous genital cancer cases the HPV
DNA prevalence was 19/23 (82.6%) (OR, 4.0 (95% CI, 1.1-16.5)) The study also included the
male partners of cases and controls. The HPV DNA prevalences in the lesions sampled were
6/16 (37%) in spouses of squamous cancer patients and 18/43 (42%) in spouses of negative
controls.

Marin et aL. (1994) investigated 66 invasive cancers and 42 hospital controls from
Ljubljana, Slovenia, using in-situ hybridization. Among controls, the prevalence rate of HPV - 16

was 11.9% and that of HPV-18 was 4.8%. The HPV prevalence in 60 squamous-cell carcinomas
was 43.3% for HPV-16 and 7.0% for HPV-18. ln six cases of adenocarcinoma the prevalence of
HPV-16 was equal to the prevalence of HPV-18 (33.3%). The estimated odds ratios for HPV-16)
were (3.7 (95% CI, 0.4-36.0)) for adenocarcinoma and (5.7 (95% CI, 1.8-19.1)) for squamous-
cell carcinoma (see also Table 31).

Table 40 includes the case-control studies that used PCR amplification methods to assess
exposure to HPV.

ln Spain and Colombia, Muñoz et aL. (1992) conducted a population-based case-control
study incIuding 436 incident cases of squamous-cell invasive cervical cancer and 387 population
controls. Specimens tested with PCR were 229/436 (53%) of the cases and 228/387 (60%) of the
controls. HPV detection was carred out using PCR methods based on the Li region consensus
primers. Hybridization was performed sequentially with probes to HPV-6, -11, -16, -18, -31,
-33, -35 under high-stringency conditions. Subsequently, the fiters were screened with a generic
probe containing a mixture of amplifiers of HPV -16 and - 1 8 (Bauer et aL., 1991). The ORs for
HPV DNA were 46.2 (95% CI, 18.5-115.1) in Spain and 15.6 (95% CI, 6.9-34.7) in Colombia.
The attributable fraction derived from this study indicated that 67.5% of cases in Spain and
66.0% in Colombia could be attributed to HPV. Odds ratios were also calculated by type
specific HPVs for Spain and Colombia combined, as follows: HPV-16 (29.7 (95% CI, 14.5-
57.4)), HPV-18 (19.4 (95% CI, 4.0-93.7)), HPV-31, -33, -35 (21.4 (95% CI, 6.1-75.6)) and



Table 40. Case-control studies of invasive cervical cancer using HPV hybridization assays including amplification (PCR)
methods

Reference and Cases Contrais HPV prevalence (%) Odds ratio (95 % CI) HPV testlcomments/adjustments
country (number and type) (number and type)

Type Cases Contrais

Muñoz et aL. 250 incident cases 238 population- Ali 69.0 4,6 46,2 (18.5-115,1) PCR, Adjusted for age, study

(1992) based controls area, number of sexual parners,
Spain education, age at first birth and

history of a prior Pap smear

Cali, Colombia 186 incident cases 149 population- Ali 72.4 73.3 15.6 (6,9-34,7)
CI~

based controls Spain and Colombia, c:0
combined ..
HPV-16, 29,7 (14,5-57.4)

rr
CI

HPV - 18, 19.4 (4,0-93,7) 0
"I

HPV -31, -33, -35, n
21.4 (6,1-75,6) ?
HPV unidentified, Zn
79.6 (11.-572.4) rr:;

Eluf-Neto (1994) 199 hospital-based 225 hospital-based Any 84 17 37.1 (19,6-70.4) PCR. Odds ratios adjusted for ..
Z

Brazil cases contraIs 16 54 5 74,9 (32,5-173) age, socioeconomic status, ::
18 9 1 56.9 (11.-276) number of Pap smears, parity, c:
31/33 3 0 number of sexual parners, age at ~
16/18/ 66 6 75,1 (34,2-165) first sexual intercourse and ?

Z
31/33 duration of oral contraceptive CI

Undefined 19 10 13,8 (6.4-29.6) use

Peng et al. 101 hospital-based 146 gynaecoIo- 16 31. .1.4 PCR. Adjusted for age, income,

(1991 ) cases gica1 clinic-based 33 3.0 0 residence, age at first marrage
China contraIs 16/33 34,7 1.4 32,9 (7,7-141.) and cigarette smoking

ter Meulen et aL. 50 cervical 359 non-cancer Any 89 59 (1.6 (0,8-3,2)) Southem blot and/or PCR

(1992) carcinomas gynaecoIogicai 16 38 (6.6 (2,9-15.4))
Tanzania (hospital-based) patients 18 32 (4.2 (1.8-9.9))

3 vaginal 45 6
carcinomas Other 13

--i
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Table 40 (contd)

Reference and Cases ContraIs HPY prevalence (%) Odds ratio (95 % CI) HPY tesUcomments/adjustmentscountry (number and type) (number and type)
Type Cases ContraIs -

;iDas et al. 96 hospital.based 22 asymptomatic Any 98 18 (211.(30,1-2048)) Southem blot and/or PCR ~n(1992a) cases normal women 16 64 18
3:

India
18 3 0 0Shen et al. 78 cervical cancers 55 uterine 66.7 5.5 HPY, (33.6 (9,5-184,2)) PCR. Results show a strang Z0(1993) leiomyomas HPY + CMY, interaction between HPY and aTaiwan, China

(00 (13.6-00)) CMY, ~
;i
"tAsato et al, 52 cervical cancers 2873 Pap I-II 88.5 9,5 (72,5 (30.5-209.6)) PCR, LI consensus primers :.
CI(1994 )

..1 apan

0
l'Griffn et al, 19 squamous-cell 10 normal Any 84.2 60 (3,6 (0.5-31.0)) PCR, HPY tested in paraffin c:(1990) carcinomas

wax-embedded material 3:
t'United Kingdom
0\.tArends et al. 47 cervical cancers 24 normal 16/18 79 0 (00 (17.2-00)) PCR(1993 )

United Kingdom

( J Calculated by the Working Graup
CMV, cytomegalovirus; PCR, polymerase chain reaction; Pap, Papanicolaou smear
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unidentified HPV-types (79.6 (95% CI, 11.1-572.4)). An additional analysis stratified by HPV
status was performed. This analysis showed that, among HPV -negative cases, the risk factors
identified were related to sexual behaviour. However, among HPV -positive cases and controls,
the only significant differences were the use and the duration of use of oral contraceptives

(Bosch et al., 1992).
Of the subjects included in these studies, 823 cervical specimens were a1so tested by

ViraPapTM. ln Spain, 250 cases and 238 controls were investigated. The HPV DNA prevalence
was 41 % among cases and 2.5% among controls (OR, 29.1 (95% CI, 10.3-81.9)). ln Colombia,
186 cases and 149 controls were investigated. The HPV DNA prevalence was 30.4% for cases
and 0.7% among controls (OR, 93.2 (95% CI, 12.6-687.3)). The intensity of the hybridization
signal in the ViraPapTM system was quantified into five categories. The corresponding odds
ratios were: very weak positive, 1.0; positive (2-3),8.6 (95% CI, 1.7-42.2); strong positive (4-
5), 10.3 (95% CI, 1.7-64.2). Southern hybridization was also used in 617 specimens. ln Spain,
184 cases and 158 controls were tested. The HPV DNA prevalence among cases was 36.4% and
among controls 5.7% (OR, 8.8 (95% CI, 4.1-19.0)). ln Colombia, 132 cases and 143 controls
were tested. The HPV DNA prevalence was 25.0% for cases and 4.2% among controls (OR, 9.6
(95% CI, 3.7-25.1)). The results of this study have also been partially reported elsewhere

(Muñoz et al., 1994).
Moreno et aL. (1995) conducted a statistical analysis of the CIN II and cervical cancer

studies in Spain and in Colombia. Risk factors were compared between the two types of cases
and between cases and contro1s ta ascertain factors that might favour the progression from CIN
III to invasive cancer. Neither entity differed in exposure to HPV, HPV types or estimates of
HPV viral load in any significant way.

ln São Paulo, Brazil, Eluf-Neto et al. (1994) conducted a hospital-based case-control study
including 199 histologically confirmed consecutive cases and 225 controls from a diversity of
diagnoses. A PCR system was performed directly on crude cell suspensions by a combination of
general primer-mediated and type-specific PCR (GP-PCRf-PCR). The HPV attributable
fraction calculated from this study was 86%. The ORs for type specific HPVs were 74.9 (95%
CI, 32.5-173.0) for HPV-16, 56.9 (95% CI, 11.7-276.0) for HPV-18, 75.1 (95% CI, 34.2-
165.0) for HPV-16, -18, -31 and -33 and 13.8 (95% CI, 6.4-9.6) for unidentified HPV types.
After adjustment, a residual association was found for increasing parity (p for trend = 0.02). A
non-statistically significant trend was observed for number of sexual partners and for duration of
use of oral contraceptives (Eluf-Neto et aL., 1994).

Peng et al. (1991) conducted a case-control study in Sichuan, China, with 101 cases and
146 hospital controls. HPV-16 and -33 were detected by PCR. Prevalences were 31.7% in cases
and 1.4% in controls for HPV-16, 3.0% in cases and 0% in controls for HPV-33 and 34.7% in
cases and 1.4% in controls for HPV-16/33 with an odds ratio of 32.9 (95% CI, 7.7-141.1)
adjusted for age, income, residence, age at first marrage and cigarette smoking. ln this study, no
association was found between cervical cancer and herpes simplex virus type 2 (OR, 1.3; 95%
CI, 0.7-2.3).

ter Meulen et al. (1992) determined HPV by PCR in 50 biopsies of invasive cervical cancer
and 359 cervical swabs of noncancer gynaecological patients in Tanzania. Any HPV was found
In 59% of controls and 89% of cases. Type-specific prevalences in cases were 38% for HPV-16,
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32% for HPV-18, 6% for HPV-45 and 13% for other HPV type. Crude relative risks were: (1.6
(95% CI, 0.8-3.2)) for any HPV, (6.6 (95% CI, 2.9-15.4)) for HPV-16 and (4.2 (95% CI, 1.8-
9.9)) for HPV-18. ln this study, HIV seroprevalence was also investigated and found to be
strongly correlated to HPV prevalence. The controls were HIV-positive in 12.8% of 

instances. ln
contras t, among 270 cases of cervical carcinoma, only 3% were HIV -positive. Among controls,
the stronger risk factors for HPV positivity was young age and HIV seropositivity. (The
W orking Group noted the high prevalence of HIV among controls, the young age of controls as
compared to cases and the fact that HPV was detected in biopsies among cases and in cervical
swabs among contrais.)

Das et al. (1 992a) reported a series of biopsies from 96 consecutive cases of cervical cancer
from India and compared them with 22 biopsies from normal controls attending the same clinic.
AlI specimens were investigated with Southern hybridization, and 91.7% of the cases were
found to be HPV -positive. The eight cases that tested HPV negative were further investigated
using PCR and six were found to be HPV-positive. HPV-16 accounted for 64% of the HPV
types. Four of the 22 controls were HPV-positive using PCR (18%) (OR, 211.5 (95% CI, 30.1-
2048)). (The Working Group noted the lack of systematic investigation of specimens using
PCR.)

Shen et al. (1993) conducted a case-control study in Taiwan with 78 invasive cervical
cancer cases and 55 controls with uterine leiomyoma. HPV and cytomegalovirus (CM 

V)
infections were determined by PCR. Prevalence of HPV was 66.7% in cases and 5.5% in
controls. The odds ratio for any HPV was (33.6 (95% CI, 9.5-184.2)) and a strong interaction
with CMV was found giving an infinite odds ratio for HPV plus CMV, based on 40 cases and no
controls positive for both.

ln a short communication, Asato et al. (1994) reported PCR-LI consensus primer-based HPV
prevalence rates in 52 cervical cancer cases and 2873 women with Pap L-II cervices from Ryukyus,
Japan. A total of 46 cases (88.5%) and 274 (9.5%) controls were positive (crude OR, 72.5 (95%
CI, 30.5-209.6)).

Griffin et al. (1990) assessed the prevalence of HPV-6, -11, -16 and -18 using PCR and
Southern blot in paraffin-embedded blocks from 19 cases of squamous-cell carcinoma and 10
normal cervices from Leeds, UK. HPV-6/11 was detected in 10 cases and five controls (OR, 1.1
(95% CI, 0.2-5.1)); HPV-161l8 was detected in 16 cases and five controls (OR, 5.3 (95% CI, 0.9-
3 i)).

Arends et al. (1993) used a type-specific PCR-based assay for HPV-6, -11, -16, -18 and -33
on 47 cervical carcinomas and 24 samples of histologically normal cervices. The incidence of
HPV - 1 6 and - 1 8 was 79% in carcinomas and 0% in the normal controls (OR, 00 (95% CI,
17.2-0)). HPV -6 and - 1 1 were not found in cancer cases or controls.

Figures 16 and 17 show the odds ratios and 95% confidence intervals for associations found
in case-control studies between HPV -16 (or its nearest surrogate) and risk of invasive cervical
cancer. Figures 16 and 17 show data obtained by methods other than PCR and by PCR,
respectively.

Table 41 summarizes studies that used serological assays to detect antibodies against HPV
proteins. The table includes mainly studies of anogenital cancer. Some published studies have also
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explored HPV seropositivity in cases of CIN (see above and Table 37) and in skin cancer (Steger
et al., 1990). Much additional work is currently underway in this active area.

Figure 16. Odds ratios and 95% confidence intervals for associations found in case-control
studies using non-PCR methods between HPV-16 (or its nearest surrogate) and invasive
cervical cancers
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Several antibody-detection systems have been used and the majority have been validated
against cervical cytological/histological diagnoses and/or HPV DNA in cervical cells. The sero-
logical detection rate among HPV DNA-positive cases in the studies reported range between 50



176 lARC MONOGRAPHS VOLUME 64

and 70%. Moreover, sorne of the assays perform differently in cases of invasive cervical cancer
(seropositivity rates are higher) than in cases of preinvasive lesions (see also section 1.3.4).

Figure 17. Odds ratios and 95% confidence intervals for associations found in case-control
studies using PCR methods between HPV-16 (or its nearest surrogate) and invasive
cervical cancers
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Data are taken from Table 40.

This section focuses on the studies that have reported antibody seroprevalence rates in cases
and in a group of non-cervical cancer controls. However, with few exceptions these comparisons
rarely comply with the requisites of design and analysis of rigorous epidernological investigations.

ln a study in Australia, Baird (1983) colIected sera from 60 cases of anogenital wars, 92
cases of CIN and 46 cases of cervical cancer. The sera was examined for IgG antibodies to a
group-specific BPV-2 antigen using a solid-phase enzyme-linked immunosorbent assay, and
compared with sera colIected from 256 controls (48 children, 108 adults, 60 attendees of STD
clinics and 40 non-cervical cancer patients). Prevalences were 10% in controls, 95% in cases of
anogenital warts, 60% in CIN cases and 93% in cervical cancer patients. Estimated crude odds
ratios were (171 (95% CI, 40.6-845.3)) for anogenital warts, (13.4 (95% CI, 5.8-31.5)) for CIN
and (129 (95% CI, 30.3-643.8)) for cervical cancer.

ln Germany, Jochmus-Kudielka et aL. (1989) colIected sera from 46 patients with HPV-
associated lesions, 88 patients with cervical cancer and from 385 controls (49 laboratory
personnel and 336 patients, both men and women, with no HPV-related infections) and tested
them by the Western blot technique for the presence of antibodies to HPV-16 proteins E4 and
E7 that had been expressed in Escherichia coli as fusion proteins. Prevalences of E4 and E7
were 18% and 4% respectively for control patients with no HPV-related infections, 12% and 2%
for controllaboratory personnel, 23% and 0% for patients with condyloma acuminata, 43% and
0% for CIN L-II patients, 32% and 16% for CIN III patients and 16% and 20% for cervical
cancer patients. Compared to an age-matched selection of controls, the crude ORs for cervical
cancer were 2.3 ((95% CI, 0.9-5.6)) for E4 and 18.0 ((95% CI, 3.9-115.7)) for E7. The authors



Table 41. Case-ontrol studies of CIN, invasive cervical cancer and cancer at other sites using serological assays for HPV antigens

Reference and Cases Controls HPY prevalence Odds ratio (95 'le CI) HPY serology test Comments/adjustments
study (number and type) (number and type) (%)

Baird (1983) 60 anogenital warts 48 children Anogenital wan, 95 (171 (40.6-845.3)) Solid-phase enzyme-linked Odds ratios caIculated using
Australia nCIN 108 adults CIN,60 (134 (5.8-31.5)) immunosorbent assay for an STD clinic patients and non-

46 cervical cancers 60 STD clinic Cervical cancer, 93 (129 (30.3-643.8)1 IgO antibody to a group- cervical cancer patient as
40 non-cervical cancers Control, 10 specifie BPY -2 antigens controls

Jochmus-Kudielka 44 HPV -associated 336 patients with no HPV- £4/£7 Compared ta age-matched Western bioi Anti-E7 antibodies may
el aL. (1989) Iesions related infections Control, 18/4 controls: HPY-16 represent a marker for cervical
Oermany 88 cervical cancers 49 laboratory personnel Laboratory personnel, 12/2 Cervical cancer for E4, ORFs E4 and E7 proleins development. Anti-E4 C/

-iCondyloma, 23/0 2.3 ((0.9-5.6)) (1, = 0.53) antibody may be correIated CCIN I-II, 43/0 Cervical cancer for E7, with virus replication. 0
CIN II, 32/16 18.0((3.9-115.7)) ..

tT
Cervical cancer. 16120 C/

Mann el al, (1990) 186 invasive cervical 172 age-matched controls Cases/conllols ELISA Odds ratios adjusted for 0
Panama cancers IgA to E7, 21/9 5.3 (2.-1 1.6) ¡gO and IgA antibodies to cigarette smoking, education, 'T

IgO to E7, 25/6 2.7 (1.-5.3) HPY-16 (E7 peptide and to pregnancies, time since last n
;pIgA to 245, 15/11 1. (1.2-3.) peptide 245, epitape in E2) Pap and age at first sexual Z

IgO to 245, 19/11 1.0 (0,4- 1.6) intercourse. n
Conclusions: Antibodies to E7 tT
are markers for invasive :;..
cervical cancer. Seropositivity Z
correIated poody with clinical ::
stage, survival, or the presence C
of HPV-DNA in tumour. ~

Steger el aL. (1990) 54 malignant melanomas 445 randomly selected Malignant meIanoma, 28 (1.6 (0,8-3.1)) HPV-8-specific IgO ;p
Oermany 60 basal-cell carcinomas controls Basal-celI carcinoma. 40 (2.7(1.5--.9)) antibodies to LI (Western Z

C/
44 Hodgkin' s diseases Hodgkin' s disease, 48 (3,7( 1.9-7,3)) blot analysis with the entire
II squamous-cell skin Squamous-cell skin (10.8(2,5-52.6)) HPV-8 Ll as antigen)
carcinomas carcinoma, 73

32 cervical cancers Cervical cancer, 37 (2.4(1.1-5.5))
Control. 20

BleuI el al. (1991) Invasive squamous-cell Age-matched controls with Tanzania Anti HPV -18 E6 and E7 Analysis with a synthetic 28-
Tanzania and cervical carcinomas other gynaecological Control, 0; case, 8.6 (00 (237-00)) antibodies mer peptide comprising E7/1

Gennany Tanzania: 11 6 problems Germany ELISA region
Oermany: 94 Tanzania: 11 6 Control, 0; case, 3,2 (00 (0.4-00))

Oermany: 94

-
----
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Table 41 (contd)

Reference and Cases Commis HPV prevulence Odds ratio (95 % CI) HPY serology test Comments/adjustmentsstud\ (niimber and iype 1 (number and type) ((kJ

Köchel el al. 46 çcn'ical cancers 31 non-genital cancer HPV-16/1X £6 & E7 As compared ta healthy Antibodies to HPV-ób. HPV-(1991 ) patients Case, ó3 controls: ló and HPY-18 LI. L2. E4Germany 41 healthy women Cancer control. 6.5 HPV-16/18 £6 & £7 and E7
Healthy control, 9.8 ( 1 5.8(4.3-63.3) 1 Western blol
HPV-16/18 Li & L2 HPV-/6/18 Li & L2
Case, 54.3 (1.5 (0.6-3.9)) -?Cancer control, 41.9

~Healthy control, 43.9 nKandn el al. (1992) 12CIN 140 healthy women Alili-HPV-16 £11£4 One-tailed p values ELISA Western blot Prevalences available for other 2:Japan 108 cervical cancers cases/cOlara/s HPV-16 EI/E4 and E7 cancers: ovarian (n = 28), 0CIN.O/O Cancer. 10.2/0 1.: 0.00011 endometrial (n = 6), ZAnri-HPV-/6 £7
choriocarcinoma (n = 3), 00coses/coiiirois
vulvar (n = 2), VIN (n = 3) ~CIN, 0/0 Cancer, 20.4/0 (.: 0.0(01) ?Lehtinen (1992) Newly diagnosed cervical 61 age-maiched controls Squamous.cell cClrcÎnomas IgA HPV - 1 6 E2 peptide 245 ELISA Unadjusied odds ratios '"::Finland carcInomas: ('ases/controls Squamous-cell, 13 (2.4-249) HPV-16 E2

V142 squamous'cell HPV-6 E2, 17/5 Adenocarcinoma,9 (1.8-194) IgA and IgG ami body kvcls ~carcinomas HPY-16 E2, 43113 Any, 9.5 (2.8-57.2) 019 adenocarcinomas Adell(J('orcil1(liia No difference with HPV-6 r
cases/conln,ls No differences wiih IgG c:

2:HPV-6 E2, IIIII
mHPV-16 E2. 42116
0\Am' .¡

cases/con trois 

HPY.6 E2, 15/7
HPY-16 E2, 43115

Mande1son el al. 69 invasive cervical 81 controls HPV-16 E7 + l, 0.8 (0.4-1.8) IgG aniibodies to HPV-ó Adjusted for age. cigarette( 1992) cancers Level Cases/con trois )0 +1, 3.8 (1.-8.5) (LI, L2) smoking. age at firsl sexualUSA
a 66/71 Others (HPV-6, -16/18 LI & HPV-IóIl8 tE2, E4. E6. E7. intercoiirse, Iifetime number of

+ 1 12/17 L2 & other Es) were not LI & L2) sexual panners. number of
)0 +1 22/12 associated) Western blot assay prior binhs, number of prior

Pap smears in previous de cade 



Table 41 (contd)

Reference and Cases Controls HPV prevalence Odds ratio (95 'l Cl) HPV serology test C ommen ts/ adj us tme n lS

study (number and iype) (number and type) (%)

Müller et al. (1992) 100 HPV-16 invasive 177 contro1s of invasive Any £6Iany £7 Any £7 ELISA with 4 HPV-16 E6- Results for E6 can be also

Colombia and 15 HPV-other invasive cases Invasi ve control. 4/15 E7 peptides computed bul the preva1ences

Spain 62 HPV-negative CIN-control,6/20 are m uch smaller than E7.

invasive cancers HPV -16-invasive, 16/42 (4.0 (2.2-7.4)) Cases were selected because of

49 HPV-16 CIN II 49 controls of CIN cases HPV-other-invasive, 0/27 (2.0 (0.5-7.6)) HPV DNA stalus and con troIs. 

HPV -negative-invasive. C/

2/23 (1.6 (0.7-3,5))
-i
C

HPV-16CIN,4/18 (0.9 (0.3-2.7)) 0
HPV -positive-invasive (3.7 (2.0-6.7)) -

t'
Sasagawa et al. 30 invasive cervical 38 healthy women £6/£7 One-iailed l'-values £6/£7 HPV-16 E6 & E7 C/

(1992) cancers CIN,19/8 (.: 0.01/0.16) ELISA 0
Japan 26 CIN II Invasive cancer, 27/33 i.: 0.001/0.0001)

'i
Control, 0/0

(J

Ghosh et al. (1993) 92 cervical cancers 84 hea1thy women LI /£4/£6/£7 Age-sex-maiched (69 cases E4, E6, E7, LI
;i
Z

United Kingdom 90CIN Control, 4/24/5/1 0 and 69 controls) Western blot analysis of (J
CIN Vcondyloma. Ce rvica! canee r recombinant HPV proteins t'
1 8/36/14/14 E4, (2.5 (1.1-5.5))

;:-
CIN II-IL, 10/39/13/6 E6, (16.7 (3.5-108.3)j Z
Cervical cancer, 5/43/35/25 E7, (3,9 (1.2-13.0)) :i

Jha et al, (1993) 219 popu1ation-based 387 age-matched women Cases/controls HPV-16 E7 and for HPV-18 Adjusted for age, number of C
United Kingdom ærvical cancers HPV-16 E7, 14/7 1.9 (1.1-3.5) E7 sexua1 partners. age at first 3:

HPV-18 E7, 7/5 1.8 (0.8-3.9) ELISA sexual intercourse, years of ;¡
HPV-16/18 E7, 20/12 1.9 (1.-3.2) oral contraceptive use, number Z

C/
of normal Pap smears in the
past four years

Heino et al. (1993) 64 anal epidermoid 79 healthy blood donors Prevalence IgA £2:9 IgA £2:9. (25.7 (9.3-74.3)) ELISA

Sweden carcînomas Case, 89; control, 24 Ll, U, E7 not significantly IgA and (gG antibodies to 5
associated HPV - 1 6 peptide antigens

Paez et al, (1993) 51 squamous-cell 200 hea1thy blood donors £7/L2 £7, (4.0 (1.4-11.)) Antibodies to HPV-16 E7

J apan carcÎnomas Squamous-cell, 20/29 L2, (4,7 (2.1-10.4)) and L2 proteins

4 adenosquamous-cell Adenosquamous-cell,0/75 Western blot assay

2 adenocarcinomas Adenocarcinoma, 0/0
Ail cancer, 18/32

Control, 5/9

--
\0



Table 41 (contd)

Comments/adjustments

Reference and
study

Cases

(number and type)
Controls
(number and type)

HPV prevalence

(%)
Odds ratio (95 % CI) HPV serology test

Stacey et al. (1993) Cervical cancers:
Australia 10 E7 seropositive

10 E7 seronegative

Viscidi et al.

(1993)
Colombia and

Spain

Sun et al, (l994a)
Colombia and

Spain

Sun et al. (1994b)
Brazil

97 invasive cancers
49CIN

97 population-based
invasive cervical cancers

194 hospital-based

invasive cervical cancers

10 healthy controls

121 controls of invasive

cases
48 con troIs of CIN cases

121 population-based

controls

217 hospitaI-based controls

Prevalence ofbE7 RIPA
E7 seropositi ve, 100
E7 seronegative, 50
Any, 75

Control, 0

E6 or E7 caseslcontrols
CIN: 8 / 2
Invasive: 72 / 6

E6
E7
E6 or E7

ELISA
15/5
41/17
46/21

fp = O.OOOIJ

E6 or E7 case;lcontrols

(4.2 (0.4-102..0)J
(42.2 (16,4-113.7))

RIPA
56/2
43/4
72/6

E6 ELISA, 3.5 (2.1-5.8)
E6 RIPA, 74.7 (25.2-219.5)
E7 ELISA. 3.3 (2.7-4.0)
E7 RIPA, 17.7 (11.1-29.7)
E6 or E7 ELISA, 3.3 (2,8-
3.9)
E6 or E7 RIPA, 42,2 (28,3-
62.7)

35(15-83)
10 (4-25)

28 (13-61)
87 (10-736)

HPV-16 E7 protein by
recombinant baculovirus

(bE7 RIPA)

HPV-16 E6 and E7
TT-RIPA

Radioimmunopreci pitation
(in vitro-translated HPV-16
E6 & E7) versus ELISA (E6
and E7 synthetic peptides)

Radioimmunopreci pi tation
HPV-16 E6 and E7

Authors conclude that the bE7
RIPA assay provides a more
sensitive method for the
detection of E7 antibodies in
human sera than does the
currently widely used Western
blotting method.

Comparison of peptide-ELISA
versus TT-RIPA, Odds ratios
not adjusted

Odds ratios adjusted for age,
socioeconomic status, number
of Paps, parity, NOSP, AFSI,
duration and use of oral
contraceptives sensitivity and
specificity for invasive cancer:
E6 or E7: 63 and 90; E6 or E7

(high titres): 41 and 99.7

E6: 54/6
E7: 30/5

E6 or E7: 63/10
E6 and E7: 21/0.5
E6 or E7 high antibody
titres: 4l/0.5 239 (29-19461

( J Calculated by the Working Group
CIN, carcinoma ln situ; TT-RIPA, radioimmunoprecipitation of the translated protein; NOSP, number of sexual partners; AFSI, age at first sexual intercourse; VIN, vulvar intraepithelia1 neoplasia;
ORF, open reading frame; STD, sexually transmitted disease; BPV, bovine papillomavirus; ELISA, enzyme-linked immunosorbent assay; Pap, Papanicolaou smear
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conclude that the presence of anti-E7 antibodies may represent a marker for cervical cancer
development and that the presence of anti-E4 antibodies may be correlated with virus
replication.

ln Panama, Mann et aL. (1990), using an enzyme-linked immunosorbent assay, tested sera
from 186 cases of invasive cervical cancer and from 172 age-matched controls for IgG and IgA
antibodies to HPV -16 E7 peptide and to peptide 245, representing an epitope in E2. Prevalences

(%) in cases and controls were 21 and 9 for IgA to E7, 25 and 6 for IgG to E7, 15 and 11 for IgA
to peptide 245 and 19 and IL for IgG to peptide 245, respectively. The ORs for cervical cancer,
adjusted for cigarette smoking, education, number of pregnancies, age at first sexual intercourse
and time since last Pap, were 5.3 (95% Ci, 2.4-11.6) for IgG to E7, 2.7 (95% CI, 1.3-5.3) for
IgA to E7, 1.7 (95% Ci, 1.2-3.3) for IgG to peptide 245 and 1.0 (95% Ci, 0.4-1.6) for IgA to
peptide 245. Seropositivity correlated poorly with clinical stage, survival or the presence of
HPV-DNA in tumour. The authors concluded that these data suggest that antibodies to E7 are
markers for invasive cervical cancer.

ln Germany, Steger et al. (1990), using Western blot analysis with the entire LIas antigen
to detect HPV -8-specific IgG antibodies, tested serum from 445 randomly selected controls and
from 201 patients with various cancers (54 with malignant melanoma, 60 with basal-cell carci-
nomas, 44 with Hodgkin's disease, IL with squamous-cell skin carcinoma and 32 with cervical
cancer). Prevalences of HPV -8 LI antibodies were 20% in the control group, 28% in patients
with malignant melanoma, 40% in patients with basal-cell carcinomas, 48% in patients with
Hodgkin's disease, 73% in patients with squamous-cell skin carcinoma and 37% in patients with
cervical cancer. The corresponding estimated odds ratios were (1.6 (95% Ci, 0.8-3.1)) for
malignant melanoma, (2.7 (95% Ci, 1.5-4.9)) for basal-celI carcinomas, (3.7 (95% Ci, 1.9-7.3))
for Hodgkin's disease, (10.8 (95% Ci, 2.5-52.6)) for squamous-cell skin cancer and (2.4 (95%
CI, 1.1-5.5)) for cervical cancer.

Suchánková et al. (1991) tested a total of 140 sera from Czech women with either normal
cervical diagnoses (n = 85), CIN (n = 21) or cervical cancer (n = 34) compared to 10 children's
sera as controls. They assayed IgG antibody by ELISA against an HPV - 1 6 E7 synthetic peptide

(l6Æ7-2) and by Western blot against a genitally engineered HPV-16 E7 fusion protein. The
two assay results were highly significantly correlated. Twelve of 34 cancer patients (35.2%)
tested positive in one or both assays compared to six of 106 (5.7%) CIN and normal patients.
None of the 10 children's sera was reactive.

ln a study in USA, Mandelson et al. (1992) measured IgG antibodies to HPV -6-encoded LI
and L2 and to HPV - 1 6- and HPV -18-encoded E2, E4, E6, E7, LI and L2 bacterial fusion

proteins in a Western immunoblot assay among 69 cases with invasive cervical cancer and 81
control women. The intensities of the Western blot bands were graded as 0 (negative), + 1, +2 or
+3. Prevalences (%) for anti HPV-16 E7 among cases and controls were 66 and 71 for grade 0,
12 and 17 for grade + 1 and 22 and 12 for grade :; + 1. The OR (adjusted for age, cigarette
smoking, age at first sexual intercourse, lifetime number of sexual partners, number of prior
births, number of prior Pap smears in previous decade) for HPV-16 E7 was 3.8 (95% CI, 1.7-
8.5) for grade;: + 1. Odds ratios for the other fusion proteins were not statistically significant.
The authors conclude that these findings strongly support an association between antibodies to
HPV - 16 E7 and invasive cervical cancer.
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Müller et aL. (1992) collected sera from 177 cases of invasive cervical cancer and their 177
controls, and sera from 49 cases of CIN III and their 49 controls, aIl paricipating in a case-
control study of cervical cancer and CIN ILL in Spain and Colombia, and examined them for
antibodies to four HPV -16 E6 and E7 peptides. Cases of invasive cervical cancer were
categorized, according to their PCR-based HPV DNA status, into HPV-16 DNA positive
(n = 100), HPV DNA positive for other types (n = 15), and HPV DNA negative (n = 62). Ali
CIN cases selected were positive for HPV-16 DNA. Prevalences (%) of antibodies to any of the
four E6 peptides and to any of the four E7 peptides for each group were four and 15,

respectively, for controls of invasive cases, 6 and 20 for controls of CIN cases, 16 and 42 for
cases of HPV-16 positive invasive cancer, 0 and 27 for cases of invasive cancer positive for
other HPV types, 2 and 23 for cases of invasive cancer HPV negative, and 4 and 18 for cases of
HPV-16 positive CIN. Estimated crude ORs using positivity to any of the E7-related peptides
were (3.7 (95% CI, 2.0-6.7)) for the HPV positive invasive group, (4.0 (95% CI, 2.2-7.4)) for
the HPV-16 invasive group, (2.0 (95% CI, 0.5-7.6)) for the other HPV types group, (1.6 (95%
CI, 0.7-3.5)) for the HPV-negative group and (0.9 (95% CI, 0.3-2.7)) for the HPV-16 CIN
group. Thus, HPV-16 E6Æ7 seropositivity was most associated with invasive cancer containing
HPV-16.

ln the United Kingdom, Ghosh et al. (1993) collected sera from 90 cases of CIN and 92
cases of cervical cancer and examined them in comparison with those of 84 healthy controls for
antibodies to HPV early proteins E4, E6, E7 and the major capsid protein LI using Western blot
analysis of recombinant HPV proteins. Prevalences (%) for LIÆ4Æ6Æ7 were 4/24/5/10 for
controls, 18/36/14/14 for CIN 1 and condylomata, 10/39/13/6 for CIN II-II and 5/43/35/25 for
cervical cancer. ln an analysis of 69 cases and 69 controls matched by age, the estimated odds
ratios for cervical cancer were (2.5 (95% CI, 1. 1-5.5)) for E4, (16.7 (95% CI, 3.5-108.3)) for E6
and (3.9 (95% CI, 1.2-13.0)) for E7.

Jha et al. (1993) colIected sera from 219 cases of cervical cancer and their 387 controls
participating in a population-based case-control study in the United Kingdom and examined
them for antibodies to HPV-16 E7 and/or HPV-18 E7 by ELISA. Prevalences (%) for cases and
controls were 14 and 7 for HPV-16 E7, 7 and 5 for HPV-18 E7 and 20 and 12 for HPV-161l8
E7. The ORs adjusted for age, number of sexual partners, age at first sexual intercourse, years of
oral contraceptive use and number of Pap smears in the past four years were 1.9 (95% CI, 1.1-
3.5) for HPV-16 E7, 1.8 (95% CI, 0.8-3.9) for HPV-18 E7 and 1.9 (95% CI, 1.2-3.2) for HPV-
16/18 E7. (The Working Group noted that blood colIection folIowed case-control diagnosis by
several years.)

Krchnák et aL. (1993) studied seroreactivity to four HPV-18 E7 peptides in 65 invasive
cancer patients and 65 controls matched on age and place of residence in the Czech Republic.
Seroreactivity was extremely low in cases (-( 5% to any peptide) and totalIy absent in contraIs.

Onda et al. (1993) in Japan tested seroreactivity to HPV-15 E4 and E7 ELISA antigens as
weil as HPV DNA type among 51 women with invasive cervical cancer compared to 22 women
with CIN (10 with carcinoma in situ). The ELISA antigens were bacterially expressed. Li
consensus primers were used for PCR. Ten out of 17 (58.8%) HPV-16 DNA-positive cancer
cases were positive for either anti-E4 or anti-E7, compared to 24 women (12.5%) with cancer
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containing another HPV type and 0/10 women with HPV -negative carcinoma. The only other
seropositive patient had HPV -negative carcinoma in situ.

Viscidi et aL. (1993) collected sera from 97 cases of invasive cervical cancer and their 121
controls, and sera from 49 cases of CIN and their 48 controls, paricipating in a case-control
study of cervical cancer and CIN in Spain and Cali, Colombia, and examined them for
antibodies to HPV - 1 6 E6 and E7 proteins by radioimmunoprecipitation of the in-vitro translated

proteins (TT-RIPA). Prevalences (%) for invasive cases and contrais were 56 and 2 for E6, 43
and 4 for E7, 72 and 6 for E6 or E7 and 26 and 0 for E6 and E7. Prevalences (%) for CIN cases
and controls were 2 and 0 for E6, 6 and 2 for E7, 8 and 2 for E6 or E7 and 0 and 0 for E6 and
E7. The estimated crude OR for E6 or E7 was (42.2 (95% CI, 16.4-113.7)) for invasive cervical
cancer and (4.2 (95% CI, 0.4-102.0)) for ClN.

DilIner et al. (1994) conducted a seroepidemiological study of cervical cancer and HPV in
northern Sweden. Sera from 94 cases of incident cervical cancer were compared to 188 age- and
sex-matched contraIs. Twelve antigens from HPV-6, -II, -16 or -18 were tested as a panel for
IgG and IgA reactivity. Significantly increased odds ratios of about 3 were found for multiple
antigens with the highest OR (9.2 (95% CI, 4.4-19.4)) associated with IgG to an HPV-18 E2
antigen.

Nindl et al. (1994) analysed sera obtained from 137 Mexican cervical cancer patients using
several different assays for HPV -16 proteins E6 and E7. Specifically, ELISA using as antigen
either synthetic peptides or the complex E7 protein was compared to RIPA using viral protein
made by in-vitro transcription/translation. As controls, sera from 163 healthy Mexican women
and 35 healthy German men were tested. For aIl assays, cancer cases had higher seroreactivity
(17-47%) than controls (who were rarely seropositive).

Sun et al. (l994a) extended the work of Viscidi et aL. (1993) by testing sera further from 97
cases of invasive cervical cancer and 121 controls paricipating in a population-based case-
control study of cervical cancer in Spain and Cali, Colombia. They examined them for anti-
bodies to HPV-16 E6 and E7 by both the radioimmunoprecipitation assay with in-vitro-
translated HPV-16 E6 and E7 proteins (TT-RIPA), and an enzyme-linked immunosorbent assay
(ELISA). Prevalences (%) for cases and controls using peptide-ELISA were 15 and 5 for E6, 41
and 17 for E7, 46 and 21 for E6 or E7 and 8 and 2 for E6 and E7. Prevalences (%) for cases and
controls using TT-RIPA were 56 and 2 for E6, 43 and 4 for E7, 72 and 6 for E6 or E7 and 27
and 0 for E6 and E7. The unadjusted ORs using peptide-ELISA were 3.5 (95% CI, 2.1-5.8) for
E6, 3.3 (95% CI, 2.7-4.0) for E7, 3.3 (95% CI, 2.8-3.9) for E6 or E7 and 3.5 (95% CI, 1.4-8.9)
for E6 and E7. ln comparison, the unadjusted odds ratios using TT-RIPA were much larger: 74.7
(95% CI, 25.2-219.5) for E6, 17.7 (95% CI, 11.1-29.7) for E7, 42.2 (95% CI, 28.3-62.7) for E6
or E7 and (00 (95% CI, 10.6-()) for E6 and E7.

Masked sera from 194 cases of invasive cervical cancer and 217 controls paricipating in a
hospital-based case-control study of cervical cancer in Brazil were examined for antibodies to
HPV-16 E6 and E7 by radioimmunoprecipitation assay (Sun et al., 1994b). Prevalences (%) for
cases and controls were 54 and 6 for E6, 30 and 5 for E7, 63 and 10 for E6 or E7, 21 and 0.5 for
E6 and E7 and 41 and 0.5 for high antibody titres to E6 or E7. The ORs adjusted for age,
socioeconomic status, number of Papanico!aou smears, party, number of sexual parners, age at

first sexual intercourse and duration of oral contraceptive use were 35 (95% CI, 15-83) for E6,
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10 (95% CI, 4-25) for E7, 28 (95% CI, 13-61) for E6 or E7, 87 (95% CI, 10-736) for E6 and
E7 and 83 (95% CI, 10-689) for high antibody titres (cpm ? 6000) for E7 and 239 (95% CI, 29-
1946) for high antibody titres (cpm ? 6000) for E6 or E7. Antibody prevalences (%) for HPV-
DNA 16 and HPV DNA-negative invasive cases were 6l/41 for E6, 43/14 for E7, 73/41 for E6
or E7, and 31/14 for E6 and E7. The sensitivity and specificity for invasive cancer were 63%
and 90% for E6 or E7 and 41 % and 99.7% for high antibody titres (cpm ? 6000) to E6 or E7.

Dillner et al. (1995) extended their previous seroepidemiological study of 94 Swedish cervical
cancer cases and 184 matched con troIs by testing the sera for IgG and IgA to several promising
new antigens. Seropositivity in the tests was, for most, significantly associated with risk of cervical
cancer, with odds ratios ranging up to 15. The three serological assays showing the strongest

associations with cervical cancer were E6 : 10 IgA (OR, 15 (95% CI, 6.0-49)), HPV - 16 virus-like
paricIe IgG (OR, 9.3 (95% CI, 3.8-27.5)) and El: 19 IgG (OR, 7.8 (95% CI, 4.0-16)). Even
higher odds ratios were observed when combinations of assays were used to discriminate cases
from controls.

Nonnenmacher et al. (1995) tested the serological response to HPV-16 virus-like paricles
among 89 women with HPV-16 DNA-positive cervical cancer and 49 with CIN III compared to
162 controls in Colombia and Spain. Seropositivity was strongly associated with risk of cervical
cancer (OR, 9.5 (95% CI, 4.9-19.3)) and CIN (OR, 22.6 (95% CI, 9.7-56.8)) in both countries. ln
contrast to E6 and E7 RIPA data from the same population (Müller et al., 1992), seropositivity to
virus-like paricIes was significantly higher among CIN patients than among cancer patients.

From the studies in Table 41 the following conclusions seems to emerge:

(i) The association of HPV derived antibodies with cervical cancer

Differences in HPY antibodies between cases of cervical cancer and controls have
consistently been detected by serological assays. Studies based on HPV -derived antibodies are
generally consistent with the findings of the studies based on HPV DNA detection; but with
sorne exceptions, the magnitude of the risk estimates is lower th an that obtained by recent HPV
DNA-based comparisons.

( ii) Tit re (~f antibody
One study indicated that high antibody titres to E6 and E7 was a stronger discrimination

between cases and con troIs than antibody positivity (Sun et al., 1994b).

(iii) Clinicat stage of cervical neoplasia
Although comparability of studies cannot be formalIy established, antibodies to HPV-

derived proteins are more often found in cases of invasive cervical cancer than in cases of
preinvasive lesions. One study suggested that seroprevalence of antibodies to E6 protein were
directly related to clinical stage (Sun et al., 1994b). The finding is not replicated by other studies
(Heino et aL., 1993).

2.4.2 Other cancers

(a) Anogenital cancers

There are few case-control studies of the association between HPY and cancers of the
genital tract other than cervix (for revIew see Daling & Sherman, 1992; Holly & Palefsky,
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1993). ln this section, studies in which history of genital wars was analysed as a surrogate
measurement of HPV infection are described.

(i) Cancer of the penis

Table 42 summarizes four studies. HPV - 1 6 was the predominant HPY type (:; 60%) in ail
the reports. One study using PCR reported HPV prevalences of 49% (Maden et al., 1993) for
penile cancer and another, using in-situ hybridization, found over 90% HPV positivity for penile
intraepithelial neoplasia (PIN) II and II (Demeter et al., 1993).

Maden et al. (1993) reported an odds ratio of 5.9 (95% CI, 2.1-17.6) for history of genital
warts. A further study tested normal foreskin from adults and found strong associations between
both overalI HPV and HPV - 1 6 and penile carcinoma (Varma et al., 1991).

Brinton et al. (1991) conducted a case-control study of penile cancer in China involving
141 cases and 150 community controls. On examination, 13 cases and one control had genital
warts at the time of the study (OR, 15.1 (95% CI, 2.2-647)).

(ii) Cancer of the anus

Six case-control studies have reported on HPV and anal cancer (Table 43). Control material
included, variously, colon adenocarcinoma and anal tissue from the control patients. The HPV
DNA prevalence observed in epidermoid anal cancer cases ranged from 21.3% (Beckmann et
al., 1989) to 80% (Ogunbiyi et al., 1 994a). The prevalence of HPV DNA in anal
adenocarcinoma was zero in one study (Beckmann et al., 1989). The prevalence among controls
ranged from 0% to 14% and the odds ratio estimates were consistently greater than 20.

(iii) Cancers of the vulva

Three case-control studies have reported on cases of cancer of the vulva (see Table 44). ln
the USA, Brinton et al. (1990) compared the history of genital warts in a series of 209 cases of
vulvar cancer and 348 community controls. Cases reported warts in 14.8% of instances and
controls in 1.4%. The odds ratio was 15.2 (95% CI, 5.5-42.1). A possible interaction with
smoking was suggested. Smokers with a history of warts had 35 times the risk of vulvar cancer
over controls.

ln Denmark, Hørding et al. (1993) tested 62 women with vulvar cancer and 1 io specimens
of vulvar tissue from women who died in accidents. Using PCR techniques, HPV (HPV -6/1 l,
-16, -18, -33) DNA was detected in 30.6% of the cases and in none of the controls. HPV
prevalence was more common if the cancer tissue had VIN III lesions in the adjacent region.

ln Australia, Kulski et al. (1989) used fiter in-situ hybridization to test for HPY DNA
specimens from the cervix and the vulva of women referred because of clinical or morphological
abnormalities or past HPV infection. Of the samples, 74% of the cervical scrapes and 68% of the
vulvar scrapes were HPV positive. None of 35 women without signs of cervical abnormality
tested positive for HPV DNA. (The difference in HPV prevalence between cases and controls
may be overestimated due to the selection criteria of cases and controls.)
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Table 42. Case-ontrol studies of penile neoplasms

Reference and Cases Controls HPV prevalence Odds ratio HPV test Comments/adjustments
countr (number and type) (number and type) (%) (95% CI)

Brinton et al, 141 cases of penile 150 community Case, 9 Genital warts: History of
(1991 ) cancer controls Control, 1 (15.1 (2.2-647)) genital wars
China HPV prevalence

assessed by genital ..
wars )-

¡:Vana et al. 23 cases (30 20 foreskins from Cases PCR Cases and controls were tested on paraffn ('
(1991 ) specimens) of adults HPV, 87 (00 (17,7-0)) ln-situ embedded specimens from archivaI materiaI. ~
USA penile carcinoma HPV-16,78 (00 (11.-0)) hybridization Tests incIuded HPV -6/1 1 and - 1 6 probes. 0

Z
Contrais, 0 Prevalence reported incIudes the combined 0

results of the PCR and in situ tests and refers a
to the 23 patients, ¡:

)-
Demeter et al, 44 PIN 88 men with PIN l, 62,5 RNA-RNA Controls not tested for HPV. Concordance "'

::
(1993 ) condyloma (58% HPV-6/1 1) in-situ on HPV between in situ hybridization and Cf
USA acuminatum PIN II, 90 hybridization Southern blot was 74%, Concordance on ..0(not tested forHPV) (60% HPV -16, -31) Southern blot type among positive cases was 100%. No l'

PIN II, 92,3 evidence of viral integration c:
(92,3% HPV-16) ~

tI
Maden et aL. 110 penile cancers 355 men from Cases History of genital PCR Cases tested on paraffn-embedded 0\

L.
(1993) (67 tested for general population HPV,49 wars: History of specimens, Subjects interviewed were 50,2%
USA HPV) matched by age at HPV-16,70 5,9 (2,1-17,6) genital wars of the cases and 70,3% of the contraIs,

date of diagnosis Contrais, not tested
HPV prevalence
assessed by genital
wars

( J Calculated by the W orking Group
PIN, penile intraepithelial neoplasia; PCR, polymerase chain reaction



Table 43. Case-control studies of anorectal cancer

Reference Cases ContraIs HPV prevalence
and country (number and type) (number and type) (%)

Daling et al. 148 anal cancers 166 colon cancers History of genital warts
(1987) Squamous-cell
USA homosexual men, 47.1

heterosexual men, 28,6
women, 28,3

Transitional-cell, 0
Control, 1-2

Palmer et aL. 45 anal cancers 28 sex-matched HPV,61
(1989) patients undergoing HPV-16,56
United rectal surgery HPV-18,5
Kingdom Control, 0
Beckmann 23 anorectal carcInomas 110 colon ln situ, 56,5
et al. (1989) in situ adenocarcInomas Invasive, 21.3

USA 47 invasive carcinomas (fixed tissue) Transitional, 2.4

42 transitional-cell Adenocarcinoma, 0

carcInomas Control, 0
14 adenocarcInomas

Scholefield 152 women with CIN II 50 women without Case, 51

et al, (1992) investigated for CIN (2 with CIN 1) Control, 14

United AIN/anal cancer (AIN, n = 0)
Kingdom (n = 29)
Shroyer 5 anorectal cancers 22 colon Case, 100

et al. (1992) adenocarcinomas Control, 0
USA

Ogunbiyi 40 invasive vulvar 80 hospital Vulvar cancer, 75
et al. (1994a) cancers investigated for Anal SIL, 76,9
United HPV anal infection and Anal cancer, 80

Kingdom anal cancers from biopsy Control, 13,7

material taken using a
proctoscope in
conjunction with a

colpo sc ope 

Odds ratio HPV test

(95% CI)

26.9 (2,8-257,1) History

(00 (8,8-00))

(00 (7.4-00))

(00 (0,1-00))

(00 (27-00))

(00 (6.2-00))

(00 (0,1-00))

(6,5 (2,1-21.))

(00 (12,1-00))

Anal neoplasms:

22.0 (5.4-98,6)

Southem blot,
dot blot
ln-situ hybri-
dization

ln-situ
hybridization

PCR

PCR (100%)
ln-situ hybri-
dization (80%)

PCR

Comments/adjustments

No HPV tests performed

HPV - 16 was predominantly integrated
into cellular DNA

Type distribution was similar between in
situ and invasive carcinomas, Of 23
HPV -positive cases, 8 were HPV -6, i 0
were HPV-16, 1 was HPV-18, and 4
were HPV-X, Control tissue was a strip
of anal epithelium extending from
anorectal junction to the anal margin,

Study of concurrenilesions in the vulva
and the anal region. Contrais were
selected if the y had no history of
anogenital HPV infection or neoplasia,
Cases were not excluded if history of
HPV infection, Only HPV - 1 6
investigated

( J Calculated by the Working Group
AIN, anal intraepithelial neoplasia (grades I, II, II); $IL, squamous intraepitheliallesion; PCR, polymerase chain reaction; CIN, cervical intraepithelial neoplasia; X, HPV
type unknown
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Table 44. Case-ontrol studies of vulvar and ovarian cancers

Reference and Cases Controls HPV prevalence Odds ratio HPV test Comments/adj ustmentscountry (Number and type) (Number and type) (%) (95% CI)

Kaufman et al. 12 ovaran cancers 4 normal ovaries Case, 83 HPV -6b, ln-situ Signal intensity specifically located in(1987)
Control, 0

(00 (1.-00)) hybridization the nucleus using HPV -6b probe,USA
Signal with HPV-I 1 very weakKulski et al, 128 CIN or HPV 35 women free of Cervical scrape, 74 (00 (23.6-00)) DNA filter in- Study of the coexistence of HPV

-.( 1989) signs cervical Vulvar scrape, 68 situ hybridi- infections in the vulva and the cervix, ).Australia abnormalities Cervical + vulvar, 57 (00 (1 1.-00)) zation Cases included patients selected :;
(JHPV-16/18,6l

because of HPV c1inical and/or
::HPV -6/11, 14

morphological signs, HPV types 0HPV-31, -33,3
investigated were 6/1 1,16/18,31/33, ZControl, 0 0

ciBrinton et al, 209 vulvar cancers 348 community History of genital warts 15,2 (5,5-42,1) History of No HPV detection was performed. :;
).

(1990) controls Case, 14.8 wars Interaction between genital wars and ~USA
Control, 1.4

smoking is suggested, :i
en

Sherman et al. 53 vulvar cancers 466 population Vulvar cancer, 41.7 17,3 (6.3-47,2) Hislory of
-i(1991) 180 VIN contraIs VIN,38,7 15,8 (8.4-29.8) genital warts 0USA

Control, 4,5
(condyloma) C-

c:Hording et al, 79 vulvar cancers 110 normal vulvar Case, 30,6 (00 (40-0)) PCR HPV -positive cases were younger and 3:(1993 ) (62 tested) tissues from accident (61 % with associated VIN more frequently had multicentric t'
0\

Denmark casualties II and 13% without VIN
neoplasms. HPV-6/1 l, -16, -18 or -33 .tII)
were investigated, No cases of HPV-

HPV-16,68.4
6/11 were found.

HPV-18,15,8
HPV-33, 15,8
Control, 0

( J Calculated by the W orking Group
VIN, vu Ivar intraepithelial neoplasia; PCR, polymerase chain reaction
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(h) Other cancers

(i) Cancer of the mouth

Three studies have compared HPV DNA prevalence in cases of oral cancer and tissues from
individuals without oral cancer (Table 45). ln three of them the prevalence of HPV among cases
was significantly higher than among controls.

ln Taiwan, Chang et al. (1989) compared tissue specimens from 17 cases of oral cancer
with specimens from normal gingival tissue from 17 patients using Southern blot techniques.
Among cases, 13117 (76.4%) were HPV-16 positive and, among control s, 1116 (5.9%) was

positive for an unknown type. The estimated OR was (52.0 (95% Ci, 4.4-1454.0)). Three oral
papillomas were also studied and ail were HPV-16 positive; the HPV-16 sequences detected in
the oral cancers and papillomas were episomal. Twelve of the 17 cases were also betel chewers
and/or smokers.

Brandsma and Abramson (1989) investigated 21 cases of cancer of the mouth (l0) and
tongue (IL) using Southern blot and compared HPV detection with site-matched specimens from
18 controls. Two cases were HPV positive compared with none of the controls (see also
Table 46).

Maden et al. (1992) investigated 13 1 male cases of oral cancer and 136 male population
controls matched by age and date of diagnosis from Washington State, USA. Random digit
dialling was used to identify eligible controls. Exfoliated cells from the mouth were used as
primary material for HPV testing and PCR methods were used. The study included an extensive
questionnaire on exposure to the key risk factors for oral cancer and the risk estimates were
adjusted for age, smoking, alcohol consumption and lifetime number of sexual parners. The
prevalence of HPV -6 DNA was 19% among cases and 9% among controls. The crude OR was
2.9 (95% Ci, 1.1-7.3) and the adjusted OR was 2.8 (95% Ci, 1.1-7.3). HPV-16 DNA was found
in 6% of the cases and in 1 % of the controls. The crude OR was 6.2 (95% Ci, 0.7-52.2). ln this
study no association was found between oral cancer and history of the most common sexually
transmitted diseases including herpes simplex virus (HSV)-1 or HSV -2. However, a non-
significant increase in risk was associated with the presence of HSV -2 antibodies (adjusted OR,
1.8 (95% Ci, 0.7-4.6)).

ln Germany, Ostwald et al. (1994) used a PCR-based method to compare HPV DNA
prevalence between 26 cases of oral carcinoma and 97 healthy volunteers. Cell scrapes from the
buccal mucosa were collected from both cases and controls. From cases, additional specimens
were taken from the normal mucosa distant from the cancer location. Among cases, 61 % showed
evidence of HPV DNA against 1 % among controls (odds ratio, 153.6 (95% Ci, 17.7-3449.4))
and 18 out of the 26 cases were smokers.

Table 46 summarizes studies that investigated cases of cancers from different sites in the
upper digestive and respiratory tracts in relation to the presence of HPV DNA. Controls for
these cases were normally obtained from normal patients undergoing scrapes or biopsies from
matched sites for reasons other than cancer.
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Table 45. Case-ontrol studies of cancer of the oral ca 
vit y 

Reference and Cases Con trois HPV prevalence Odds ratio HPV test Comments/adjustments
country (number and type) (number and type) (%) (95% CI)

Chang et aL. (1989) 17 oral carcinomas 17 normal gingival HPV-16 Southern blot HPV-6/11, -16 and -18 investigaied. -?Taiwan 3 oral papillomas tissues Carcinoma, 76.4 (52,0 (4.4- Interaction between betel chewing ;:
Papilloma, 100 1454,0)) and HPV is suggested, n
Any HPV ~
Control, 5.9 0

ZAbdelsayed (1991) 18 dysplasias or 18 dysplasias or Case, 0 ln-situ HPV -6/11, - 16/18 and -31/33/35 0USA carcinomas in non- carcinomas in alcohol Control, 1 1 hybridization investigated, One control was 0~alcohoVnon-tobacco and/or tobacco users positive for HPV -6/1 1 and the other :;users for HPV-16/18, 'i::Maden et al, (1992) 131 oral cancers 136 population Case PCR Odds ratio for HPV -6 adjusted for en
USA controls matched on HPV-6,19 2,8 (1.-7.3) age, smoking, alcohol consumption ~0age and date of HPV-16,6 6,2 (0,7-52,2) and lifetime number of partners r

diagnosis Control c:
~HPV -6, 9
m

HPV-16, 1 0..tMüller et aL. (1994) 26 oral carcinomas 97 normal oral Case, 61 (HPV-16 (153.6 (17.7- PCR and HPV prevalence in the normal
Germany mucosae from and -18 predominani) 3449.4)) Souihern blol mucosa of cases decreased with

volunteers Control, 1 distance from the cancer site.

( ) Calculated by the Working Group
PCR, polymerase chain reaction



Table 46. Case-control studies of cancer of the upper digestive and respira tory tracts

Reference and Cases Controls HPV prevalence Odds ratio HPV test Comments/adjustments
country (Number and type) (Number and type) (%) (95% CI)

Brandsma & 101 carcinomas 116 hospital controls Nose, 0 Ail cases Southern blot
Abramson (1989) Nose (2) matched by site Mouth, 0 (4,90 (0,93-34,3))
USA Mouth (10) Tongue, 18,2

Tongue (11) Tonsil, 28,5

Tonsil (7) Pharynx, 12,5

Pharynx (8) Larnx, 5,0 

Larynx (60) Oesophagus, 0

Oesophagus (3) Control, 1.7 CI..Bryan et al, (1990) 13 pharynx and 14 with normal Case, 84,6 (3,1 (0,37-30,26)) PCR Specimens iested for HPV -6 and -Ii C
United Kingdom larnx carcinomas nasopharynx mucosa HPV-II,30,8 types 0..

HPV-6/11,53,8 rr
CI

Control, 64,3 0
Niedobitek et al, 28 carcinomas of the 30 chronic tonsilitis Case, 21.4 (00 (1.4-00)) ln situ "'
(I990) tonsil Control, 0 hybridization n

~Germany Z
Wiliamson et al, 14 oesophageal 41 hospital controls Case, 43 (4,38 (0,92-21.5)) PCR Biopsies from normal mucosa of the n

rr
(I991) carcinomas Control, 15 cases showed 66,6% HPV positivity ~..South Africa raie. Z
Benamouzig et al, 12 oesophageal 24 hospital controis Case, 25 (7,67 (0,57-220.8)) ln-siiu Dot blot hybridizaiion gave higher ::

.. (1992) cancers Control, 4.2 hybridization positivity rates than in-situ C
~France (dot blot results) Dot blot hybridization. Normal mucosa of ihe ~

cases showed HPV DNA in 41.6%. Z
CISnijders et al, 10 carcinomas of the 7 tonsilitis patients Case, 100 (00 (7,5-00)1 PCR E7 transcripts of HPV -16 were

(1992b) tonsil HPV-16,40 Southern biot exclusively located within carcinoma
The Netherlands HPV -33, 40 RNA-PCR cells. Stroma was negative,

HPV-16/33,1O ln-situ
Control, 0 hybridization

Tyan et al. (1993) 30 carcinomas of the Ii normal tissues Nasopharynx,46.7 (8.4 (1.0-406,3)) PCR and DNA Coinfection of HPV with EBV
Taiwan nasopharynx from nasopharynx Other head and neck (4,1 (0,5-195.8)) sequencing occurred in 46.6% of nasopharingeal

44 other carcinomas and oral cavity cancer, 29.5 carcinomas and in Il.4% of the other
of the head and neck Control, 9,1 head and neck cancers. HPV -16

accounted for 96% of the HPV DNA
positive specimens, Only HPV-16
DNA was tested, -

'-



Table 46 (contd)

Country
(Reference)

Cases

(Number and type)
Comments/adjustmentsConlrols

(Number and type)
HPY prevalence
(%)

Odds ratio

(95% CI)
HPV test

Wataabe et aL.

(1993)
J apan

12 carcinomas of the
tonsil and pharynx

28 tonsilitis Case, 20
Control, 0

(PCR results)

(00 (4.4-=)) Dot-fiter
Southern blot
PCR

Study comparng primarly the results
of the three detection methods

( ) Calculated by the Working Group
PCR, polymerase chain reaction; EBV, Epstein-Barr virus
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(ii) Cancer of the tonsil

U sing in-situ hybridization with probes for HPV -6, - 1 1 and - 1 6 under high stringency,
Niedobitek et aL. (1990) tested 28 tonsilar carcinomas and 30 tonsils removed because of
chronic inflammation. Six of the cases and no ne of the controls were HPV - 1 6 positive
(p.c 0.001).

Snijders et al. (1 992b) used PCR and Southern hybridization techniques to test 10 cases of
carcinoma of the tonsil and seven cases of tonsilltis as controls. AlI cases tested positive for
HPV against none of the controls (OR, 00 (95% CI, 7.5-()). The presence of HPV DNA in
cancer celIs was further tested with in-situ hybridization. ln aIl instances, the stroma was HPV-
negative and HPV DNA was detected in the cancer celIs.

ln J apan, Watanabe et al. (1993) tested 12 cases of carcinoma of the tonsil and pharnx and
used 28 specimens from cases of acute tonsilitis as controls. Three methods for HPV testing
were used, dot-fiter, Southern hybridization and PCR. Using the PCR results, the HPV DNA
prevalence was 20.0% among cases and zero in controls (OR, 00 (95% CI, 4.4-()).

(iii) Cancer of the pharynx, larynx and oesophagus

Table 46 summarzes the results of studies that included short series of cases of cancers of
the pharnx, larynx, oesophagus and a miscelIaneous group of other cancer sites of the head and
neck. HPV DNA was detected using a variety of hybridization methods. Brandsma and
Abramson (1989) tested 10 1 cases of carcinomas of the upper respiratory and digestive tract
against a site matched group of 116 of hospital controls. For ail cancer sites combined, the OR
was (4.9 (95% CI, 0.93-34.4)). ln most investigations, the HPV prevalence ratio among cases
was higher than 1. However no ne of the studies showed statistically significant differences. (The
number of specimens examined in each study was small (.c 50). Lack of power may explain the
lack of significance of the differences observed.)

(iv) Colon cancer

ln the USA, three reports from the same research group explored the presence of HPV
markers in specimens of colon cancer using different techniques. KIrgan et al. (1990a,b)
compared 43 cases of colorectal cancer (30 invasive and 13 in situ), 30 adenomas of the colon
and 30 specimens of normal colon. The methods used initially to detect HPV were immuno-
histochemistry on sections from paraffin-embedded blocks folIowed by in..sItu hybridization of
the specimens that tested positive. HPV antigen prevalence was 97% among cancers, 60%
among adenomas and 23% among normal controls (p .c 0.001 for comparsons of HPV antigen
between each group of cases and controls). HPV DNA was found by in-situ hybridization in
27% of adenomas, 43% of the carcinoma specimens tested and in none of the controls.
(Differences in HPV DNA prevalence were significant only for the group of carcinoma in situ
(69%) and controls (0%) (p = 0.004)). ln a third study, LI-PCR and Southern blot were used in
specimens from 38 carcinomas, 21 adenomas and 24 normal mucosa. Prevalence rates were 32%
in carcinomas, 38% in adenomas and 8% in normal mucosa (OR for carcinoma, 5.7 (95% Ci,
1.0-1.4); OR for adenoma, 6.8 (95% Ci, 1.1-55.0)) (McGregor et aL., 1993). (These studies
from one laboratory are not consistent with the case series reported in section 2.2.3.)

~_.,.-
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(v) Cance r of the ovary

One study (see Table 44) (Kaufman et al., 1987) compared HPV DNA prevalence in 12
ovarian cancers and from four ovaries of women with benign disease of the ovary or uterus. Ten
of the cases of ovaran cancer (83%) were HPV positive against none in the control groups
(p -( 0.001) HPV -6b was the only type identified.

(vi) Cancer of the urinary bladder
ln Japan, Anwar et aL. (l992b) compared 48 specimens From bladder cancer cases with 21

specimens from normal bladder. PCR methods were used in combination with dot and Southern
blot hybridization. Prevalences of HPV DNA were 81 % in cases and 33% in controls (OR, 8.67
(95% Ci, 2.38-33.27)). HPV-16, -18 and -33 accounted for 62% among cases and 14 % among
controls (OR, 10.0 (95% Ci, 2.3-50.0)). (The se data are not consistent with the case series
reported in section 2.2.3.)

(vii) Cancer of the conjunctiva
ln the USA, McDonnell et aL. (1986) reported the prevalence of HPV capsid antigen using

immunoperoxidase staining of 50 conjunctival papillomas and 61 dysplastic conjunctival les ions
(24 mi Id to moderate dysplasia, 37 severe dysplasia to invasive cancer). Positive staining was
seen in 23 papilomas (46%) and in five dysplastic lesions (8.2%) but in no ne (of 20) control
conjunctival sarcoidosis biopsy specimens (OR, 00 (95% Ci, 3.6--) and OR, 00 (95% Ci, 0.3-
00), respectively).

(viii) Lung cancer
ln France, Bejui-Thivolet et aL. (l990b) reported on the prevalence of HPV DNA in 10

cases of squamous-cell metaplasia and 33 cases of squamous-celI carcinoma of the bronchus. In-
situ hybridization with butinylated probes types 6, 1 1, 16 and 18 were used on paraffin-
embedded tissue. HPV-6 DNA was identified in one bronchial metaplasia. HPV DNA was
found in six carcinomas (18%). HPV - 1 8 was found in three cases, HPV - 16 in one case, HPV - 1 1
in one case and HPV-6 in one case. Ten specimens from normal mucosa and alveolar tissues
were used as controls and were ail negative for HPV DNA (p = 0.18).

2.4.3 Cofactors

Given the high prevalence of anogenital HPV infections and the relative rarity of anogenital
cancers, it is worth considering those additional carcinogenic cofactors that might cause a small
proportion of infected persons to progress to malignancies. The discussion of HPV 'cofactors'
refers, accordingly, to exposures that accelerate or otherwise increase the rate of transition to
malignancy following HPV infection, including factors that increase the likelihood that infection
wil persist.

Possible HPV cofactors for cervical cancer wil be mentioned briefly here for completeness,
but a complete summary is not attempted. The magnitude of the association between HPV and
cervical neoplasia is such that even if there is confounding or effect modification from other
factors, this cou Id not explain the large relative risks seen in the epidemiological studies. The
separate topic of the identification of HPV -independent factors that might cause the smalI
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proportion of apparently HPV -negative cervical cancers wil not be addressed and nor will HPV
as a cofactor for other cancers be described, because of the scarcity of relevant data.

To study HPV co factors for cervical cancer requires a study group known to be exposed to
HPV. Thus, the review of studies of cofactors is restricted to recent projects with reliab1e HPV
DNA typing data and odds ratios for other factors reported within a welI-defined HPV -positive
stratum (Bosch et aL., 1992; Koutsky & Kiviat, 1993; Muñoz et aL., 1993; Schiffman et aL.,
1993; Eluf-Neto et al., 1994; Muñoz et al., 1994; de Sanjosé et al., 1994; Strickler et al., 1995).

The variable 'earlier age at first sexual intercourse' has been observed to be a risk factor
among HPV -positive women for both invasive cancer (Bosch et al., 1992) and CIN III (Muñoz
et aL., 1993). This sexual behavioural variable is like1y a proxy for age at first exposure to HPV
infection and cou Id be reflecting 'latency' (here meaning the long time from HPV exposure to
cancer diagnosis) or a 'vulnerable period' in which infection at younger ages is more carcino-
genic for sorne reason.

High parity (e.g. more than five live births) has been consistently observed to elevate the
risk among HPV -positive women of both cervical cancer (Bosch et al., 1992; Eluf-Neto et al.,
1994) and CIN III (Muñoz et al., 1993; Schiffman et al., 1993). However, interpretation is
complicated by the finding of similar elevations of risk associated with multiparity among
apparently HPV -negative women. ln epidemiological terms, parity would therefore be

considered to be an 'independent risk factor if the HPV-negative women were truly negative (a
questionable assumption). Hormonal, traumatic, immunological and nutritional hypotheses have
been advanced to explain the risk associated with multiparity, but there are insufficient data to
decide among them.

Aiso suggestive of hormonal influences, the use of oral contraceptives has been found to be
a possible HPV cofactor in several studies of invasive cervical cancer (Bosch et aL., 1992; Eluf-
Neto et aL., 1994) and CIN II (Negrini et aL., 1990; Muñoz et al., 1993; Schiffman et al., 1993).
Because of the concordant findings regarding parity and oral contraceptive use, hormonal
influences can be considered the most promising candidates in the search for HPV cofactors.

Two studies (Koutsky et al., 1992; de Sanjosé et al., 1994) have reported that seropositivity
to Chlamydia trachomatis is associated with an elevated risk of CIN III among HPV-positive
women. Another study (Strickler et al., 1995) found HTL V - 1 seropositivity to be a possible
viral cofactor. However, no putative viral cofactor has been associated consistently with risk in
the few studies presenting relevant data, with the obvious exception of HIV -associated

immunosuppression leading to an increased risk of HPV infection and CIN (and anal neoplasia).
A possible etiological role of HSV-2 in cervical carcinogenesis, suggested by a previous
generation of seroepidemiological case-control studies, has not been consistently observed in
more recent studies that take HPV infection properly into account (Hildesheim et al., 1991;
Bosch et aL., 1992; Jha et aL., 1993; Koutsky & Kiviat, 1993; de Sanjosé et al., 1994).

Cigarette smoking has also not been observed to be a strong HPV cofactor for either
cervical cancer, despite strong a priori suspicions (Bosch et al., 1992~ Eluf-Neto et al., 1994)

and consistently elevated risks in case-control studies (Winkelstein, 1990), or high-grade CIN
(Koutsky et aL., 1992; Muñoz et aL., 1993; Schiffman et al., 1993). However, no larger epi-
demiological study of smoking, HPV and invasive cervical cancer has yet been performed in a
geographic region where intensive smoking among women isprevalent.

~-,-
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ln addition to a possible genotoxic role, it is also possible that smoking plays a role in
immunosuppression (Barton et aL., 1988) permitting an incipient HPV infection to become
persistent.

At least one group has presented case-control data suggesting that relative nutritional
deficiencies of folate or other micronutrients (e.g. vitamin C, carotenoids) could be an HPV
cofactor (Butterworth et aL., 1992). The case-control and scant clinical trial evidence for
nutrition al cofactors are, overall, stil weak.

Immunological variables are likely to be among the most important HPV cofactors, based
on the HIV immunosuppression data and animal models. Ongoing case-control and cohort
studies among HPV -infected women are considering, in particular, the roles of HLA genotypes,
seroreactivity, and in-vitro measurements of cell-mediated immunity (e.g. lymphocyte IL-2
production following HPV antigen challenge).

Finally, it is interesting to consider that most HPV cofactors identified in epidemiological
studies have tended to distinguish high-grade CIN and invasive cervical cancer on the one hand
from low-grade CIN and HPV infection on the other. Few cofactors, if any, have been observed
to distinguish invasive cancer from high-grade CIN, except for the substantially older age of
invasive cases (Moreno et al., 1995). This observation, if confirmed, might suggest that the risk
of progression of HPV infection/ow-grade CIN to prevalent, chronic CIN III is more influenced
(and modifiable) by external factors than the subsequent risk of invasion, which could be
stochastic and primarily dependent on time spent with CIN ill.

2.5 Special populations

2.5.1 Skin cancer in patients with epidermodysplasia verruciformis (EV)

Epidermodysplasia verrciformis (EV) is a very rare, inherited condition which was first
described in 1922 (Lewandowsky & Lutz, 1922). During the subsequent 60 years, approxi-
mately 250 cases were reported worldwide (Lutzner & Blanchet-Bardon, 1985). The condition is
usually recognized before puberty and is characterized by widespread HPV infection and the
later development of multiple cutaneous squamous-cell carcinomas, predominantly on sun-
exposed sites. Basal-cell carcinomas, although described, appear to be rare, and there are no
reports of increased risk of malignant melanoma in EV patients. There are no published SMRs
available for skin cancer in this population, but a squamous-cell carcinoma:basal-cell carcinoma
ratio of 16: 1 was reported in one study of 66 EV patients. A postal questionnaire sent to
Japanese doctors found that most of these EV patients had developed virus wars by the age of
10 years, whilst squamous-celI carcinoma developed between the ages of 30-50 years. The
average lag time between onset of EV -type skin wart infection and squamous-cell carcinoma
was 24.5 years (Tanigak et aL., 1986).

Other virus-associated diseases, including hepatitis B infection (van Voorst Vader et al.,
1986; see also lARC, 1 994b ), genital carcinoma and Burkitt' s lymphoma have been described In
EV patients (Lutzner & Blanchet-Bardon, 1985). The high level of consanguinity in EV families
suggests an autosomal recessive mode of inheritance (Lutzner, 1978; Tanigak et al., 1986), but
in one family the inheritance appeared to be X-linked (Androphy et al., 1985). The genetic basis
of this disease is not known.
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The importance of sunlight (see also lARC, 1992) in the development of EV -associated

squamous-cell carcinomas is suggested by the fact that, although skin wars are found on ail

body sites, the carcinomas occur almost exclusively on sun-exposed sites (Tanigak et aL., 1986).
Furthermore, squamous-cell carcinomas appear to develop more frequently in Caucasian EV
patients living in sub-tropical and tropical climates than in temperate cIimates, and are rare in
black EV patients. Only two of 33 (6%) black South African EV patients developed squamous-
cell carcinomas (van V oorst Vader et aL., 1987) compared with 40-50% of Caucasian patients
living in Europe (Orth et aL., 1979),58% in Japan (Tanigaki et al., 1986) and 100% of patients
living in South America (Rueda & Rodriguez, 1976).

HPV types in warts and skin cancers in EV patients

(i) Skin warts

EV patients develop a variety of skin warts. Common and plane warts (verruca vulgaris
(VV) and verrca planar (VP)) are also seen in the general population, but there are also EV-
specific lesions, namely red plaque-like lesions (RP) and scaly, pityriasis versicolor-like lesions
(PV) (Orth et aL., 1979).

Table 47 summarizes studies of HPV typing of EV -associated skin warts. Ali studies used
hybridization methods without amplification. Reports are based on a limited number of
specimens, often from single patients, and only one study includes information on control
material (Jacyk et al., 1993a). Sorne studies do not specify the type of skin wart examined and
man y do not specify the number of samples examined.

VP and VV lesions appear to be associated predominantly with HPV types 3 and 10.
However, the large number of HPV types found in EV lesions where the clinical type of wart
has not been specified (HPV-12, -15, -21, -22, -23, -25, -46 and -47; reviewed in de Viliers,
1989) suggests that this apparent association should be interpreted with caution. Kanda et aL.

(1989) found no relationship between HPV type and clinical lesion. HPV-5, -8, -9, -14, -17, -20
and -38 have been found in PV -like virus wars in EV -patients. Multiple HPV types were found
in PV-like lesions.

(ii) Squamous-cell carcinoma

Table 48 summarizes data available on HPV types found in EV -associated skin cancer,
including single case reports and case series. Reports are based on very limited numbers of
tumours and no study includes information on control material. AlI studies were performed
using hybridization methods without amplification.

HPV -5, -8, - 14, - 1 7 and -20 have been identified in EV -associated invasive squamous-cell
carcinoma, although only in a small number of samples. HPV - 1 6 was isolated from a case of
Bowen's disease of the thumb in one patient (Ostrow et al., 1987b). HPV-5, -8 and -20 DNA has
been found in squamous-cell carcinoma as oligomers and monomers, some in concatemeric
form (approximately 100 copies/cell (Pfister et al., 1983b; Deau et aL., 1991; Yutsudo et aL.,
1994). HPV-20 transcripts in squamous-cell carcinomas were demonstrated ìn one study
(Yutsudo et al., 1994).

Both wild-type HPV -5 genomes and deleted forms have been found in primary and

metastatic tumour (Ostrow et aL., 1982; Yabe et aL., 1989). ln addition, sequence variants of the



Table 47. HPV detected by Southern blot in skin warts in EV patients
\0
00

Reference Study area No, of lesions Clinical Overall HPV HPV type-specifie positivity
(No, of patients) description positiviiy (%)

1-3 5 8 17 20 Others"
and 10

Orth et al. (1979) Europe Multiple lesions (14) VP NA + HPV -2
RP NA + +
PV NA +

Ostrow et al. USA Multiple lesions (2) NA NA +
(1982)
Pfister et al. Turkish Multiple lesions (1) NA NA + + 4 others nol identified -(l983b) patient ?::Kremsdoif et al, France Multiple les ions (8) VVNP NA + HPV-14a, -14b, -15 and -21 n
(1984 ) PV NA + HPV-19, -21, -23 and ,24 ~Lutzner et aL. France Multiple lesions (1 1) NA NA + + + + HPV-2, -14, -22, -9 and -9- 0

Z(1984 ) relaied 0van Voorst Vader Netherlands Multiple les ions (1) NA NA + + + HPV-19 and -24 a::et aL. (1986)
?Ostrow et aL. USA 6 (1) VVNP 83 4/6 One type not identified, "t
:i(1 987b) HPV-16 in Bowen's disease C/

Kanda et aL. (1989) J apan Multiple lesions (12) VP, VV NA + HPV-14 and -38 ..
0PV NA + + + HPV-12, -14 and -38 l'

RP NA (multiple HPV types in c:
sorne lesions) ~

mRP NA + HPV-14 and -21 0\.tJacyk & de Villers South Africa Multiple lesions (20) VP NA + +
(1993 ) PV NA + +
Jacyk et al. (1993a) South Africa Multiple les ions (5) Seborrheic NA + No HPV found in 10

keratoses keratoses from non-EV
PV NA + + patients
VP NA + +

Jacyketal. (1993b) South Africa Multiple lesions (1) PV NA HPV -9
VV NA HPV -4 and -9

Yutsudo et aL. Japan Multiple lesions (1) PV NA + + HPV -38
(1994 ) Multiple lesions (1) VV, VP NA +

VV, verre a vulgars; VP, velTca planar; PV, pityriasis versieolor-like lesions; NA, not available; RP, red plaque-like lesions
a Of those types tested



Table 48. HPV detected by Southern blot in skin cancer in EV patients

Reference Study area No, of tumours Overall HPV HPV type-specifie positivity eomments
(No, of patients) positivity (%) number or (%)

5 8 17 20

Ostrow et aL. USA 2 (2) (2/2) HPV -5 found in PV lesions, primary see
(1982) and metastatic see in same patient. Wild-

type and sub-genomic HPV -5 found in
primar and metastatic tumour

í/
Pfister et al, Turkish 1 (1) (1/1) 100 copies/celL. Oligomeric DNA, sorne "'
(1983b) patient persisting in concatemeric form C0
Lutzner et al, France 7 (5) 57 29 HPV -14 found in one Sec. The seven

-tr
(1984) skin cancers include three cases of

í/
0

Bowen' s disease and four cases of Sec. "T

Orth (1986) International 28* (14) 96 75 17 HPV -14b (1 tumour) (approximately 100- n
;i

300 copies/ceU), *Whether ail of these are Z
new cases that have not been reported n

tr
previously is unclear, :;-

van Voorst Vader Netherlands 1 (1) (1/1) HPV - 17 and -24 found in peri-Iesional Z
et aL. (1986) tissue ::

C
Ostrow et al, USA 1 (1) HPV-16 found in Bowen's disease of ~
(1987b) thumb ;i

Z
í/

Kanda et al, J apan 6 (NA) 33 17 17

( 1989)
Yabe et al, Japan 1 (1) 1/1 HPV -5 found in benign lesions. De1eted
(1989) forms of HPV -5 found in both primar and

metastatic tumour from same patient

Yutsudo et al, Japan 1 (1) (1/1) 100 copies/celL. Episomal DNA as

(1994 ) oligomers and monomers. HPV transcripts
in sec suggests infection,-

EV, epidermodysplasia verrciformis; NA, not available; see, squamous-cell carcinoma; PV, pityriasis versicolor-like lesion
.-
\0
\0
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HPV-5 and -8 £6 gene have been demonstrated in sorne EV-associated cancers (Deau et al.,
1991). The significance of these findings and their role in transformation remains unclear.

2.5.2 Studies of cancer incidence in transplant patients

Tumours that may have a viral etiology may be those that occur at high frequency in
transplant recipients. The most recent cohort study comparing cancer incidence in transplant
recipients with that in the general population (Birkeland et al., 1995), confirms the findings of
many smaller studies (see, for example, Matas et al., 1975; Kinlen et aL., 1979). ln the study of
Birkeland et al. (1995), 5692 transplant recipients (1964-82) were folIowed from 1968-86 using
data from the Nordic cancer registries. The transplant recipients were found to have a twofold to
fivefold increased risk of many common tumours, incIuding those of the colon, rectum, larynx
and lung. A very high, 1O-30-fold increase was seen for non-Hodgkin's Iymphoma, skin cancer
and urogenital and anogenital carcinomas.

(a) HPV infection, CIN and invasive cervical and anogenital carcinoma in transplant
recipients

A number of studies have been conducted (0 estimate the prevalence of cervical lesions
and/or HPV infection among groups of women who are immunosuppressed following renal
transplantation. Sorne have also incIuded control groups of immunocompetent women. The
results of these studies are summarized in Table 49.

(i) HPV infection and CIN
The prevalence of cervical HPV infection in transplant recipients has been estimated at

between 20 and 45%, while condylomata have been reported in 8-30% of women (Table 49).

ln one study (AlIoub et al., 1989) in the United Kingdom, there was no significant
difference between the prevalence of HPV DNA in 49 renal transplant patients attending for
routine folIow-up and in 69 control women from a gynaecology ward who had no history of CIN
and had had a negative smear within the last two years (45% and 38%, respectively). HPV-16118
DNA was, however, more common in the transplant recipients th an controls (27% and 6%,
respectively; p 0( 0.005) but there was no significant difference in the prevalence of HPV -611 1

(24% and 32%, respectively).
Two other studies have reported significantly increased rates of HPV infection in transplant

recipients. ln the USA, Halpert et aL. (1986) found cytological evidence of HPV in 18 of 81
women (22%) who had received a renal transplant more than one year previously, and in only
two of 81 (2.5%; p 0( 0.01) hospitalized immunocompetent women, matched to the transplant
patients by age, race and age at first coitus. Fairley et aL. (1994a) used PCR to detect HPV in 15
of 69 (22% women who had received a renal transplant in Australia more than six months
previously, compared with 18 of 89 (20%) of women on dialysis therapy and one of 22 (4.5%)
'normal' women with mild renal impairment. ln this latter study, five (7%) transplant recipients,
4 (4%) women on dialysis and no 'normal women' had ClN.

Schneider et al. (1983) reviewed the histological reports and slides from a group of 132
women who received renal transplants in Virginia, USA, between 1962 and 1979. Eleven
women (8%) deve10ped koilocytotic atypia, which is considered diagnostic of condyloma, a



Table 49. Prevalence of cervical HPV infection, CIN and invasive carcinoma of the cervix in renal allograft recipients

Reference Area Detection method Number and % with HPV or lesion Relative risk and Comments
95% CI

Transplant patients ContraIs

No. % No, %

HPV Infection

Schneider et aL. USA Cytology 11/132 8

(1983 ) (koilocytotic atypia)

Halpert et al. USA Cytology 18/81 22 2/81 2.5 p -: 0.01 C/
(1986) ""

c:
MacLean et al. New Zea1and Cytology 5/24 21 - el-
( 1986) rr

C/
Alloub et al. United DNA hybridization 22/49 45 26/69 38 0

"T(1989) Kingdom HPV -6/11 12/49 24 22/69 32 n
HPV-16/18 13/49 27 4/69 6

P -: 0.005
;i
Z

Gentile et aL. Italy Cytology/histology 12/39 31 - n
rr

(1991 ) :;-
Gitsch et aL. Gennany Histology 7/23 30 - Z
(1992) (condyloma) ::

c:Fairley et al, Australia PCR (Li consensus 15/69 22 1/22 4.5 P = 0.05 3:
( 1994a) primers) ;i

Z
C/Invasive carcinoma

Schneider et aL. USA 1/132 0,8
(1983 )

MacLean et aL. New Zealand 0/24 0 - Mean time since
( 1986) transplant 61 months
Fairley et aL. Australia & 12 cases NA - SIR, 3.3 (1.-5,8) Mean follow-up
(1994b) New Zea1and 5,8 years
Birke1and et al, Denmark, 28 cases NA - SIR, 8,6 (5.7-13) Mean follow-up
( 1995) Fin1and, 4.8 years

Norway &
Sweden N0
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me an of 22 months after transplantation. Of these eleven women, six also developed CIN a
me an of 38 months after transplantation.

Gitsch et aL. (1992) found cervical condyloma in seven of 23 renal transplant recipients
(30%), six (86%) of whom were positive for HPV by in-situ hybridization (two each for HPV-
6/11, -16/18 and -31/33). ln comparison, eight of 14 (56%; P? 0.1) immunocompetent women
with cervical condyloma, matched to the transplant patients by age and party, were HPV
positive (three each for HPV-6/11 and -16/18 and two for HPV-31/33).

CIN has been detected in up to 50% of women following renal transplantation (Table 49)
and a number of case-control and cohort studies have suggested a higher incidence of CIN
among transplant recipients than in the general population. These studies have not, in general,
reported data for HPV infection.

Porreco et aL. (1975) identified 131 women four months following renal transplantation in
,Colorado, USA. During an average of 3.6 years follow-up, three women developed intra-
epithelial carcinoma of the cervix, compared with 0.22 expected on the basis of rates in
Colorado, giving a standardized incidence ratio (SIR) of 14 (95% CI, 2.8-40).

Ingoldby et al. (1980) followed 50 women who had received renal transplants in the United
Kingdom. There were no ncw cases of CIN during an average of three years of follow-up while
one or two cases would have been expected.

ln the study of Halpert et aL. (1986) described above, 12% of rcnal transplant recipients had
CIN compared with 2.5% of the matched control group (crude OR, 5.6 (95% CI, 1. 1-38)). ln the
study of Alloub et aL. (1989) described above, 49% of transplant rccipients had CIN, compared
with 10% of the control group (OR, 8.5 (95% CI, 3.0-25)). Blessing et aL. (1990) used in-situ
hybridization to test for HPV -4-6, -8, - 1 l, - 1 6 and - 1 8 in 22 samples from seven women with
cervical, vaginal and vu Ivar intraepitheliallesions. HPV -6 was idcntified in one sample, HPV - 16
in 12 samples (from six patients) and HPV - 1 8 in four samples (from three patients).

(il) Invasive carcinoma

Two cohort studies have followed large groups of patients following renal transplantation.
Fairley et aL. (1994b) followed a cohort of 15 820 patients (8785 men and 7035 women) iden-
tified through the Australia and New Zealand Dialysis and Transplant Registry. A total of 8215
patients had received renal transplants and 7605 were on dialysis therapy between 1976 and
1992. The cohort was followed for cancer incidence until March 1992 and the expected numbers
of cancers were calculated from national rates. Twelve women who had received renal
transplants developed cervical cancer giving an SIR of 3.3 (95% Ci, t7-5.8) compared with
two women on dialysis therapy (SIR, 0.74 (95% CI, 0.1-1.2)).

Birkeland et al. (1995) identified 2369 women who had received renal transplants in
Denmark, Finland, Norway and Sweden from 1964 to 1982. They were followed until1986 and
expected numbers of cancers were calculated based on the national rates. Twenty eight women
developed cervical cancer, giving an SIR of 8.6 (95% Ci, 5.7-13).

(ili) Other anogenital cancers
Few case series define and, therefore, reliably document the incidence of anogenital carci-

noma in transplant recipients, but it does appear to be higher than that seen in the general
population. ln one series, Penn (1986) found that patients with anogenital carcinoma accounted
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for 2.8% (65/2150) of tumours in transplant recipients compared with 0.5% of tumours in the
general population.

ln two cohort studies (Fairley et aL., 1994b; Birkeland et aL., 1995), the incidence of ano-

genital cancer in renal transplant recipients has been reported to be between 2.1 and 56 times
that expected from rates in the general population (Table 50). ln one study (Fairley et al.,
1994b), this excess was seen only in patients who had received renal transplants, and not in
those on dialysis therapy; SIR for transplant and dialysis patients were as follows: vulvar cancer,
56 (95% CI, 36-83) and 4.2 (95% CI, 0.4-12), respectively; penile cancer, 24 (95% CI, 6.4-60)
and no case observed but 0.23 expected; anal cancer, 40 (95% CI, 11-102) and no case observed
but O. 13 expected.

Table 50. Incidence from cohort studies of anogenital carcinomas among renal transplant
recipients

Reference Country Population Cancer site Sex SIR 95% CI Comments
(follow-up)

Birkeland Denmark, Finland, 2369 women V ul va/vagina F 31 15-55 IL observed
et al, (1995) Norwayand 3323 men Rectum M 4.5 2.3-7.9 12 observed

Sweden ( 1964-86) Rectum F 2.6 0.7-6.6 4 observed

Fairley et aL. Australia and 7035 women Vulva F 56 36-83 24 observed
(1 994b ) New Zealand 8785 men Anus M+F 40 11-102 4 observed

( 1976-92) Penis M 24 6.4-60 4 observed

The prevalence of anal HPV - 1 6 infection has been determned in only one senes of transplant
patients using a PCR technique on anal biopsy material (Ogunbiyi et aL., 1994b). HPV DNA was
found in 36 of 76 biopsies from transplant patients (47%) compared with 18 of 145 biopsies from
controls (12%; p -c 0.05). Anogenital intraepithelial neoplasia was found in 26/133 patients
compared with 1/145 control subjects (p -c 0.05). Anogenital carcinoma was found in only one
transplant patient and in no control in this series. HPV-6/1 1, -16/18 and -5 were found in one
further giant anal condyloma using immunocytochemistr, in-situ hybndization, Southern blot and
PCR (Soler et aL., 1992). Only one report exists for HPV typing in anogenital carcinorna. This
study, of a single case of a metastatic peri anal squamous-cell carcinoma in a transplant recipient,
documents integration of HPV -1 1 in both primar and metastatic tumour (Manias et aL., 1989).

(h) HPV DNA in transplant-associated skin lesions

(i) Skin warts

Individual case reports document the presence of multiple HPV types, including EV-
associated types, in skin warts of transplant recipients. These include HPV-2 (Euvrard et aL.,
1991; Purdie et aL., 1993), HPV-5/8 (Lutzner et aL., 1983; Purdie et al., 1993), HPV-27 (Ostrow
et al., 1989b) and HPV-49 (Favre et aL., 1989).

Table 51 summarzes the results of larger studies of transplant-associated virus wars (:: 5
lesions). ln studies using in-situ hybndization or Southern blot, the overall detection rate of HPV
DNA where multiple probes were employed ranged from 20% to 82%, with most studies



Table 51. Prevalence of HPV DNA in ski wart of transplant recipients

Reference Study Detection method No. of cases Overall HPY HPV type-specifie positivity Comments
area (types included) positivity (%)"

1-4/10 5/8 6/11 Other HPV types
16/18 (no. of lesions)

Gassenmaier Germany Southem blot 16 8/16 (50) 6/16 1116 1/16 - Paraffn-embedded tissueet al, (1986) (1,2,3,4,5/8, 16/18)

Rüdlinger United Southem blot 54 39/54 (72) 39/54 0/54 0/54 - Frazen tissue. Multiple HPVet al, (1986) Kingdom (1-4, 10,5,6/1 1. 16) types found in single lesions.
No control wats examined

Bar et al. United Dot blot and Southem blot 77 NA NA 12/7 Frozen tissue, No control virus C/- - ..(1989) Kingdom (L, 2, 4, 5/8) wal1S examined c:Wilson et al. United Southem blot 18 13/18 (72) 9/18 0/18 4/18 not further Frazen tissue. Viral genome in Ü'"(1989) Kingdom (1,2.3,4.5,8) characterized HPV-2 wats showed poly- tT
C/

morphism at Pvull and Pst! 0sites. 'TBlessing United ln-situ hybridization 20 4/20 (20) 0/20 4/20 - - Frazen tissue, Simple wats, (Jet aL. (1990) Kingdom (4,5,8) dysplastic wats and EV-like ;:
Zlesions (3) studied. No (J

specimen contained ;: 1 HPV tT
type, No contraI wat sarples :;

Euvrad France ln-situ hybridization 17 14/1 (82) 9/17 0/1 10/1 - Frozen and paraffin-embedded Zet al, (1993) (la, 2a, 5, 16/18) tissue, Multiple HPV types ::
found in single lesions. No C
contrai warts examined ~Soler et al. France Southem blot, in-situ 18 (transplant) 11/18 (61) 1118 1/18 4/18 - Frozen tissue ;:

Z(1993) hybridization and PCR 3 (non-transplant) 0/3 (0) 0/3 0/3 0/3 C/(5,6/11, 16/18. la, 2a)
Trenfield Austria Southem blot 18 5/18 (28) 5/18 0/18 0/18 - Frazen tissueet al. (1993) (1,2,3,4,5/8. 10, 1 l, 16/18,

41)
Hepbum New Dotblot 44 (36 patients) 19 (43) 26/44 4/44 5/44 41 (1) Multiple types found in sorneet..al, (1994) Zealand (1-5,6/11.8,41,48,49) lesions
Pélisson Frace ln-situ hybridization 8 (trsplant) 5/8 (63) 4/8 1/8 4/8 - Frazen tissue. Simple watset al, (1994) (la, 2a, 5, 6a, lIa,16 and 18) 7 (non-transplant 4/7 (57) 4/7 0/7 0/7 - examined, Multiple HPV types

controls) found in single lesions
7 (non-trsplant 0/7 (0) 0/7 0/7 0/7
normal skin)

N0
VI
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Table 51 (contd)
-
;pReference Study Detection rnethod No, of cases Overall HPV HPV type- specifie positivity Cornrnents :;area (types inc1uded) positivity (%)" n

1-4/10 5/8 6/11 Other HPV types ~
16/18 (no. of lesions) 0

Z0Sharnanin U nIted PCR and direct sequencing 50 28 (60) 2/50 0/50 1/50 27 (6), 28 (2), 57 Frozen tissue, Benign warts Ciet al. (1 994a) Kingdorn (1-4,10,5/8,6111,16118
(1),12 (1), 15 (1), and EV-like lesions (3) ;:

;pand others) 17 (2), 25 (1), 29 studied. No control warts 'i
(4),49 (1). un- exarni ned :r
characterized (14) C/

~Stark et al, United Southern blot and PCR 18 (transplant) 10/18 (55) 4/18 3/18 3/18 0/18 Frozen tissue 0(1994) Kingdorn (L, 2, 5/8, 611 1. 16118 and 6 (non-transplant) 2/6 (33) 2/6 0/6 0/6 0/6 l'others) C
s:
rrNA, not available; PCR, polyrnerase chain reaction; EV, epidermodysplasia venuciformis
0\"Ofthose types tested +"
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identifying HPV DNA in over 60% of lesions. Three studies employed PCR amplification and,
in these, the detection rate was between 55 and 61 %. The failure to detect HPV DNA in a
number of skin warts, even in studies employing PCR, suggests that the results should be
interpreted with caution. Since control skin warts from immunocompetent patients were not
employed in many studies, it is not known whether this refJects the limitations of the methods
employed or a potential reservoir of currently unknown, and therefore undetectable, HPV types
in transplant recipients.

Common skin-associated HPV types l, 2, 3, 4 and 10 were by far the most common types
to be identified in skin warts in studies where probes for the se HPV types were employed. When
the data from these studies, which used different methodologies, were combined, HPV - 1, -2, -3,
-4 or - JO were found in 80/237 (34%) of transplant samples and in 6116 (38%) of control
samples fp = 0.95). Mucosal HPV types 6/11 and 16/18 were found in 23/199 (11%) of
transplant samples and in 0/16 (0%) of controls where probes detecting these HPV types were
employed fp = 0.32). HPV-5/8 was found in 22/314 (7%) of transplant samples and in 0116 (0%)
of controls fp = 0.65). Similarly, one recent study found EV-related HPV types (not further
characterized) in 14/50 (28%) of skin warts and common skin-associated HPV types in only
2/50 (4%) of skin warts (p = 0.05) (Shamanin et aL., 1994a).

(ii) Verrucous keratoses (precancerous les ions)
Table 52 summarizes HPV DNA prevalence in case series (:: 5 Iesions) of verrcous

keratoses. Only three case-control studies have been carried out and the numbers examined were
smali.

HPV DNA detection rates in transplant-associated verrcous keratoses in studies employing
Southern blot or in-situ hybridization without amplification were 0-40%, with most studies
detecting HPV DNA in approximately 20-30%. ln studies employing PCR, detection rates were
0-73% but in three of the se, in which multiple probes were employed, HPV DNA detection
rates were between 24 and 73% (Shamanin et al., 1994a; Stark et aL., 1994; Tieben et aL., 1994).

Combining data from studies using probes designed to detect type-specific HPV, albeit
using different methodologies showed that, overall, common skin-associated HPV types 1-4 and
JO were found in 27/219 (12%) of transplant samples compared to 4/23 (17%) of control
samples (p = 0.68). HPV types 5/8 were found in 16/292 (5.4%) of transplant samples and 2/36
(5.6%) of control (p -: 0.5), and mucosal HPV types 6/11 and 16/18 were found in 23/231 (10%)
of transplant samples and 0/36 (0%) of control samples (p = 0.05).

(iii) Squamous-cell carcinoma
Table 53 summarizes HPV DNA prevalence in case series of transplant-associated

squamous-cell carcinoma. Only two case-control studies have been performed and the numbers
examined are smali.

HPV DNA detection rates for studies employing Southern blot and in-situ hybridization
without amplification in transplant squamous-celI carcinomas ranged from 5-100%. Studies
employing PCR identified HPV DNA in 0-81% of lesions. ln one case-control study employing
PCR and multiple probes, HPV DNA was found in 2/9 (22%) of control squamous-cell
carcinomas compared with JO/30 (33%) of transplant -associated squamous-cell carcinomas
(Stark et al., 1994).
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Table 52. Prevalence of HPV DNA in verrucous keratoses of transplant recipients

Reference Studyarea Detection method No. of cases Overall HPV HPV -type specifie positivity Comments
(types inc1uded) positivity (%r

1-4/1 0 5/8 6/11 Others
16/18

Rüdlinger United Kingdom ln-situ hybridization IL 1111 (9) 1111 0/11 0/11 - Frozen tissue, No controlet al, (la, 2, 3,4,5/8,6/11, 16) samples examned
( 1986)

Bar et al, United Kingdom Dotblot NA NA NA 7/44 NA NA -(1989) (1, 2, 4, 5/8) ;:Blessing United Kingdom ln-situ hybridization 19 5/19 (26) 2/19 3/19 Frozen tissue, No control ~- - net al, (4,5/8) samples examned ~(1990)
0Euvrard France In-situ hybridization 7 0/7 (0) 0/7 0/7 0/7 - Frozen tissue Zet aL. (1,2,5, 16/18) 0
c:(1991)
~Viac et aL. France ln-situ hybridization Il 4/11 (36) 2/11 0/11 0/1 1 U ncharacterized Frozen tissue ;:'i(1992) (multiple probes) HPV types (2/11) :iEuvrard France ln-situ hybridization 21 5/21 (24) 5/21 1/19 3/21 - Multiple HPV types en

et al, (1,2,5, 16/18)
identified in single les ion s, ..0(1993)
No control tissue examned t"Soler et al, France Southern blot, in-situ 18 11118 (61) 4/18 1118 15/18 - Frozen tissue. Multiple HPV C(1993) hybridization and PCR
types found in single ~

tI(1,2,3,4,5/8,6/1 l, lesions
0\16/18) .tTrendfield Australia Southern blot 26 4/26 (15) 3/26 1126 0/26 - Frozen tissue

et aL. (1,2,3.4,5/8,11,16/18)
(1993 )

McGregor United Kingdom PCR 31 (transplant) 0/31 (0) - 0/31 0/31 - Paraffn-embedded tissueet al, (5/8,6/1 1,16/18) 13 (non-transplant) 0/13 (0) - 0/13 0/13
(1994)
Pélisson France In-situ hybridization 10 (transplant) 4/10 (40) 2/10 1110 4/10 - Frozen tissue, Multiple HPVet al. (1, 2a, 3, 4, 5, 6a/lla, 2 (non-transplant) 0/2 (0) 0/2 0/2 0/2 types found in single lesions(1994) 16/18)



Table 52 (contd)

Reference, Study area Detection method No. of cases Overall HPV HPV type-specifie detected Comments
(types included) positivity (%)" (.~1-4/10 5/8 6/11 Others c:16/18 0-

rrShamanin United Kingdom Southem blot and PCR 29 29/40 (73) 2/40 0/40 0/40 HPV-9, -15, .17, Frozen tissue. No control (.
0et al, (1-4,10,5/8,6/11,16/18 -20, -27, -29 and samples studied
"1(1 994a ) and others)

-49 found in 10/40 n
lesions. ;i
U ncharacterized Z
HPV types found in n

rr
7/40 furer lesions :;Stak et al. United Kingdom Southem blot and PCR 46 (transplant) 1 1/46 (24) 5/46 2/46 1/46 Unkown HPV Frozen tissue, No control Z(1994) (1,2,3,4,5/8,6/11, 21 (non-transplant) 4/21 (19) 3/21 2/21 0/21 types (3/46) samples examned ::16/18)

c:Tieben N etherlands PCR and direct 10 3/10 (30) 1/10 0/10 0/10 HPV type 36 (1/10). Frozen tissue, No control ~et al. sequencing (multiple
U ncharacterized samples ;i

(1994) probes) HPV type (1/10) Z(.
PCR, polymerase chain reaction; NA, not available
'Of those tested

No\0
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Table 53. Prevalence of HPV DNA in squamous-cell carcinoma of transplant recipients

Reference Study area No, of cases HPV detection method OveraIl HPY HPV type-specifie positivity Comments
(types included) positivity (%)"

1 -411 0 5/8 6/11 Other types

16118

Bar et al, United 2S Dot blot (1,2,4, S/8) 16/25 (64) 1/25 15/25 - - Frozen tissue from
(1989) Kingdom five patients
Magee et al. Texas, USA 8 ln-situ hybridization 8/8 (100) 0/8 - 8/8
(1989) (1-4,16/18,611 1)
Blessing United il ln-situ hybridization 2111 (18) 2/11 011 1 - - Frozen tissue -

~et al, (i 990) Kingdom (4,5/8) :;Dyall-Smith United 188 PCR amplification 0/188(0) 0/188 01188 01188 - Frozen tissue. No n
et al, (1991) Kingdom (1-4,5,7,9,1 1,16118,19, control SCC studied ~

25) 0
Viac et al, France 8 ln-situ hybridization 2/8 (25) 118 0/8 1/8 Z- - 0(1992 ) (multiple probes) Ci
Eu vrard France 46 ln-situ hybridization 25/46 (S4) 20/46 2146 IS/46 - Frozen tissue. :;

~et al. (l 993) (1,2, S, 16118) Multiple HPV types "'
found in single :i
lesions. No control VJ

~samples studied 0Purdie et al. United 10 Dot blot and Southern blot 6/10(60) 2110 2/10 0110 Unknown HPY types - l'
(1993 ) Kingdom (1-4,10,5/8,6111. 16118) (4/10) c:

~Smith et al. Australia 20 PCR amplification 0/20 (0) - - m(1993) (probes not specified) 0\.tSoler et al, France 26 Southern blot, PCR and in- 21/26 (81) 0/26 6/26 20/26 Frozen tissue.
(1993 ) situ hybridization Multiple HPY types

(l -4, S/8, 6111. 16118) found in single
les ions 

Trenfield Australia 40 Southem blot 2/40 (5) 1140 0/40 0/40 HPV-36 found in 1 SCC Frozen tissue
et al, (1993) (multiple probes)
Pélisson France 13 ln-situ hybridization 8113 (62) 311 1113 7113 - Frozen tissue. No
et al, (1994)

(la, 2a, S, 6a11 la, 16/18) control SCC studied
McGregor United 14 transplant PCR amplification 0114 (0) (transplant) - 0114 0/14 - Paraffi n-embedded
etal, (1994) Kingdom 22 non- (5/8, 611 1, 16118) 0/22 (0) (non- material

transplant transplant) - 0/22 0/22



Table 53 (contd)

Reference Study area No, of cases HPV detection method Overall HPV HPV type-specifie positivity Comments
(types included) positivity (%)"

1 -4/1 0 5/8 6/11 Other types

16/18

CIShamanin United 23 Southem blot and PCR 17/23 (74) 0/23 0/2 0/23 HPV-27, -29 and Frozen tissue. No -i
et al. (l994a) Kingdom (1,2,3,5,7, 10,37,40) -47 found in 5/23 SCC. control samples c:

CJUnknown types were examined ..
found in a further 8/23 t'iv.
Scc. 0Stark et al, United 30 transplant Soutliem blot and PCR 10/30 (33) 3/30 0/30 2/30 Unknown HPV types Frozen samples 'T

(1994) Kingdom patients (1-4.5/8,6/1 l, 16/18) (transplant) identified in 6/30 SCC n
;¡. 9 con trois 2/9 (22) 1/9 1/9 0/9 Z(control) n
tr::Tieben et al. Netlierlands 24 PCR and direct sequencing 5/24 (21) 1/24 li24 0/24 HPV-14 found in 2/24 Frozen tissue -

(1994) (multiple probes) SCc. Unknown types Z
found in 2/24 SCC ::

Berkhout Netherlands 53 PCR (degenerate nested 43/53 (81) 0/53 0/53 0/53 HPV-24 (1) Multiple HPV types c:
~et aL. (1995) primer, direct sequencing) HPV-19(1) found in sorne ;¡

HPV-20 (3) les ions Z
HPV-25 (2) CI

HPV-15 (9)
HPV-38 (1)
HPV-23 (3)
U ndefined (15)

PCR, polymerase chain reaction; sec, squamous-cell carcinoma
'Of those types tested

N--
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Combining the data from these studies, as above, showed common skin-associated HPV
types 1-4 and 10 were found in 34/452 (7%) of transplant and 1/9 (1 1 %) of control samples.
HPV-5/8 was found in 27/458 (6%) of transplant and 1/31 (3%) of non-transplant samples.
Mucosal HPV types 6/1 1 and 16/18 were found in 53/430 (12%) of transplant and 0/31 (0%) of
controls. ln three studies in which multiple probes were employed, a number of other HPV
types, including HPV-36, -27, -29, -47 and -14, were identified in some squamous-cell carci-
nomas (Shamanin et al., 1994a; Stark et aL., 1994; Tieben et al., 1994). A study using nested
primers specifically designed to detect EV HPV types found a broad spectrum of these types in
81% (43) of squamous-cell carcinomas, including HPV-15, -19, -20, -23, -24, -25 and
-38. The significance of these findings and their role in transformation remains unclear

(Berkhout et aL., 1995).

(iv) Basal-cell carcinoma
Table 54 summarzes HPV DNA prevalence in a small number of case series and one case-

control study of basal-cell carcinoma. Detection rates were between 0% and 100% but the
numbers of tumours were very small. Combining the data from these studies, as above, showed
common skin-associated HPV types 1-4 and 10 were found in 4/20 (20%) of transplant basal-
cell carcinomas. HPV types 5/8 were not identified in any of 31 transplant basal-cell carcinomas
or of 15 control basal-cell carcinomas. HPV types 16/18 were found in 3/31 (10%) of transplant
basal-cell carcinomas in one study (Pélisson et aL., 1994) and in none of 15 control basal-cell
carcinomas in another study (McGregor et al., 1994).

(c) HPV infection and cancer at other sites

There are few reports of HPV infection in association with cancer at other sites in transplant
recipients. Querci della Rovere et aL. (1988) documented HPV -11 infection in a case of bladder
cancer in a renal-transplant recipient. ln two series of bladder cancer patients, HPV infection
(HPV-16/18) was only found in one patient in each series (of 10 and 22 patients, respectively)
who had received a renal transplant (Kitamura et aL., 1988; Maloney et al., 1994).

HPV was identified in one malignant melanoma in an immunosuppressed patient but not in
35 other malignant melanoma specimens from immunocompetent patients (Scheurlen et al.,
1986b). Other case reports documented HPV - 16 in an oropharngeal carcinoma following
cardiac transplantation (Demetrick et aL., 1990), HPV -16 in a carcinoma of the tongue
(Lookingbil et al., 1987) and HPV -2 in a spinocerebellar tumour following renal transplantation
(Sassolas et al., 1991). Koilocytosis and hyperkeratosis suggestive of HPV infection were
reported in three cases of head and neck cancer following renal, cardiac and bone-marow
transplantation (Bradford et al., 1990).

2.5.3 Studies in HIV-infected persons

Infection with human immunodeficiency virus (HIV) leads to a profound alteration of the
immune function that differs from that of most other immunosuppressive conditions in being
increasingly severe over a period of a few to many years. There are several possible mechanisms
by which HIV cou Id affect the natural history of HPV and related neoplasia, see Figúre 18. HIV-
induced immunosuppression might reactivate latent HPV infection and lead to higher HPV



Table 54. Prevalence of HPV DNA in basal-cell carcinoma of transplant recipients

Reference Studyarea No. of cases HPV detection method Overall HPV HPV type-specifie positivity Comments
(including types) positivity (0/)"

1-4/10 5/8 6/11, Other
16/18 types

Rüdlinger United 1 Southem blot 0/1 (0) 0/1 0/1 0/1
et al, (1986) Kingdom (1-4,5/8,6/11, 16)
Oba1ek et al. - 2 Southem b10t 2/2 (100) 2/2 0/2 0/2
(1988) (1,4,5,10, IL, 16/38)
Euvrard et al. France 2 ln-situ hybridization 0/2 (0) 0/2 0/2 0/2 C/- - -i(1993) (mixed probe) c:

t:Trenfield Australia Il Southem blot 1/11 (9) 1/11 0/1 1 0/11 - - -
rret al. (1993)

(1-4,5/8, IL, 16/18) C/

0Mc Gregor United II (trans- PCR amplification 0/1 1 (0) -
0/1 1 0/1 1 - Paraffin embedded 'Tet al. (1994) Kingdom plant) (5/8,6/11,16/18) (transplant) tissue n

;¡15 (non- 0/15 (0) 0/15 0/15 Ztransplant) (non-transplant) n
rrPélisson et al, France 4 ln-situ hybridization 3/4 (75) 1/4 0/4 3/4 - Frozen tissue, No ;;(1994) (1,2,5,6/11,16/18) control BCC -
Z

samples ::Shamanin United 5 PCR and direct 3/5 (60) 0/5 0/5 0/5 X Frozen tissue c:
2;et aL. (1994a) Kingdom sequencing
;¡

(degenerate primers Z
C/designed to detect a

range of cutaneous
HPV types)

Tieben et aL. N etherlands 4 PCR 0/4 (0) 0/4 0/4 0/4 0/4 Frozen tissue
(1994 ) (four consensus

primers designed to
detect cutaneous HPV
types)

PCR, po1ymerase chain reaction; BCC, basal-cell carcinoma; X, uncharacterized HPV types
"Of those types tested

N-
w
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replication, and this wou Id be important if a dose-response situation exists for the carcinogenic
potential of HPV -infection. It is also possible that severe immunosuppression rnght influence
directly the risk of progression from a premalignant to a malignant stage. Finally, it is
theoretically possible that HIV could have a direct oncogenic potential but there is little
evidence to support such a model of association.

Figure 18. Possible interactions between HIV -induced immunosuppresion and HPV
infection in carcinogenesis

HPV (latent)

/ HIV-induced
immunosuppression

HPV (active)

1

Normal
ce Ils

Intraepithelial
neoplasia

Invasive cancer

Research attempting to disentangle the potential relationship between HIV and HPV-
associated malignancy has so far been primarily based on small cross-sectional and case-control
studies of populations at paricular risk of HIV -infection, with precancerous lesions rather than

invasive neoplasm as the outcome of interest. The short existence of the HIV epidemic, the
initial male predominance in many societies and the young populations at risk have, in
particular, limited the possibilities for studying large numbers of HIV -infected women,
especially those with cancer. The ability to control for confounding is paricularly relevant while
studying the influence of HIV on HPV-related malignancy. Not only are both HIV and most
known high-risk types of HPV sexually transmitted, but HIV -infected persons have a lifestyle
that for other reasons may increase their risk of certain cancers. The small sample size in many
of the published studies among HIV -infected subjects limits their possibility to adequately
control for behavioural covariates and risk factors associated with HIV infection.

(a) Studies of the uterine cervix

The influence of HIV on HPV expression and HPV -associated malignancy of the uterine
cervix has been de ait with in a limited number of review papers (Palefsky, 1991; Rabkin &
Blattner, 1991; Silman & Sedlis, 1991; Northfelt & Palefsky, 1992; Braun, 1994; Stratton &
Ciacco, 1994).

(i) Precancerous Lesions

Table 55 summarzes the studies on precancerous lesions. ln the late 1980s, the first case
reports and case series were published suggesting an association between HIV -induced immuno-



Table 55. Prevalence of HPV in precancerous les ions of the uterine cervix in HIV -infected persons

Reference and HIV positive, HIV negative, HPY prevalence Cervical abnormality HPV test Pathology Comments
study area number and type number and type (types) reading

o/ Odds ratio % Odds ratio

(95% CI) (95% CI)

Byrne et al., 19 recruited from 95 3 CIN II Observed at Pap smear Prevalence of HPV in
(1989) HIV+ STO-clinic 1 CIN II colposcopy and biopsy lower genita1 tract
United attendees 1 atypia CI
Kingdom 1 SPI i-

1 HPV c:0
Schrager et al. 35 IVOU and 23 IV OU and HIV+,26 7.6 (0.9-65) Squamous atypia Cytologica1 or Pap smear HIV -infected: fewer -

m
(1989 ) panners of IVOU partners of IVOU HIV-, 4 HIV+,31 10 (1.2-85) histopathological used barrer CI
USA HIV-, 4 findings contracepti ves, more 0

had had STO. 'T
Feingold et al, 35 IV OU and 32 IVOU and HIV+,49 2.8 (1.0-8.0) SIL Southern blot Pap smear More non-whites n
(1990 ) parners of IV OU panners of IVOU HIV-,25 HIV+,40 6.4 (1.6-25) (cervicovaginal among HIV-positive ?
USA HIV-, 9 lavage) women Zn
Schäfer et al. ill 76 IVOU HIV+,48 (3.7 (1.9- Dysplasia or Cyto10gy Pap smear Cru de odds-ratio m
(1991) gynaecological in- 7.3)) neop/asia ¡o
Germany patients or HIV I-UV-, 20 HIV+,41 (7.0 (2.9-17))

-
Z

infection HIV-, 9 ::
Vermund et al. 51 45 HIV+,53 (3.9 (1.6- SIL Southern blot Pap smear Extension of study by c:
(1991) symptomatic, 70 9.6)) Symptomatic (8.1 (2.9-22)) (1 L, 16, 18) Feingo1d el al. (1990) 3:
USA asymptomatic, 22 HIV+,42 (lavage) ?

HIV-,22 Asymptomatic (1.0 (0.3-3.7)) Z
HIV+,17 CI

HIV-,13 4.6 (0.8-28)

Kreiss et al. 147 prostitutes 51 prostitutes HIV+,37 1. (0.8- elN Oot blot/Southern Cytology * Adjusted for age and

(1992) 3.6)* Ove roll blot (6, Il,16, years of prostitution.
Nairobi, Kenya HIV-,24 HIV+,26 0.9 (0.2-3.5)* 18, 31, 33, 35) Women with CIN and

HIV-,24 HPV:
HIV+ 6/11, 4 cases

HPV+,47 9.4 (1.-52) 16/18, 4 cases
HPV-, 9 unknown, 5 cases

H1V-
HPV+,57 17 (1.4-217)

HPV-, 7 

N-
VI
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Table 55 (contd)

Reference and HIV positive, HIV negative, HPV prevalence Cervical abnormality HPV test Pathology Comments
study area number and type number and type (types) reading

% Odds ratio % Odds ratio
(95% CI) (95% CI)

Laga et al, 47 prostitutes 48 prostitutes HIV+,38 6,8 (1.9- C1N ViraTypeT" Cytology 13 Pap smears
(1992) 26,8) HIV+,27 15(1.8-95) Southern blot inadequate for
Kinshasa, Zaire HIV-,8 HIV-.3 (Iow stringencyi interpretation

HlV+/C1N+, 73 6,2 (1 ,3-29) (6,11,16,18,31,3,
H/V+/C/N-,30 35)

ter Meulen 46 gynaecological 3 1 3 gynaeco- Any type: HPV (tota/)* HIV+,2,4 PCR (consensus Pap smear *Adjusted for age ..et al, (1992) in-patients logical in-patients HIV+,78 2,52 (p = HIV-, 2,8 primer and type- ;:Tanzania HIV-, 56 0,02) specific, 16, 18) :;nType 16/18 HPV-16/18

3:HIV+,30 2,42 (p =
HIV-,14 0,02) 0

ZConti et al, 273 former IVOU 161 former IVOU HIV+,42 4,2 (2,1-8,4)* Cytological Cytology Cross-sectional study, 0(1993) HIV-, 8 HPV-/H/V+ diagnosis confirmed potential selection c:ltaly 1. fp ;: 0,05) by biopsy bias (inflated) :;
HPV+/H1V- * Adjusted for age and ;:
1 i (2,8-42) number of sexual ""

::HPV+/HlV+ parners C/
64 (19-214) C1N 1I-1I1H1V+: -:

C04' counto( 500/mm' 0
versus C04' l'
? 500/mm', 5,4 (2,6- C
II) 3:

tTMaggwa et al, 205 attendees of 3853 attendees of HIV+,4,9 2,8 (1.-5,9) Cyto1ogy Adjusted for age, 0\(1993) family.planning family-planning HIV-, 1,9 sexual behaviour and .¡Nairobi, Kenya clinic c1inic demographic variables
Ho et al. 97 LVOU, HIV- 1 JO IVOU, HIV- Ali HPV types Southern blot Strong HPV signal
(1994) related diseases, or related diseases, or HlV-,23 hybridization HIV-.1.0
New York, pal1ners of IVOU parners of IVOU HlV+,50 3,3 (1.8-6,1) HIV+USA CD4-% ;: 20, 45 2,8 (1.3-6.0)

CD4'% ;: 20, 2,6
C04'% ~ 20, 61 5,3 (2.2-13)

(0,62-11)Types /6,18,3/,33,
C04'% 0( 20, 5.9 (1,4-

35
25)

H1V-,6,4
Includes sorne persons

HIV+,14 3.5 (1.-9,2)
previously studied by

Vermund et al.
(1991 ),



Table 55 (contd)

Reference and HIV positive, HIV negative, HPV prevalence Cervical abnormality HPV test Pathology Comments
study area number and type number and type (types) reading

% Odds ratio % Odds ratio
(95% CI) (95% Cl)

Klein et al. 114 IVDU, or 139 IVDU, or HIV-, 10 Southern blot Cytology No demographic or
(1994 ) HIV -positive HIV-positive HIV+,22 2.5 (1.-5.1) hybridization behavioural variables
New York, partners partners CD4'% ;; 20, 17 1.8 (0.7-4.6) associated with SIL.

USA CD4'% ~ 20, 35 4,8 (2.0-12) Included persons

Multivariate studied by Vermund
analysis et al. (1990) and Ho
HPV infection 6.8 (2.9-15.7) et al. (1994)
High-risk HPV 12 (4.1-34)

C/..
Strong HPV 10.8 (3.5-33.7) c:
signal 3.1 (1.0-9.5) 0
Low CD4' ..

tT
Seck et al. HIV-l,18 58 women in HJVl H1V-l versus HIV Southern transfer Cytology C/
(1994) HIV-2,17 infectious disease STH,19 6.4 (0.6-80) normal 1 hybridization 0
Dakar, Senegal from infectious clinic PCR,75 11.5 (2.-56) dysplasia 23.3 (2.9-205) (6,1 i. 6, 1 8,31.3, 'T

disease clinic HIV-2 H1V-2 versus HIV 35) n
;;STH,47 24.1 (3.5- normal 1 PCR (consensus Z257) dysplasia 9.3 (1.1-79) primer) n

PCR,73 10.5 (24-52) tT
H1V- :;
STH,4 ..

ZPCR,2 ::Williams et al. 55 IVDU 59 IVDU Dotblot 9/11 SIL in HIV+ 6.1(1.-61) V ira Type 1\1and Cytology Recruited from larger c:
(1994) HIV+,19 4.2 (1.0-25) PCR cohort (see also Table ~San Francisco, HIV-, 5 56) ;pUSA PCR Z

HIV+,57 8.9 (3.2-27) C/
HIV-,13

Wright et al, 398 attendees of 357 HIV+,61 CIN 1 PCR Cytology + Independent variables
(1 994a ) AIDS clinics, same HIV-,36 HIV-, 4 LI consensus histology in multiple regression
New York. STO-clinics, p" 0.01 HIV+,13 (4.3 (2.3-8. i II primers (biopsy) model for CIN risk:
USA methadone clinics ClN ll-ll HPV -DNA.

HIV-, 1 HIV-positivity,
HIV+,7 (15 (3.6-64)) CD4'" 200/mm' and

;; 34 years of age

( J Calculated by the Working Group
CIN, cervical intraepithelial neopIasia; SIL, squamous intraepitheliallesion; IVOU, intravenous drug users; STH, Southern transfer hybridization; PCR, polymerase chain reaction; STO, sexually transmitted
disease; SPI. subclinical papillomavirus infection; Pap, Papanicolaou; C04', C04' cells

N-..
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suppression and cervical intraepithelial neoplasia (Bradbeer, 1987). Henry et aL. (1989) reported
mild to moderate dysplasia with atypical condyloma in ail of their first four consecutively
identified HIV -positive women at a medical centre in Minnesota, USA.

Byrne et al. (1989) re-examined 19 of 36 women diagnosed with HIV -positivity after
routine testing became available at St Mary' s Hospital in London. Seven (37%) cervical smears
were reported to be abnormal, out of which four (21 %) were histologically verified as
intraepithelial neoplasia (Table 55). Disease at more than one site was detected in half of the
patients, and, overall, 18 (95%) showed evidence of clinical/subclinical HPV infection of the
lower genital tract (including vagina, vulva, perineum). The disease wou Id have remained
undetected in more than half of the group had colposcopy not been undertaken. Nine of the
women were intravenous drug abusers.

ln an analysis of cervicovaginal smears with the cytopathologist blinded to the subject's
viral status, a significantly higher percentage of cytological squamous atypia was documented in
HIV -positive (11/35; 31 %) compared to HIV -negative women (1/23; 4%) (Schrager et al.,
1989). Furthermore, cytological or histopathological findings suggestive of HPV infection were
observed in 26% of HIV -positive women compared to 4% of HIV -negative women. However,
the controls in this study were not comparable to HIV -positive cases in terms of sexual

behaviour, history of sexually transmitted diseases and frequency of use of barrer methods of
contraception.

Vermund et aL. (1991) extended a study by Feingold et aL. (1990) on HPV -associated

disease in intravenous-drug-using women or women with heterosexual contact with male drug
users in the USA. ln this study of 96 women, non-white subjects were disproportionately

represented among HIV -infected women but other behavioural and sociodemographic charac-
teristics were similar. Symptomatic HIV -positive women were more likely to be HPV positive
by Southern blot hybridization (70%) than asymptomatic (22%) or HIV -seronegative women
(22%). Among symptomatic HIV -positive women, a strong association between HPV and
squamous intraepithelial lesions was documented (OR, 8.1 (95% Ci, 2.9-22)) whereas the asso-
ciation was non-signitìcant for the other two groups. These and other studies conducted in the
late 1980s and early 1990s suggested that more severe HIV -induced immunosuppression might
exacerbate HPV -mediated cervical cytological abnormalities (Maiman et aL., 1991; Schäfer
et al., 1991; Conti et al., 1993).

Kreiss et al. (1992) performed a nested case-control study of 147 Hl V-positive and 51
HIV -negative women within a large cohort of prostitutes established in Nairobi but were unable
to document significant differences with respect to the prevalence of HPV-DNA in the two
groups (adjusted OR, 1.7 (95% Ci, 0.8-3.6)). Papanicolaou smears were only available on the
most recently enroled 63 women in the study. Based on cytological examination of this subset,
CIN was unrelated to HIV seropositivity. Furthermore, among women with cervical HPV DNA,
HIV infection was not associated with an increased prevalence of CIN (47% in HIV-positive
vers us 57% in HIV -negative women). (A strength of this study is that the populations studied
were relatively homogeneous with respect to sexual behaviour and condom use.)

ln contrast, in a somewhat smaller but otherwise similarly designed nested case-control
study in Kinshasa, Zaire, Laga et al. (1992) found a significantly higher prevalence of HPV
DNA in HIV-positive cases (18/47; 38%) compared to controls (4/48; 8%) (OR, 6.8 (95% Ci,
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1.9-26.8)). HPV was detected both by ViraType™ and Southern blotting. Pap smears were
obtained on ail women but 13 were inadequate for interpretation. Eleven (27%) HIV -positive
women had CIN compared with one (13%) of the HIV-negative women (OR, 15 (95% CI, 1.8-
95)). Eight (73%) of the 1 L HIV -positive women who had CIN also had HPV DNA detected,
compared to nine (30%) of 30 with no CIN (p = 0.02, Fisher's exact test). Cases and controls in
this study did not differ on important demographic or sexual behavioural characteristics but
clinical acquired immunodeficiency syndrome (AlOS) was observed more frequently (7% of
HIV -positive cases) than in the study population reported by Kreiss et al. (1992) (0.7%).

ln a cross-sectional study of 359 gynaecological in-patients without cancer from Tanzania
(ter Meulen et al., 1992), 1/42 (2.4%) of HIV -positive women compared with 8/285 (2.8%) of
HIV-negative women had an abnormal Pap-smear. None of the HIV-positive women were
suspected of being severely immunosuppressed, owing to the lack of severe HIV -related
symptoms. Nevertheless, HIV -positive women were 3.3 times more likely to be positive for
HPV-16/i8 (detected by PCR) than HIV-negative women (OR, 3.3; p = 0.02) after adjusting for
differences in sexual behaviour and history of sexually transmitted diseases. (No analysis of the
association between HPV and smear abnormality by HIV status was presented by the authors.)

ln their large study of 4058 women attending two peri-urban family-planning clinics in
Nairobi, Kenya, Maggwa et al. (1993) documented CIN on the Pap smears of 10 of 205 (4.9%)
HIV-positive women, compared to 72 of 3853 (1.9%) HIV-seronegative women (OR, 2.7 (95%
Ci, 1.3-5.5)). This association remained after controlling for sexual behaviour and other risk
factors. (HPV testing was not performed in this study.)

ln a study of 673 Spanish prostitutes and 1182 non-prostitutes attending a family-planning
clinic, the odds ratio for cervical intraepithelial neoplasia in HIV -positive prostitutes was 14.2
(95% Ci, 4.8-42.4) compared to non-prostitute women (HIV status unknown) whereas there was
no increased rIsk of CIN among HIV-negative prostitutes (OR, 1.2 (95% CI, 0.5-2.8)). Within
the group of prostitutes, the odds ratio for CIN in HIV-positive compared to HIV-negative
women was 12.7 (95% Ci, 3.9-40.9) (de Sanjosé et aL., 1993).

ln a study of 93 women (58 HIV negative, 18 HIV-l positive, 17 HIV-2 positive) from
Senegal (Seck et aL., 1994), detection of HPV-16, -18, -31, -33, -35 was significantly associated
with HIV-l and HIV-2 infection (HPV-16/l8 versus HPV-negative: OR, 56 (95% Ci, 26-121);
HPV-31/33/35 versus HPV-negative: OR, 8.4 (95% Ci, 2.2-32.4)). HIV infection (HIV-l or
HIV - 2) was associated with evidenee of dysplasia following adjustment for age and sexual
behaviour variables (OR, 5.5 (95% Ci, 1.0-30)). Among HIV-positive women with HPV DNA
detected by PCR, dysplasia was demonstrated by cytological analyses in 2/6 (33%) with rnild
HIV-disease, and 7/10 (70%) with severeHIV-disease (OR, 4.7 (95% Ci, 0.4-73)).

ln a study of 33 HIV - 1 infected women in the USA, Vernon et aL. (1994) found frequent co-
localization of HIV - 1 and HPV in CIN lesions. HIV and HPV were each detected by PCR in 17

(52%) cervical biopsy samples. HIV and HPV were detected together in 10 (50%) of the 20
samples showing CIN, but in none of 13 samples showing normal histology or inflammatory
atypia (p = 0.002, 1 -tailed test).

Whereas most studies published so far have either used HIV -positivity per se or degree of
severity of HIV -associated disease as a sUITogate marker for level of immune status, more recent
studies increasingly include an evaluation by level of CD4+ cell count.
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ln a cross-sectional study of 434 female former intravenous drug abusers in Italy, Conti
et al. (1993) found histological evidence of CIN in 115 of 273 (42%) HIV-positive women and
in 13 of 161 (8%) HIV-negative women (OR, 4.2 (95% Ci, 2.1-8.4), after adjustment for age
and number of sexual partners). The prevalence of CIN increased with the stage of HIV
infection with an OR of 5.4 (95% Ci, 2.6-11) for women with a CD4+ cell cou 

nt -c 500/mm3,
compared with those with a count ¿ 500/mm3. There was an interaction between cytologically
diagnosed HPV infection and HIV status with odds ratios for CIN of 1.2 (non-significant) in
HPV-negative/HIV-positive women, IL (95% Ci, 2.8-42) in HPV-positive/HIV-negative

women and 64 (95% Ci, 19-214) in HPV-positive/HIV-positive women, when compared with
HPV-negative/HIV-negative women. (The selection of study subjects may have inflated the
prevalence of CIN.)

Ho et aL. (1994) found in their analysis of 207 primarily intravenous drug using women that
young age (OR, 2.5 (95% Ci, 1.3-4.8)) and HIV-positivity (OR, 3.0 (95% CI, 1.5-5.7)) were the
only independent demographic and behavioural factors to be associated with HPV DNA positi-
vit y as measured by Southern bloc The association with HIV was only changed marginally
between the univariate and the multivariate analyses indicating limited confounding influence.
Prevalence of HPV increased with decreasing CD4+ ceIl level from 23% among immuno-
competent HIV -negative subjects to 45% in mild-to-moderate immunosuppressive conditions
(HIV-positivity and CD4+% ? 20) and to 61 % in severe immunosuppression (CD4+% -c 20).
HPV-16, -18, -31, -33 and -35 were not particularly strongly associated with HIV-positivity. A
general increase in the number of detectable viral copies of HPV with increasing immuno-
suppression was indirectly supported by the finding of a significant association between strong
Southern blot hybridization signal strength and increasing HIV -induced immunosuppression
(see Table 55). Among 29 study subjects who did not have any sexual exposure in the previous
year, 1I16 of HIV-seronegative women were HPV-positive (6.3%), compared with 8/13 of HI 

V-positive women (61.5%). This is in line with the hypothesis that HIV-induced immunosuppres-
sed individuals may be prone to persistent HPV infection.

ln a study in the USA of 253 women at risk of HIV infection because of intravenous drug
abuse or through a partner who used intravenous drugs, Klein et aL. (1994) identified SIL in 22%
of HIV-positive women compared with 10% of HIV-negative women (OR, 2.5 (95% CI, 1.2-
5.1)). ln multivariate analyses, the presence of SIL was independently related to the presence of
high-risk HPV types (12 (95% Ci, 4.1-34)) and severe HIV-related immunosuppression (3.1

(95% Ci, 1.0-9.5)).
Wright et aL. (l994a) performed a cross-sectional study of 398 HIV -positive and 357 HIV-

negative women recruited from HIV/AIDS clinics, STD clinics or methadone clinics in the
USA. HIV -positive women were more likely to have a history of prostitution, intravenous drug
usage, genital warts and genital herpes than HIV -negative women. Eighty (20%) of the HIV-
positive women had CIN confirmed by biopsy (CIN 1: 52 (13%), CIN II-ill: 28 (7%) compared
to 15 (4.2%) ofHIV-negative women (CIN 1: 13 (4%), CIN II-Iii: 2 (1%)). No invasive cancers
were found. HPV DNA detected by PCR (Li consensus primer) was observed in 213 (61 %)
HIV-positive women compared to 114 (36%) HIV-negative women (p -c 0.01). ln multiple
regression analysis, HPV DNA positivity, HIV positivity, CD4+ ceIl count-c 200/mm3, and age
? 34 years were aIl found to be independently associated with CIN (ail stages).
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The influence of immunosuppression was further evaluated in a cross-sectional study by
Wiliams et al. (1994) based on 1 14 intravenous drug users in San Francisco, USA. A close
association between HIV, HPV and abnormal cervical cytology was observed, as shown in
Table 56. ln a multivariate model of risk factors for cervical epithelial abnormalities that
excluded those showing only atypia with inflammation, both cervical HPV detected by dot blot
(OR, 32 (95% Ci, 2.9-354)) and positive HIV serostatus with CD4+ cell count below 250/mm3
(OR, 127 (95% Ci, 7.5-2133)) were independent predictors.

Table 56. Relation between human immunodeficiency virus
serostatus, presence of cervical human papilomavirus, and
cervical cytology

HPV fHIV Cervical cytology Odds ratio 95% CI p

Abnonnal Normal

Dot blot

HPV-fHIV-
HPV -fHIV +
HPV +/HV-

HPV +fHIV +

o
5

1

4

47
31

2

4

7,3
16

38

0.7--354
0.2-1254
2.7-1888

0.08
0.2
0.001

PCR

HPV -fHIV-

HPV -fHIV +
HPV +fHIV-

HPV +fHIV +

o
3

1

6

41

17

6
18

6.8
5.8

13

0.5-367
0.07-471
1.4-610

0.1

0.3
0.009

Adapted from Williams et al. (1994)

(ii) Progression of disease and treatment

Maiman et aL. (1993) followed 44 HIV -positive and 125 HIV -negative women in New
York for up to 43 months (mean 15 months). More HIV-positive women (39%) developed
biopsy-proven recurrent CIN after treatment than HIV -negative women (9%; p .. 0.01): CIN
severity and lesion size were, however, similar in the two groups. Recurrent disease was asso-
ciated with the degree of immunosuppression, occurrng in 18% of women with a CD4+ cell
count ? 500/mm3 and in 45% of those with a CD4+ cell cou nt .. 500/mm3 (p .. 0.05).

ln Germany, Petry et aL. (1994) carried out a prospective study of immunosuppressed
women, who were either HIV -infected (n = 48) or transplant recipients (n = 52). The aim of the
study was to evaluate progression from cervical HPV -positivity to CIN or from CIN 1 to CIN 11-
III. Women with cervicallesions were matched (1 : 2) with immunocompetent, HIV-negative
controls and colposcopy, cytology and HPV DNA typing (ViraType™) performed at each visit.
Progression was more common in the combined groups of immunosuppressed women (6/ II,
55%) th an in controls (2121, 10%; p = 0.01, Wilcoxon test). Ali patients with a CD4+ cell cou nt
of less th an 400/mm3 or who had been immunosuppressed for more than three years suffered
from progressive lesions. The cure rate among controls was 18120 regardless of whether
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conization or laser-vaporization was used, but it was much lower (4/10) among immunocom-
promised patients. (Data for HIV -positive women and renal allograft recipients were not
presented separately. J

It is possible, in theory, that CIN preceded HIV acquisition in these women, and that it may
even have promoted HIV infection, as is the mechanism established for other sexually
transmitted diseases with ulcerous lesions. Neither cross-sectional nor case-control studies wil
give us the necessary answer. However, the increased prevalence of CIN reported in late-stage
HIV infection in other studies, together with the more frequent and more rapid reCUfrence of
CIN lesions after treatment in HIV-positive individuals suggests that HIV infection precedes
CIN rather th an the reverse.

(iii) Invasive cervical cancer
Invasive cervical cancer (ICC) has, since January i 993, been included as an AIDS-defining

illness in HIV -positive women (Centers for Disease Control, 1992), primarily because of the
plausibility of an association. There are at present few data to substantiate an increased risk of
LCC among HIV -infected women. Increased occurrence of LCC has not been observed in the
USA among women at high risk for AIDS (Rabkin et aL., 1993; Wright et al., 1994a). ln a large
linkage study between AIDS and cancer registries in seven health departments in the USA,
which has been reported as an abstract, Coté et al. (I993) found LCC in AIDS patients to be only
increased marginalIy over background levels. The lack of an increased risk of LCC may be
explained partly by the late introduction of HIV in the female population. Possibly, HIV-

infected women die before CIN progresses to iCC. Active-screening programmes among HIV-
infected women may also reduce the likelihood of progression to lCC. HIV -infected women
have a higher rate of sexually transmitted diseases than women in general, and are therefore
more likely to be in close contact with the health-care system, both before and after their HIV
infection.

Based on hospital records from Lusaka, Zambia, no evidence of an influence of the HIV-
epidemic on lCC rates was documented (Rabkin & Blattner, 1991) despite nearly 10% of
pregnant women and i 8% of normal blood donors being HIV -infected by 1985 (Melbye et al.,
1986). (Life expectancy for an HIV -positive person in Africa is particularly low.)

(h) Studies of the anorectal region

General reviews covering aspects of anal cancer and HPV in HIV-infected individuals are
sparse (Palefsky, 1991; Rabkin & Blattner, 1991). The most comprehensive and detailed review
on the subject so far has been presented by Palefsky (1994).

The assessment of anorectal epithelial cytology poses special problems because of vara-
bility in the quality of the cellular presentation and faecal contamination. Furthermore, biopsy
materials have, in the studies undertaken so far, only exceptionally been obtained to evaluate
further the cytological results. A significant association between cytology and histopathology
was observed in one study (Palefsky et aL., 1990), whereas Surawicz et aL. (I993) reported that
evaluation of 90 homosexual men referred for internaI lesions from a cross-sectional
community-based study by biopsy recorded a threefold higher prevalence of dysplasia than
detected with cytology.
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(i) Precancerous lesions

Table 57 summarIzes the studies on precancerous lesions. ln a prospective study of 61
homosexual men, cytological evidence of dysplasia with concomitant features of HPV infection
was observed at least once in 24 men, and HPV without dysplasia on al least one occasion in a
further 26 men (Frazer et al., 1986). Twenty of the men were HIV positi ve and among these men
a reduced CD4+/CD8+ ratio was associated with the presence of dysplasia.

HPV-6/1 1, -16/18 or -31, -33, -35 was found in anal swabs from 41 (39%) of 105 homo-
sexual men from Washington DC and New York, USA (Caussy et al., 1990a). This figure was
53% in HIV-infected subjects compared to 29% in HIV-negative subjects (p = 0.01). ln HIV-
infected subjects, a low CD4+ cell count was independently associated with anal HPV detection
whereas the number of partners and frequency of receptive anal intercourse was unimportant.
Abnormal cytology was seen in 9/37 (24%) HIV -infected men compared to 4/55 (7%) HIV-
negative men (p = 0.03) and was strongly associated with the detection of any HPV genotype by
dot blot. None of 15 subjects with HPV detected only by PCR had anal epithelial abnormality.

Kiviat et aL. (J 990) reported 13/49 (27%) HIV -infected bisexual and homosexuaI men
compared to 3/47 (6%) HIV-negative men to have detectable anal HPV by dot blot hybridization
(OR, 10 (95% CI, 1.9-57)). (No data on anal cytologylhistology were available.)

Anal HPV DNA was detected overalI in 15% of 120 Danish homosexual men but in 61.1 %
of 33 men who were HIV -positive (Melbye et al., 1990). As shown in Figure 19, HPV detection
was cJosely associated with immunosuppression. Anal cytology was abnormal in 19.5% and
correlated with HPV (OR, 6. i (95% Ci, 2.1 - 18)). Type-specific associations were found with
HPV -31, -33 and -35 (OR, 8.5 (95% Ci, 1.9-39)) and HPV-16/18 (OR, 3.1 (95% Ci, 0.8-12))
but not HPV -6/1 1 (OR, 1.0 (0.11 -9.7)). OveralI, HPV was detected in 39% of subjects with ab-
normal cytology. HPV was found in ail four subjects with an ab normal anal cytology and a
CD4+/CD8+ ratio below 0.4, but in only three of 14 subjects (21.4%) with abnormal anal
cytology and a ratio :2 1.3.

ln their study of 97 HIV -positive homosexual men with CDC (Centers for Disease Control)
group iv disease in San Francisco, USA, Palefsky et al. (1990) found HPV DNA (ViraPapTM/-
Viratype™) in 54% while 39% had abnormal anal cytology (for details see Table 57). Anal
intraepithelial neoplasia (AIN) was diagnosed in 15 specimens (15%). Abnormal cytology was
significantly associated with anal HPV (OR, 4.6; p = 0.003) and, among those infected with two
or more HPV types, 10/12 had abnormal anal cytology (OR, 39). CD4+ celI counts obtained
from medical records were inversely associated with cytological abnormality but did not
contribute significantly to a multiple regression model that also incJuded HPV.

Based on a sample of 112 Australian homosexual men presenting consecutively for routine
screening for STDs and HIV, 19% showed evidence of mi Id to moderate dysplastic changes
(AIN 1 or AIN II) (Law et aL., 1991). HPV DNA (6/l l, 16/18) was detected by dot blot hybridi-
zation in 40% of anal smear samples (6/11 in 18%; 16/18 in 11%; both groups in 12%). There
was a significant association between the detection of HPV-16/i8 DNA and anal dysplasia but
not between HPV infection or anal dysplasia and HIV -positi vit Y , immune status, sexual
practices or other STDs.



NN..Table 57. Studies of precancerous lesions of the anorectal region in HIV -infected persons

Reference and Number of Number of HPV preva!ence Anorecta! abnormality HPV tesl Pathology Comments
study area HIV + cases HIV- contro!s

(types) reading% Odds ratio 0/0 Odds ratio (95o/c CI)
(95% CI)

Frazer et al. 20 homosexua! 41 homosexual HIV+,80* (3.5, 1.0-12) HIV+,45* (4.8 (1.4-16)) Cytologiea! Cytology * Based on least
(1986) men men HIV-,53*

HIV-, 15* readi ng abnonna! smear
Australia

obtained from
each subject

Caussy et al, 43 homosexual 62 homosexual HIV+,53 p = 0.01 HIV+,24 p = 0.03 ViraType'" and Cytology(1990a) men men HIV-,29 HIV-,7 PCR (6/l 1,16, (AS IL) ,.
USA

18,33) ~Kiviat et al, 49 homo/- 47 homo/, HIV+,27 10 (1.9-57)
ViraPap'" ::n

(1990) bisexual men bisexual men HIV-,6

2;

USA

0
Melbye et al. 33 homosexual 87 homosexual HIV+,61.

ASIL + HPV Vira Type 
T.i

Cytology Z
(1990) men men CD4'%,

CD4'ICD8' ratio (6/11,16/l8, (ASIL) 0
Denmark

;; 40,10
~ 1.0,5.9 (0.9-39) 31,33,35 )

Ci40-31,7.5
0( 1.0, 30.0 (3.1-290) ::30-21,13

~
'"

20-11,34

::~ 10, 36

viPalefsky et al. 97 homosexual Ail types, 54 HIV+,39 ViraType n,
Cytology * AJone or in ~(1990) men with CDC

HPV-6/11 *,23 4 condylomas
(6/11,16118.31, and combination with 0

l'
San Francisco, group IV HPV-16/-18*,29

19 atypias 33.35) histology the other types c:
USA disease HPV.31, -33, -35*.

II AIN 1

3:
20 4AIN II

tT
Law et al, 45 consecutive 67 consecutive Ail men (HlV+, HIV-) Ali men (HIV+, HIV-) DOl bloi Cyiology No correlation 0\..
(199Ia) homosexual homosexual HPV-6/1 l, 18 AIN I-II, 19 hybridization between HPV or
Australia men for STD men for STD HPV-16/l8, II AIN 1,17 men

dysplasia and
screening screening Both,12 AIN II, 4 men

HIV
Bernard et al. 54 homosexuaI 54 male HlV+ Ail types HIV+ ln-situ Link between
(1992) and IVDU men panners to Ail types, 67

(1. (0,8-3.8)) AIN (PIN) l, 9 hybridization CMV and high-
France women with HPV.6/1 1,17 AIN II-II, 24

risk HPVcervical HPV or HPV,16/i8, -311 HlV-
observeddysplasia 33/35, 83 AIN L, 20
irrespect ive ofHlV- AIN II-II, 6
HIV statusAil types, 54

HPV -6/l1, 62
HPV-16/18, -31/
33/35, 38
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Table 57 (contd)

Reference and Number of Number of HPV preÝalence Anorectal abnormality HPV test Pathology Commentsstudy area HIV+ cases HIV - controls

(types) reading% Odds ratio % Odds ratio (95% CI)
(95% CI)

Critchlow et al. 26 consecutive 119 consecutive HIV+,31 5.8 (1.1-30) Dot filter HIV positivity did(1992 ) homosexual homosexual HIV-, 8 adjusted for hybridization not influence typeUSA men for HIV men for HIV STD history.
of HPV, HPVtesting testing age, anorectal
prevalence upsymptoms
with severity of

CI
HIV disease ..Palefsky et al, 37 with stage Increased from 60 to AS IL, 27-65 ViraPap™!Type'" Cytology Prospective study CÜ(1992) IV HIV disease 89 AIN. 8-32 and over an average ..San Francisco,

AIN II-II, 0-16 anoscopy of 17 months (T
CI

USA
biopsy 0Kiviat et al. 285 204 Southern blot HIV+,26 5.6 (3.0-10.5) Southem transfer CyWlogy OR/or ASIL by "I(1993) homosexual homosexual HIV+,55 4.0 (2.7-6.2) HIV-, 8 hybridization and Bethesda level 0/ HPV nUSA men seeking men seeking HIV-,23 HIV+ only HIV+ versus HI V- PCR (6/1 1,16/18, recommen- DNA: ~HIV testing HIV testing PCR Atypia Atypia 31133/35 ) dation CD4' count ZHIV+,92 3.1 (1.6-5.8) CD4' -( 200. 28 4.2 (1.6-11) ~ 500/mm' versus n

HIV-, 78 201-500, 25 3.3 (1.6-.5) ;, 500/mm' (T:;501-800.25 2.7 (1.4-5.4) STH+/PCR+ ..)0 800, 30 2.6 (1.-5.4 2.6 (1.2-5.7) Z
ASIL ASIL STH-/PCR+ ::CD4' -( 200, 36 9.9 (3.7-27) 6.3 (0.8-72) C201-500, 35 8.7 (4,1-18)

3:501-800,25 5.1 (2.3-11) ~)0 800, 8 1. (0.4-,2) Z
CI

Brown et al. 12 (10 men) 41 (27 men) High risk HPVs:
Hybrid Capture

TM
(1994) trom STD and trom STD and HIV+,58 (6.8 (1.7-28))Indiana. USA gynaecology gynaecology HIV-,17

clinics clinics
Palefsky et al, 37 homosexual 28 homosexual HIV+,51 (4,6 (0,9-23)) HIV+,28 V iraPap ™!Type ™ Cyiology HPV and ASIL(1994) men from San men from San HIV-.36 HIV-, 8 correlated withSan Francisco, Francisco Francisco

HIV+ and CD4'USA General General
count -( 2oo/mm'Hospital Cohon Hospital Cohon
and currentStudy Study
smoking

NN
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Table 57 (contd)

Comments
Reference and
study area

Number of
HIV + cases

Number of
HIV- controls

HPV prevalence Anoreclal abnormality HPV test

(types)
Pathology
reading

Williams el al.

(1994)
San Francisco,
USA

55 ¡VDU 59 IVDU
V iraPap"'rrype '"
and PCR

CYlOlogy Recruited l'rom a

larger cohon. No
association
between ASIL
and CD4' count

women women

% Odds ratio

(95%CI)
'f Odds raiio (95% CI)

( 1 Calculated by the Working Group
PCR, polymerase chain reaction; CDC, Centers for Disease Control; STD, sexually lransmitted diseases; IVDU, inlravenous drug users; CMV, cyioriegalovirus; ASIL, anal syuamous intraepithelial
lesions; DFH, dot-filter hybridization; AIN, anal intraepitheliaJ neoplasia; PIN, penile intraepithelial neoplasia; STH, Southern transfer hybridizaiion; CD4', CD4' cells; OR, odds raiio

Dui blul
HIV+,32
HIV-,14
PCR
HIV+.77
HIV-.56

HIV+,79 3.4 (0.9-16)
Dur blor
HPV-/HIY-, 1.0
HPV-/HIV+,
2.4 (0.4-16)
HPV+/HIV-.
2.5 (0.04-38)
HPV+/HIV+.
9.2 (1.6-64)
(no association with
PCR)
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0\

~:;n
3:ozo
Ci
:;
;:
"'::
C/
~or
c:
3:
rr
0\.¡

kajo
Rectangle



STUDIES OF CANCER lN HUMANS 227

Figure 19. Percentage of anal HPV DNA (ViraPap™)NiraTypeTM) detected by level of
CD4+/CD8+ markers in homosexual men
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From Melbye et aL. (l 990)

Bernard et aL. (1992) studied an equal number (54) of HIV-positive and HIV -negative men
aIl presenting with anogenital lesions such as f1at condyloma or condyloma acuminatum.
Whereas most HIV -positive subjects were homosexual or intravenous drug users, the negative
men were partners to women with genital HPV or dysplasia. High-risk HPV types (16/18, 31,
33, 35) were more common (83%) in HIV-positive persons. Low-risk types (6111) were more
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common in HIV-negative subjects (62%). High-risk types of HPV were seen in 94% (15116) of
men with AIN(PIN) II-ILL compared to 6% for low-risk HPVs, whereas 50% and 37.5%,
respectively, were reported in AIN(PIN) 1. A significant association between high-risk HPVs
and the detection of cytomegalovirus in the same lesion was observed irrespective of HIV status.

Critchlow et aL. (1992) reported a significant association between HIV -infection and anal
HPV DNA as measured by dot filter hybridization after adjustment for STD history, age and
current anorectal disease (OR, 5.8 (95% CI, 1.1-30)). HIV-infection did not influence type of
HPV detected but severity of HIV-related disease was positively related to HPV prevalence.

ln a larger and more-recent study by the same group (Kiviat et al., 1993), a random sample
of 285 HIV-positive and 204 HIV-negative homosexual men seeking HIV testing in Seattle,
USA, was surveyed. HPV DNA was detected by Southern blot hybridization in 55% and 23% of
HIV-positive and HIV-negative men, respectively (OR, 4.0 (95% CI, 2.7-6.2)) and by PCR in
92% and 78%, respectively (OR, 3.1 (95% CI, 1.6-5.8)). Each specific group of HPV DNA
types surveyed was more corn mon in HIV -infected men (Table 58). Detection of HPV by both
Southern blot hybridization and PCR (assumed to indicate a high level of HPV) was signi-
ficantly associated with anal intraepithelial lesions. However, after adjustment for level of
detectable HPV DNA, severely immunosuppressed HIV-positive men (CD4+ cell count
oc 500/mm3) were at higher risk of anal intraepithelial lesions tha.n men with a CD4 + cell count of
more than 500/mm3 (OR, 2.9 (95% CI, 1.4-6.2)). (This finding indicates a possible independent
role of immunosuppression in addition to HPV.)

Sixt y-six of 299 (22%) Hl V-positive and 24 of 213 (11%) HIV-negative men from the
above-mentioned study were referred for biopsies of internaI anorectal les ions (Surawicz et al.,
1993). Of 78 men with HPV -associated internaI lesions, only 36% had dysplasia diagnosed by
cytology, while 92% had dysplasia evaluated by histology (27% high grade). Their findings of
correlation of anal abnormalities with histological diagnosis are presented in Table 59. HIV-
status did not influence the prevalence of high-grade lesions (27% and 25% in HIV -positive and
HIV-negative men, respectively). Both high-risk and low-risk HPV types were common in many
of the biopsy specimens but high-risk types 16118/45 were more common among HIV-positive
men (48%) th an HIV-negative men (21 %; p = 0.08).

ln a study of 62 subjects with condylomata acuminata in the USA (Brown et aL., 1994),
seven of 12 (58%) Hl V-positive subjects (10 men) were positive for high-risk HPVs (HPV-16, _
18, -31, -33, 35, -45, -51, -52 and -56) by Hybrid Capture™ compared with seven of 41 (17%)
immunocompetent subjects (crude OR, 6.8 (95% CI, 1.7-28)). Ali subjects were positive for
low-risk HPV types (6, 1 l, 42-44), except one of the HIV-positive patients who was only
positive for high-risk HPVs.

ln a study of 37 HIV-positive and 28 HIV-negative homosexual men, Palefsky et aL. (1994)
found both anal intraepithelial lesions and the presence of HPV to be closely associated with
HIV positivity in men with CD4+ cell count below 200/mm3. Furthermore, a multivariate
analysis indicated a possible influence of current smoking.

Breese et aL. (1995) conducted a cross-sectional and follow-up study of 93 HIV-positive
and 116 HIV-negative homosexual/isexual men in the USA. Subjects were tested for ano-
genital HPV types 6/11, 16/18 and 31/33/35 (ViraPap™NiraTypeTM) at baseline and, for a subset
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Table 58. Prevalence of anal HPV DNA in HIV-positive
and HIV -negative homosexual men as detected by dot-
fiter hybridization, low- and high-stringency Southern

transfer hybridization, and PCR

HIV+ HI V- Odds ratio 95% CI
(%) (%)

Dot blot (n = 304) (n=211)
Any HPV 52 18 5,1 3.3-7,9

Southern (n = 285) (n = 204)
Any HPV 55 23 4,0 2,7-6.2
HPV-16, -18 21 7 5.0 2,6-9.6
HPV-3 L, -33, -35 15 3 8.7 3.5-26
HPV-6, -1 1 21 7 5.0 2.6-9.6
Unclassified HPV 16 8 3.7 1.-6.3
Multiple HPV 15 3 8.5 3.4-25.2

PCR (n = 241) (n = 152)
Any HPV 92 78 3.1 1.6-5.8
HPV-16, -18 53 38 3.6 1.8-7.2
HPV-31, -33, -35 43 15 7.4 3.4-16
HPV-6, -1 1 47 39 3,1 1.6-6.2
Unclassified HPV 19 22 2.2 1.0-4.9
Multiple HPV 44 23 4.9 2.4- JO

From Kiviat et aL. (1993)
PCR, polymerase chain reaction

Table 59. Correlation of anal abnormalities with histological diagnosis

Anoscopic abnormalities Negative Low-grade High-grade Total
(AIN 1) (AIN II-II)

Discrete warts
3 26 8 37"Circumferential ring of warts 2 14 7 23Flat white epithelium
1 Ii 6 18Normal or non-HPV-associated findings
7 0 1 8"

Total
13 51 22 86"

From Surawicz et aL. (1993); AIN, anal intraepithelial neoplasia
" Biopsies from 2 HIV -seronegati ve men in each of these categories were unsatisfactory

of men, six months later. Overa1l20 (17%) HIV-negative and 57 (61%) HIV-positive men were
positive for HPV (p -: 0.001). HPV-161l8 DNA was detected most frequently, accounting for
51% and 65% of infections in HIV negative and HIV positive men, respectively. HPV was more
common in men with AlOS related complex (ARC)/AIDS (74%) than in asymptomatic HIV-
positive men (53%, p = 0.08); the prevalence of infection inereased significantly with declining
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CD4+ cell count (p -c 0.05). Persistent HPV infection after an initial positive test was also more
common in men with ARC/AIDS (95%) than asymptomatic HIV-positive men (62%) or HIV-
negative men (61 %).

Several studies among women are under way, but so far the only one published in this area
is by Willams et aL. (1994). ln their study of 1 14 intravenous drug users, these investigators
found anal HPV to be twice as common as cervical HPV and associated with HIV -positivity by
both dot blot (OR, 2.5 (95% CI, 0.9-7)) and PCR (OR, 2.6 (95% CI, 1.0-6.8)). Overall, anal
intraepithelial lesions were seen in 14% (15/109) of the women of which 11 were HIV-infected
(OR, 3.4 (95% CI, 0.9-16)). ASIL was closely associated with simultaneous high-level (dot
blot-positive) HPV DNA and HIV positivity (OR, 9.2 (95% CI, 1.6-64)), but no association was
found with level of CD4+ cell count.

(ii) Progression of disease

ln San Francisco, USA, Palefsky et aL. (1992) followed 37 homosexual men with stage IV
HIV -disease prospectively for an average of 17 months and found the prevalence of anal
epithelial abnormalities to increase from 27% to 65% over this period. The percentage of men
with AIN increased from 8 to 32% and high grade AIN from 0 to 16%. HPV DNA as detected
by ViraPap™NiraTypeTM technique increased from 60 to 89%. Among subjects who had no
cytological abnormality at thestart of the study, 11 of 12 (92%) who were HPV-positive and 5
of 13 (38%) who were HPV-negative developed anal disease during follow-up (p = 0.02).

(iii) Invasive anal cancer
Reports from Denmark, Sweden and the USA have shown significant increases in the

incidence of epidermoid anal cancer, not only during the AIDS era, but over the last 30 years
(Goldman et al., 1989; Frisch et al., 1993; Melbye et al., 1994a). The increase has been more
pronounced in women than in men and in urban areas than in rural areas. Furthermore, black
people are at higher risk than whites and never-marred men at higher risk than ever-marred
men. Interestingly, the increased risk of anal cancer in never-maried men has been documented
as far back as the 1940s and 1950s (Frisch et al., 1993). These trends show that important
behavioural and environmental changes were taking place before the beginning of the AIDS
epidemic. However, data from the Surveilance, Epidemiology and End Results Programme
(SEER) in the USA have shown a remarkable increase in incidence among men in the San
Francisco Bay area in the last decade (1973-75: 0.5 per 105; 1988-89: 1.2 per 106; p -c 0.001).
Furthermore, the relative risk of anal cancer among never-mared men compared to ever
marred men increased from 6.7 (95% CI, 4.7-9.5) in 1979-84 to 10 (95% CI, 7.5-14) in 1985-
89 (Melbye et al., 1994a).

Melbye et al. (l994b) used a linkage between AIDS (50050 reports) and cancer (859398
reports) registries in seven health deparments in the USA to investigate the association between
HIV infection and epidermoid anal cancer. Compared to general population rates, the relative
risk of anal cancer at and after AIDS diagnosis (11 cases) was 84 (95% CI, 46-152) among
homosexual men and 38 (95% Ci, 9.4-151) among non-homosexual men (two cases). The
relative risk of anal cancer was 14 (95% Ci, 6.6-29) in the period two to five years before AIDS
and 27 (95% CI, 16-47) during the two years before AIDS diagnosis (p for trend = 0.004)
(Table 60).
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Table 60. Relative risk (observed/expected ratio) of epidermoid
anal and anorectal cancer among AIDS patients compared with
population con trois matched for age, sex, and race

Time from AIDS diagnosis No. of cases Relative risk (95% CI)

Observed Expected

2-5 years before

0.25-2 years before

0.25 years before or after
0.25-0.75 years after
). 0,75-2.25 years after

7

13

9

3

4

0.502
0.475
0.113
0.072
0.082

14 (6.6-29)

27 (16-47)
80 (41.4-153)
42 (13.4-129)

49 (18.3-130)

From Melbye et al. (1 994b)





3. Molecular Mechanisms of earcinogenesis

3.1 Experimental data supporting the carcinogenicity of specific HPV genotypes and
analysing the mechanism of HPV -linked carcinogenesis

3.1.1 Low-risk and high-risk HPV infections

Shortly after the isolation and characterization of the most prevalent HPV types found in
genital warts (HPV -6 and - 1 1) (Gissmann & zur Hausen, 1980; Gissmann et al., 1982) and
cervical cancer (HPV-16 and -18) (Dürst et al., 1983; Boshart et al., 1984), the concept of low-
risk and high-risk HPV infections for malignant conversion was introduced (zur Hausen, 1985).
InitialIy it was based exclusively on the high prevalence of type 16/18 viruses in malignant
tumours and the rarity of cancer biopsies containing HPV -6 or -1 1.

During subsequent years, functional differences between both subgroups of papiloma-
viruses became apparent, which wil be described below. Increased chromos 

omal abnormalitiesand concomitant aneuploidy were observed in high-risk HPVs selectively (Fu et al., 1988; Claas
et aL., 1992). ln analogy to several other DNA tumour virus systems, oncoproteins of high-risk
HPV s showed specific interactions with cellular proteins engaged in the regulation of proli-
feration.

The terminology of high-risk HPV types in this section is restricted to those genital virus
types that perturb normal growth and genomic stability of primary human cells in vitro. It is
likely, however, that a number of other types, found less frequently in anogenital cancers, also
share these properties, although they have not yet been analysed experimentally to the same
extent.

3.1.2 Chromosomal instability of high-risk HPV-infected cells

The induction of chromosomal instability had been observed initially in cells infected with
SV 40, polyomavirus or oncogenic adenoviruses and cou Id be attributed to functions of the T
antigen or the adenovirus ElA oncoprotein (Caparossi & Bacchetti, 1990; Drews et aL., 1992;
Woods et al., 1994; Laurent et al., 1995). Based on in-vitro data demonstrating the induction of
chromosomal instability by the overexpression of high-risk HPV genes and in other oncogenic
DNA virus systems, it was proposed that high-risk HPVs could act as soIitary carcinogens (zur
Hausen, 1991). The graduai accumulation of mutations within latently infected host cells and of
chromosomal abnormalities resulting from the function of viral oncoproteins would lead to a
selection of clones with specific cellular DNA modifications. ln a detailed study, White et aL.
(1994) reported that the expression in human cells of HPV - 1 6 E6, and, to a lesser extent and
through a different mechanism, HPV - 1 6 E7, results in an accumulation of genetic alterations
within those ce Ils caring the respective gene (Hashida & Yasumoto, 1991). The expression of

HPV-6 E6 or E7 genes did not lead to detectable modifications of host cell DNA.

-233-
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These data may point to a critical mechanistic difference between low- and high-risk HPV
infections. ln high-risk infections, time may be a suffcient factor to permit the accumulation of
mutational changes due to the function of viral oncoproteins, and may suffice for the graduai
progression towards malignant conversion in the absence of other cofactors (zur Hausen, 1991).
However, additional genotoxic cofactors may accelerate this process. Infections with low-risk
viruses, in contrast, would lead to cancer only in exceptional circumstances where other factors
contribute mechanistically to modifications of the host-cell genome. Interestingly, cancers
containing high-risk HPVs are aneuploid and regularly progress to metastatic growth, whereas
those containing low-risk HPV genotypes frequently reveal polyploidy, grow invasively and
metastasize rarely (reviewed in zur Hausen, 1991).

3.1.3 lmmortalization and transformation of ceUs by HPVs

Immortalization of cells is defined as continuous in-vitro growth of primary cells, whereas
transformation is defined as the ability to induce tumours in immunocompromised hosts.

Organotypic cultures initiated from immortalized cells reveal a histological pattern virtually
indistinguishable from intraepithelial neoplastic lesions (reviewed in McDougall, 1994), indi-
cating that HPV -immortalized keratinocytes are a useful model for the analysis of the role of

HPV s in cervical neoplasia. Furthermore, immortalized cell lines containing high-risk HPV s
have been established from genital intraepithelial neoplasms (Schneider-Maunoury et al., 1987;
Stanley et aL., 1989; Bedell et aL., 1991). Based on these studies, it has been suggested that
HPV -immortalized cells correspond to the clinical pattern of intraepithelial neoplasia (zur
Hausen & de Viliers, 1995).

(a) Contribution of viral and cellular genes

HPV scan induce immortalization in primar cultures of human and rodent cells. There is a
good correlation between the clinical classification of high risk and low risk of a given HPV
type and its immortalization potential in vitro. ln human cells, immortalization is restricted to
high-risk viruses, whereas in rodent cells, low-risk HPV types also possess weak immortalizing
potential.

ln the first published transformation assay for a high-risk HPV, NIH 3T3 cells were trans-
fected with recombinant fulliength HPV-16 DNA and a selectable marker, and transformed foci
were obtained after drug selection (Yasumoto et aL., 1986). Similar assays were subsequently
developed with several other rodent celllines including Rat-3Yl and Rat-l cells (Bedell et aL.,
1987; Watanabe & Yoshiike, 1988). Mutational analyses revealed that the HPV E7 gene codes
for the major transformng function with E6 contributing to the formation of soft agar clones
(Phelps et aL., 1988; Vousden et aL., 1988; Sedman et aL., 1991).

Subsequently it was discovered that the HPV E7 gene can cooperate with the ras oncogene
to transform primar baby rat kidney cells (Matlashewski et aL., 1987; Phelps et aL., 1988;
Storey et aL., 1988). The E6 gene can cooperate with ras and immortalize baby mouse kidney
celIs (Storey & Banks, 1993).

Potentially more relevant to the biology of the human papilomaviruses was the finding that
high-risk HPV s cou Id induce immortalization of primar human cells, including primar human
genital keratinocytes (Dürst et aL., 1987a; Pirisi et aL., 1987; Pirisi et aL., 1988; Kaur &
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McDougalI, 1988; Pirisi et al., 1988; Schlegel et aL., 1988; Wood worth et aL., 1988). The
immortalized celllines developed a fulIy transformed phenotype only after prolonged passage in
tissue culture (Hurlin et al., 1991; Pecoraro et al., 1991; Pei et aL., 1993) or transfection with an
activated viral Ha-ras gene (DiPaolo et al., 1989; Dürst et al., 1989). Co-transfection of primar
hum an foreskin keratinocytes with HPV - 1 8 and v-jos gave rise to cell lines producing non-

invasive tumours in immunocompromised mIce (Pei et aL., 1993). ln one study, HPV-
immortalized human keratinocytes were induced to tumorigenic progression by treatment with
N-methyl-N-nitrosourea (see IARC, 1987a) (Klingelhutz et aL., 1993). These cells showed
chromosome 18q deletions involving the tumour suppressor gene DCC. The celIs also showed
aberrations of chromosome 5q, also detected in primar cervical cancers, but this was not
associated with detectable alterations in the expression of the APC gene associated with the
development of adenopolyposis coli. These results support the hypothesis that additional cellular
mutations may be required for malignant progression (zur Hausen, 1986, 1994).

Mutational analyses showed that both £6 and £7 were required for efficient immorta-
lization of primar human genital tract keratinocytes (Hawley-Nelson et aL., 1989; Münger
et aL., 1989a; Hudson et aL., 1990). ln organotypic cultures of keratinocytes, £6/£7 expression
caused alterations in terminal differentiation resulting in histopathological abnormalities that are
similar to those seen in preneoplastic les ions in vivo (McCance et aL., 1988; Hudson et al., 1990;
reviewed by McDougall, 1994).

Epithelial cells derived from different anatomIcal regions were immortalized by HPVs and
in most cases £6 and £7 together were required for efficient immortalization although, under
certain conditions, the HPV £6 or £7 genes alone were found to have a low immortalization
potential (Halbert et aL., 1991). One exception is mammar epithelial cells, in which early
passage cells cou Id be immortalized by the £7 gene alone (Wazer et aL., 1995) and relatively late
passage cultures were immortalized by the HPV £6 gene alone (Band et aL., 1990, 1991).

The requirement for viral oncoprotein expression to maintain the immortalized state was
initially demonstrated in tissue culture cells immortalized by temperature-sensitive mutants of
SV40 and polyomaviruses (Brugge & Butel, 1975; Martin & Chou, 1975; Randa et al., 1989;
Strauss et aL., 1990). The addition al involvement of cellular genes was suggested by the low
efficiency of immortalization induced by these viruses and the fact that the majority of infected
cells, although expressing viral oncoproteins, continued to have a finite lifespan (Whitaker et aL.,
1992). ln addition, senescing somatic cell hybrids continued to transcribe HPV-18 £6/£7 RN 

As
(Chen et aL., 1993b). The existence of at least four complementation groups for senescence in
cells immortalized either by SV40 or high-risk HPV genes, respectively (Pereira-Smith &
Smith, 1981; Whitaker et aL., 1992; Chen et al., 1993b; Duncan et aL., 1993), underlines the
importance of loss of specific cellular gene functions in the process of immortalization (for
review, see zur Hausen & de Viliers, 1995). The specific host cell genes involved in this
process have not yet been identified.

(b) Chromosomal abnonnalities in HPV-immortalized cells

Chromosomal abnormalities and alterations in ploidy are regularly detected in HPV-
immortalized cell lines, with some evidence for additional specifie changes during oncogenic
progression. Cells immortalized following the introduction òf HPV sequences frequently show
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alterations involving chromosome 1 (Smith et aL., 1989), which may contribute to the escape
from normal differentiation pathways and the acquisition of a growth advantage. HPV -immor-
talized cells also frequently show abnormalities of chromosome 3 (Smith et aL., 1989), non-
random loss of chromosomes II, 19 (Popescu & DiPaolo, 1990), 5,7,8, 12, 16 and 22 (Smith

et al., 1989) and abnormalities in chromosome 10 (Crook et aL., 1990; Pei et al., 1991). Cyto-
genetic analysis of HPV - 18-immortalized foreskin keratinocytes showed that loss of chromo-
somes 21 and Y and alterations in chromosome 5q correlated with the spontaneous progression
to tumorigenicity following continuous propagation in culture (Hurlin et aL., 1991). Treatment of
the same cell line with N-methyl-N-nitrosourea also induced tumorigenic progression, which

was associated with 5q+, 18q- and loss of Y (Klingelhutz et aL., 1993).

Chromosomal alterations occurrng in tumours are described later.

(c) Transcriptional modulation by HPV oncoproteins

Neither HPV E6 nor E7 are DNA-binding proteins, yet they both can influence trans-
cription from certain promoters. The HPV - 1 6 E7 protein was first shown to be able to acti vate
transcriptionally the adenovirus E2 promoter (Phelps et aL., 1988). ln the murine fibroblast cell
line NIH 3T3, the E6 protein can also activate this promoter effciently (Sedman et aL., 1991).
Promoter mapping studies showed that binding sites for the E2F transcription factors were
required for the E7-mediated transcriptional activation of the adenovirus E2 promoter, thereby
establishing a functional similarty between E7 and the 12S mRNA-encoded adenovirus EIA
protein (Phelps et aL., 1991). These studies provided the first evidence that E7 can interfere with
the regulation of viral and cellular genes mediated by members of the E2F family of trans-
cription factors.

Conversely, the E6 protein was found to be able to modulate the expression of several basic
promoters that contain a TATA box only (Lamberti et aL., 1990; Desaintes et aL., 1992). ln
addition, the HPV E6 protein can also interfere with the transcriptional activation and repression
functions of the p53 tumour suppressor protein/transcription factor (Lechner et aL., 1992; Mietz
et aL., 1992). p53-independent transcriptional repression by HPV - 1 6 E6 also has been reported

(Etscheid et aL., 1994). The modulation of cyclin A expression by viral oncoproteins has been
reported recently (Oshima et aL., 1993; Spitkowsky et aL., 1994).

(d) Positive and negative transforming functions of HPV
The E2, E5, E6 and E7 open-reading frames of several HPV genotypes contribute to the

immortalization/transformation function of the viruses. The expression of E6 and E7, but not E2
or E5, is regularly maintained after integration of the viral genome during carcinogenic

progression (Schwartz et aL., 1985). Expression of E6 and E7 appears to be necessary for the
induction as well as the maintenance of the transformed state (von Knebel-Doeberitz et aL.,
1988; Crook et aL., 1989; von Knebel-Doeberitz et aL., 1992, 1994).

(i) HPV E5

The E5 genes from both low-risk and high-risk HPV s encode short hydrophobic peptides
(Bubb et aL., 1988; Halbert & Galloway,1988) that have mitogenic activity in a number of cell
types including primar human foreskin keratinocytes and synergize with the epidermal growth
factor (EGF) (Leechanachai et al., 1992; Pim et aL., 1992; Straight et aL., 1993; Bouvard et al.,
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1994). The number of EGF receptors was found to be increased two- to tïve-fold and enhanced
receptor recycling was also detected in HPV £5-expressing human keratinocytes. Similarly,
EGF-induced receptor phosphorylation was significantly increased in £5-expressing celIs
(Straight et aL., 1993). Like BPV-l E5 proteins (Burkhardt et aL., 1989; Goldstein & Schlegel,
1990; Goldstein et aL., 1991), HPV E5 proteins were detected in the Golgi apparatus, the
endoplasmatic reticulum, as weil as in nuclear membranes, and they are able to form complexes
with the 16 kDa subunit of a vacuolar A TPase (Conrad et aL., 1993). The E5 oncoprotein of
HPV - 16 inhibited the acidification of endosomes in human keratinocytes (Straight et aL., 1995).
Therefore, the HPV E5 proteins, like the BPV-l E5 (Marin et al., 1989; Petti et aL., 1991),
appear to interfere with growth-factor-mediated signal transduction. According to this model,
the E5 protein may endow HPV -infected cells with an initial growth advantage by interfering
with the integration of positive and negative extracellular growth signaIs. This might lead to an
enhanced responsiveness to positive extracellular signais of HPV-infected cells.

(ii) HPV £6
The HPV £6 open-reading frames encode zinc-binding nuclear proteins of approximately

150 amino acids in length with a rather basic isoelectric point. They contain two pairs of Cys-
X-X-Cys-sequence motives with a characteristic spacing of 29 ami no acids (Cole & Danos,
1987). These cysteine-rich sequences have been implicated in zinc binding (Barbosa et al.,
1989). One biochemical function for the E6 proteins was provided by the disco very that, like the
SV40 T antigen and the Ad5 EIB 55 kDa protein (Lane & Crawford,. 1979; Linzer & Levine,
1979), high-risk HPV E6 proteins can interact specifically with the p53 tumour suppressor
protein (Werness et aL., 1990; Crook et aL., 1991b).

It was observed that the levels of p53 in HPV -positive ce ils were very low (Matlashewski
et aL., 1986b). This led to the suggestion that, unlike SV40 T antigen and the EIB 55 kDa
protein, which inactivate p53 by sequestering it in stable complexes, the E6 proteins may
inactivate p53 through degradation (Werness et aL., 1990). This hypothesis was supported by in-
vitro studies that showed that the interaction between p53 and a high-risk HPV E6 protein
resulted in the rapid degradation of p53 through the ubiquitin-mediated proteolysis pathway
(Scheffner et aL., 1990; Crook et al., 1991b). Biochemical studies showed that a 100 kDa host
cellular protein designated E6-AP mediates the interaction between E6 and p53 (Huibregtse et
aL., 1991, 1993). The E6Æ6-AP complex acts as a ubiquitin ligase and therefore plays a direct
enzymatic role in the ubiquitination reaction of p53 (Scheffner et aL., 1993). The E6Æ6-AP
functional inactivation of p53 is therefore mediated by a ubiquitin cascade with the E6Æ6-AP
complex directly conjugating ubiquitin to p53 (Scheffner et aL., 1995). As a consequence, the
protein levels and the metabolic half-life of p53 in high-risk HPV E6-expressing cells are
decreased (Hubbert et al., 1992; Lechner et aL., 1992; Band et aL., 1993).

The interaction between the HPV E6 protein and p53 causes the functional inactivation of
p53. The p53 tumour-suppressor protein has the properties of a sequence specifie transcription al
activator (Kern et aL., 1991; EI-Deiry et aL., 1992; Funk et aL., 1992; Pietenpol et aL., 1994) and
this activity plays a pivotal role in p53-mediated tumour suppression. It has been shown that the
high-risk HPV E6 proteins, like SV 40 T antigen, are able to abrogate the transcriptional
activation and repression potential of p53 (Lechner et aL., 1992; Mietz et aL., 1992; Hoppe-
Seyler & Butz, 1993), which supports the notion that the regulatory function of p53 is disrupted
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in high-risk HPV -infected cells. The functional importance of the interaction between high-risk
HPV E6 and p53 was further cOIToborated by studies that analysed a p53-controlled G liS cell
cycle checkpoint. The intracellular p53 levels rapidly increase in response to DNA damage,
resulting either in cell-cycle arest or apoptosis (reviewed by Lane, 1992). The augmented levels
of p53 induce the expression of negative growth regulators including the cyc1in-dependent

kinase inhibitor p21c;pi leading to a growth aITest at the Gl/S boundary (EI-Deiry et aL., 1993;
Harer et aL., 1993; Xiong et al., 1993). The integrity of this checkpoint appears to contribute
critically to the ability of a normal cell either to repair the damaged DNA prior to initiation of
DNA replication or undergo apoptosis. This checkpoint is not functional in cells transfected
transiently with high-risk HPV E6 (Kessis et aL., 1993a; Foster et al., 1994; Gu et aL., 1994;
Canman et aL., 1995), which is manifested by genomic instability (Livingstone et aL., 1992).
However, in HPV -positive cervical carcinoma cell lines, functional p53 protein has been
detected (Butz et aL., 1995).

Since the ability of HPV E6 to bind and/or degrade p53 does not seem to account
completely for the biological activities of E6 (Sedmann et aL., 1992; Ishiwatar et aL., 1994),
several laboratories are in the process of defining additional cellular targets of the HPV E6
protein using various biochemical and genetic screening methods. These studies have been
hampered somewhat by the absence of definitive structure-function studies. Cellular proteins
associated with E6 have been identified, but with the exception of the E6-AP protein
(Huibregtse et al., 1993), their identity and biological importance are unknown (Keen et aL.,
1994) .

(iii) HPV E7
HPV E7 genes encode zinc-binding nuc1ear phosphoproteins, of approximately 100 amino

acids in size, that have an acidic isoelectric point. The amino terminal domain of the HPV E7
protein is strikingly similar to regions of the Ad ElA proteins and the SV40 T antigen (Figge
et aL., 1988; Phelps et al., 1988). The conserved regions of the three DNA tumour virus onco-
proteins participate in the binding of the pocket proteins, a family of structurally related cellular
proteins that includes the retinoblastoma tumour-suppressor protein (pRB), P 107 and pI 30
(DeCaprio et aL., 1988; Whyte et aL., 1988; Dyson et aL., 1989). The pocket protein binding site
was mapped to a short peptide sequence located in the amino terminal domain of E7 (Münger
etal., 1989b; Barbosa et aL., 1990; Jones et aL., 1990b). Co-precipitation experiments showed
that HPV-16 E7, like SV40 T antigen, binds preferentially to the hypophosphorylated form of
pRB in vivo (Imai et aL., 1991; Dyson et aL., 1992). Cell cycle analyses have revealed that the
state of phosphorylation of pRB is regulated in a cell-cycle-dependent manner. ln the GO and G 1

phases of the cell cycle, when pRB is active as a growth suppressor, it is in a hypophospho-
rylated form. Upon cell cycle progression, pRB becomes phosphorylated at multiple serine
residues by one or more cyclin-dependent kinases at the G liS boundary. Consequently, pRB is
present in a hyperphosphorylated form during S, G2 and early M . phases, and is dephospho-
rylated in late M phase (reviewed by Weinberg, 1995). Complex formation between E7 and the
pocket proteins results in their functional inactivation thereby dysregulating progression of the
cell cycle into S phase. The ability to form complexes with the pocket proteins may therefore
contribute to the ability of the HPV E7 protein to induce DNA synthesis (Sato et aL., 1989b;
Banks et aL., 1990).
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Members of the E2F family of transcription factors are regarded as modulators of pocket
protein function (reviewed by Nevins, 1992). When bound to the GOIG i specific hypophos-
phorylated form of pRB, E2F acts as a transcriptional repressor. Upon G IIS-specific phospho-
rylation of pRB, the E2F/pRB complex is disrupted and E2F has transcriptional activation
function (Weintraub et aL., i 992). E2F/pocket protein complexes are detected by electrophoretic
mobility shift assays using nuclear protein extracts and an E2F binding site oligonucleotide as a
probe. ln high-risk HPV E7-expressing celI lines, the E2F/pocket protein complexes are func-
tionalIy compromised (Chellappan et aL., 1992; Pagano et aL., 1992) - the HPV E7 protein can
disrupt pRBÆ2F complex and interact with the cyclin AÆ2F complex without efficiently
disrupting it (Arroyo et aL., i 993). The interaction of E7 with the cyclin AÆ2F complex leads to
its functional inactivation resulting in the transcriptional activation of responsive promoters
(Lam et aL., 1994).

The regulation of the transcriptional activity of E2F by the pocket proteins may be an
important step for ordered G liS transition and the disruption of this regulatory circuit by the E7
protein in HPV -infected cells is thought to contribute critically to carcinogenic progression. ln
agreement with this model, it has been shown that overexpression of E2F leads to cell cycle
progression and morphological changes characteristic of cellular transformation (Johnson et aL.,
1994; Singh et aL., 1994). E7 expression can abrogate at least some of the growth-suppression
functions of p53 (reviewed in Farthing & V ousden, 1994), although wild-type p53 expression
can inhibit transformation by E7 (Crook et aL., 1991c, 1994). ln cells with an intact p53
pathway, overexpression of E2F induces apoptosis (Qin et aL., 1994; Wu & Levine, 1994) and it
seems Iikely that E6 expression is important in the abrogation of this function.

Like Ad ElA, HPV-16 E7 is able to bind cyclin A as weil as a histone HI kinase (Dy son
et aL., 1992; Davies et aL., 1993; Tommasino et aL., 1993). Interestingly, the pocket protein pl07
can serve as a substrate for this protein kinase activity (Davies et aL., 1993). Whether this is a
direct interaction or is mediated by an adaptor protein is unclear at present.

Several mutagenic analyses of E7 have helped define the molecular determinants for the
multiple biological and biochemical properties of E7. The ability of E7 to interact efficiently
with the pocket proteins was found to be critical for many of the biological and biochemical
properties of E7 (Edmonds & Vousden, 1989; Storey et al., 1990; Watanabe et aL., 1990; Phelps
et aL., 1992). This was ilustrated clearly by studies of chimeric high-risk/ow-risk HPV E7
proteins, which showed that the differences in transformation effciencies in rodent celIs
correlated directly with the relative binding efficiency to retinoblastoma protein. Sequence
comparisons revealed a single consistent amino acid sequence difference in the pRB binding
sites between the high-risk and the low-risk E7 proteins (Asp 21 in HPV - 1 6 E7 corresponding to
Gly 22 in HPV -6 E7). Mutation of the corresponding residues in E7 showed that this difference
is largely responsible for the differential transforming capacity of the low-risk and the high-risk
E7 proteins (Heck et aL., 1992; Sang & Barbosa, 1992a). The relevance of these findings,
however, may be limited to E7 proteins encoded by HPV s that are associated with anogenital
tract lesions since the E7 protein encoded by HPV - 1, an HPV type associated with benign
plantar warts, also effciently interacts with pRB (Ciccolini et aL., 1994; Schmitt et aL., 1994).

Several studies have provided evidence for the presence of additional regions that, inde-
pendent of or in addition to pRB binding, are important .for E7 function in cellular immorta-
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lization and transformation. Mutations in the arnno terminal CR 1 homology do main of E7
interfere with its transformation potential independent of pRB binding (Edmonds & V ousden,
1989; Phelps et al., 1992; Brokaw et aL., 1994) and pRB-binding-deficient E7 mutants, in the
context of the whole genome, are able to induce cellular immortalization of primary human
genital epithelial cells (Jewers et aL., 1992). It has also been shown in the CRPV system that
CRPV mutations in the pRE binding site did not result in the prevention of papilomas (Defeo-
Jones et al., 1993). The pRB binding function of E7 is necessar for the immortalization of
human cells, wh en only E6 and E7 proteins are expressed (Melilo et aL., 1994).

The specific contributions of the cysteine-rich carboxyl-terminus of E7 are poorly under-
stood. Mutations in the carboxyl-terminal half of E7 that interfere with any of the functions of

E7 generally also affect the intracellular stability of the protein, suggesting that the integrity of
the carboxyl-terminus is important for its intracellular stability (Phelps et aL., 1992; McIntyre et
aL., 1993). There are several studies that suggest specific contributions of the carboxyl-terminus
to E7 functions. Binding of E7 to pRB abrogates the nonspecific DNA-binding properties of
pRB and studies with truncated E7 polypeptides suggest that, in addition to the pRB binding
site, carboxyl-terminal sequences are also necessary for this activity (Stirdivant et aL., 1992).
Similarly, the ability of E7 to disrupt the complex between the cellular transcription factor E2F
and pRE requires additional sequences in the carboxyl-terrnus of E7 (Hwang et aL., 1993; Wu
et aL., 1993). It has been suggested that this region of E7 constitutes an independent low-affnity
binding site for pRB (Patrick et aL., 1994). The only mutation that rendered E7 incompetent for
immortalization was located in the carboxyl-terminus (Jewers et aL., 1992). The HPV E7 protein
can form dimeric or multimeric complexes through carboxyl-terminal sequences. The biological
implications of this property of E7 are not clear (Roth et aL., 1992; McIntyre et aL., 1993).

(iv) HPV £2
Expression of the HPV £2 gene is frequently disrupted as a result of the integration of the

viral genome during carcinogenic progression. HPV £2 gene encodes DNA-binding proteins
that can repress transcription from the HPV promoter(s) that govern expression of the £6 and £7
oncogenes (Thierr & Yaniv, 1987; Romanczuk et aL., 1991; Thierr & Howley, 1991). HPV
genomes in which £2 expression is disrupted have higher levels of £6/£7 expression (Sang &
Barbosa, 1992b) and an enhanced immortalization activity as compared to a wild type genome
(Romanczuk & Howley, 1992). ln accord with these results, the re-establishment of £2
expression in cervical carcinoma celllines results in growth suppression, which is at least in par
mediated via the repression of the HPV £6/£7 promoter (Thierr & Yaniv, 1987; Hwang et aL.,
1993).

(e) HPV-targeted cellular proteins in cervical carcinogenesis

(i) p53

The most intensively studied genetic alterations in cervical cancers are those affecting the
tumour suppressor gene p53. Alteration in p53 is a common event in the development of most
major carcinomas, suggesting that loss of normal p53 function is an important step during

carcinogenesis (Hollstein et al., 1991). The observation that one of the HPV-encoded onco-
proteins, E6, can interact with, and functionally inactivate, the p53 protein (see above) suggested

. that somatic alteration within the p53 gene may not be a necessar step during the development
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of HPV -associated cancers. A large number of studies have attempted to address this question
by analysing the status of the p53 gene in HPV-positive and HPV-negative cancers and cancer
celI lines. Results from the cancer cell lines were very striking and reproducible between
different groups. No p53 mutations were detected in a total of 1 1 independently derived HPV-
positive cell lines, whilst three separate HPV-negative cervical carcinoma cell lines showed
evidence of point mutation at a hot spot region within the p53 gene, two at codon 273 and one at
codon 245 (Crook et aL., 1991d; Scheffner et aL., 1991; Iwasaka et al., 1993). This inverse
relationship between p53 mutation and HPV infection was interpreted as evidence supporting
the importance of loss of p53 function in the development of the se tumours and the functional
significance of the E6/p53 interaction. Subsequent studies in primar cancer biopsies have been
less clear. ln 16 independent analyses of HPV -associated genital cancers, eight tumours with
evidence of p53 mutation were detected in a total of 375 cancers (2%) (Crook et aL., 1991d,
1992; Fujita et aL., 1992; Lo et al., 1992; Tsuda & Hirohashi, 1992; Chen et aL., 1993c; Choo &
Chong, 1993; Helland et aL., 1993; Paquette et aL., 1993; Busby-Earle et al., 1994; Chen et aL.,
1994a; Jiko et aL., 1994; Kurvinen et aL., 1994; Lee et al., 1994; Pao et al., 1994b; Park et aL.,
1994). The observation that p53 mutations are extremely rare in HPV -positive cancers is not in
dispute. The detection of p53 point mutations in apparently HPV -negative cancers has been less
consistent. Some studies reported a relatively high incidence of p53 mutations in the se tumors,
although most found a low incidence of mutation, regardless of the HPV type. Overall, 146
HPV-negative tumours were analysed and p53 mutations identified in 24 (16%). Four studies
investigating head and neck tumours identified a total of six p53 mutations in 27 HPV-positive
cancers (22%) and 32 p53 point mutations in 81 HPV-negative cancers (40%) (Brachman et aL.,
1992; Lee et aL., 1993; Chang et aL., 1994; Snijders et aL., 1994b).

Analysis of p53 protein levels, as an indication of p53 abnormalities, also fails to provide a
good consensus; some studies showed a correlation between absence of HPV sequences and p53
protein detection (Tervahauta et aL., 1993), which is not detected by others (Cooper et aL., 1993).
These studies are more difficult to interpret than those describing direct sequencing of the p53
gene within the tumour cells, since the correlation between p53 levels and abnormalities within
the protein is not perfect. One study in which both protein levels and p53 sequence was
determined revealed a point mutation in only one of eight cervical cancers with immunohisto-
chemIcal p53 staining (Busby-Earle et aL., 1994). Loss of heterozygosity on chromosome 17p is
associated with HPV-negative cancers (Kaelbling et al., 1992), although the importance of this
may be related to the 10ss of another gene in this region of chromosome 17, rather than p53
itself.

The identification of tumours apparently lacking both HPV and p53 mutations suggests that
other pathways or different genetic lesions are involved in the development of these cancers
(Park et al., 1994). Studies of p53 function have shown thatthe activity of the p53 protein can
be regulated by interaction with cell proteins. One of these, termed MDM2, is transcriptionally
activated by p53 itself and binds to p53 within the activation domain, inhibiting p53 activity and
providing a feedback mechanism for the modulation of p53 function. Sorne tumours that do not
show frequent evidence of somatic mutation within the p53 protein itself have been shown to
car amplifications of the MDM2 gene, although one study of HPV -negative cervical cancers

failed to detect these amplifications (Kessis et aL., 1993b).
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Several tumours have also been identified that are positive for both p53 mutations and
HPV. Sorne studies show an association of p53 mutations with more aggressive cervical cancers,
although this is not always seen (Chen et aL., 1994a; Jiko et al., 1994). A small study of metas-
tas es from HPV -positive primary cancers suggested the possibility that the acquisition of p53
mutations may contribute to the further progression of an HPV -associated primary cancer. p53
Mutations have been identified as a late-stage event in other tumour types and under experi-
mental conditions certain forms of mutant p53 display transforming activities that are
independent of the loss of wild-type growth suppressor function. It is therefore postulated that
the interaction of E6 with the wild-type p53 protein in HPV -infected cervical celIs results in the
loss of protein function, whereas expression of a mutant p53 protein might provide an additional
oncogenic signal at later stages of progression (Crook & Vousden, 1992). Sorne other studies
have failed to detect p53 mutations in HPV-positive rnetastases (Stanley & Sarkar, 1994) and
not enough tumours have been exarnined to determine whether this genetic event contributes
significantly to metastatic progression in these cancers. Transfection of HPV - 16-irnmortalized

and HPV - 1 8-immortalized human cervical cell lines with a dominantly transforming mouse

mutant p53 resulted in enhanced growth rates of the human celI lines and an increase in the
effciency of anchorage and independent colony formation; however, ce Ils expressing the mutant
p53 protein did not become tumorigenic (Chen et aL., 1993c).

(ii) pRB
Like p53, pRB is a tumour suppressor whose function is frequently lost during the

developrnent of several types of human cancer (Weinberg, 1995). The HPV -encoded onco-
protein E7 has been shown to interact with, and inactivate the function of pRB (see section
above). Analysis of cervical carcinoma cells Iines for alterations in the pRB gene revealed
mutations only in the two HPV -negati ve lines studied, with wild-type present in the six HPY-
positive Iines (Scheffner et al., 1991). This suggests an inverse correlation between HPV
positivity and pRB mutation, similar to that postulated for HPV and p53. Further analyses of
primary tumour material have been hampered because of the large size of the pRB gene, but one
study of 12 HPV -negative small-cell cervical cancers failed to find any evidence of pRB
mutation (Pao et aL., 1 994b). Alterations of the cyclin dependent kinase inhibitor pl 6, which are
frequently seen in other pRB-positive celI lines, are not detected in the HPV -positive cervical
carcinoma lines, again supporting a functional significance of the E7/pRB interaction in these
cells. Deletions of chromosome 9p21, containing the pl 6 locus, are also rarely seen in cervical
cancer (reviewed in Stanley & Sarkar, 1994).

3.1.4 Lxperimental evidencefor a role of high-risk HPVs in malignant conversion and in
human cervical cancers

(a) Requirementfor HPV gene expressionfor invasive growth and the malignant
phenotype

A low level of HPV £6/£7 expression was noted in the proliferative layer of low-grade CIN
in comparison with more advanced lesions (Dürst et al., 1991; Ifner et aL., 1992; Stoler et aL.,
1992).

Two sets of experimental data reveal the requirement of HPV £6/£7 gene expression for the
invasive phenotype of human cells after heterografting these cells into immunocompromised
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mice. Cells immortalized by HPV - 1 6 reduce E6Æ7 transcription substantially upon hetero-
grafting (Dürst et al., 1991). Similarly, non-malignant hybrid cells produced by cell fusion of
HPV - 1 8-containing HeLa cells and human fibroblasts or human keratinocytes, which expressed
significant levels of viral oncoproteins when kept in tissue culture, revealed a substantial trans-
criptional repression of the 

se genes within three days of transplantation into the nude mou sesystem (Bartsch et aL., 1992). Malignant revertants obtained from these Iines or the parental
HeLa cells fail to reveal this transcriptional down-regulation.

The requirement for high expression levels of viral oncoproteins for the malignant pheno-
type is further underlined by experiments using inducible £6/ E7 antisense constructs, in the
human cervical carcinoma cellline C4-1 (von Knebel-Doeberitz et aL., 1988, 1992). By inducing
the antisense transcription, cell growth was impaired and carcinogenicity abolished. ln a specific
cervical cancer cell line, SW 752, HPV -18 £6/£7 transcription could be switched off by the
addition of dexamethasone. These celIs ceased to grow in culture and were no longer carcino-
genic in nude mice receiving dexamethasone. Reconstitution of either £6 or £7 expression by an
hormone-inducible promoter restored the carcinogenicity (von Knebel-Doeberitz et aL., 1994).

The selective down-regulation of HPV transcription in immortalized cells and not in mali-
gnant cells can be reproduced under tissue culture conditions by 5-azacytidine treatment or by
the addition of human or murine macrophages (Rösl et al., 1988, 1994; Kleine et al., 1995). ln
the latter two studies it was demonstrated that the production of TNFu by macrophages was
induced by a cytokine (MCP-l) selectively produced by non-malignant celIs; TNFu mediates
the down-regulation of HPV - 1 6 and - 1 8 transcription in these cells. This suggests that the
transition from immortalization to malignant conversion involved the modification of genes
engaged in the control of HPV transcription and which are activated by a paracrine regulatory
pathway.

(b) Integration of HPV sequences
During the normal HPV life cycle, viral DNA is maintained episomally in the nucleus of

the infected cel!. The detection of integrated viral DNA sequences in cervical neoplasia
(Schwartz et al., 1985) is frequently associated with malignant progression, integration being
more common in carcinomas than in cervical intraepithelial neoplasia (Cu lien et aL., 1991), with
some studies reporting integration in high-grade dysplasia (Lehn et aL., 1988; Fukushima et aL.,
1990). The persistence of both episomal and integrated copies of the HPV genome in sorne
cervical cancers has been reported (Krstiansen et aL., 1994b) and most studies identify at least
sorne carcinomas with only episomal viral DNA (Das et aL., 1992b). Similar integration of HPV
sequences is reported in HPV -associated vulval carcinomas (Venuti & Marcante, 1989). The
consequences of integration and potential contribution to tumour progression may reflect pertur-
bations in viral and host gene expression.

(i) £ffects of integration on viral gene expression

Many studies agree that integration of viral sequences can result in partial loss of the viral
genome and loss of expression of several viral open-reading frames (Wilczynski et al., 1988b).
The £6 and E7 genes, however, are almost always found to be expressed in HPV -associated
cancers (van den Brule et aL., 1991 b). Integration is postulated to deregulate £6 and E7
expression through loss of viral transcriptional regulators such as E2 and/or escape from intra-
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cellular control through transcriptional initiation of these viral regions from flanking cellular
promoters (Rösl et aL., 1991). However, a significant proportion of cervical tumours arise
without evidence for integration of HPV sequences, and recent studies suggest that loss of the
£2 regulatory region is not the only mechanism to perturb £6/£7 expression. A specific binding
site for the transcription factor YY 1 in the HPV - 1 8 promoter was shown to be involved in the
regulation of £6/£7 gene transcription (Bauknecht et al., 1992). Analysis of the viral promoters
in malignant tumours harbouring episomal HPV-16 sequences only, showed that three of six
cases carred a mutation in the YY 1 binding site and that this resulted in enhanced activity of the
£6/£7 promoter (Dong et al., 1994). Several papers examining individual tumours report evi-
dence of modifications within the locus control region of both HPV - 16-associated (Tidy et aL.,
1989) and HPV -6-associated tumours (reviewed in Kitasato et aL., 1994) containing episomal
viral DNA. Integration may also result in increased stability of the E6Æ7 in mRNA (leon &
Lambert, 1995), giving cells with integrated viral sequences a selective growth advantage (Jeon
et aL., 1995).

(ii) £ffects of integration on cel! gene expression
Another potential oncogenic consequence of HPV integration is the transcriptional acti-

vation of cellular proto-oncogenes by viral promoters. Although several reports show integration
of the HPV sequences close to proto-oncogenes such as myc at chromosome 8q24 (Dürst et aL.,
1987b; Couturier et al., 1991), there is no firm evidence for consistency in the integration site
with respect to any one specific chromosomal location (Mincheva et aL., 1987). However,

several studies have suggested that the integration may occur preferentially at fragile sites,
frequently within the location of a proto-oncogene (Dürst et aL., 1987b; Popescu et aL., 1989).

Integration per se is not sufficient for malignant conversion. Somatic cell hybridizations
have produced a non-malignant phenotype of hybrid cells in spite of the persistence of inte-
grated viral DNA and the continued expression of viral oncoproteins (Saxon et aL., 1986; Koi
et al., 1989).

(c) Chromosomal abnormalities in HPV-associated cancers

(i) Primary tumours

Cytogenetic analyses of cervical carcinomas have demonstrated non-random alterations of
several chromosomes. Chromosome 1 is commonly involved in structural or numerical alte-
rations in cervical cancers (Adán, 1986), with frequent loss of heterozygosity in the short aIT of
chromosome 1 at Ip36 (Wong et aL., 1993). These changes were found in both HPV-positive
and HPV -negative cancers and were not related to the stage of the tumoUf, which suggests that
they did not contribute to the progression of the established tumour. This is supported by the
detection of chromosome 1 aberrations in early premalignant cervical lesions (Atkin et aL.,
1983). Another common region of loss of heterozygosity is on the short arm of chromosome 3,
identified as 3p14 and 3p25 (Chung et aL., 1992), 3p21-22 (Karlsen et aL., 1994) or 3p14-21 and
3p22-24.1 (Yokota et aL., 1989). As with the alterations on chromosome l, loss of genetic
material at these loci was seen in both HPV -positive and HPV -negative women and, although
HPV integration has been reported occasionally in these regions (Mincheva et al., 1987), there
was no correlation between HPV infection and chromosome 3p deletion. Loss of heterozygosity
on chromosome 3 was found in both invasive cancers and cervical premalignancies, suggesting
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that like chromosome l, these aIterations play a role in tumour development. The detection of
numerical and structural changes in chromosome 1 may pro vide a method to study premalignant
stages in cervical smears (Segers et aL., 1994). A recent study has also described loss of hetero-
zygosity for one or more markers on chromosome II in 14/32 patients, with evidence for the
existence of a cervical cancer-related tumour suppressor gene at 1 lq22-1 lq24 (Hampton et aL.,
1994). This correlates with the earlier observation that the tumorigenicity of the HPV -18-

expressing cervical carcinoma celI line HeLa and of the HPV -16-expressing cell line SiHa can
be suppressed by the addition of a normal human chromosome 1 1 in somatic cell hybrids (Saxon
et aL., 1986; Koi et al., 1989). A potential candidate for a tumour suppressor gene in this region
has been reported (Lichy et al., 1992). Interestingly, only human embryonic fibroblasts with a
deletion on chromosome 1 1 were susceptible to HPV - 16-mediated transformation. The region
deleted in these celIs was between Il plI. 1 1 - Il P 1 5.1, which may indicate the possible location
of another tumour suppressor gene active in controllng malignant development of HPV-infected
cells on this chromosome (Smits et aL., 1988). Cells with this chromosomal deletion reveal an
upregulation of the regulatory subunit of the protein phosphatase 2A, which in turn leads to an
upregulation of transfected E6Æ7 transcription (Smits et al., 1 992b). Other regions sustaining
loss of heterozygosity in cervical cancer include 9q, lOq and 17p (Jones et aL., 1994), 4q, 5p, 5q,
1 Ip and 18p (Mitra et aL., 1994) and Ip, lq, 2q, 3q, 5q, 6p, 6q, 9q, lOq, 11p, llq, 17p and 17q
(Sreekantaiah et aL., 1991).

(d) Alterations of specife proto-oneogenes

( i ) ras
Analysis of cervical tumours for mutational activation of the Ha- or Ki-ras genes generally

revealed no evidence that ras point mutation is an important step in the development of these
cancers (Willis et aL., 1993), although one study reported mutations in Ha-ras in 7/29 advanced-
stage tumours (Riou et al., 1988). Anal cancers, which show an HPV association very similar to
that seen with cervical cancers, and vulvar cancers also failed to dis play evidence of frequent ras
mutation (Hiorns et aL., 1990; Tate et al., 1994). Cancers at other sites which are less strongly
linked to HPV infection, such as head and neck tumours or prostate cancers, show a significantly
higher incidence of ras mutations, with some evidence of association with late-stage disease
(Anwar et al., 1992a, 1993).

(ii) mye
Reports of c-myc amplification or overexpression in cervical cancers are not consistent.

Several studies report alterations in c-myc in a significant proportion of cervical cancers, some
up to 90% (Riou et aL., 1984; Ocadiz et aL., 1987). However, other studies fail to find amplifi-
cation of c-mye sequences in any of the tumours examined (Y okota et aL., 1989). The latter study
examined only stage 1 and II tumours and this discrepancy may be related to the stage of the
tumours un der investigation. Overexpression of c-myc RNA has also been associated with
aggressive disease, with c-mye-positive tumours showing a higher incidence of metastasis and
recurrence (Riou et aL., 1992). c-myc Protein was detected in invasive carcinomas but not lower-
grade cervicallesions in some studies (Devictor et aL., 1993), while other studies failed to find
evidence for myc expressed-protein in cervical neoplasia (Hughes et al., 1989).
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Introduction of v-myc into HPV-immortalized human cervical epithelial cells did not result
in the generation of tumorigenic lines (DiPaolo et aL., 1989). Elevated levels of c-myc expression
have been detected in HPV -positive cervical carcinoma cell lines (Dürst et aL., 1 987b) and
amplification and overexpression of c-myc sequences in an HPV - 16-containing cervical cellline
was associated with an increased growth rate and resistance to differentiation, although in this
case the potential acquisition of a tumorigenic phenotype was not examined (Crook et aL., 1990).

(iii) Other alterations
HPV-immortalized human keratinocytes, induced to tumorigenic progression following

treatment with N-methyl-N-nitrosourea, showed chromosome 18q deletions and were subse-
quently shown to have undergone a deletion of the tumour-suppressor gene DCC (Klingelhutz
et aL., 1993).

The role of other oncogenes in cervical cancers has been less extensively studied. Analysis
of the c-erbB-2 gene provided some evidence that amplification and overexpression of this gene
may be associated with advanced tumours with a poor prognosis (Kihana et aL., 1994). LA-l
oncogene amplification may also play a role in cervical cancer development (Sharma et aL.,
1994) .

Analysis of the loss of heterozygosity frequently observed on chromosome 3p has impli-
cated a raie for the loss of the raf-l gene and the retinoic acid receptor, as in the development of
cervical cancers (Y okota et aL., 1989; Chung et al., 1992), although the significance of this to the
biology of these tumours is not known.

A study of DNA hypomethylation in biopsy specimens from 41 patients with varying
degrees of cervical abnormalities showed a progressive increase during progression thraugh
premalignant to malignant lesions (Kim et aL., 1994). The HPV status of the lesions examined in
this study was not determined, so further studies of the relationship, if any, between HPV
infection and DNA hypomethylation are warranted. At least one cervical cellline (CaSki) exists
in which even HPV genomes are hypermethylated rather th an hypomethylated (Rösl et aL.,
1993).

3. J.5 Interactions between HPV and environmental agents

Although there is compellng epidemiological and molecular evidence to link papilloma-
viruses to the etiology of squamous-cell carcinomas, additional factors contribute to this multi-
stage pracess.

(a) Interaction with other viruses

Early suspicions of a role of herpes simplex virus (HSV) infections in cancer of the cervix
were based on seroepidemiological studies (Rawls et al., 1968; Nahmias et al., 1970).
Subsequently, in-vitro transformation studies of hamster cells by HSV - 1 and HSV -2 have been
reported (Duff & Rapp, 1971). ln subsequent years, the value of these studies has been
questioned (reviewed in zur Hausen, 1975, 1983), particularly after a large prospective study
failed to provide support for the early suspicion (Vonka et aL., 1984).

The concept that HSV and HPV may act as syncarcinogens (zur Hausen, 1982) has not been
supported by a case-control study conducted by Muñoz et al. (1995) in Spain and Colombia, yet
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finds sorne support from in-vitro transformation studies. HPV - 16-immortalized human foreskin
keratinocytes transfected with a recombinant plasmid bearing the HSV-2 fragment BglII N
yielded tumorigenic clones, whereas the parental HPV -immortalized celllines were incapable of
inducing tumours. Southern blot analysis of the viral sequences present in the transformed cell
Iines indicated that while HPV -16 genomes were maintained in an unchanged integrated state, a
complete loss of HSV-2 sequences was observed in the tumour-derived celllines (DiPaolo et al.,
1990). HSV -2 morphological transformation region III has been reported to induce rearange-
ments of HPV-18 DNA sequences in immortalized human keratinocytes and chromosomal
changes in HPV - 16-immortalized human cell lines (Dhanwada et al., 1993). A previous report
showed stimulation of HPV-18 transcription by HSV-l DNA fragments (Gius & Laimins,
1989).

Significantly, herpes-group viruses, as weil as vaccinia virus and adenoviruses, can induce
amplification of papovavirus DNA contained in various cell lines, a process also observed in
sorne of these lines after treatment with cherncal or physical inhibitors (Lavi, 1982; Schlehofer
et al., 1983a; Matz et aL., 1985). HSV-I infection of a BPV-l transformed mou 

se cell line
caused amplification of the BPV - 1 DNA sequences (Schmitt et aL., 1989).

Papilomavirus expression in vitro can also be influenced by other viruses including human
immunodeficiency virus (HIV) (see section 2.5.3) and human herpesvirus 6 (HHV-6). HHV-6, a
T-Iymphotropic virus, widely distributed in the general population, can transactivate the long
terminal repeat (LTR) of HIV. Recently, human exocervical cells immortalized with HPV-16
and HPV-positive cervical carcinoma cell lines were successfully infected with HHV-6, as
demonstrated by expression of the early-late antigens of HHV -6 and maintenance of the viral
genome (Chen et aL., 1 994b ). HHV -6-infected cervical carcinoma cell lines were more
tumorigenic in nude mice when compared to the parental counterparts; however, HPV -16-
immortalized cells bearing HHV -6 episomes did not induce tumours in mice. The level of HPV
£6 and £7 mRNAs was increased by HHV -6 in the infected carcinoma cell lines, possibly
through the same mechanism by which HHV-6 transactivates the HIV-l LTR. HHV-6 DNA was
detected in six out of 72 cases of squamous-celI carcinoma and CIN in China, but it was absent
from normal cervical tissues. HPV-16 was also found in four of the HHV-6-positive samples
(two carcinomas, two CIN III) (Chen et aL., 1 994b ). The relevance of these interactions in vivo
awaits further investigation.

Herpes-dependent and herpes-independent parvoviruses have been shown to interfere
negatively with oncogenes (Toolan & Ledinko, 1968). ln this context, the observed inhibition of
DNA amplification by adeno-associated viruses (AA V) seems to be of relevance (Schlehofer
et al., 1983b). Recently, AA V-2 has been shown to inhibit HPV-16-induced oncogenic transfor-
mation 'in vitro'. This inhibition is mediated by the AA V Rep78 gene, possibly at the level of
transcription of the viral oncogenes (Hermonat, 1994). This could explain the tumour suppressor
properties of AA V and corroborate the seroepidemiological findings of higher titres of anti-
adeno-associated virus antibodies in the normal population compared to cancer patients
(Sprecher-Goldberger et aL., 1971; Mayor et aL., 1976; Georg-:Fries et al., 1984).
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(h) Hormones and antioestrogens
Several studies show that hormones interact at the molecular level with papillomavirus

genomes and modify their expression. The upstream regulatory region of papillomaviruses
contained glucocorticoid responsi ve elements, as shown by the enhancement of HPV - 16
transcription upon dexamethasone treatment of ce Ils in culture (Chan et al., 1988). This was also
shown in transgenic mice containing the HPV - 1 8 long terminal repeat linked to the Escherichia
coli ß-galactosidase gene (Cid et al., 1993). Transformation of mouse primar cells by HPV _ 16
in combination with an activated oncogene has been shown to be dependent on glucocorticoids:
cells became transformed and tumorigenic in the presence of dexamethasone (Crook et al.,
1988; Pater et al., 1988). Furthermore, these experiments cou Id be reproduced in the presence of
progesterone and progestins; the latter are pharmacologicalIy active components in oral contra-
ceptives (Pater et al., 1990). This effect could be inhibited by RU486, a synthetic antagonist of
these hormones (Pater & Pater, 1991).

Dexamethasone has been shown to interfere differentially with the transcription of HPV £6
and E7 genes in HPV - 1 8-positi ve cervical carcinoma cell lines as follows: enhanced gene
transcription, associated with growth stimulation, was observed in the two cell lines C4- 1 and
C4-2; no effect was seen in HeLa cells, whereas a marked reduction in transcription, aCCOff-
panied by growth retardation, was observed with SW 756 (von Knebel-Doeberitz et aL., 1991).
These results may be explained by cis effects exerted by flanking host celI DNA sequences
differing among the individual cell lines tested. Recently, the levels of the HPV-18-E7 protein in
HeLa and C4- 1 cell lines have been shown to be increased by hydrocortisone, while proges-
terone, oestrogen or. testosterone had no effect (Selvey et al., 1994). No progesterone or
oestrogen receptors were detected in these carcinoma cell lines, but HPV - 1 6 expression was

markedly increased in human ectocervical ce Ils exposed to glucocorticoid or progesterone

(Mittal et al., 1993a). This effect was inhibited by the anti-progestin RU486 and was shown to
be dependent upon three hormone-responsive elements present in the viral regulatory region
(Mittal et al., 1 993b).

Oestrogen and progesterone receptors were measured in normal cervical tissues and HPV-
affected tissues from the cervix, vulva and penis (Monsonego et al., 1991). While penile
samples did not contain hormone receptors, cervical lesions had high levels, with high-grade
les ions exhibiting the highest values, whereas low levels were detected in the vulvar tumours.
Among the cervical tissues, squamous carcinomas had low levels of progesterone and an
absence of oestrogen receptors. No association was found between levels of receptors and oral
contraceptive use. Elevated progesterone receptor levels were more significantly correlated with
HPV-16, -18-positive cervical lesions th an to HPV-negative samples. Immunocytochemical
localization of the receptors showed that they were evenly distributed in the connective tissue,
but never detected in the epithelial cells. This is in contrast to what has been observed in cell
culture and suggests an indirect effect of hormones on the HPV -infected cells. Additional
studies are required to establish the relevance of the association between hormones and HPV
during malignant transformation in vivo.

Oestrogen metabolism was measured in laryngeal papillomas, benign tumours that are
known to be linked to HPV -6 and - 1 1 infection, and in which oestrogen binding is known to be
increased (Newfield et aL., l993). Increased tumour risk is associated with increased 16-a-
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hydroxylation, while reduced risk is related to 2-hydroxylation. Expiant cultures of laryngeal
papillomas were shown to have an increased 16-a-hydroxylation of oestradiol- 1 7ß (see lARC,
1 987b) when compared to normal laryngeal cells. Oestradiol- 1 7ß and 16-a-hydroxyoestrone
increased the proliferation of laryngeal papilloma cells; on the other hand, the alternative
metabolite 2-hydroxyoestrone had an anti-proliferative effect on the se cells. Since indole-3-
carbinol is a potent inducer of 2-hydroxylation of oestradiol- 17ß, this compound was added to
laryngeal cell cultures and shown to inhibit oestradiol- 1 7ß-induced cell proliferation, similar to
the effect observed with 2-hydroxyoestrone. Further experiments have shown that dietary
indole-3-carbinol reduced the development of tumours in infected laryngeal tissue xenografts in
nude mice.

The chemotherapeutic agent tamoxifen has been shown to stimulate the proliferation of an
HPV - 16-positive cervical carcinoma cell line (Hwang et al., 1992). At low concentrations, this

drug was shown to increase both the HPV-16 mRNA and E7 levels, which may account for the
higher proliferation rates observed. On the other hand, the growth of this HPV - 16-positive cell
line was inhibited by higher concentrations of tamoxifen, as seen in a wide variety of tissues and
cell lInes.

(c) Chemicals

The pioneering studies of Rous and his associates demonstrated that the tarring of skin or
treatment of skin with other che mi cal carcinogens accelerates greatly the emergence of CRPV-
induced papilomas and their malignant conversion (Rous & Kidd, 1938). Studies conducted by
M.S. Campo and W.F. Jarrett and their colIeagues revealed the interaction of BPV infection and
exposure to bracken fern (see lARC, 1987c) in the induction of malignant tumours in bovines
(see section 4). The contribution of bracken fern is due to both its carcinogenic and immuno-
suppressive properties (see section 4).

Mutagens and immunosuppressants, such as those present in bracken fern or derived from
the constituents of tobacco smoke (see lARC, 1986), may co-operate with the papilIomavirus in
the induction of malignancies in different ways (Jackson et aL., 1993). Several reports describe
the interaction between BPV and chemical cofactors in the induction of malignant tumours (see
section 4). A recent observation of extensive papilIomatosis of the hairy skin spreading from
oral mucosa in an iatrogenically immunosuppressed dog pro vides further support for
reactivation of latent papilIomavirus infections (in this case, canine oral papillomavirus

(COPV)) and expansion in the tissue tropism of the virus (Sundberg et aL., 1994).
Treatment of a mouse BPV - 1 -transformed cell line with N-methyl-N '-nitro-N-nitroso-

guanidine (MNNG) (see lARC, 1987d) led to the amplification of both episomal and integrated
sequences of BPV - 1 DNA (Schmitt et aL., 1989). 12-0- Tetradecanoylphorbol 13-acetate (TP A),
on the other hand, was ineffective, either al one or in combination with MNNG. Amplification of
BPV DNA by initiating agents may be an important event in the co-operative effects between
viral genomes and other carcinogens.

Constituents of tobacco smoke and its derived nitroso compounds have been shown to be
potent carcinogens in different experimental systems (see lARC, 1986). Higher levels of the 

se
compounds were detected in cervical secretions of smokers compared with nonsmokers (Sasson
et al., i 985; Schiffman et aL., 1987). Mutagenic activity in cervical cells was demonstrated to be
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similar to that observed in human lung tissue (Phillips & Nishe, 1993), which points to a
possible role of these compounds in cervical carcinogenesis. When exposed to either benzo(a)-
pyrene or ethyl methanesulfonate, HPV - 16-immortalized human oral keratocytes were able to
proliferate in higher calcium concentration, whereas normal and non-carcinogen exposed cells
differentiated terminalIy under these conditions (Li et aL., 1992). Moreover, they acquired the
ability to induce squamous-cell carcinomas in 20-50% of the injected animaIs. These carci-
nomas eventually regressed and it was noted that they had a wild-type c-Ha-ras and p53. When
compared to their normal counterparts, these celIs expressed higher levels of £6/£7 mRNAs and
transforming growth factor (TGF)-a, which may have accounted for their enhanced growth
capacity both in vitro and in vivo. Further experiments have shown that exposure to N-nitro-
samines and MNNG leads to very similar results, with higher transcription of c-myc and EGF
receptor genes (Kim et aL., 1993a).

Normal and HPV - 1 8-immortalized human foreskin keratinocytes were treated with N-
methyl-N-nitrosourea either alone, or folIowed by 12-0-tetradecanoylphorbol 13-acetate, and
injected into nude mice (Garrett et aL., 1993). Even after prolonged incubation in the animaIs,
tumours were never generated by the chemically treated normal celIs or the HPV-18-immor-
talized cells treated only with N-methyl-N-nitrosourea. On the other hand, poorly differentiated
squamous-cell carcinomas were observed when the HPV - 1 8 immortalized cells were exposed to
both chemicals. Celllines derIved from the tumours exhibited the same copy numbers of HPV-
18 DNA as found in the parentallines before chemical exposure, and no indication of alteration
in the ras gene was detected. However, karyotypic analysis revealed several chromosomal

alterations, including a deletion in 18q affecting the DCC (deleted in colon cancer) tumour
suppressor gene locus, frequently deleted in colon carcinomas (see section 3.1.3). Low affounts
of DCC mRNA were also found in HPV -immortalized and chemicalIy transformed human oral
keratinocytes (Kim et aL., 1993b).

(d) Radiation

Ultraviolet (UV) radiation (see IARC, 1992) and X-radiation are known to induce
mutations in celIular DNA, and exposure to UV radiation can alter immune function (Kripke &
Morison, 1985). Mutations cou Id also increase the expression of viral oncoproteins, through

direct interference with viral or celIular factors that down-regulate viral transcription or repli-
cation. ln general, non-melanoma skin cancers arise in body areas exposed to sunlight. This
accounts for skin cancers in immunocompetent as weIl as immunosuppressed patients and epi-
dermodysplasia, a very rare hereditary condition predisposing to HPV infection, and to the
subsequent development of cancers within the papilIomas. Since these skin cancers, particularly
in immunosuppressed patients, have recently been shown to contain in part novel HPV types
(Shamanin et al., 1994a; Berkhout et al., 1995), the localization of these cancers could suggest
an interaction between sunlight and papilomavirus infections.

Experiments performed in the hairless mou se Mus musculus HRA/Skh suggest the partici-
pation of UV radiation in the induction of papillomas and carcinomas in association with a
papilomavirus closely related to Mastomys natalensis papilomavirus (MnPV) (Tilbrook et aL.,
1989).
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A 16-fold increase in the risk of malignant transformation has been reported after X-ray
irradiation therapy for multiple laryngeal papillomas, with a latency period of 5-40 years
(summarized in Lindeberg & Elbrond, 199 J). Verrucous carcinomas of the larynx present as
exophytic warty tumours, sorne of which have been shown to contain not only HPV-16 DNA,
but also low-risk HPV DNAs that are found more frequently in laryngeal papillomatosis (Byrne
et al., 1987; Kashima et al., 1988; Brandsma & Abrahamson, 1989). A recent report shows
relatively high frequencies of anaplastic transformation after irradiation of primary laryngeal
carcinomas, and recommends a surgical approach to the treatment of these tumours (Hagen
et al., 1993).

The effect of radiation of HPV -containing human epithelial celIs provides a useful model to
study genetic alterations contributing to transformation. The exposure of HPV - 16-immortalized
human foreskin cells to X-irradiation resulted ¡n malignant conversion after approximately 100
additional tissue culture passages (Dürst et aL., 1995). Human bronchial epithelial cells, immor-
talized with HPV - 1 8, were exposed to ionizing radiation. The derived celI lines showed several
chromosomal alterations, but they were not tumorigenic in nude mice, despite their ability to
grow in soft agar (Wiley et al., 1993). The effect of different doses of radon-simulated fl-
particJes was tested on HPV -18-immortalized bronchial cells (Hei et al., 1994). CelIs were

irradiated with a single radiation dose and maintained in culture for a period of up to three
months, after which they became tumorigenic. No mutation in the K-, H- or N-ras genes was
found in four of the se tumours. Since HPV DNA is occasionalIy found in bronchogenic
carcinomas (Stremlau et al., 1985), it may be important to assess the risk of environmental or
occupational radon exposure on the progression of HPV lesions of the respiratory epithelium.

3.1.6 HPV in mice

(a) HPV recombinant retrovirus

Sasagawa et aL. (J 992b) infected the mouse vagina with a retrovirus carring the £6 and £7
oncogenes of HPV -16. Infection resulted in the onset of both low- and high-grade dysplasia:
11/39 mi ce developed low-grade dysplasia and 22/39 developed high-grade dysplasia. Eight of
30 mice infected with the carrier retrovirus alone developed only low-grade dysplasia.

Progression to cancer occurred in 6115 mice treated with the carcinogen MNNG and in 2/13
mice treated with TP A. Therefore, HPV - 1 6, like animal papilloma viruses (see section 4.2.5)

(Gaukroger et al., 1993), can synergize with both a carcinogen and a tumour promoter.

(b) HPV transgenic mice

Studies in transgenic mice can be loosely divided into three groups: (i) those in which the
HPV genome, subgenomic regions of the HPV s or other genes are expressed from the
homologous HPV promoter elements; (ii) those in which the HPV genome or subgenomic
regions are expressed from promoters to target expression toward organs other than the skin or
to achieve diffuse expression in the transgene; (iii) those in which expression of the HPV
genome or subgenomic regions is targeted toward the skin.
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(i) Transgenic animais with the HPV controi region

Choo et aL. (1992) generated transgenic animaIs with the SV40 T antigen fused to the HPV-
18 long control region. Low-Ievel expression of T antigen was detected in several tissues,
including the stoffach and large intestine but not in the skin or in the anogenital area. ln a more
recent study, Comerford et aL. (1995) expressed the E6 and £7 genes from the homologous
HPV - 1 8 control region and found that these transgenic mice developed genital tract disease after
a prolonged latency period: 41% of the female transgenic mi ce developed mesenchymal cervical
lesions and tumours. The transgenic males exhibited enlarged seminal vesicles and preputial
glands at an age of 10 weeks. This study, in contrast to Choo et ai. (1992), therefore suggests
that the HPV - 1 8 long control region does indeed contain elements that target the expression of a
transgene to the urogenital tract. The two studies were performed in a slightly different genetic
background which might, at least in part, account for the different findings.

(ii) Transgenic animais with non-skin-specifc expression of the HPV oncogenes
Kondoh et aL. (1991) produced transgenic mice with the HPY -16 £6 and £7 oncogenes

under the control of the mouse mammary tumour virus (MMTV) long terminal repeat. At eight
to 10 months after birth, the male mice developed testicular germ-ce il tumours of the seminoma
type.

Arbeit et aL. (1993) used the HPV - 16 £6 and £7 genes expressed from a human ß-actin
promoter to generate transgenic mice. A large number of mice developed neuroepithelial
tumours starting at 10 weeks after birth. Expression of the HPY oncoprotein E7 was detected in
the tumours but not in normal tissues of the mice. The tumour suppressor genes pRB and p53,
were expressed in the tumours in their wild-type forms.

Paricularly perspicacious with respect to the delineation of HPV oncogene function in vivo
have been studies in which the expression of the HPV oncogenes was targeted to the mouse
ocular lens by using the murine crystalln promoter. HPY £6 and E7 induced hyperproliferation
and inhibition of differentiation, and adult mice displayed microphthalmia and cataracts with a
very high penetrance. One particular mou se line, with a very-high level of transgene expression,
developed lenticular eye tumours (Griep et aL., 1993). Additional studies with mice transgenic
for £6 or £7 alone showed that both oncogenes had a distinct phenotype: £7 transgenic mi 

cedeveloped cataracts and microphthalmia, and the retinoblastoma protein binding site on E7 was
found to be important for this phenotype. The HPV £6 transgenic mice had cataracts only. The
normal apoptosis and denucIeation programme in differentiating lens fibre celIs was disrupted In
£6 transgenic animais but lens tumours developed exclusively in £6/£7 double transgenic mice.
These studies cIearly demonstrated that the £6 and E7. genes play important roles in celIular
transformation in vivo (Pan & Griep, 1994). Similar results in mice transgenic for E7 expression
in a p53 nullizygous background underline the relevance of the £6-p53 interaction in cancer
development (Howes et aL., 1994).

One of the £6/E7 transgenic mi ce lines (Griep et aL., 1993) also developed epidermal
cancers at a very-high incidence. Development of these lesions correlated with the expression of
£6 and £7 and often occurred at sites of wounding (Lambert et aL., 1993).

(iii) Transgenic animais with skin-specifc expression of the HPV oncogenes
Skin targeted expression of the HPV oncogenes Is achieved by using keratin promoters.
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£6 and £7 expressed from the human keratin KI promoter leads to the formation of wart-
Iike lesions in older mice. Specific mutational activation of the ras oncogene was observed in
the papillomas, illustrating that additional celIular events may have to occur in addition to an
HPV infection for an overt lesion to occur (Greenhalgh et al., 1994).

The human keratin 14 promoter was used to target HPV oncogene expression to the basal
layer of the skin. Progressive epithelial neoplasia was observed in the transgenic animaIs and
lesions appeared at multiple sites, including pinnal and truncal skin, face, snout and eyelids and
anus. The phenotype progressed through discernible stages: mild hyperplasia was followed by
hyperplasia and progressed to dysplasia and papilIomatosis, The step-wise development of
disease implicated additional cellular events to be necessàry for carcinogenic progression
(Arbeit et aL., 1994).

Expression of the early region genes of HPV - 1 6 from the bovine keratin KI 0 promoter

resulted in generalized epidermal hyperplasia with a marked increase of proliferating cells in the
basal and superbasal layers of the skin. Expression of c-myc and TGF a was also enhanced, and
negative growth regulatory functions of TGF ß were at least in part abrogated in the skin of
transgenic mice (Auewarakul et aL., 1994).

Transgenic mice with the HPV - 16 early region expressed from the bovine keratin K6
promoter developed stomach cancer consisting of multiple malignant carcinoids originating
from the neuroendocrine enterochromaffn-like celIs at the squamocolumnar epithelial junction.
These tumours again developed after prolonged asymptomatic expression of the HPV genome
indicating the necessity for additional mutations to occur (Searle et aL., 1994).

3.2 Immune mechanisms and HPV -associated neoplasia

HPVs are exclusively intraepithelial pathogens with a replication cycle that is time
dependent and differentiation dependent. Productive infections are chronic and the lesions may
persist for many months. The viruses are not cytolytic and no inflammation accompanies

infection and replication, a phenomenon that may retard the initiation of or even prevent an
effective immune response. This said, the central questions are therefore whether natural
infection with HPV induces an immune response to any viral protein and if so what is the nature
of this response, when and how does it occur and how does it influence HPV-associated

oncogenesis. The serological data are given in section 1.2.

3.2. J Immunosuppression

Evidence trom immunosuppressed individuals suggests strongly that the immune system is
important in the pathogenesis of HPV -induced disease and malignant progression (Lutzner,

1985). Generalized warts have been reported in indi viduals with inherited immune deficiencies,
specifically those in whom the T -ce Il arm of the response is in deficit (Lawlor et aL., 1974).

Cutaneous and genital warts are one of the most frequent viral complications in patients
immunosuppressed as a consequence of renal transplantation and these lesions are retractory to
most therapeutic strategies (Benton et aL., 1992). Renal allograft recipients are at significantly
increased risk for the development of cutaneous neoplasms but there are conflicting reports of
the role of HPV in this (see section 2.5.2).
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Individuals immunosuppressed as a consequence of HIV infection show similar trends with
respect to anogenital neoplasia (Braun, 1994). The role of HIV infection in the pathogenesis of
HPV -associated cervical neoplasia is not cJear despite extensive investigation (see section

2.5.3). Unfortunately, the data from many studies are incomplete because either the HPV status
of the HIV -infected individuals was not ascertained, the sample size was too small, the relevant
control groups were not incJuded, the evaluation of immune function was not auempted or
cJinical disease grading was not reported.

Overall, however, the evidence from transplant recipients, inherited immunodeficiencies
and HIV -infected individuals suggests that it is the absolute defìcit in CD4 + cells that is
important in HPV infection and associated neoplastic progression. This implies a central role for
CD4+ cell-mediated mechanisms in the control of HPV infection. The role of the humoral
response in HPV infection remains open to debate. Disorders of humoral immunity do not result
in an increased susceptibility to HPV -induced les ions (Lutzner, 1985), which suggests that
antibody has ¡iule to do with the maintenance of HPV infections. There is persuasive evidence
from animal studies in rabbits and cattle that antibodies directed against the major capsid protein
LI are protective (Campo, 1994).

3.2.2 Histological studies

The involution and regression of benign cutaneous and genital warts is accompanied by a
noticeable histological reaction characteristic of a delayed type hypersensitivity response with a
pronounced influx of mononucJear cells dominated by CD4 + cells and macrophages (Stanley

et aL., 1994), Immunohistological studies have shown that non-regressing anogenital warts are
characterized by a relative lack of immune activity: mononuclear cells are present predominantly
in the stroma and the few intraepithelial lymphocytes are mainly CD8+ cells. Spontaneously
regressing lesions are characterized by a mononucJear cell infitrate dominated by CD4+,
CD45RO+ T celIs and macrophages (Stanley et aL., 1995). The wart keratinocytes express HLA-
DR and lCAM- 1 and endothelial cells in the stromal capilaries immediately underneath the
infected epithelium express the adhesion molecules E selectin and VCAM and the cytokine
RANTES. Interestingly, no statistical difference in the numbers of Langerhans' cells in either
active warts or regressing warts was observedin this study (Stanley et aL., 1995), although the
morphology of Langerhans' cells in active warts was characterized by a loss of dendritic
arborizations, a phenomenon reported also in HPV-associated cervical lesions (Barton et aL.,
1988; Hughes et aL., 1988; MorelIi et aL., 1994). A similar immune infiltrate and expression of
MHC class II antigen in keratinoytes were also observed in regressing CRPV warts (Okabayashi
et aL., 1991).

The situation in cervical lesions differs from that of genital warts and is related to the grade
of disease and neoplastic status. Low-grade cervical les ions (CIN 1) are to a large extent immu-
nologically quiescent. There is general agreement that there is a reduction in the number of
Langerhans' cells (Morrs et aL., 1983; Tay et aL., 1987 a; Hawthorn et al., 1988) and changes in
Langerhans' cell morphology (Hughes et aL., 1988) have been described. High-grade intra-
epithelial cervicallesions are also characterized by a reduction in Langerhans' cells (Tay et aL.,
1987a; Hawthorn et aL., 1988; Viac et aL., 1990). Several groups have investigated T-cell
numbers in lesions with varying results. Tay et aL. (l987b) described a significant reduction in
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intraepithelial T-celI numbers in aIl grades of CIN with a preferential decline in the CD4+ subset.
Morrs et aL. (1983) showed a reduction in intraepithelial T celIs in low-grade lesions but an
increase in the CD8+ subset in CIN III. Similarly, Viac et aL. (1990) reported increased numbers
of both stromal and epithelial lymphocytes in CIN II-III with a dominance of CD8+ cells in the
epithelium but equivalent numbers of CD4+ and CD8+ cells In the stroma.

SurveilIance and defence against viral infection and tumours are mediated via both MHC-
restricted and non-restricted effector mechanisms. Nearly aIl of the latter are mediated via large
granular lymphocytes and incJude natural killer celIs. Large granular lymphocytes with the
national killer (NK) phenotype CD56+,CD 1 6+,CD3,CD2variahlc,CD5Tariaolc are rarely found within
the normal cervical squamous epithelium or CIN (Syrjanen et aL., 1986; Viac et aL., 1990;
McKenzie et aL., 1991) although they are present in the stroma and the endocervix. A separate
and small subset of large granular lymphocytes, CD56+,CD3+,CD2+,CD 16u, is found within the
ectocervical epithelium, and this subset dominates the intraepithelial population in high-grade
CIN (McKenzie et al., 1991).

Increased numbers of T cells are seen locally in squamous-celI carcinoma of the cervix
(Ferguson et al., 1985; Hilders et aL., 1993; Ghosh et aL., 1994) with a dominance of the CD8+
subset. These CD8+ tumour-infiltrating cells can cause effective and specific in-vitro kilIing of
autologous tumour targets (Okada et aL., 1989). However, bulk cultures of tumour-infiltrating
celIs generated from cervical squamous-celI carcinomas showed non-MHC-restricted cyto-
toxicity in the majority of cases (Ghosh etal., 1994). T-cell clones isolated from two cases had
the phenotype CD3+,CD4+,CD56+/CD56- and showed low cytotoxicity ta autologous tumour
celIs (Ghosh & Moore, 1992).

3.2.3 Cell-mediated immunity

(a) Helper T-cell responses

Although the histological evidence indicates that HPV -associated lesions elicit an immune
response, the target antigens in this response are unknown. However, there is evidence from
both experimental animal models and humans that viral proteins can be immune targets. Murine
keratinocytes expressing HPV - 16 E6 or E7 can be grafted onto the f1anks of syngeneic immuno-
competent mice to reform a differentiated epithelium. Subsequent chalIenge of the recipients by
intradermal inoculation in the ear with a recombinant vaccinia virus expressing HPV - 16 £6 or
E7 results in a delayed-type hypersensitivity response (McLean et aL., 1993; Chambers et aL.,
1994a). This response is CD4+ cell-dependent (McLean et aL., 1993). Intradermal challenge with
HPV -16 E7 protein also elicits a delayed-type hypersensitivity response provided that a
nonspecific inflammatory stimulus, such as the phorbol ester TPA, is applied to the ear in
concert with the protein chalIenge (Chambers et aL., 1994b), which illustrates the crucial role of
inflammation, at least in this model system. The ability to prime the immune system and elicit a
delayed-type hypersensitivity response is critical and is dependent upon antigen dose in this
modeL. Thus, there is a threshold graft inoculum of HPV - i 6 expressing keratinocytes, below
which, aIthough an epithelium reforms, a delayed-type hypersensitivity response cannot be
elicited despite repeated antigen challenge (Chambers et aL., 1 994b). A delayed-type hyper-
sensitivity response has also been detected in regressor rabaits against the structural proteins of
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CRPV (Hopfl et aL., 1993) and in CIN patients against the LI protein of HPV-16 (Hopfl et aL.,
1991).

Using synthetic peptides and fusion proteins in lymphoproliferation assays, murine helper
T -cell epitopes in HPV - 16 E7 have been determined in several studies (Davies et aL., 1990;
Comerford et al., 1991; Tindle et aL., 1991; Shepherd et aL., 1992). A public Th epitope
(DRAHYNI) which provides cognate help for B celIs in ail strains tested has been located at
aminoacids 48-54 in HPV - 1 6 E7 (Tindle et aL., 1991). However, it does not appear to hold this
property in humans (TindIe & Frazer, 1994). As this latter observation shows, peptides
recognized by the murine T -cell response repertoire may not have the same identity for humans.

The analysis of T-cell responses for HPV proteins has been hampered by the heterogeneity
of the circulating T -cell population. ln one of the first studies to be reported, Strang et aL. (1990)
showed proliferative responses to peptides from the E6 and LI proteins of HPV - 1 6 when peri-
pheral blood mononucIear celIs from healthy donors were tested. Peptide-specific clones and T-
cell lines were then used to define the HLA restriction of these responses. Using a similar
approach, three Th epitopes in HPV - 16 E7 were identified that were recognized in association

with at least two different HLA haplotypes (Altmann et aL., 1992). ln a study using overlapping
peptides spanning the entire HPV - 1 6 E7 protein, Iymphoproliferative responses to a carboxyl-

terminal peptide 72-97 were significantly related to ongoing infection with HPV -16 and related
types (Kadish et aL., 1994). Specific T-celI responses to HPV-16 LI have been detected in
patients with cervical dysplasias (Shepherd et aL., 1994). ln this context, it is of interest that T-
cell responses to structural proteins of CRPV have been shown to increase in the papilloma-
carcinoma conversion with a dramatic increase in the response to L2 (Selvakumar et aL., 1994).

(b) Cytotoxic T-cell responses

Cell-mediated cytotoxicity is a phenomenon mediated via a range of ce Ils which include
CD4+ and CD8+ celIs, LAK cells and NK cells. ClassicalIy, cytotoxic T ce Ils are class 1 restricted
CD8+ celIs and the role of the se cells in HPV infection is under intense investigation. Since
transformed cells from HPV -associated cancers consistently express the E6 and E7 viral

proteins, these would represent targets for cytotoxic T cells a priori. Various investigators have
attempted to determine the immunogenicity of these proteins in rodents in experiments in which
celIs transfected with HPV genes are used as tumour challenge. Using this approach it has been
shown that HPV-16 E6 and E7 can act as tumour rejection antigens (Chen et al., 1991;
Meneguzzi et aL., 1991; Chen et aL., 1992a). ln an extension of these studies, it was shown that
HPV - 1 6 E7 -transfected melanoma cells grew progressi vel y in the immunocompetent host, but
that transfection of these cells with B7 (the counter receptor for CD28) induced rejection of both
the B 7 transfectant and the parental E7 expressing line (Chen et aL., 1992b); CD8+ antitumour
cytotoxic T cells could be isolated from protected mice (Chen et aL., 1992b). Evidence for the
induction of HPV - 1 6 E7 -specific cytotoxic T cells has come from the studies of Feltkamp et al.

(1993), in which vaccination with a synthetic peptide of the HPV - 1 6 E7 sequence, amino acids
49-57, protected against challenge with HPV-16-transformed tumour cells and induced cyto-
toxic T cells which Iysed tumour celIs in vitro.

However, in other studies the E6 and E7 proteins have been weakly immunogenic (Gao
et aL., 1994; Sadovnikova et aL., 1994). Thus, mice immunized with HPV-16 E6- or E7-
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transfected cells did not generate detectable cytotoxic T -cell responses, which were only seen in
mice immunized with E6 or E7 recombinant vaccinia virus. These studies also illustrate the
limitations of predictive peptide motifs. Thus, a motif-positive peptide of HPV- 16 E6 that
showed strong MHC class 1 binding in the RMA-S assay was not recognized by anti-E6
cytotoxic T celIs generated by an E6 recombinant vaccinia virus. Instead, these T celIs reco-
gnized a motif-negative peptide that showed weak class 1 binding (Gao et aL., 1994). Similar
observations were made for HPV-16 E7 (Sadovnikova et al., 1994).

Nevertheless, motif predictions have been useful in humans. Tarey et aL. (1994) used the
HLA A2.1 motif to locate putative cytotoxic T-cell epitopes in HPV -11 E7. Of the three
nonapeptides tested, one primed cytotoxic T celIs to recognize and lyse cells infected by HPV-
IL E7 recombinant vaccinia vinis. Potential HLA-A T-cell epitopes in HPV-16 E6 and E7 have
been identified for five HLA-A aIle les using a set of overlapping nonapeptides and T2 binding
assays (Kast et aL., 1994). However, the authenticity of these peptides as cytotoxic T -cell targets
remains to be proven.

An alternative strategy for defining cytotoxic T-cell targets in humans is to use mi ce
transgenic for a human HLA allele, immunized with recombinant HPV proteins to generate
cytotoxic T-cell precursors in vivo. This approach has been taken by Beverley et aL. (1994) using
HLA-A2 transgenics and HPV-16 E6. Their preliminar data suggest that an E6 epitope can be
presented by HLA-A2. However, as these workers point out, there is a paradox between the
murine and human systems. The murine experiments show that E6 and E7 contain cytotoxic T-
cell epitopes and conventional immunization procedures generate T ce Ils against them, but, to
date, there are no reports of human cytotoxic T celIs that recognize HPV antigens in association
with HLA-A2 or any other HLA alIele. It is worth re-emphasizing that HPV is an excIusively
intraepithelial pathogen; viral gene expression is confined to keratinocytes, which are incapable
of delivering accessory signaIs to T cells - a situation that could induce tolerance rather than

prime an active immune response (Bal et aL., 1990; Chambers et aL., 1994b).

3.2.4 Major histocompatibility complex (MHC) expression

(a) MHC class 1

Loss or downregulation of class 1 MHC expression is a weIl recognized mechanism

whereby viruses escape immune detection, and the expression of MHC molecules in relation to
HPV -associated neoplasms has been closely investigated (Stern & Duggan Keen, 1994).
Immunohistological studies on cryostat sections using the monoclonal antibody W6/32 provided
little evidence for class 1 modulation in benign HPV lesions or CIN (Viac et aL., 1990; Glew
et aL., 1993a). Similar results were obtained by Torres et aL. (1993) using the monoclonal
antibody HClO in the analysis of paraffn sections from a large series of premalignant cervical
lesions. However, in an extensive study analysing HLA expression in paraffin-embedded

material using a polyclonal antibody RaHC and the monoclonal antibody HC 10, disturbed HLA
class 1 heavy chain expression was found in aIl grades of CIN and cancer of the cervix (Cromme
et al., 1993a). The monoclonal antibody W6/32 recognizes monomorphic determinants of the
heterodimeric HLA class 1 molecule; the monoclonal antibody He 10 recognizes HLA, Band C
locus products preferentiaIly; RaHC is specific for HLA A, Band C heavy chains. The
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differences in staining patterns observed in these studies could reflect allele-specific
downregulation, which would be detectable by loss of staining with HC 10 and RaHC, or alterna-
tively the presence of incomplete or modified heavy chains, which would stain positively with
W6/32 but not with HC lO/RaHC. They may also reflect the inadequacies of assessing HLA
expression by immunohistochemistry on small biopsies where fixation and processing artifacts
could distort the analysis.

There is no dispute that class 1 expression is downregulated in cervical squamous-celI

carcinoma (Connor & Stern, 1990; Cromme et aL., 1993a; Glew et aL., 1993a; Torres et aL.,
1993; Hilders et aL., 1994). These changes occur in both HPV-positive and HPV-negative

les ions and have been shown, in a proportion of tumours, to be controlIed post-transcriptionally
(Cromme et al., 1 993b). ln HPV - 16/1 8-positive tumours, this post-transcription al loss of HLA
class 1 expression is related to the loss of peptide transport due to downregulation of expression
of T AP- 1 protein (Cromme et aL., 1994). This is an important observation, but it is unlikely that
aIl class 1 downregulation in cervical cancer is due to this single mechanism. Connor & Stern
(1990) observed that loss of ß2 microglobulin was often accompanied by the absence of HLA
heavy chains and this suggests that the regulation of several MHC-associated gene products may
be altered in invasive cancers. Whatever the mechanism of downregulation, these changes may
be of central importance functionally, since the absence of class 1 or allele-specific downregu-
lation would be expected to interfere with T-celI recognition of target antigens (whether of host
or viral origin) and disable cytotoxic T-cell effector mechanisms. ln support of this, there is
evidence from preliminary studies that patients with early cervical cancers with downregulated
class 1 have a poorer clinical outcome (Connor et aL., 1993).

(h) MHC class Il

Normal ectocervical epithelium does not express class II antigens, although HLA-DR
expression has been reported in the transformation zone (RoncalIi et aL., 1988). The expression
of class II by HPV -infected keratinocytes in low-grade cervical lesions is variable with sorne
studies finding no expression (Hughes et aL., 1988; Warhol & Gee, 1989) and other patchy focal
expression (Fais et aL., 1991; Coleman & Stanley, 1994). Class II expression is seen in high-
grade CIN, although the extent of expression varies from patchy HLA-DR positivity (Ferguson
et al., 1985) to diffuse extensive staining (Glew et aL., 1992; Cromme et aL., 1993a; Coleman &
Stanley, 1994). Expression of class II molecules occurs in at least 80% of cervical cancers

(Glew et aL., 1992; Cromme et al., 1993a; Glew et aL., 1993a). Glew et aL. (1992) postulated that
such expression in high-grade CIN and cervical cancer is a reflection of the transformation of
squamous metaplastic cells, which they have shown to be class II-positive. An alternative
explanation is that this expression is in part induced rather than constitutive. This expli.nation is
supported by the observation of increased numbers of T cells in the subepithelial stroma of
HLA-DR-positive as compared to HLA-DR-negative CIN (Coleman & Stanley, 1994) and an
increase in tumour-infitrating celIs in DR-positive regions of cervical squamous-celI carci-

nomas (Hilders et al., 1994). ln addition, no constitutive expression of HLA-DR could be shown
on fulIy transformed HPV - 16-expressing keratinocytes in vitro, although it could be induced by
y-interferon (Coleman & Stanley, 1994). A large proportion of high-grade CIN express lCAM- l,
as weil as HLA-DR, although co-expression of these molecules is not inevitable and an lCAM-l
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positive les ion can be HLA-DR negative (Stanley et aL., 1994b). Evidence from in-vitro studies
with HPV - 16-expressing keratinocyte celI lines indicates that this expression in high-grade
les ions is constitutive rather th an induced (Coleman et al., 1993b), suggesting that lCAM-l
expression in vivo in CIN III is unlikely to be a viralIy induced phenomenon but rather a
consequence of neoplastic transformation per se.

3.2.5 HIA polymorphisms: association with cervical cancer risk

The recognition of foreign as opposed to self antigen depends upon the recognition by the
T-cell receptor of subtle changes in the MHC/peptide complex as presented on the cell surface.
Fundamentally many immune responses are controlIed by genes of the MHC complex and,
crucialIy, there is evidence that host resistance or susceptibility to pathogens is dependent in part
on the dynamic interaction between the host MHC and permissivity for the presentation of
pathogen peptides (Parham, 1994). For any one protein, different aile les of the MHC will
present different peptides to the immune system. Thus, the loss or upregulation of different
alIeles could influence the natural history of HPV infection and the risk of neoplastic

progression. If this were the case, then it could be reflected in different HLA frequencies in
patients with cervical carcinoma when compared to the appropriate normal population.

Associations between HLA haplotype and cervical carcinoma have been reported in recent
studies. Using serological typing, Wank and Thomssen (1991) showed association with HLA-
DQw3 and increased risk for cervical cancer but decreased risk in association with DR6 in a
German patient group. A similar association but with a smaller relative risk was found in a
Norwegian study (Helland et aL., 1992). Serological typing does not discriminate alleles as
precisely as molecular typing, and typing by PCR and single-strand oligonucleotide probes in
the German group revealed that DQB 1 *0301 and *0303 were the risk alleles for cervical cancer
(Wank et al., 1'993). However, in a study in the United Kingdom of 57 patients with cervical
squamous-cell carcinoma and 857 controls using molecular and serological typing, no such
association was found (Glew et aL., 1993b).

Gregoire et aL. (1994) showed an association between DQB 1 *0303 and cervical cancer risk
in African American women but could not show an association between HPV type in the tUffOur
and HLA. This is in contrast to the recent studies of Odunsi et aL. (1995) who found a strong
association between HLA DQB 1 *030 1 and CIN and HPV. Apple et aL. (1994) investigated the
role of the HLA class II loci and HPV type in cervical cancer. This case-control study included
biopsies from 98 Hispanic patients with cervical cancer, and cervical scrapes from 220 Hispanic
control women with normal Pap smears. Ali patients were from the same geographic area in the
South West of the USA. ln this group, certain HLA class II haplotypes, including DB 1 * 150 _
DQBl*0602, were significantly associated with HPV-16-containing cancer, whereas DRl3
haplotypes were negatively associated. If the type specificity of these associations are
confirmed, this may be of fundamental importance since it implies that specific HLA class II
haplotypes influence the response to HPV -encoded epitopes and the risk of neoplastic
progression. It is of interest that cJass II haplotypes have been implicated when MHC class 1 is
downregulated in the majority of cervical squamous-celI carcinomas. The high frequency of
HLA-B locus downregulation seen in both premalignant and malignant lesions (Cromme et aL.,
1993a) raises the suspicion that these locus products maybe important for the presentation of
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target host or HPV peptides. Evidence in support of this has recently been presented (Ells et aL.,
1995). ln this study, potential cytotoxic T-celI epitopes in HPV-16 E6 for HLA-B7 were
identified by T2 binding assays. Sequence analysis of the E6 region from HPV -16 isolates

derived from HLA-B7 cervical cancer patients identified a consistent mutation in the N-termnal
corresponding to two of the B7 binding epitopes. The mutation, a single base change fram
guanosine to adenosine results in a change in the amino acid sequence from arginine to glycine
in the bindIng peptide at position 3. This amino acid substitution does not affect binding, but
does alter the residues exposed to the T -cell receptor and would be likely to alter the affnity of
the TCR/HC peptide binding. It seems likely that the mutant is a true HPV - 1 6 viral varant
with a wide geographical distribution, implying that the HLA-B7 allele is important in the
immunological control of HPV - 1 6 infection in a manner analogous to other HLA alleles
involved in antiviral surveilance (Gavioli et aL., 1993). A role for HLA haplotype and suscepti-
bility to HPV -associated cancer is strongly supported by data from the rabbit, with the

observation that regression or progression of papillomas induced by CRPV is linked respecti vely
to the MHC DR and DQ phenotypes of the animais (Han et al., 1992).



4. Studies of Cancer in Animais

Due to the species specificity of papilomaviruses, infection of experimental animais with
HPV s is not possible. However, understanding the natural history and carcinogenic potential of
HPV s is assisted by the study of several animal papilomaviruses.

ln the analysis of the association of animal papillomavirus with naturally occurrng or
experimentally induced neoplasia in various species, benign tumours (wars) rather than cancer
are often taken as the end-point, often on the grounds that: (i) the incidence of warts is higher
th an that of cancer and it is therefore easier to monitor; (ii) it is difficult to follow the course of
disease in wild animais; (iii) domestic animais, such as caule, are usually killed before the onset
of malignancy; and (iv) papilomavirus-associated cancer may ultimately derive from warts
exposed to the action of cofactors, and thus the presence of warts can be considered as an indi-
cation of possible incipient neoplastic progression. Ali of the reported genomic sequences of
animal papiUomaviruses are available in the EMBL and GeneBank data.

For each of the animal papilomaviruses incIuded in this section, naturally occurrng warts
and their progression to cancer are described first, followed by experimental production of
tumours in natural and in heterologous hosts.

4.1 Non-human primate papilomaviruses

Two different types of papilomavirus were isolated from papilomas of the colobus
monkey (Colobus guereza): CgPV-I from a penile papiloma and CgPV-2 from a cutaneous
papilloma (ü'Banion et aL., 1987; Kloster et aL., 1988). A different papilomavirus was isolated
from 5/8 cases of focal epithelial hyperplasia in the pygmy chimpanzee (Pan paniscus) and
calIed PCPV (Van Ranst et aL., 1991). This virus is related to HPV -13 which induces focal
epithelial hyperplasia in humans.

Rhesus monkey genital papillomavirus

Kloster et al. (1988) isolated and cloned an integrated papillomavirus genome from a lymph
node metastasis of a penile squamous-cell carcinoma in a rhesus monkey (Maccaca mulatta).
The viral DNA was designated RhPV-l and used as a probe in a retrospective study of a rhesus
colony (Ostrow et aL., 1990). The authors analysed individuals that had either mated directly
with the 'index male' or with intermediate sexual partners. They analysed by PCR biopsies or
scrapes from 30 females, one male and the index male, ail belonging to the same group, from
four mature females from a different group and from se ven virgin females. The direct (6/l2) and
indirect (l5/l8) mates of the index male were found to be positive for viral DNA, clinIcal
les ions or histopathology (Figure 20). One intermediate male analysed by PCR was positive for
RhPV-l DNA and four intermediate males were ail cIinicaUy positive (Figure 20). The lesions

-261-
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displayed various degrees of atypia, ranging from koilocytosis, CIN l, koilocytosis plus CIN l,
to invasive squamous-celI carcinomas of the penis and the cervix. The virgin females and those
from the outside group showed no RhPV - 1 infection. These results strongly linked, in a causal
way, infection by RhPV - i with genital neoplasia,

Figure 20. RhPV -1 transmission and mating relationships in rhesus monkeys
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ln a recent study, Ostrow et aL. (1995) analysed a number of fresh or archivai genital tissues
of rhesus monkeys from three geographically distinct regions for evidence of papilomavirus
infection. By PCR, sequences related to RhPV-l DNA were found in 12/59 (20%) animais from
the three areas. The serological status of the animais was also investigated and 34/59 (57.6%)
animais were positive for at least one RhPV-l antigen. Most of the RhPV-l DNA-positive
animais were also serologically positive (8/10 tested cases), whereas most serologically positive
animais were RhPV - 1 DNA negative (23/31 tested cases). Histopathological analysis showed
that the vast majority of cervical smears and biopsies were clinically normal, with the occasional
presence of mild-to-moderate chronic inflammation and focal squamous metaplasia. Four cases
showed features of papilomavirus infection; of these one was classified as CIN l, and another
was the only case concordant with seropositivity; aIl cases were RhPV-l DNA negative. The



STUDIES OF CANCER lN ANlMALS
263

situation paralIels HPV infection in humans, where the detection of seropositivity is higher th 

anthe detection of viral DNA.

4.2 Bovine papilomavirus

4.2.1 Heterogeneity of bovine papillomavirus

Bovine papilomaviruses (BPVs) make up a heterogeneous group of viruses with world-
wide distribution. They induce papiIomatosis of the skin, the genital and paragenital area, the
eye, the alimentary canal and the bladder. Six types (BPV - 1 to -6) have been described in detail

(Jarrett et aL., 1984a), but many more remain to be identified and isolated. The six well-
characterized BPVs fall into two subgroups, A and B, depending on the size of the viral genome
and the degree of their molecular and immunological relationship. The molecular and immuno-
logical differences between the members of the two subgroups underlie biological differences.
Thus, subgroup A members (BPV-l, BPV-2 and BPV-5) induce fibropapilomas, wars with
fibroblastic and epithelial components, whereas subgroup B members (BPV -4 and BPV -6)
induce purely epithelial papilIomas (Campo et al., 1980; Jarett et aL., 1984a); BPV -3 has been
found in epithelial papilomas (Pfister et al., 1979a) (Table 61).

Table 61. Bovine papilomaviruses and their tumours

Subgroup Virus type Associated tumours

A BPV-I

BPV-2
Fibropapillomas of the paragenital areas

Fibropapilomas of the skin
Fibropapillomas of the alimentary canaI"
Fibropapillomas of teats and udders
PapilIomas of skin
Papillomas of the alimentary canal
Papillomas of teats and udders

B

BPV-5

BPV -3

BPV-4
BPV-6

a Alimentary canal fibropapilomas do not produce virus

From Pfister et aL. (1 979a), Campo et aL. (1980, 1981) and Jarrett
et aL. (1 984a)

4.2.2 BPV-1

BPV - 1 induces primarly fibropapilloma of the penis of bulls and of the teats and udders of
cows and can also infect adjacent skin and the muzzle, leading to the same histological les 

ions
(Campo et aL., 1981). BPV - 1 has been used extensively in transmission experiments, where the
'take' in cattle can be up to 100% (Jarett, 1985). Oison et al. (1969 ) were the first to perform
transmission experiments with BPV and, although at that time the multiplicity of BPV was not
known, it is reasonable to assume that the virus was either BPV-l or BPV-2, as it was extracted
from fibropapilomas of the skin. ln addition to transmitting BPV to skin, Gordon and Oison
(1968) induced meningiomas in 17/19 calves (89.5%) by injection of the virus into the brain.
The latency period was nine months and the take in the brain was the same as that in the skin.
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A review of early transmission experiments both in homologous and heterologous hosts is given
in Oison (1987).

(a) BPV-I in hamsters

Inoculation of BPV - 1 into Syrian hamsters (Mesocricetus auratus) induced subcutaneous
fibromas and fibrosarcomas, chondromas of the ear and meningiomas of the brain, depending on
the site of injection; metastases to internaI organs were relatively frequent particularly in the
lungs (10% of the animais) (Oison et aL., 1969). ln a typical experiment, Pfister et al. (1981b)
extracted BPV-l from an udder fibropapiloma of a cow and inoculated approximately 109 viral
particles/ml subcutaneously in the back of six two-month-old hamsters. Two of the animaIs
developed fibrosarcomas at the site of injection, with a latency period of about 14 months. Both
fibrosarcomas contained viral DNA, which was present in multiple episomal copies, but not
structural viral antigens or virus particles. Both tumours were transplantable to other hamsters.

(b) BPV-I in transgenic mice
BPV -1 transgenic mi ce have been generated by Lacey et al. (1986). A partial tandem

duplication of the BPV - 1 genome was used, containing two copies of the early transforming
region and one of the late structural genes. Two transgenic mice were obtained, one of which
died soon after birth. The other mouse had approximately five copies of integrated viral DNA in
head-to-tail tandem structures. The heterozygous progeny of this mouse were used to generate
homozygous animais. The homozygotes were normal during development and early adulthood.
However, when about eight months old, ail animaIs developed skin tumours, initially benign
fibromas, in multiple body locations. Fibromas also developed on the tails of heterozygotes
where they had been clipped for DNA analysis. The fibromas became malignant and invasive
with age. No virion or viral structural antigen was detected in the fibromas or fibrosarcomas.
Whereas in young normal mice and in normal skin the viral DNA was integrated into the
cellular DNA, in the tumours the viral DNA was episomal and amplitïed. Viral transcription
activity increased during tumour progression from fibroma to fibrosarcoma (Bossy-Wetzel et al.,
1992; Christofori & Hanahan, 1994).

4.2.3 BPV-2

BPV -2 induces typical skin warts of the neck and shoulder in cattle (Campo et aL., 1981).
The histology ofthese skin warts is similar to that of BPV-I warts (Jarrett, 1985). BPV-2 is also
found in fibropapilIomas of the oesophagus and rumen (Jarrett et aL., 1984b), but these tumours,
contrary to the fibropapilIomas of the skin, do not produce virus and appear to be the result of
abortive infection. Transmission experiments of BPV -2 to the skin have a take of 100% (Jarrett,
1985).

(a) BPV-2 in bladder cancers

ln a study in Scotland, 30% of the cattle with squamous-cell carcinoma (80 animaIs) of the
upper alimentary tract had concurrent bladder tumours. AnimaIs can have more th an one type of

bladder tumour. Haemangioendotheliomas were found in 23%, transitional-cell carcinomas in
8%, fibromas in 4% and adenocarcinomas in 1 % (Jarrett et aL., 1978a). The same histological
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types of bladder tumours, in addition to papilomas and squamous-cell carcinomas, have been
found in other parts of the world in association with a diet of bracken fern (Pamukcu, 1963;
Rosenberger, 1971). Bracken fem contains mutagenic (Evans et aL., 1982a) and immuno-
suppressive compounds (Evans et aL., 1982b).

Injection of a 10% suspension of bovine wart tissue in the urinary bladder of two- to three-
month-old calves induced fibromas and polyps in 13115 animaIs (Oison et aL., 1959). The calves
were kilIed from 40 to 80 days after inoculation and no malignant progression was observed. ln
another experiment (OIson et aL., 1965), suspensions of six naturalIy occurring bladder tumours
(2 haemangiomas, 1 haemangioma plus papilloma, 2 papillomas, 1 papiloma plus adeno-
carcinoma plus squamous carcinoma - this latter case was accompanied by metastasis to the
iliac node) were inoculated in the skin, the vagina and the urinary bladder of young calves. Of
17 innoculated calves, 10 developed skin fibropapilIomas, seven developed fibropapilomas of
the vagina and five developed polyps and fibromas of the Ufinary bladder. These experiments
demonstrated both the presence of BPV in tumours of the urinary bladder and the ability of the
virus to induce bladder tumours. At the time, the heterogeneity of BPV was not known and the
identity of the virus used in the above experiments is uncertain.

Campo et aL. (1992) reported that the virus involved in bladder cancer in cattle was BPV -2.
Multiple copies of episomal BPV-2 DNA were found in 7115 biopsies (46%) of natUfally
occurrng bladder tumours from animaIs from bracken fern-infested areas. Eight of io normal
bladder biopsies were negative and, of the remaining two biopsies, one was positive for BPV-2
DNA and the other for an unidentified papillomavirus. ln an experiment designed to reproduce
the papilloma-carcinoma syndrome of the upper alimentary canal (see below), further evidence
was obtained of the involvement of BPV -2 and of its synergism with bracken fem in the

induction of urinary bladder malignancies. Calves approximately three to five months old were
immunosuppressed either by treatment with azathioprine (see lARC, 1987e) (10 animais) or by
a di et of bracken fern (12 animaIs) (Table 62). Sorne of the animais were infected with BPV-4
(see below), but not with BPV -2. AlI the immunosuppressed calves developed urinary bladder
tumours starting approximately two years after the beginning of the experiment. However, in the
animaIs immunosuppressed with azathioprine, the tumours were benign haemangiomas, whereas
in the animaIs fed with bracken fem, the tumours were malignant and representative of the
whole range of naturalIy occurring bladder cancers. Bladder biopsies were analysed for the
presence of BPV DNA in three animais from the azathioprine group and in 10 animais from the
bracken fem group. BPV -2 DNA was found in tumour biopsies of 9113 animais, incJuding the
haemangiomas of the azathioprine-treated animais (Table 62). The negative biopsies were from
four animaIs of the bracken fern group. ln the cases with multiple tumour types, the turnours
were either ail positive or ail negative. As in the natural bladder cancers, no virus or structural
viral antigens was detected in the experimental tumours. It was concluded that immuno-
suppression favoured the establishment of premalignant virallesions, but mutagens present in
the fern promoted their malignant progression.

(h) BPV-2 latency

The above experiment also suggested the presence of latent BPV -2, which could be reacti-
vated by immunosuppressive treatment, as in the bladderandJor by skin damage (Campo et aL.,
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Table 62. Bladder cancers, alimentary canal tumours and viral latency in experimental
calves

Group Animal Treatment Bladder Alimentar Alimentary Site of skin warts
cancer papilloma cancer

1 BPY~4 Yes
2 Yes
3 Yes
4 Yes
5 Yes
6 Yes Bleeding site (BPY-l)

2 7 BPY-4 + Yes (BPY-2) Yes (H) Scarfication site (BPY -1)
8 azathiopnne Yes (BPY-2) Yes (H) Scarification site (BPY -1)
9 (2 mg/kg Yes (ND) Yes (H)
JO bw/day) Yes (ND) Yes (H)
1 1 Yes (ND) Yes (H)
12 Yes (BPY-2) Yes (H)

3 13 Azathioprine Yes (ND) Scratch on neck (BPY-2)
14 (2 mg/kg Yes (ND)
15 bw/day) Yes (ND)
16 Yes (ND) Lips (BPY-2)

4 17 None
18

19

20

5 21 Bracken fem Yes (BPY-2)
22 Yes (BPY-2)
23 Yes (no BPY)
24 Yes (ND)
25 Yes (BPY-2) Scratch on neck (BPY-2)
26 Yes (no BPY)

6 27 BPY-4 + Yes (BPY-2) Yes (+)
28 bracken fem Yes (BPY-2) Yes (+)
29 Yes (ND) Yes (+)
30 Yes (no BPY) Yes (+) Yes (no BPY)
31 Yes (no BPY) Yes (+) Yes (no BPY)
32 Yes (BPY-2) Yes (+)

7 33 Quercetin No Scanfication site (BPY -1)
34 No Scarification site (BPY -1)

8 35 BPY-4 + No Yes Scanfication site (BPY -1)
36 quercetin No Yes Scanfication site (BPY -1)

From Campo et al. (1992, 1 994a,b)
Degree of alimentar papilomatosis is indicated by +
ND, not determined
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1994a). Four of 10 of the azathioprine-treated animals developed skin warts; two of the wars
contained BPV-I and two BPV-2. One of the 12 bracken fern-fed animais developed a BPV-2
war. AlI the wars developed at sites of damaged skin (Table 62). AlI of four animais that had
been administered the flavonoid quercetin (see lARC, 1987f) but were fully immunocompetent
developed BPV - 1 warts at the site of damaged skin (Table 62), indicating that wounding, with
the attendant celI proliferation, is sufficient for reactivation of latent virus.

(c) BPV-2 in hamsters

A 10% suspension of a BPV -2 fibropapilIoma taken from the neck of a cow was injected
into the back of one hamster. After two years, a fibropapiloma developed at the injection site,
which contained multiple episomal copies of BPV -2 DNA but no virus or structural viral
antigens (Moar et al., 1981).

4.2.4 BPV-3

BPV-3 was isolated from an epithelial skin papiloma of a calf in Australia (Pfister et al.,
1 979b). Nothing is known about its natural history and no transmission experiment has been
performed.

4.2.5 BPV-4

BPV-4 is the causative agent of alimentary tract papilomas (Campo et aL., 1980). ln a
survey of 7746 cattle from local abattoirs, Jarett et al. (l978b) found alimentar canal tumours
in 19% of the animais. Of the se, 78% had epithelial squamous papilomas and 22% had
fibropapillomas; 79% of the' affected animais had papilomas at one site and the remaining 21 %
at more th an one site. The epithelial papilomas were productive for and induced by BPV-4
(Campo et aL., 1980), whereas BPV-2 DNA, but not the virus, was present in the fibro-
papilIomas (Jarrett et aL., 1984b).

(a) BPV-4 and alimentary tract cancer
ln the above abattoir survey, 80 cases of squamous-cell carcinomas of the upper alimentar

canal (7% tongue, 4% palate, 8% pharnx, 41 % oesophagus and groove, 30% (sic) rumen) were
observed in animaIs from the so-caIled cancer farms, the grazing ground of which was infested
with bracken fern: 96% of the animais with cancers had papilomas and 13% of the animais with
papilomas had squamous-cell carcinomas; aIl the histological stages from papilomas to
squamous carcinomas were observed (Jarett, 1978): 36% of the animais with upper alimentary
cancers had metastases (liver and/or spleen), 56% had large intestine tumours (polyps, adenomas
and adenocarcinomas) and 30% had urinar bladder cancers. ln a survey of 366 cattle from the
cancer farms, 39% had squamous oral papilomas; of these, 24% had papilomas at one site and
65% had widespread papilomas at multiple sites (Jarett, 1978; Jarett et aL., 1978a,b).

The papiloma-carcinoma syndrome was reproduced experimentaIly by Campo et aL.
(l994b) in an experiment that lasted 13 years. Of 32 calves three to five months old, six were
infected in the palate with BPV -4, six were infected with BPV -4 and immunosuppressed with
azathioprine, four were immunosuppressed with azathioprine, six were kept on a diet of bracken
fern, six were infected with BPV-4 and fed bracken fern and four were kept as controls



268 lARC MONOGRAPHS VOLUME 64

(Table 62). Ali calves infected with BPV -4 developed squamous papilIomas at the sites of
intramucosal injection into the palate. However, the animais immunosuppressed either by
azathioprine or by bracken-fern developed florid and persistent papilomatosis with papilomas
that spread from the inoculation site, particularly in the azathioprine-treated animais. The last
surviving animal from the BPV -4-and-bracken-fern group stil had papilomas 13 years after

infection and these had spread from the mouth to the lower oesophagus and the rumen. The
virus-infected azathioprine-treated animais had to be killed on humanitaran grounds and no
progression from papiloma to carcinoma was observed. Two of six animais from the virus-and-
bracken-fern group developed cancers of the upper alimentary canal and the lower intestine, six
and 10 years, respectively, after the start of the experiment. The two animais had typical
papillomas, foci of carcinoma in the oesophagus infitrating the subjacent tissue and polyps,
adenomas and adenocarcinomas of the duodenum, jejunum and colon. No malignancy of the
alimentar tract was detected in animais of the other groups. As already observed for the

naturally occurrng alimentary canal cancers (Campo et al., 1985), no BPV-4 DNA could be
detected in the experimental cancers. It was concluded from this experiment that immuno-
suppression prevented rejection of papillomas and allowed their expansion, while other com-
pounds present in the bracken fern promoted their neoplastic progression.

(b) BPV-4 in mouse xenografts

The tumorigenic potential of BPV -4 has been studied in nude mice xenografts. Chips of
bovine fetal palate tissue infected with BPV -4 were implanted in nude mice either under the
kidney capsule or subcutaneously and induced virus-producing papilomas in 19/21 mice within
22 weeks. One of the xenograft papilomas underwent spontaneous transformation to a
squamous-cell carcinoma which infiltrated the kidney with metastasis to the spleen (Gaukroger
et aL., 1989, 1991). The malignant cells were confirmed to be of bovine origin by MHC typing
and by the nucleotide sequence of the bovine ras gene. No BPV-4 DNA was detected either in
the primary or in the metastatic cancer. Spontaneous conversion of papilomas in the xenograft
system is a very rare event as it was observed only once out of approximately 100 papiloma-
bearng mice generated in different experiments. ln a further experiment, neoplastic progression
was greatly accelerated by the implantation in the recipient mice of slow releasing pellets of
either 7,12-dimethylbenz(a)anthracene (DMBA) or 12-0-tetradecanoylphorbol 13-acetate
(TP A). When the mice were exposed to DMBA, the progression of BPV -4 papilomas to carci-
nomas was observed in 13/20 (65%) implants and when mice were exposed to TPA, in 4/33
(12%) implants. No tumours (papilomas or carcinomas) were found in mi ce receiving implants
of the chemicals alone (DMBA, 0/1 0; TP A, 0/25). It was concluded that BPV -4 could synergize
with both a classical tumour initiator and a classical tumour promoter (Gaukroger et al.,1993).

(c) BPV-4 in hamsters

Six young hamsters were injected with a 10% suspension of a BPV -4 papiloma in the right )
buccal pouch and intradermalIy on the skin of the back. One hamster developed a liposarcoma at
the site of injection on the back 20 months later. The tumour showed no evidence of fibrocytic
transformation, which was in agreement with the inability of the virus to transform fibroblasts in
vivo; it was positive for viral DNA, which was present in multiple episomal copies, but not for
virions or structural antigens (Moar et aL., 1986).

kajo
Rectangle
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4.2.6 BPV-5 and BPV-6

BPV-5 induces 'rice grain' fibropapilomas on the teats and udders of cattle, so called
because of their appearance (Campo et al, 1981). BPV -6 also induces epithelial papilomas
(Jarett et aL., 1984a). These two viruses have not been found in any other body location so far
and the tumours produced have not been reported to undergo malignant conversion, although the
BPV -6 papilomas are very persistent and natural regression has not been observed (Jarett,
1985).

ln a survey of 1657 caule from local abattoirs (Lindholm et aL., 1984), 37.3 % of the animais
were found to have at least one teat or udder papiloma. Of the affected animais, 28.4% had
BPV-l wars, 88.5% had BPV-5 wars and 92.3% had BPV-6 wars; 58.6% had double
infections with BPV-5 and BPV-6 and 22.9% had triple infections with BPV-l, BPV-5 and
BPV-6; 13.9% were infected by only one virus - most often BPV-6 (8.7%) followed by BPV-5
~4.4%) and then by BPV-l (0.8%). BPV-6 is the most frequent infection of the udder and teats
of cattle (Table 63).

Table 63. Incidence (%) of BPV types in teat and
udder papilomas

Multiplicity of papillomas BPV-I BPV -5 BPV-6

Single 0.8 4.4 8.7
Double - BPV -1 with... 2.6 2.1
Double - BPV-5 with... 2.6 58.6
Triple 22.9 22.9 22.9
Overall 28.4 88.5 92.3

From Lindholm et aL. (1984)

4.2.7 Bovine ocular squamous-cell carcinoma (OSCC)

ln Australia, some herds of caule are commonly affected by OSCC (Spradbrow &
Hoffman, 1980). The carcinomas derive from papilomas, and malignant transformation of
papilomas is paricularly noticeable in lightly pigmented animais, implicating ultraviolet light
as a c9-carcinogen. Viral paricles, strongly resembling papillomavirus, were detected in 8/25
early lesions, including one conjunctival plaque, five conjunctival papilomas, one eyelid
papiloma and one eyelid keratinized hom (Ford et aL., 1982). The viral DNA has not been
cloned, so it is not known which BPV type is responsible for the precursor les ions of OSCC.

4.2.8 Bovine skin carcinoma

Australian herds are commonly affected also by skin cancer (Spradbrow et aL., 1987). As in
the case of OSCC, the cancers derive from precursor lesions. Thirteen caule, four to 15 years
old, were studied. AlI animais had lesions of different degrees of severity, from early lesions,
such as cutaneous horns with acanthosis and hyperkeratosis, to advanced lesions, such as
squarous-cell carcinomas and basal-celI carcinomas. Four animaIs were observed for thee
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years and in two of these progression of early les ions to squamous-cell cancer was observed.
Viral DNA, hybridizing to BPV - 1 in low stringency conditions, was found in 10/1 1 keratotic
lesions and in 5/8 neoplasias, two of which were squamous cancers and three basal-cell
carcinomas. The viral DNA has not been cloned, so the virus type cannot be defined; the virus
has not been isolated and no transmission experiments have been done. However, as for OSCC,
progression of early lesions to carcinomas has been observed and it was concluded that a type of
papilomavirus, in conjunction with ultraviolet light, was responsible for the skin cancers.

4.2.9 BPV in equine sarcoids

Sarcoids are commonly found in horses (Equus equus) and donkeys (Equus asinus). Equine
sarcoids are locally invasive non-metastatic fibropapilomas that are rarely rejected by the host.
The histological similarty between equine sarcoids and bovine fibromas suggested a link
between BPV and the equine disease. Infection of horses with bovine papilloma material
induced sarcoids similar to those occurrng naturally (Oison & Cook, 1951) but the experimental
sarcoids regressed contrary to the natural ones.

Lancaster et al. (1977) were the first to detect BPV DNA in natural equine sarcoids. Neither
the natural nor the experimental sarcoids contained virus or structural viral antigens. More recent
analyses of the se equine neoplasms confirmed those original findings (Table 64).

Table 64. DNA positivity for BPV types in equine
sarcoids

Reference BPV-l BPV-2 Overall
(%) (%) (%)

66.7 21.2 87.9
92.7 7.3 100

60.4 13.3 73.7
83.3 16.7 100

Angelos et al. (1991)

OUen et aL. (1993)"

Bloch et aL. (1994)

Reid et aL. (1994)b

a Survey includes 32 horses and two donkeys.

b Survey includes 18 donkeys.

Angelos et aL. (1991) found BPV DNA in 12/13 sarcoids from horses from New York State
and in 17/20 sarcoids from horses from Switzerland. The viral DNA was BPV-l-1ike in 22
biopsies and BPV -2-1ike in seven biopsies. BPV DNA was also found in one biopsy each of
fibrosarcoma, fibropapilIoma and pyogranulomatous dermatitis. No biopsy showed a restriction
enzyme pattern of viral DNA identical to reference BPV -1 or BPV -2 DNA, indicating the
presence of BPV subtypes or variants. .

Bloch et aL. (1994) conducted a retrospective analysis of equine sarcoids by polymerase
chain reaction (PCR) on DNA from formalin-fixed paraffin embedded sections of archivaI
samples. They detected BPV DNA in 56/76 (74%) samples; of these 82% were BPV-l-like and
18% were BPV-2-1ike.
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Reid and Smith (1992) and Reid et aL. (1994) analysed 24 sarcoid samples from six horses
and 18 donkeys by PCR. These authors found that aB the biopsies contained BPV DNA and that
again BPV -l-like sequences were more prevalent th an BPV -2-1ike sequences. There was no
correlation between viral type, clinical type and anatomic location of the les ions or sex of the

animaIs.

The virtual absence in these surveys of BPV-l or BPV-2 DNA sequences with restriction
patterns identical to those of the reference genomes might suggest that particular variants or
subtypes of BPV infect horses specifically. However this was not confirmed in another study.
Otten et aL. (1993) analysed by PCR 58 sarcoids from 32 horses and two donkeys. They found
BPV - 1 DNA in 55 biopsies and BPV -2 DNA in three biopsies. One horse had two sarcoids, one
with BPV-l DNA and the other with BPV-2 DNA. The BPV sequences in the sarcoids had the
same restriction enzyme patterns found in BPV -1 and BPV -2 isolates from cutaneous bovine
papilomas in cattle from the same geographical area, and the relative incidence of BPY -1 and
BPV -2 infection was the same in cattle and horses, suggesting that the BPY variants found in
equine sarcoids are not specific for horses. The involvement of BPV in equine sarcoids is the
only known instance of naturally occurrng infection in which papilomaviruses cross species
barr ers.

4.3 Equine papilomavirus (EqPV)

ln addition to sarcoids, horses can develop cutaneous, genital, oral and ocular papiBomas
(OIson, 1987). Paraffin sections from 135 equine neoplasms were analysed for the presence of
viral structural antigen (Junge et aL., 1984). The tumours were 45 papilomas from penis, vulva,
skin, eye and oral cavity and 90 carcinomas from eyelid, cornea, genital area, oral cavity,
maxilIary sinus and skin. Antigen was detected in se ven cutaneous and five genital papilomas
but not in the carcinomas.

A papilomavirus, EqPV, has been isolated from cases of cutaneous papillomas of one
poney and one horse (O'Banion et aL., 1986). The same viral type was found in papilomas of
the muzzle and the leg but not in penile papilomas from four different horses; the authors
concluded that the latter were possibly caused by a different equine papillomavirus.

4.4 Papilomaviruses in cervidae

Papilomavirus was isolated from fibropapilomas of European elk (Alces a. alces) (EEPV
or EPV; Moreno-Lopez et aL., 1981), reindeer (Rangifer tarandus) (RPV; Moreno-Lopez et al.,
1987), red deer (Cervus elaphus) (RDPV; Moar & Jarrett, 1985), mule deer (Odocoileus
hemionus) and white-tailed deer (Odocoileus virginianus) (deer fibromavirus subtypes a and b
respectively; Groff et aL., 1983). EEPY and RPV induced fibrosarcomas after experimental
infection of young Syrian hamsters by subcutaneous injection (Stenlund et aL., 1983; Moreno-
Lopez et aL., 1987). The cervidae papilomaviruses have recently been shown to contain a novel
open-reading frame encoding transforming activity (Eriksson et aL., 1994).
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4.5 Ovine papiloIDatosis

Norval et aL. (1985) found that 25/200 sheep from local Scottish abattoirs had rumenal
fibropapilomas. One animal had a squamous-cell carcinoma. Six of 10 biopsies of the rumenal
tumours had few celIs (1-3) positive for common antigen (Table 65).

Table 65. Papilomavirus in tumours of sheep

Reference Lesion Viral Viral Virusa

DNA" . /J.bantigen

0/30' 6/10 0/20
ND ND 2/3

ND ND 0/1

11183 ND ND
20/26 0/17 ND

ILL 9/9 Yes (NR)

Norval et aL. (1985)

Vanselow et aL. (1982)

Vanselow & Spradbrow
( 1983)

Trenfield et aL. (1990)

Tilbrook et aL. (1992)

Rurnenal fibropapilorna

Cutaneous papilornas

Hyperkeratotic scales

Hayward et aL. (1993)

Cutaneous and vulvar lesionsd

Perineal squarnous-cell
carcinornas and papillornas

Cutaneous filiform papillornas

apositive lesions/analysed lesions

"Cornrnon structural antigen
cOnly tested with HPV-I DNA
dKeratinized homs, papillornas and fibropapillornas

ND, not determined; NR, not reported

Other surveys of sheep were performed in Australia (Table 65). Vanselow et aL. (1982)
reported the isolation of a papilomavirus from the cutaneous papilomas of two Merino sheep.
Two more sheep with papilomas were followed for several months and during the observation
period the papilomas progressed to squamous-cell carcinomas. The same authors (Vanselow &
Spradbrow, 1983) reported on another Merino sheep with squamous-cell carcinomas on a lower
eyelid and on the vulva. Hyperkeratotic lesions in which virions were detected were present near
both cancers but virus was not isolated.

ln a later survey, Trenfield et aL. (1990) analysed 67 ear lesions (cutaneous homs,

papilomas, fibropapilomas) from 51 sheep and 16 lesions from other skin sites from 15 sheep.
Ten ear lesions and one vulvar lesion were analysed for viral DNA using BPV -1 DNA as a
probe. The vulvar lesion and 8/10 of the ear lesions were positive. The viral DNA gave a BPV-2
restriction pattern with eight enzymes and a BPV -1 restriction pattern with two enzymes,
reminiscent of the situation found in horses (see section 4.2.9).

A simIlar survey was performed by Tilbrook et aL. (1992). Five of i 0 premalignant biopsies
and 15/16 squamous-cell carcinomas, ail from the perineal region of sheep, were found to

contain papilomavirus-like DNA, by using both BPV probes and HPV probes.
The occurrence of fiiform squamous papilomas on sheep was reported by Hayward et al.

(1993), also in Australia. These papilomas were not of the fibropapiloma type but histolo-
gically resembled verrca vulgars; they were present in less than 1 % (N = 2660) of young
sheep, always on the lower fore legs. Papilomavirus was visualized by electron microscopy and
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viral DNA was detected by hybridization with an HPV-16 DNA probe. AlI papillomas analysed
were positive for the common viral antigen.

4.6 CoUontail rabbit papilomavirus (CRPV)

CRPV was the first papilomavirus to be identified and isolated, and the CRPV system was
the first in which progression from benign papilomas to malignant carcinomas was observed
and the synergism between virus and cofactors was documented (Rous & Beard, 1934; Rous &
Kidd, 1938; Rous & Friedwald, 1944). ln nature, CRPV infects primarly cottontail rabbits
(Sylvilagus floridanus) and occasionally jackrabbits (Lep us californicus). The first phase of
infection lasts from one to six weeks, during which papilIomas (cutaneous horns) grow. Ninety-
five to 100% of the infected animais develop papillomas. ln 71% of the animais, the papilomas
are permanently benign, in 6% of the animais the papilomas regress and in 23% of the animais
the papilIomas progress to squamous cancer within 12- 18 months. Experimental infection of the
domestic rabbit (Oryctalagus cunniculus) follows a different course. After one to six weeks of
growth, 95- 1 00% of rabbits have papilIomas. Papilloma regression takes place in 10-40% of the
rabbits after one to three months; in 20-30% of the rabbits, the papilomas remain permanently
benign, but in 40-60% of the animais they progress to squamous-cell carcinomas in six to 12
months (Kreider, 1980; Wettstein, 1987). ln domestic rabbits, therefore, more papilomas
progress more rapidly to cancer than in cottontail rabbits, implicating the genetic background of
the host in malignant conversion. Infectious virus is found in cottontail rabbit papilomas but not
generalIy in domestic rabbit papillomas or in cancers in either species; however, viral DNA is
present in the nonproductive lesions.

4.6.1 CRPV and co-carcinogens

The progression rate of papilomas induced by CRPV is influenced by other carcinogens
(Rous & Kidd, 1938; Rous & Friedwald, 1944). When tar was applied to the skin of the ears of
rabbits, hyperplastic skin and papilomas developed. The skin reverted to normal and the
papilomas regressed or remained indolent when tar treatment was suspended. Only l/90 tar-
treated rabbits developed a carcinoma after two years of treatment. On the contrar, infection
with CRPV of tar-treated rabbits either by scarification of hyperplastic skin or tar papilomas or
by intravenous inoculation of virus resulted in the rapid appearance of highly malignant cancers
in more than half of 70 rabbits (Rous & Kidd, 1938). ln an experiment typical of a large series,
eight rabbits had tar applied to the ears for 89 days, were infected with CRPV by intravenous
injection and by scarfication and then tared again twice weekly for 25 days. Large numbers of
papilomas developed rapidly on tarred skin in ail rabbits; the papilomas continued growing
even when tar treatment was discontinued. ln 2/5 rabbits, the papilomas progressed to
squamous and anaplastic carcinomas; in one rabbit, there was metastasis to local lymph nodes.
None of five control rabbits that had been tared but not infected with CRPV developed
malignancies, although they did develop tar papilomas (Rous & Kidd, 1938).

Rapid malignant progression was observed also when CRPV papilomas were treated with
carcinogens. Eight rabbits were infected with CRPV by scarfication on six patches of skin,
three patches on either side of each animaL. Seven days later, healing was complete and each
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animal was swabbed on one of the three patches on one side with methyIcholanthrene, tar plus
methyIcholanthrene or tar alone; the patches on the other side were swabbed with solvents only
or left untreated; areas of skin not infected with CRPV were swabbed with carcinogens. Ali sites
inoculated with the virus developed papilIomas after 14 days, but the papillomas were larger and
faster growing in the carcinogen-treated areas. Cancer started to appear as early as 63 days in
two animais on sites treated with methylcholanthrene and with tar plus methylcholanthrene in
one of the animais. After 85 days, ail eight rabbits had developed cancers in the carcinogen-
treated areas; these ranged from malignant papilIomas to squamous-celI carcinomas, cystic
squamous carcinomas and highly anaplastic carcinomas. Two rabbits had metastases to Iymph
nodes. There were more cancers in areas treated with methyIcholanthrene and tar plus methyl-
cholanthrene than in areas treated with tar. During the observation period, no cancer developed
from untreated papilomas or from noninfected skin treated with carcinogens. From their
extensive series of experiments, the authors concluded that CRPV and carcinogens synergize
powerfulIy in inducing malignant conversion of papilomas (Rous & Friedwald, 1944).

4.6.2 CRPV latency

ln an experiment designed to study latency and reacti vation of CRPV, Amelia et aL. (1994)
infected rabbits with seriaI dilutions of CRPV. With undiluted virus, 6/7 injection sites in seven
rab bits developed papilomas. With virus diluted from 1:2 to 1 :8, 8/8 sites in eight animals
developed papillomas. With virus diluted from 1: lOto 1: 100, 9/34 sites in 18 animais developed
papilomas, while with virus diluted from 1: 1000 to 1: 100 000, no 

ne of 14 sites in 14 animais
developed papillomas. However, 6/6 biopsies of the negative sites contained viral DNA detected
by PCR. Virus was used at a dilution of 1 :20 in order to generate papillomas only in a subset of
sites. After virus injection, 24/43 sites (55.8%) were mildly irritated by subtherapeutic

photodynamic therapy; 2119 of the nonirritated sites (l 0.5%) developed papillomas, which
contrasts with 11/24 of the irritated sites (45.8%) which did. PCR of injection sites that did not
develop papilomas showed the presence of viral DNA. It was concluded that infection with low
doses of virus results in the establishment of viral latency, and that virus can be reactivated by
skin injury (see also section 4.2.8).

4.6.3 CRPV in transgenic rabbits

CRPV in conjunction with activated ras has been used to generate transgenic rab bits (Peng
et aL., 1993). Three transgenic rabbits were obtained. Two rabbits had only CRPV DNA and one
had both CRPV DNA and activated ras. The two CRPV transgenic rabbits were phenotypically
normal up to two weeks after birth; then they stared developing epidermal hyperkeratosis.
Small papilomas appeared when the animais were 20-30 days old that developed and spread ail
over the body. The rabbits died of pneumonia and septicaemia at 40 and 75 days, respectively.
No malignant changes were detected in the papillomas. The third rabbit, transgenic for both
CRPV DNA and ras, had thickened skin at birth and died at day 3. It was covered by epidermal
papilomas that had already undergone highly malignant progression. The entire skin was
described by the authors as 'an extended squamous carcinoma'. No neoplasia was detected in
other organs. Integrated CRPV DNA was detected in ail tissues but it was episomal and greatly
amplified in tumours in ail three rabbits. ln contrast, there was no difference in ras transgene
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copy number between normal and tumour tissues. CRPV DNA was transcribed in papilomas
and carcinomas but not in normal tissue, while ras was transcribed only in the cancers. It was
concIuded by the authors that CRPV -induced papilomas and that the rapid progression of
papilIomas to carcinomas was due to synergism between CRPV oncogenes and activated ras.

4.7 Domestic rabbit oral papilomavirus

Oral papillomas were found in 31% of 51 New Zealand white rabbits from two commercial
sources. The virus was isolated and inoculated into the tongue and vulva of three noninfected
rabbits. Ail rabbits developed papilomas of the tongue but not of the vulva, demonstrating site
specificity. No cross-immunity was observed between skin (CRPV) and oral virus and it was
concIuded that the viruses have separate identities. When the oral papillomavirus was inoculated
into baby hamsters, 9/10 hamsters developed fibromas (Sunberg et aL., 1985).

4.8 Mastomys natalensis papilomavirus (MnPV)

Mastomys natalensis is a common rodent in southern Africa. Colonies have been
established in several laboratories. The animaIs of the Giessen colony and the Heidelberg colony
harbour a latent papilomavirus, MnPV (Amtmann et aL., 1984; Amtmann & Wayss, 1 987; Tan
et al., 1 994b). Certain strains of the animaIs develop keratoacanthomas and papilIomas of the
skin, in an age-dependent manner. The tumours never appear in animais younger th an 50 weeks
old, but by 16 months of age 80% of the animaIs have tumours. Occasionally, the benign les ions
progress to malignant cancers in older animaIs. The rate of malignant progression depends on
the genetic susceptibility of the host - in the Heidelberg colony progression is only sporadic,
while in the Giessen colony 1 1 % of the animais undergo progression. The viral genome
increases dramatically in copy number during tumour formation, from approximately 0.1 copy
per cell in 16-week-old animais to more than 3000 copies per cell in 80-week-old animais.

Amtmann et aL. (1984) showed that treatment of the skin with TPA increased DNA copy
number and lowered the age at tumour appearance to as early as 14 weeks. The same result was
obtained when the skin was irrtated with sandpaper (Siegsmund et aL., 1991).

4.9 Mouse papilomavirus (MmPV)

The only known mouse papilomavirus was isolated from a zoo colony of European harvest
mice (Micromys minutus) (Sundberg et aL., 1988). Adult mice of each sex developed

acanthomas, papilomas, inverted papilomas, sebaceous carcinomas and pulmonary kerati-
naceous cysts. The virus (MmPV) was detected in two papilomas, viral DNA in 28/28 biopsies,
both benign and malignant, and structural antigen in 20/31 biopsies. The MmPV could be trans-
mitted to one of two harvest mice but not to laboratory mice (CAF or C3H strains) or to wild
deer mice (Peromyscus maniculatus gambe/i).
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4.10 Canine oral papilomavirus (COPV)

Dogs can be affected by oral papilomatosis, particularly if kept in kennels in large
numbers. The incubation period of the oral papilomas vares from four to 10 weeks and
regression usually follows in three to 14 weeks (Oison, 1987). Progression to squamous cancer
is rare (Watrach et aL., 1970). Recently, three identical isolates of a papilomavirus, COPV, were
isolated from oral papillomas from three dogs (Canisfamiliaris) and one coyote (Canis latrans).
The COPV isolated from the coyote was transmitted to 2/3 dogs. One of the dog isolates was
transmitted to 2/3 dogs and a second dog isolate to II3 dogs. The third dog isolate was not tested
(Sundberg et aL., 1991).

Several thousands of kennel beagles were prophylacticalIy vaccinated with a suspension of
live COPV at 10- 1 4 weeks of age. The vaccine was injected into the gluteal muscles. The great
majority of dogs were protected from natural infection, but 5/500 dogs kept in the authors'
laboratory and 7/4000 dogs kept in the breeder' s kennels developed cancers at the site of vaccine
inoculation. The cancers comprised 10 highly invasive squamous-celI carcinomas, one basal-cell
epithelioma and one epidermal pseudocarcinomatous hyperplasia. Five of 12 cancers were

positive for COPV structural antigen, but ail were negative for virus. The biopsies were not
analysed for viral DNA. As COPV does not naturalIy infect the skin, it was concluded that the
cancers had been induced by the live virus in the vaccine (Bregman et aL., 1987).

4.11 Feline papilomas

Two Persian cats, 10 and 13 years old, respectively, both under steroid immunosuppressive
therapy, developed sessile hyperkeratotic skin lesions, that were positive for papilomavirus,
common viral structural antigen and viral DNA (Carney et aL., 1990). Both cats were negative
for feline leukaemia virus (FeL V) and feline immunodeficiency virus (FlV). Transmission of the
papilomavirus was attempted but was unsuccessful. The viral DNA was not cloned. ln another
study, one six-year-old cat positive for FlV developed wart-like les ions on the skin. The lesions
were positive for papilomavirus and for viral structural antigen (Egberink et aL., 1992). It was
concluded that cats display clinical papilomavirus les ions when immunosuppressed either by
FlV infection or by therapy.

4.12 A vian papilomavirus

A papillomavirus (FPV) was isolated from a leg papilloma of a chaffinch (Fringila
coelebs) (Osterhaus et aL., 1977) but could not be transmitted to other finches or hamsters
(Moreno-Lopez et al., 1984).



5. Summary of Data Reported and Evaluation

5.1 HPV infection

Papillomaviruses are small, non-enveloped, viruses that con tain a double-stranded, circular
8 kb DNA genome. They are highly host-specific, cannot be propagated in tissue culture and,
with the exception of sorne ungulate papillomaviruses, infect only epithelial cells. Of the types
described, more than 70 are human papillomaviruses (HPV) and approximately 20 are animal
papilomaviruses. The types are classified according to their nucleotide sequences and form five
taxonomic groups. These groups are not phenotypicalIy homogeneous. Two of these groups
contain most of the HPV s.

The papillomavirus genome can be divided into three regions. The long control region
contains cis-responsive elements, which are required for the regulation of gene expression and
DNA replication. The early region codes for proteins involved in the regulation of viral trans-
cription (E2), viral DNA replication (El and E2), cell proliferation (E5, E6 and E7) and,
possibly, sorne late steps in the viral life cycle (E4). The late region contains two genes, which
code for the capsid proteins L 1 and L2.

Several advances have recently been made in understanding the immune response to HPV s.
Seroreactive and T-cell epitopes of HPV proteins have been identified using a variety of
techniques. ln most instances, it is unclear if these epitopes are recognized in the course of
natural infection. Using ELISA (enzyme-linked immunosorbent assay), based upon HPV virus-
like particles synthesized by the expression of HPV late genes in recombinant vectors, anti-
bodies reactive to the virus capsid have been found in a proportion of patients with HPV
infections and HPV -related diseases. Antibodies to early HPV proteins have also been detected
in patients with HPV -associated diseases as weil as in healthy indi viduals. It remains to be seen
whether accurate and reliable immunological assays that measure exposure to HPVs can be
developed.

Over the last five years, there has been substantial improvement in the methods used to
detect HPV DNA. Different assays are now available that can detect small amounts of HPV
DNA, quantify the amount of viral DNA in clinical specimens, identify a broad spectrum of
genital and cutaneous HPV types, test for selected HPV types and localize the viral genome and
viral transcripts to individual cells.

Polymerase chain reaction (PCR) amplification has provided sensitive and specific assays
for a broad spectrum of HPV DNAs. Using consensus or general primers, a large number of
HPV DNAs can be amplified in a single reaction. Detection systems using oligonucleotide
probes permit identification of individual HPV types in a fashion suitable for large-scale studies.
Nucleotide sequences of PCR products can also be compared with databases of HPV genomic
sequences for unequivocal identification of HPV types. Some commercially available non-PCR-
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based assays pro vide standardized reagents, test separately for high-risk and 10w-rIsk HPV
types, and quantify HPV DNA levels in clinical specimens. Future investigations wilI determine
whether HPV DNA assays are valuable in screening for cervical cancer and its precursors and in
the management of women with cervical cytological abnormalities.

Genital HPV sare transmitted primarly through sexual contact with infected cervical,
vaginal, vulvar, penile or anal epithelium. Perinatal transmission, digital and oral transfer, and
auto-inoculation of genital HPV types have also been documented. Transmission of aIl HPV
types is probably more efficient in the presence of an abraded epithelial surface.

The prevalence of genital HPV infection is highest among sexually active young adults and
is similar for men and women. Shortly after sexual debut, risk of infection with each new sexual
contact is high. HPV infections are common throughout the world. Recent data suggest that
there may be geographic differences in the prevalence of specific HPV types and variants.

Prevalent HPV infections have been studied extensively but little is known about the
incidence and natural history of primary infections. Findings from a variety of studies suggest
that after infection, most individu aIs do not develop clinical signs or symptoms. The natural
history of specific viral types may be different. Only a smalI percentage of infected individuals
wil develop HPV -associated cancer.

Morphological changes occur in the epithelium of the lower genital tract and anus in
response to infection with HPV. The cytological and histological alterations that occur as a
result of a productive infection reflect the cytopathic effects of the virus on epithelial celIs and
include nuclear atypia, an increased mitotic rate and koilocytosis. The productive phase of HPV
infection is generally pronounced in what is referred to as low-grade cervical intraepithelial
neoplasia (CIN). Following HPV infection, a cancer precursor state may develop. This is accom-
panied by an increase in nuclear atypia and mitotic rate, as weil as architectural disorganization.
Such lesions are generally aneuploid and frequently contain abnormal mitotic figures. These
precursor les ions are referred to as high-grade ClN.

The presence of CIN adjacent to areas of invasive cancer, the cytological and histological
similarties between CIN and invasive cancer, and the observation of tongues of early invasion
arising directly from CIN are compelIing pathological evidence that CIN is a precursor to
Invasive cancer.

Genital HPV s are the etiological agents for condylomata, recurrent respiratory papillornas
and some papilomas at other mucosal surfaces. Cutaneous HPV s cause skin warts. Benign HPV
disease is treated by chemIcal and physical agents or by surgical removaI. Excisional therapy is
preferred for treatment of HPV -associated intraepithelial neoplasia, especialIy for treatment of
high-grade lesions. Non-invasive treatment strategies of proven efficacy are not available for
these lesions. However, immunization strategies are being devised and in the future these may
help pre vent or control HPV -associated diseases.

5.2 Studies of cancer in humans

There is compelling epidemiological evidence that sorne HPV types are human carci-
nogens. ln methodologically sound studies, HPV s are found in over 90% of ail invasive cervical
cancers and in a high proportion of certain other anogenital cancers. Carcinogenicity in humans
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has been most firmly established for HPV - 1 6, but strong evidence of carcinogenicity also exists
for certain other HPV types.

Case series from many areas of the world have established that a high proportion (-50%) of
cervical cancers and high-grade CIN lesions contain HPV - 1 6 DNA. Almost 100 case-control
studies have been reported that examine the relationship between HPV and cervical neoplasia.
Almost ail have found positive associations. Among the most informative studies, strong
associations (prevalence odds ratios ;: 20) with HPV- 16 DNA have been observed with
remarkable consistency for invasive cancer and high-grade CIN, ruling out the possibility that
this association can be explained by chance, bias or confounding.

Currently available prospective data indicate that HPV - 1 6 infection precedes high-grade

CIN and predicts an elevated risk of developing it, although the relative risks observed are lower
than the prevalence odds ratios generated by case-control studies. The epidemiological data
regarding HPV - 16 and cervical neoplasia are consistent with the established epidemiological
risk factors (e.g. sexual behaviour) and with the biological data cited below.

On the basis of strong and consistent case-control study results, a causal ro.le for HPV -16 in
anal cancer is highly likely. The lack of prospective data is partially mitigated by similarities
between cervical and anal anatomy, pathology, and risk factors.

Based on more-limited case series and case-control data, HPV-16 infection is likely to have
a causal role in the etiology of po orly keratinized squamous-cell cancers of the vulva associated
with adjacent vulvar intraepithelial neoplasia (VIN), and in carcinoma of the penis. The
epidemiological data linking HPV - 16 to the risk of other cancers are currently inadequate.

After HPV - 1 6, HPV -18 is the type most clearly shown by epidemiological data to be a
human carcinogen. The evidence is limited to the cervix, in which HPV - 1 8 appears to be
strongly linked to a substantial minority of squaffous cancers and approximately half of the
adenocarcinomas.

Additional anogenital HPV types are implicated as human carcinogens of the cervix
(including, at least, HPV types 31, 33, 35, 39, 45, 51,52,56 and 58). Among these types, the
epidemiological evidence is strongest for HPV-31 and -33. However, full evaluation is
hampered by the low prevalence of individual types.

Although there are rare case reports of tumours containing HPV-6 or -11 DNA, the epi-
demiological data suggest that HPV -6 and -11 are not human carcinogens for the cervix. The
epidemiological evidence for carcinogenicity of HPV -6 and - II at non-cervical sites is judged to
be inadequate. There are no adequate epidemiological studies of other anogenital HPV types.

ln addition to the epidemiological studies conducted in the general population, sorne studies
of HPV and cancer have been conducted in special populations. An increasing number of studies
have shown women immunosuppressed by human immunodeficiency virus (HIV) infection to
be at higher risk of HPV -associated cervical intraepithelial neoplasia, but, so far, an increased
risk of invasive cervical cancer has not been established. Many studies have shown a high
prevalence and viralload of anal HPV in immunosuppressed HIV -infected individuals. There is
increasing evidence for a direct effect of immunosuppression on the development of HPV-
associated AIN (anal intraepithelial neoplasia) and anal cancer.
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To date, case series have not shown a high prevalence of HPV infection in skin cancer
patients in the general population, with the exception of two rare types of skin neoplasms
(periungual squamous-celI carcinoma and periungual and palmoplantar Bowen' s disease) in
which HPV - 1 6 and/or - 1 8 have been consistently found. ln contrast, HPV sare recovered
frequently from skin cancers in immunocompromised individuals. ln a total of nine studies,
HPV DNA was found in a high proportion (-60%) of squamous-cell carcinomas of the skin in
epidermodysplasia verruciformis (EV) patients; HPV -5 was the predominant type. The pre-
valence of HPV infection varies widely in case series of skin cancer among transplant patients.
A broad range of HPV types has been found, with no particular HPV type predominating,

5.3 Molecular mechanisms of carcinogenesis

Molecular studies have identified mechanisms utilized by high-risk HPY types that
contribute to carcinogenesis. DNA and transcripts of specitic HPY types are regularly detected
in biopsies from cervical cancer and in its precursor lesions. Specific viral oncogenes have been
identified that differ functionally between cancer-linked HPVs and those preferentially found in
genital warts, leading to their classification as high-risk and low-risk HPVs, respectively.
Besides growth promotion, high-risk HPVs induce chromosomal instability and could therefore
act as solitary carcinogens. High-risk HPV s immortalize human and rodent cells in vitro, which
can subsequently con vert to malignant growth either spontaneously or after exposure to other
carcinogens. ln several HPV -positive cervical carcinoma cell lines of human origin, the

malignant phenotype has been shown to depend on the activity of viral oncogenes. The E6 and
E7 oncoproteins of the high-risk HPVs interfere with the functions of negative cellular
regulators, including the tumour-suppressor proteins p53 and pRB, respectively. The activity of
these viral oncogenes in transgenic animaIs supports the importance of the viral-host protein
interactions in tumorigenesis.

The importance of deregulation of HPV oncogene expression to the malignant progression
of HPV -infected cells is weil supported. This commonly occurs following integration of the
viral genome, but other mechanisms, such as alterations within the host celI genome and in the
viral promoter, have been identified. Chromosomal abnormalities occur during tumour pro-
gression, indicating that alterations in celIular genes contribute to this process. The cellular
genes that are affected by these chromosomal abnormalities have not been identified. The status
of the p53 tumour suppressor gene has been most extensively studied; somatic mutations within
this gene occur only very rarely in HPV -positive cancers. The incidence of p53 mutations in
apparently HPY -negative cancers appears to be somewhat higher, although many studies fail to
find such alterations in either HPY -positive or -negative cancers.

Cofactors may play a role in HPY -linked carcinogenesis. Herpes-group viruses were ini-
tially implicated. There exist no convincing epidemiological data in support of this hypothesis,
although sorne experimental findings show that HPV -immortalized celllines can be transformed

by segments of the herpes simplex virus (HSV) type 2 or the human herpesvirus type 6 genome.
HSV infections lead to efficient amplification of latent papovavirus genomes. Glucocorticoid
hormones and progesterone may co-operate with HPV infections by activating early gene
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transcription. The effects of chemical or physical carcinogens on progression of papillomavirus-
induced les ions have been documented in a number of studies.

Regression of HPV -induced warts is accompanied histologicalIy by a response characteristic
of a CD4+-cell-dependent delayed-type hypersensitivity reaction; animal models support this

observation. The increased prevalence of HPV infections in immunosuppressed individuals (such
as those undergoing organ transplantation, those with HIY infection or those with inherited T -ce ii

. immunodefìciencies) further supports a role for CD4+ cells in the control of HPV infection. The
association between the duration and degree of immunosuppression and the increased risk for
HPY -associated neoplasia supports the notion that viral DNA persistence is important for

neaplastic transformation and progression. Preliminary evidence suggests that sorne HPV -infected

individuals make a serum-neutralizing antibody in response to viral proteins.

The oncoproteins of HPV -16 can act as tumour rejection antigens in animal models and
induce HPV - 1 6 specific cytotoxic T cells. Conventional immunization strategies can induce such
cytotoxic T cells. Although there is no evidence for HPV - 16-specific cytotoxic T cells in humans
with HPY-associated disease, the animal models suggest that effective presentation of HPV
oncoproteins to the immune system is potentially immunotherapeutic. However, in HPY -asso-

ciated cervical neoplasia, there is an overalI downregulation of HLA class 1 molecules, raising
doubts about the potential effectiveness of such therapies. The presentation by HLA-B7 of an
HPV - 16 E6 varant peptide may be a biological mechanism for immune escape by the virus. A role
for major histocompatibility complex (MHC) haplotypes in susceptibility ta, or protection from
papillomavirus-associated neoplasia is supported by data from rabbitsand from humans.

5.4 Studies of cancer in animaIs

Although there is no established animal model for any of the HPVs, several of the animal
papilIomaviruses are associated with the development of malignant les ions both in the natural
and heterologous hosts. Experimental studies of cOUontail rabbit papillomavirus (CRPV) in
domestic rabbits clearly demonstrate a direct causal relationship between infection by this virus
and development of cancer. There is also strong evidence supporting a causal role for bovine
papilIomavirus (BPV)-2 in the development of bladder cancer and BPV -4 in alimentary tract
cancer in caule, although malignant progression has not been documented in the absence of
additional carcinogens. Synergy in carcinogenesis between papilIomaviruses and other factors is
evident in the rabbit (experimentally applied chemical carcinogens) and caule models (naturalIy
occurring immunosuppressants and mutagens). Carcinogenic activity of other animal papilloma-
viruses has not been established, although malignant progression of virus-associated lesions has
been reported in several cases.

The rhesus monkey model provides evidence for the sexual transmission of RhPV. The
rabbit and the caule systems are of value in the study of viral latency.

5.5 Evaluation

There is sufficient evidence in humans for the carcinogenicity of human papilIomavirus
(HPV) types 16 and 18.
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There is evidence suggesting lack of carcinogenicity to the cervix in humans of HPV types
6 and 1 1.

There is limited evidence in humans for the carcinogenicity of some other HPV types.
HPVs cannot infect animais. Sorne animal papilomaviruses cause cancer in their natural

hosts.

Overall evaluation

HPV types 16 and 18 are carcinogenic to humans (Croup 1).

HPV types 31 and 33 are probably carcinogenic to humans (Croup 2A).
Sorne HPV types other than 16, 18, 31 and 33 are possibly carcinogenic to humans

(Croup 2B).
The carcinogenicity of HPV types 16 and 18 is supported by experimental evidence that

proteins of these viruses interfere with the functions of celIular regulatory pathways.
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50, 153 (1990)

Il, 285 (1976); Suppl. 7, 93 (1987)

Suppl. 7, 310 (1987)
Suppl. 7, 96 (1987)
40,291 (1986)

Suppl. 7, 57 (1987)

Suppl. 7, 57 (1987)
4, 27 (1974) (carr. 42, 252);
27,39 (1982); Suppl. 7,99 (1987)
27,63 (1982); Suppl. 7,57 (1987)
27,65 (1982); Suppl. 7,57 (1987)
32,95 (1983); Suppl. 7,57 (1987)

32, 105 (1983); Suppl. 7,57 (1987)
16,265 (1978); Suppl. 7,57 (1987)
47,291 (1989)

47,291 (1989)
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Apholate
Aramite'
Areca nut (see Betel quid)
Arsanilic acid (see Arsenic and arsenic compounds)
Arsenic and arsenic compounds

Arsenic pentoxide (see Arsenic and arsenic compounds)
Arsenic sulfide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic and arsenic compounds)
Arsine (see Arsenic and arsenic compounds)
Asbestos

Atrazine
Attapulgite
Auramine (technical-grade)

Auramine, manufacture of (see a/so Auramine, technical-grade)
Aurothioglucose
Azacitidine

5-Azacytidine (see Azacitidine)
Azaserine

Azathioprine
Aziridine
2-( I-Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene

B

Barium chromate (see Chromium and chromium compounds)
Basic chromic sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
Benz(ajacridine
Benz( c jacridine

Benzal chloride (see a/sa a-Chlorinated toluenes)
Benz( a janthracene

Benzene

Benzidine

Benzidine-based dyes
Benzo( b j fl uoranthene

BenzoUjfluoranthene

383

9, 31 (1975); Supp/. 7, 57 (1987)
5,39 (1974); Suppl. 7,57 (1987)

1,41 (1972); 2, 48 (1973);
23, 39 (1980); Suppl. 7, 100(1987)

2,17 (1973) (corr, 42,252);
14 (1977) (corr, 42, 256); Suppl. 7,
106 (1987) (corr. 45, 283)
53,441 (1991)

42, 159 (1987); Suppl. 7, 117 (1987)
1,69 (1972) (corr. 42, 251);
Suppl. 7,1 18 ( 1987)
Suppl. 7, 118 (1987)
13, 39 (1977); Suppl. 7,57 (1987)
26, 37 (1981); Suppl. 7, 57 (1987);
50,47 (1990)

10,73 (1976) (corr. 42,255);
Suppl. 7, 57 (1987)
26,47 (1981); Suppl. 7, 119 (1987)
9,37 (1975); Supp/. 7,58 (1987)

9,47 (1975); Suppl. 7,58 (1987)

9, 51 (1975); Suppl. 7, 58 (1987)
8, 75 (1975); Suppl. 7, 58 (1987)

32, 123 (1983); Suppl. 7,58 (1987)
3,241 (1973); 32, 129 (1983);
Suppl. 7, 58 (1987)
29, 65 (1982); Suppl. 7, 148 (1987)
3,45 (1973); 32, 135 (1983);

Suppl. 7,58 (1987)

7, 203 (1974) (carr. 42, 254); 29,
93, 391 (1982); Suppl. 7, 120 (1987)
1,80 (1972); 29,149,391 (1982);
Suppl. 7, 123 (1987)

Suppl. 7, 125 (1987)

3,69 (1973); 32, 147 (1983);

Suppl. 7,58 (1987)

3,82 (1973); 32,155 (1983);

Suppl. 7, 58 (1987)
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Benzo(k )f1uoranthene
Benzo(g hi) fi uoranthene
Benzo(a)f1uorene
Benzo(b)f1uorene
Benzo(c )f1uorene
Benzofuran
Benzo(ghilperylene
Benzo( c )phenanthrene
Benzo(alpyrene

Benzo(elpyrene

para-Benzoquinone dioxime

Benzotrichloride (see aiso a-Chlorinated toluenes)
Benzoyl chloride

Benzoyl peroxide
Benzyl acetate
Benzyl chloride (see aiso a-Chlorinated toluenes)

Benzyl violet 4B
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds

Beryllium acetate (see Beryllium and beryllium compounds)
Beryllium acetate, basic (see Beryllium and beryllium compounds)
Beryllium-aluminium alloy (see Beryllium and beryllium compounds)
Beryllium carbonate (see Beryllium and beryllium compounds)
Beryllium chloride (see Beryllium and beryllium compounds)
Beryllium-copper alloy (see Beryllium and beryllium compounds)
Beryllium-copper-cobalt alloy (see Beryllium and beryllium compounds)
Beryllium f1uoride (see Beryllium and beryllium compounds)
Beryllum hydroxide (see Beryllium and beryllium compounds)
Beryllium-nickel alloy (see Beryllium and beryllium compounds)
Beryllium oxide (see Beryllium and beryllium compounds)
Beryllium phosphate (see Beryllium and beryllium compounds)
Beryllium silicate (see Beryllium and beryllium compounds)
Beryllium sulfate (see Beryllium and beryllium compounds)
Beryl ore (see Beryllium and beryllium compounds)
Betel quid
Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxytoluene)
Bis( 1 -aziridinyl)morpholinophosphine sulfide
B is(2-chloroethy 1 )ether
N,N- B is(2 -chi oroeth yl)- 2- naphth y lami ne

Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2- Bis( chloromethox y )ethane

1 ,4-Bis( chloromethoxymethyl)benzene

32, 163 (1983); Suppl. 7,58 (1987)
32, 171 (1983); Suppl. 7, 58 (1987)
32, 177 (1983); Suppl. 7, 58 (1987)
32, 183 (1983); Suppl. 7,58 (1987)
32, 189 (1983); Suppl. 7, 58 (1987)
63,431 (1995)

32, 195 (1983); Suppl. 7, 58 (1987)
32,205 (1983); Suppl. 7,58 (1987)
3,91 (1973); 32,211 (1983);

Suppl. 7,58 (1987)

3, 137 (1973); 32,225 (1983);
Suppl. 7, 58 (1987)
29, 185 (1982); Suppl. 7, 58 (1987)
29, 73 (1982); Suppl. 7, 148 (1987)

29,83 (1982) (corr. 42,261);
Suppl. 7, 126 (1987)

36, 267 (1985); Suppl. 7, 58 (1987)
40, 109 (1986); Suppl. 7, 58 (1987)
11,217 (1976) (corr. 42,256); 29,
49 (1982); Suppl. 7, 148 (1987)

16,153 (1978); Suppl. 7,58 (1987)

1,17 (1972); 23,143 (1980)
(corr, 42, 260); Suppl. 7, in

(1987); 58, 41 (1993)

37,141 (1985); Suppl. 7, 128 (1987)

9, 55 (1975); Suppl. 7, 58 (1987)
9, 117 (1975); Suppl. 7, 58 (1987)
4,119 (1974) (corr. 42,253);
Suppi. 7, 130 (1987)

26,79 (1981); Suppl. 7, iso (1987)
15, 31 (1977); Suppi. 7, 58 (1987)
15,37 (1977); Suppl. 7,58 (1987)



CUMULATIVE INDEX 385

B is( chloromethy I)ether 4,231 (1974) (COlT. 42,253);
Suppl. 7, 131 (1987)
41, 149 (1986); Suppl. 7,59(1987)
47,231 (1989)

Bis(2-chloro-I-methylethyl)ether
B is(2, 3 -epox ycyclopenty 1 )ether

Bisphenol A diglycidyl ether (see Glycidyl ethers)
Bisulfites (see Sulfur dioxide and sorne sulfites, bisulfites and metabisulfites)Biturnens 35, 39 (1985); Suppl. 7, 133 (1987)Bleomycins 26, 97 (1981); Suppl. 7, 134 (1987)Blue VRS 16, 163 (1978); Suppl. 7,59 (1987)
Boot and shoe manufacture and repair 25, 249 (1981); Suppl. 7, 232 (1987)Bracken fem 40,47 (1986); Suppl. 7, 135 (1987)
Brilliant Blue FCF, di sodium salt 16, 171 (1978) (corr, 42,257);

Suppl, 7, 59 (1987)
Bromochloroacetonitrile (see Halogenated acetonitriles)
Bromodichloromethane
Bromoethane
Bromoform
1,3-Butadiene

52,179 (1991)

52,299 (1991)

52,213 (1991)

39, 155 (1986) (corr. 42,264
Suppl. 7, 136 (1987); 54, 237 (1992)
4,247 (1974); Suppl. 7, 137 (1987)
39,67 (1986); Suppl. 7,59 (1987)
40, 123 (1986); Suppl. 7, 59 (1987)
40, 161 (1986); Suppl. 7,59 (1987)
29,193 (1982) (corr. 42,261);
Suppl. 7,59 (1987)
11, 225 (1976); Suppl. 7,59 (1987)
11,231 (1976); Suppl. 7,59 (1987)

1,4-Butanediol dimethanesulfonate
n-Butyl acrylate
Butylated hydroxyanisole
Butylated hydroxytoluene
But yi benzyl phthalate

ß-Butyrolactone
y- Butyrolactone

c

Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds 2,74 (1973); 11, 39 (1976)

(corr. 42,255); Suppl. 7, 139

(1987); 58, 119 (1993)
Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulfate (see Cadmium and cadmium compounds)
Cadmium sulfide (see Cadmium and cadmium compounds)
Caffeic acid

Caffeine
Calcium arsenate (see Arsenic and arsenic compounds)
Calcium chromate (see Chromium and chromium cornpounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin
Caprolactam

56,115 (1993)

51, 291 (1991)

Captafol

10, 79 (1976);Suppl. 7,59(1987)
19, 115 (1979) (corr. 42,258);
39,247 (1986) (corr. 42,264);
Suppl. 7, 390 (1987)
53,353 (1991)
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Captan
Carbaryl
Carbazole
3-Carbethoxypsoralen
Carbon blacks

Carbon tetrachloride

Carmoisine
Carpentry and joinery
Carrageenan

Catechol
CCNU (see 1 -(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea)
Ceramic fibres (see Man-made minerai fibres)
Chemotherapy, combined, including alkylating agents (see MOPP and

othcr combined chemotherapy including alkylating agents)
Chloral
Chloral hydrate
Chlorambucil

Chloramphenicol

Chlordane (see also Chlordane/Heptachlor)
ChlordanelHeptachlor
Chlordecone
Chlordimeform
Chlorendic acid
Chlorinated dibenzodioxins (other than TCDD)
Chlorinated drinking-water
Chlorinated paraffins
u-Chlorinated toluenes

Chlormadinone acetate (see also Progestins; Combined oral
contracepti ves)

Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see Halogenated acetonitriles)
para-Chloroaniline
Chlorobenzi late

Chlorodibromomethane
Ch lorod i fi uoromethane

Chloroethane
1 -(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea (see also Chloroethyl

nitrosoureas)
1 -(2-Chloroethyl)-3-( 4-methylcyclohexyl)-I-nitrosourea (see alsa

Chloroethyl nitrosoureas)
Chloroethyl nitrosoureas
Chlorofiuoromethane

30,295 (1983); Suppl. 7,59 (1987)
/2,37 (1976); Suppl, 7,59 (1987)

32,239 (1983); Suppl. 7,59 (1987)
40, 317 (1986); Suppl. 7,59 (1987)
3,22 (1973); 33, 35 (1984);
Suppl. 7, 142 (1987)

l, 53 (1972); 20, 371 (1979);
Suppl. 7, 143 (1987)

8,83 (1975); Suppl. 7,59 (1987)

25, 139 (l981);Suppl. 7,378(1987)
10,181 (1976) (corr. 42, 255); 3/,
79 ( 1983); Suppl. 7, 59 (1987)
15,155 (1977); Suppl. 7,59 (1987)

63,245 (1995)

63, 245 (1995)
9,125 (1975); 26,115 (1981)

Suppl. 7, 144 (1987)

10, 85 ( i 976); Suppl. 7, 145 (1987);
50, 169 (1990)

20,45 (1979) (corr. 42,258)
Suppl. 7, 146 (1987); 53, 115 (1991)
20, 67 ( 1979); Suppl. 7, 59 (1987)
30,61 (1983); Suppl. 7,59 (1987)
48, 45 ( 1990)

/5,41 (l977);Suppl. 7.59(1987)
52,45 (1991)

48, 55 (1990)
Suppl. 7, 148 (1987)

6, 149 (1974); 21, 365 (1979)

57,305 (1993)

5,75 (1974); 30,73 (1983);

Suppl. 7, 60 (1987)
52,243 (1991)

41,237 (1986) (corr. 51,483);
Suppl, 7, 149 (1987)

52,315 (1991)

26, 137 (1981) (corr. 42,260);
Suppl. 7, 150 (1987)

Suppl. 7, 150 (1987)

Suppl. 7, 150 ( 1 987)

41,229 (1986); Suppl. 7,60 (1987)
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Chloroform

Chloromethyl methyl ether (technical-grade) (see also
Bis( chloromethyl)ether)

(4-Chloro-2-methylphenoxy)acetic acid (see MCP A)
1 -Chloro-2-methylpropene
3-Chloro- 2-methy Ipropene
Chlorophenols
Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupational exposures to)
4-Chloro-o rtho- phen yI enediami ne
4-Chloro-meta - pheny 1 enediamine
Chloroprene
Chloropropham
Chloroquine
Chlorothalonil
para-Chloro-ortho-toluidine and its strong acid salts

(see also Chlordimeform)
Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro- 1, 1,1 -trifluoroethane
Chlorozotocin
Cholesterol

Chromic acetate (see Chromium and chromium compounds)
Chromic chloride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds

Chromium carbonyl (see Chromium and chromium compounds)
Chromium potassium sulfate (see Chromium and chromium compounds)
Chromium sulfate (see Chromium and chromium compounds)
Chromium trioxide (see Chromium and chromium compounds)
Chrysazin (see Dantron)
Chrysene

Chrysoidine
Chrysotile (see Asbestos)
CI Acid Orange 3

CI Acid Red 114

CI Basic Red 9
Ciclosporin
CI Direct Blue 15

CI Disperse Yellow 3 (see Disperse Yellow 3)
Cimetidine
Cinnamyl anthranilate

CI Pigment Red 3

387

1,61 (1972); 20, 401 (1979)

Suppl. 7, 152 (1987)
4,239 (1974); Suppl. 7,131 (1987)

63,315 (1995)

63, 325 (1995)
Suppl. 7, 154 (1987)
41,319 (1986)

Suppl. 7, 156 (1987)
41,357 (1986)

27, 81 (1982); Suppl. 7, 60 (1987)
27, 82 (1982); Suppl. 7, 60 (1987)
19, 131 (1979); Suppl. 7, 160 (1987)
12, 55 (1976); Suppl. 7, 60 (1987)
13, 47 (1977); Suppl. 7, 60 (1987)
30, 319 (1983); Suppl. 7,60 (1987)
16,277 (1978); 30, 65 (1983);
Suppl. 7,60 (1987); 48,123 (1990)
21, 139 (1979)

41,253 (1986); Suppl. 7,60 (1987)
50,65 (1990)

JO, 99 (1976); 31, 95 (1983);

Suppl. 7, 161 (1987)

2, 100 (1973); 23,205 (1980);
Suppl. 7, 165 (1987); 49, 49 (1990)

(corr. 51,483)

3, 159 (1973); 32, 247 (1983);

Suppl. 7, 60 (1987)
8, 91 (1975); Suppl. 7, 169 (1987)

57, 121 (1993)

57,247 (1993)

57,215 (1993)

50, 77 (1990)

57,235 (1993)

50, 235 (1990)
16,287 (1978); 31, 133 (1983);
Suppl. 7, 60 (1987)
57,259 (1993)
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CI Pigment Red 53: 1 (see D&C Red No. 9)
Cisplatin
Citrinin
Citrus Red No. 2

Clofibrate
Clomiphene citrate
C/onorchis sinensis (infection with)
Coal gasification
Coal-tar pitches (see also Coal-tars)

Coal-tars
CobaltfII) acetate (see Cobalt and cobalt compounds)
Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)
Cobalt and cobalt compounds
Cobalt(II) chloride (see Cobalt and cobalt compounds)
Cobalt-chromium alloy (see Chromium and chromium compounds)
Cobalt-chromium-molybdenum alloys (see Cobalt and cobalt compounds)
Cobalt metal powder (see Cobalt and cobalt compounds)
Cobalt naphthenate (see Cobalt and cobalt compounds)
Cobalt(II) oxide (see Cobalt and cobalt compounds)
Cobalt(II,II) oxide (see Cobalt and cobalt compounds)
Cobalt(II) sulfide (see Cobalt and cobalt compounds)
Coffee
Coke production
Combined oral contraceptives (see also Oestrogens, progestins

and combinations)
Conjugated oestrogens (see alsa Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline
Coronene
Coumarin
Creosotes (see a/so Coal-tars)
meta-Cresidine
para-Cresidine
Crocidolite (see Asbestos)
Crotonaldehyde
Crude oil
CrystalIne silica (see also Silica)
Cycasin

Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (see Cyclamates)
Cyclopenta(cd)pyrene
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide

26, 151 (1981); Suppl. 7, 170 (I987)
40, 67 (1986); Suppl. 7, 60 (1987)
8,101 (1975) (corr. 42,254)
Suppl. 7, 60 (1987)
24, 39 (1980); Suppl. 7, 171 (I987)
21, 551 (1979); Suppl. 7, 172 (I987)
61, 121 (1994)

34,65 (1984); Suppl. 7, 173 (1987)
35,83 (1985); Suppl. 7, 174 (1987)
35, 83 (1985); Suppl. 7, 175 (1987)

52,363 (1991)

51,41 (1991) (corr. 52,513)
34, 101 (1984); Suppl. 7, 176 (1987)
Suppl. 7,297 (1987)

21,147 (1979)

15,103 (1977); Suppl. 7,61 (1987)
32,263 (1983); Suppl. 7,61 (1987)
JO, 113 (1976); Suppl. 7,61 (1987)
35,83 (1985); Suppl. 7, 177 (1987)
27, 91 (1982); Suppl. 7, 61 (1987)
27,92 (1982); Suppl. 7,61 (1987)

63,373 (1995)

45,119(1989)
42,39 (1987); Suppl. 7,341 (1987)
1,157 (1972) (corr. 42, 251); 10,
121 (1976); Suppl. 7,61 (1987)
22, 55 (1980); Suppl. 7, 178 (1987)

JO, 139 (1976); Suppl. 7,61 (1987)
47, 157 (1989)

32,269 (1983); Suppl. 7,61 (1987)

9,135 (1975); 26, 165 (1981);
Suppl. 7, 182 (1987)
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D

2,4-D (see aiso Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine
Dantron
D&C Red No. 9

Dapsone
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

Decabromodiphenyloxide
Deltamethrin
Deoxynivalenol (see Toxins derived from Fusarium graminearum,

F. culmorum and F. crookwellense)
Diacety laminoazotol uene
N,N' - Diacetylbenzidine
Diallate

2,4-Diaminoanisole

4,4'-Diaminodiphenyl ether

1,2-Diamino-4-nitrobenzene
i ,4-Diamino-2-nitrobenzene

2,6-Diamino-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see aiso Toluene diisocyanates)
2,5-Diaminotoluene (see also Toluene diisocyanates)
ortho-Dianisidine (see 3,3'-Dimethoxybenzidine)
Diazepam
Diazomethane
Dibenz(a,h)acridine

Dibenz(a,j)acridine

Dibenz( a, c )anthracene

Dibenz(a,h )anthracene

Dibenz(a,j)anthracene
7 H-Dibenzo(c,g )carbazole

Dibenzodioxins, chlorinated (other th an TCDD)
(see Chlorinated dibenzodioxins (other than TCDD))

Dibenzo(a, e )fluoranthene
Dibenzo( h,rst) pentaphene

389

15, 111 (1977)

26, 203 (1981); Suppl. 7, 184 (1987)
50, 265 (1990) (corr, 59,257)
8, 107 (1975); Suppl. 7, 61 (1987);

57,203 (1993)

24, 59 (1980); Suppl. 7, 185 (1987)
10, 145 (1976); Suppl. 7,61 (1987)

5,83 (1974) (corr. 42, 253);
Suppl. 7, i 86 (1987); 53, 179 (1991)
48, 73 (1990)

53,251 (1991)

8,113 (1975); Suppl. 7,61 (1987)
16,293 (1978); Suppl. 7,61 (1987)
12,69 (1976); 30, 235 (1983);
Suppl. 7, 61 (1987)
16,51 (1978);27, 103(1982);

Suppl. 7, 61 (1987)
16,301 (1978); 29, 203 (1982);
Suppl. 7, 61 (1987)
16, 63 (1978); Suppl. 7, 61 (1987)
16, 73 (1978); Suppl. 7, 61 (1987);
57,185 (1993)

16, 83 (1978); Suppl. 7, 6 i (1987)
16,97 (1978); Suppl. 7,61 (1987)

13,57 (1977); Suppl. 7, 189 (1987)
7,223 (1974); Suppl. 7,61 (1987)
3,247 (1973); 32, 277 (1983);
Suppl. 7, 61 (1987)
3,254 (1973); 32,283 (1983);
Suppl. 7, 61 (1987)
32,289 (1983) (corr. 42, 262);
Suppl. 7, 61 (1987)
3,178 (1973) (corr. 43, 261);
32,299 (1983); Suppl. 7,61 (1987)
32,309 (1983); Suppl. 7,61 (1987)
3,260 (1973); 32,315 (1983);
Suppl. 7, 61 (1987)

32,321 (1983); Suppl. 7,61 (1987)
3, 197 (1973); Suppl. 7,62 (1987)
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Dibenzo(a,e Jpyrene

Dibenzo( a, iJpyrene

3,201 (1973); 32, 327 (1983);
Suppl. 7, 62 (1987)
3,207 (1973); 32, 331 (1983);
Suppl. 7, 62 (1987)
3,215 (1973); 32,337 (1983);
Suppl. 7, 62 (1987)
3,224 (1973); 32, 343 (1983);
Suppl. 7, 62 (1987)

Dibenzo(a,h Jpyrene

Dibenzo(a,l)pyrene

Dibromoacetonitri1e (see Halogenated acetonitriles)

1,2-Dibromo-3-ch1oropropane 15,139 (1977); 20, 83 (1979);
Suppl. 7, 191 (1987)

63,271 (i 995)Dichloroacetic acid

Dichloroacetonitrile (see Halogenated acetonitriles)
Dichloroacetylene
o rt ho- Di ch lorobenzene

3,3' - Dich lorobenzidi ne

39,369 (1986); Suppl. 7,62 (1987)
7,231 (1974); 29, 213 (1982);
Suppl. 7, 192 ( 1 987)

7,231 (1974); 29, 215 (1982);
Suppl. 7, 192 ( 1 987)

4,49 (1974); 29, 239 (1982);
Suppl. 7, 193 (1987)

15, 149 (1977); Suppl. 7,62 (1987)
16,309 (1978); Suppl. 7,62 (1987)
20, 429 (1979); Suppl. 7, 62 (1987)
20,449 (1979); 41, 43 (1986);
Suppl. 7, 194 ( 1 987)

para-Dichlorobenzene

trans-I,4-Dichlorobutene
3,3'-Dichloro-4,4'-diaminodiphenyl ether
i ,2-Dich1oroethane
Dichloromethane

2,4-Dichlorophenol (see Ch1orophenols; Chlorophenols,
occupational exposures to)

(2,4-Dich1orophenoxy)acetic acid (see 2,4-D)
2,6- Die h 1 oro-pa ra - phen y 1 ened i am i ne

1,2-Dichloropropane
1 ,3-Dichloropropene (technical-grade)
Dichlorvos

39,325 (1986); Suppl. 7,62 (1987)
41, 131 (1986); Suppl. 7, 62 (1987)
41, 113(1986);SuppL. 7,195(1987)
20, 97 (1979); Suppl. 7, 62 (1987);
53,267 (1991)

30, 87 (1983); Suppl. 7, 62 (1987)Dicofol
Dicyclohexylamine (see Cyclamates)
Dieldrin
Dienoestrol (see also Nonsteroidal oestrogens)
Diepoxybutane

5,125 (1974); Suppl, 7, 196 (1987)
21, 161 (1979)

11,115 (1976) (corr. 42,255);

Suppl. 7, 62 (1987)
46,41 (1989)

45,219 (1989) (corr. 47,505)
Diesel and gasoline engine exhausts
Diesel fuels
Diethyl ether (see Anaesthetics, volatile)
Di(2-eth y Ihex y 1 )adipate

Di (2-ethy Ihex y 1 )phthalate
29,257 (1982); Suppl. 7,62 (1987)
29,269 (1982) (corr. 42,261);
Suppl. 7,62 (1987)

4, 153 (1974);Suppl. 7,62(1987)
6,55 (1974); 21,173 (1979)

(corr. 42, 259); Suppl. 7, 273 (1987)

1,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulfate 4,277 (1974); Suppl. 7, 198 (\987);

54,213 (1992)
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Diglycidyl resorcinol ether

Dihydrosafrole

1 ,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Caiechol; Hydroquinone; Resorcinol)
Dih ydrox yrneth yI furatrizi ne
Diisopropyl sulfate
Dirnethisterone (see also Progestins; Sequential oral contraceptives
Dirnethoxane
3,3'-Dirnethox ybenzidine
3,3' -Dirnethoxybenzidine-4,4' -diisocyanate
para - Di me th y 1 ami noazobenzene

para-Dirnethylarninoazobenzenediazo sodium sulfonate
trans- 2-( (Dimeth ylarni no )meth y 1 imino j - 5 - (2-( 5 -nitro- 2- fury 1)-

vinylj-I,3,4-oxadiazole
4,4'-Dirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
4,5'-Dimethylangelicin plus ultraviolet radiation (see also

Angelicin and some synthetic derivatives)
2,6-Dirnethylaniline
N.N-Dirnethylaniline
Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3'-Dimethylbenzidine
Dimethylcarbamoyl chloride
Dimethylforinamide
I,I-Dimethylhydrazine
1,2-Dimethylhydrazine

Dimethyl hydrogen phosphite
1,4-Dimethylphenanthrene
Dimethyl sulfate
3,7 - Dinitrotluoranthene
3,9- Di ni trofl uoranthene
1,3-Dinitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene

Di n itrosopen tameth y 1 enetetram i ne

1,4-Dioxane
2,4'-Diphenyldiamine
Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disperse Blue 1

Disperse Yellow 3

Disulfiram
Dithranol
Divinyl ether (see Anaesthetics, volatile)
Dry cleaning
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Il,125 (1976); 36,181 (1985);

Suppl. 7, 62 ( i 987)
l, i 70 (1972); JO, 233 (1976)
Suppl. 7, 62 (1987)

24,77 (1980); Suppl. 7,62 (1987)
54,229 (1992)

6,167 (1974); 21,377 (1979))
15, 177 (1977); Suppl. 7,62 (1987)
4,41 (1974); Suppl, 7, 198 (1987)

39, 279 (1986); Suppl. 7,62 (1987)
8, 125 (1975); Suppl. 7,62 (1987)
8, 147 (1975); Suppl. 7,62(1987)
7,147 (1974) (corr. 42,253);
Suppl. 7, 62 ( 1987)
Suppl. 7,57(1987)

Suppl, 7, 57 (1987)

57,323 (1993)

57,337 (1993)

l, 87 (1972); Suppl. 7, 62 (1987)
12, 77 (l976);Suppl. 7, 199(1987)
47, 171 (1989)

4,137 (1974); Suppl. 7,62 (1987)
4,145 (1974) (corr. 42,253);
Suppl. 7, 62 (1987)
48, 85 (1990)

32,349 (1983); Suppl. 7,62 (1987)
4, 271 (1974); Suppl, 7,200 (1987)
46, 189 (1989)

46,195 (1989)

46, 201 (1989)
46,215 (1989)

33,171 (l984);Suppl. 7,63(1987);
46,231 (1989)

ll, 241 (1976); Suppl. 7, 63 (1987)

ll, 247 (1976); Suppl. 7,201 (1987)

16,313 (1978); Suppl. 7,63 (1987)
29,295 (1982) (corr 42,261)
29,311(1982)
29, 321 (1982)
48, 139 (1990)

8,97 (1975); Suppl. 7,60 (1987);
48,149(1990)
12,85 (1976); Suppl, 7,63 (1987)
13,75 (1977); Suppl. 7,63 (1987)

63,33(1995)
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Dulcin

E

Endrin
Enflurane (see Anaesthetics, volatile)
Eosin
Epichlorohydrin

1,2-Epoxybutane
1 -Epoxyethyl-3,4-epoxycyclohexane (see 4- Vinylcyclohexene diepoxide)
3,4- Epox y -6- meth y Icyc 1 ohex yi meth y 1 - 3, 4-epox y -6- meth y 1-

cyclohexane carboxylate
cis-9, 10-Epoxystearic acid
Erionite
Ethinyloestradiol (see also Steroidal oestrogens)
Ethionamide
Ethyl acrylate

Ethylene

Ethylene dibromide
Ethylene oxide

Ethylene sulfide
Ethylene thiourea
2-Ethylhexyl acrylate
Ethyl methanesulfonate
N- Ethy I-N-nitrosourea

Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynodiol diacetate (see also Progestins; Combined oral

contraceptives)
Eugenol
Evans blue

F

Fast Green FCF
Fenvalerate
Ferbam

Ferric oxide
Ferrochromium (see Chromium and chromium compounds)
Fluometuron
Fluoranthene
Fluorene

12,97 (1976); Suppl. 7,63 (1987)

5, 157 (1974); Suppl. 7,63 (1987)

15, 183 (1977); SuppL 7, 63 (1987)
11,131 (1976) (carr. 42, 256);
SuppL 7, 202 (1987)
47,217 (1989)

11, 147 (1976); SuppL 7, 63 (1987)

11, 153 (1976);SuppL 7,63(1987)
42, 225 (1987); Suppl, 7, 203 (1987)
6,77 (1974); 21, 233 (1979)

13, 83 (1977); SuppL 7, 63 (1987)
19,57 (1979); 39,81 (1986);

Suppl. 7, 63 (1987)
19, 157 (1979); SuppL 7,63 (1987);
60,45 (1994)

15,195 (1977); SuppL 7,204 (1987)
11, 157 (1976); 36, 189 (1985)

(corr. 42,263); SuppL 7,205
(1987); 60, 73 (1994)
11, 257 (1976); SuppL 7, 63 (1987)
7,45 (1974); SuppL 7,207 (1987)
60,475 (1994)

7, 245 (1974); Suppl. 7, 63 (1987)
l, 135 (1972); 17, 191 (1978);

Suppl. 7, 63 (1987)
12, 107 (1976); Suppl. 7, 63 (1987)
12, 1 15 (1976); Suppl. 7, 63 (1987)
6, 173 (1974); 21,387 (1979)

36, 75 (1985); Suppl. 7, 63 (1987)

8, 151 (1975); Suppl. 7, 63 (1987)

16, 187 (1978); Suppl. 7, 63 (1987)
53,309 (1991)

12,121 (1976) (corr. 42,256);
Suppl. 7, 63 (1987)
1,29 (1972); Suppl. 7,216 (1987)

30,245 (1983); Suppl. 7,63 (1987)
32,355 (1983); Suppl. 7,63 (1987)
32,365 (1983); Suppl. 7,63 (1987)
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Fluorescent lighting (exposure to) (see Ultraviolet radiation)
Fluorides (inorganic, used in drinking-water)
5-Fluorouracil
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Formaldehyde

2-(2- Formy th ydrazi no )-4-( 5-nitro- 2- fury 1 )thiazole

Frusemide (see Furosemide)
Fuel oils (heating oils)
Fumonisin B, (see Toxins derived from Fusarium moniliforme)
Fumonisin B2 (see Toxins derived From Fusarium moniliforme)
Furan
Furazolidone
Furfural
Furniture and cabinet-making
Furosemide
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X (see Toxins derived From Fusarium graminearUln,

F. culmorum and F. crookwellense)
Fusarenone-X (see Toxins derived From Fusarium graminearum,

F. culmorum and F. crookwellense)
Fusarin C (see Toxins derived from Fusarium moniliforme)

G

Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Glass fibres (see Man-made mineraI fibres)
Glass manufacturing industry, occupational exposures in
Glasswool (see Man-made mineraI fibres)
Glass filaments (see Man-made mineraI fibres)
Glu-P- 1

Glu-P-2
L-Glutamic acid, 5-(2-( 4-hydroxymethyl)phenylhydrazide J

(see Agaritine)
Glycidaldehyde
Glycidyl ethers
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea Green B

Gyromitrin

H

Haematite
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27,237 (1982); Suppl. 7,208 (1987)
26, 217 (1981); Suppl. 7,210 (1987)

29, 345 (1982); Suppl. 7, 211 (1987);
62,217 (1995)

7,151 (1974) (corr. 42, 253);
Suppl, 7, 63 (1987)

45, 239 (1989) (corr. 47,505)

63, 393 (i 995)
3/,141 (1983); Suppl. 7,63 (1987)

63,409 (1995)

25,99 (198 i); Suppl. 7, 380 (1987)
50, 277 (1990)

45,159 (1989) (corr. 47, 505)

58,347 (1993)

40,223 (1986); Suppl. 7,64(1987)
40,235 (1986); Suppl. 7,64(1987)

Il, 175 (1976); Suppl. 7,64 (1987)

47, 237 (1989)
Il,183 (1976); Suppl. 7,64(1987)

IL, 187 (1976); Suppl. 7,64 (1987)
/0, 153 (1976); Suppl. 7,391 (1987)
/6,199 (1978); Suppl. 7,64 (1987)

3/, 163 (1983); Suppl. 7, 391 (1987)

1,29 (1972); Suppl. 7, 216 (1987)
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Haematite and ferric oxide
Haematite mining, underground, with exposure to radon
Hairdressers and barbers (occupational exposure as)
Hair dyes, epidemiology of
Halogenated acetonitriles
Halothane (see Anaesthetics, volatile)
HC Blue No. 1

HC Blue No, 2
a-HCH (see Hexachlorocyclohexanes)
ß-HCH (see Hexachlorocyclohexanes)
y-HCH (see Hexachlorocyclohexanes)
HC Red No. 3
HC Yellow No. 4
Heating oils (see Fuel oils)
Helicobacter pyla ri (infection with)
Hepatitis B virus
Hepatitis C virus
Hepatitis 0 virus

Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexanes

Hexachlorocyclohexane, technical-grade (see HexachlorocycIohexanes)
Hexachloroethane
Hexachlorophene
Hexameth y 1 phosphoramide

Hexoestrol (see Nonsteroidal oestrogens)

Human papillomaviruses
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochloric acid
Hydrochlorothiazide
Hydrogen peroxide
Hydroquinone
4- H ydrox yazobenzene

1 7a-Hydroxyprogesterone caproate (see also Progestins)
8-Hydroxyquinoline
8- H ydrox ysenkirkine
Hypochlorite salts

1

Indeno( 1 ,2,3-cd)pyrene

Inorganic acids (see Sulfuric acid and other strong inorganic acids,
occupational exposures to mists and vapours from)

Insecticides, occupational exposures in spraying and application of
IQ

Suppl. 7,216 (1987)
1,29 (1972); Suppl. 7,216 (1987)
57,43 (1993)

16, 29 (1978); 27, 307 (1982);
52,269 (1991)

57,129(1993)
57, 143 (1993)

57, 153 (1993)

57,159(1993)

61, 1 77 (1994)
59,45 (1994)

59, 165 (1994)

59,223 (1994)

5,173 (1974); 20,129 (1979)

20, 155 (1979); Suppl. 7,219 (1987)
20, 179 (1979); Suppl. 7,64 (1987)
5,47 (1974); 20,195 (1979)

(corr. 42,258); Suppl. 7,220 (1987)

20,467 (1979); Suppl. 7,64(1987)
20, 241 (1979); Suppl. 7, 64 (1987)
15,211 (1977); Suppl. 7,64(1987)

64(1995)
13,91 (1977); Suppl. 7,64(1987)
24, 85 (1980); Suppl. 7, 222 (1987)
4,127 (1974); Suppl. 7,223 (1987)
54, 189 (1992)

50,293 (1990)

36, 285 (1985); Suppl. 7, 64 (1987)
15, 155 (1977); Suppl. 7,64 (1987)
8,157 (1975); Suppl. 7,64(1987)
21, 399 (1979) (corr. 42,259)
13, 101 (1977); Suppl. 7,64(1987)
10,265 (1976); Suppl. 7,64 (1987)
52,159 (1991)

3,229 (1973); 32,373 (1983);
Suppl. 7, 64 (1987)

53,45 (1991)

40, 261 (1986); Suppl. 7, 64 (1987);
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Iron and steel founding
Iron-dextran complex
Iron-dextrin complex

Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex
Isatidine
Isotlurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide
Isophosphamide
Isoprene
Isopropanol
Isopropanol manufacture (strong-acid process)

(see also Isopropanol; Sulfuric acid and other strong inorganic
acids, occupational exposures to mists and vapours from)

Isopropyl oils
Isosafrole

J

Jacobine
Jet fuel
Joinery (see Carpentry and joinery)

K

Kaempferol
Kepone (see Chlordecone)

L

Lasiocarpine
Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and lead compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead compounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead naphthenate (see Lead and lead compounds)
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56, 165 (1993)

34, 133 (1984); Suppl, 7, 224 (1987)
2, 161 (1973); Suppl. 7, 226 (1987)
2, 161 (1973) (corr. 42, 252);
Suppl. 7, 64 (1987)

2,161 (1973);Suppl, 7,64(1987)
JO, 269 (1976); Suppl. 7, 65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26, 237 (1981); Suppl. 7, 65 (1987)
60,215 (1994)

15,223 (1977); Suppl, 7,229 (1987)
Suppl. 7, 229 (1987)

15,223 (1977); Suppl, 7,229 (1987)
1,169 (1972); 10,232 (1976);
Suppl. 7, 65 (1987)

10,275 (1976); Suppl. 7,65 (1987)
45,203 (1989)

31, l71 (1983); Suppl. 7,65 (1987)

JO, 281 (1976); Suppl. 7, 65 (1987)
36, 315 (1985); Suppl. 7, 65 (1987)

1,40 (1972) (corr. 42, 251); 2, 52,
150 (1973); 12,131 (1976);
23,40,208,209,325 (1980);
Suppl. 7, 230 (1987)
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Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture
Leather industries
Leather tanning and processing
Ledate (see also Lead and lead compounds)
Light Green SF
d-Limonene
Lindane (see Hexachlorocyclohexanes)
Liver flukes (see Clonorchis sinensis, Opisthorchis felineus and

Opisthorchis viverrini)
The lumber and sawmill industries (including logging)
Luteoskyrin
Lynoestrenol (see also Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see also Magenta)
Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Man-made minerai fibres
Mannomustine
Mate
MCPA (see also Chlorophenoxy herbicides; Chlorophenoxy

herbicides, occupational exposures to)
MeA-a-C
Medphalan
Medrox yprogesterone acetate

Megestrol acetate (see also Progestins; Combined oral contraceptives)
MeIQ

MeIQx

Melamine
Melphalan
6-Mercaptopurine
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercury compounds
Merphalan
Mestranol (see also Steroidal oestrogens)

25,279 (1981); Suppl. 7,235 (1987)
25, 199 (1981); Suppl. 7, 232 (1987)
25,201 (1981); Suppl. 7,236 (1987)
12,131 (1976)

16,209 (1978); Suppl. 7,65 (1987)
56, 135 (1993)

25, 49 (1981); Suppl. 7, 383 (1987)
JO, 163 (1976); Suppl. 7,65 (1987)
21,407 (1979)

4,57 (1974) (corr. 42, 252);
Suppl. 7, 238 (1987); 57, 215 (1993)
Suppl. 7,238 (1987); 57, 215 (1993)
30, 103 (1983); Suppl. 7, 65 (1987)
4, 173 (1974) (corr. 42, 253);
Suppl. 7, 65 (1987)
36, 163 (1985); Suppl. 7, 65 (1987)
12, 137 (1976); Suppl. 7,65 (1987)
43, 39 (1988)

9, 157 (1975); Suppl. 7, 65 (1987)
51,273 (1991)

30,255 (1983)

40,253 (1986); Suppl. 7,65 (1987)
9, 168 (1975); Suppl. 7, 65 (1987)
6,157 (1974); 21, 417 (1979)

(corr. 42, 259); Suppl. 7, 289 (1987)

40, 275 (1986); Suppl. 7,65 (1987);
56, 197 (1993)

40, 283 (1986); Suppl. 7, 65 (1987)
56,211 (1993)

39, 333 (1986); Suppl. 7, 65 (1987)
9, 167 (1975); Suppl. 7, 239 (1987)
26, 249 (1981); Suppl. 7, 240 (1987)

58, 239 (1993)
9, 169 (1975); Suppl. 7, 65 (1987)
6,87 (1974); 21,257 (1979)

(corr. 42, 259)
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Metabisulfites (see Sulfur dioxide and sorne sulfites, bisulfites
and rnetabisulfites)

Metallic rnercury (see Mercury and rnercury cornpounds)
Methanearsonic acid, disodiurn salt (see Arsenic and arsenic cornpounds)
Methanearsonic acid, rnonosodiurn salt (see Arsenic and arsenic

cornpounds
Methotrexate
Methoxsalen (see 8-Methoxypsoralen)
Methoxychlor

Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet

radiation)
8-Methoxypsoralen plus ultraviolet radiation
Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see also Angelicin
and sorne synthetic derivatives)

2-Methylaziridine
Methylazoxyrnethanol acetate

Methyl brornide

Methyl carbarnate
Methy 1 -CC NU (see 1 -(2-Chloroeth y 1)- 3-( 4-rnethy Icyclohex yl)-

1 -nitrosoureaJ

Methyl chloride
1-, 2-, 3-,4-, 5- and 6-Methylchrysenes
N - Methy 1- N, 4-di ni trosoani Ii ne

4,4'-Methylene bis(2-chloroaniline)

4,4'-Methylene bis(N,N-dirnethyl)benzenarnine
4,4'-Methylene bis(2-rnethylaniline)
4,4' - Methylenedianiline

4,4'-Methylenediphenyl diisocyanate
2-Methylfluoranthene
3- Methy lfi uoranthene
Methylglyoxal
Methyl iodide

Methylrnercury chloride (see Mercury and rnercury cornpounds)
Methylrnercury cornpounds (see Mercury and rnercury cornpounds)
Methyl rnethacrylate

Methyl rnethanesulfonate
2-Methyl- 1 -nitroanthraquinone

N- Methyl-N'-nitro-N-nitrosoguanidine
3-Methylnitrosarninopropionaldehyde (see 3-(N- Nitrosornethylamino)-

propionaldehyde L
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26, 267 (1981); Suppl. 7, 241 (1987)

5,193 (1974); 20, 259(1979);
Suppl. 7, 66 (1987)

40, 327 (1986); Suppl. 7, 242 (1987)
24, 101 (1980)

Suppl. 7, 243 (1987)
19,52 (1979); 39, 99 (1986);
Suppl. 7, 66 (1987)

Suppl. 7, 57 (1987)
9, 61 (1975); Suppl. 7,66 (1987)
1,164 (1972); JO, 131 (1976);

Suppl. 7, 66 (1987)
41, 187 (1986) (corr. 45,283);
Suppl. 7, 245 (1987)
12,151 (1976); Suppl. 7,66 (1987)

41,161 (1986); Suppl. 7,246 (1987)
32,379 (1983); Suppl. 7,66 (1987)
1,141 (1972); Suppl. 7,66 (1987)
4, 65 (1974) (corr. 42, 252);

Suppl. 7,246 (1987); 57, 271 (1993)
27, 119 (1982); Suppl. 7, 66 (1987)
4,73 (1974); Suppl. 7,248 (1987)

4, 79 (1974) (corr. 42, 252);

39,347 (1986); Suppl. 7,66 (1987)
19, 314 (1979); Suppl. 7, 66 (1987)
32,399 (1983); Suppl. 7,66 (1987)
32,399 (1983); Suppl. 7,66 (1987)
51,443 (1991)

15,245 (1977); 41,213 (1986);
Suppl. 7, 66 (1987)

19, 187 (1979); Suppl. 7,66 (1987);
60,445 (1994)

7,253 (1974); Suppl. 7,66 (1987)
27, 205 (1982); Suppl. 7, 66 (1987)
4,183 (1974); Suppl. 7,248 (1987)
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3-Methylnitrosaminopropionitrile (see 3-(N-Nitrosomethylamino)-
propionitrile)

4-(Methylnitrosamino )-4-(3-pyridy 1 )-I-butanal-( see 4-(N- Nitrosomethy 1-
amino )-4-(3-pyridyl)-I-butanal)

4-(Methylnitrosamino)-I-(3-pyridyl)-I-butanone (see 4-( -Nitrosomethyl-
amino )-I-(3-pyridyl)-I-butanone)

N- Methyl-N-nitrosourea

N - Meth y I-N- n itrosourethane

N-Methylolacrylamide
Methyl parathion
I-Methylphenanthrene
7 -Methylpyrido(3,4-c )psoralen
Methyl red
Methyl selenac (see also Selenium and selenium compounds)
Methylthiouracil
Metronidazole
Mineral oils

Mirex

Mitomycin C
MNNG (see N-Methyl-N'-nitro-N-nitrosoguanidine)
MOCA (see 4,4'-Methylene bis(2-chloroaniline)j
Modacrylic fibres
Monocrotaline
Monuron

MOPP and other combined chemotherapy including
alkylating agents

Morpholine
5-(Morpholinomethy 1)- 3-( (5-nitrofurfury Iidene )amino)- 2-

oxazolidinone
Mustard gas

Myleran (see 1,4-Butanediol dimethanesulfonate)

N

Nafenopin
1,5-Naphthalenediamine
1 ,5-Naphthalene diisocyanate
I-Naphthylamine

2-Naphthylamine
I-Naphthylthiourea
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulfate (see Nickel and nickel compounds)

/, 125 (1972); /7, 227 (1978);

Suppl. 7, 66 (1987)
4,211 (1974); Suppl. 7,66 (1987)
60,435 (1994)

30, 131 (1983); Suppl. 7, 392 (1987)
32,405 (1983); Suppl. 7,66 (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
8, 161 (1975); Suppl. 7, 66 (1987)
12, 161 (1976); Suppl. 7,66 (1987)
7,53 (1974); Suppl. 7,66 (1987)

13, 113 (1977); Suppl. 7, 250 (1987)
3,30 (1973); 33,87 (1984)

(corr. 42,262); Suppl. 7,252 (1987)
5,203 (1974); 20, 283 (1979)

(corr. 42, 258); Suppl. 7,66 (1987)
JO, 171 (1976); Suppl. 7, 67 (1987)

/9,86 (1979); Suppl. 7,67 (1987)

JO, 291 (1976); Suppl. 7,67 (1987)
12, 167 (1976); Suppl. 7,67 (1987);
53,467 (1991)

Suppl. 7, 254 (1987)

47, 199 (1989)

7, 161 (1974); Suppl. 7,67 (1987)

9,181 (1975) (corr. 42,254);
Suppl. 7, 259 (1987)

24, 125 (1980); Suppl. 7,67 (1987)
27, 127 (1982); Suppl. 7, 67 (1987)
19,311 (l979);SuppL. 7,67(1987)
4,87 (1974) (corr. 42, 253);
Suppl. 7, 260 (1987)
4,97 (1974); Suppl. 7,261 (1987)

30, 347 (1983); Suppl. 7,263 (1987)
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Nickel and nickel compounds

Nickel carbonate (see Nickel and nickel compounds)
Nickel carbonyl (see Nickel and nickel compounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallium alloy (see Nickel and nickel compounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (see Nickel and nickel compounds)
Nickel oxide (see Nickel and nickel compounds)
Nickel subsulfide (see Nickel and nickel compounds)
Nickel sulfate (see Nickel and nickel compounds)
Niridazole
Nithiazide
Nitrilotriacetic acid and its salts
5-Nitroacenaphthene
5- N i tro-ortho-anisidine
9-Nitroanthracene
7 -Nitrobenz(a Janthracene

6-Nitrobenzo(a Jpyrene

4-Nitrobiphenyl
6-Nitrochrysene

Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrotluorene
Nitrofural

5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin
Nitrofurazone (see Nitrofural)
1 -( (5-Nitrofurfurylidene )amino J-2-imidazolidinone
N - (4-( 5- Nitro- 2- fury 1)- 2-thiazol y 1 Jacetamide

Nitrogen mustard
Nitrogen mustard N-oxide
I-Nitronaphthalene
2-Nitronaphthalene
3-Nitroperylene
2-Nitro-para-phenylenediamine (see 1,4-Diamino-2-nitrobenzene)
2-Nitropropane
1-Nitropyrene

2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs
N-Nitrosatable pesticides
N' - N i trosoanabasi ne

N' -Nitrosoanatabine
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2, 126 (1973) (corr. 42, 252); //, 75

(1976); Suppl, 7, 264 (1987)
(corr. 45,283); 49, 257 (1990)

13, 123 (1977); Suppl. 7, 67 (1987)
3/, 179 (1983); Suppl. 7, 67 (1987)

48,181 (1990)

/6, 319 (1978); Suppl. 7,67 (1987)
27, 133 (1982); Suppl. 7,67 (1987)
33, 179 (1984); Suppl. 7,67 (1987)
46,247 (1989)

33,187 (1984); Suppl. 7,67 (1987);
46,255 (1989)

4, 1 13 (1974); Suppl. 7, 67 (1987)
33, 195 (1984); Suppl. 7,67 (1987);

46, 267 (1989)

30, 271 (1983); Suppl. 7, 67 (1987)
33,201 (1984); Suppl, 7,67 (1987)
46, 277 (1989)
7,171 (1974); Suppl. 7,67 (1987);
50,195(1990)

50,211(1990)

7,181 (1974); Suppl. 7,67 (1987)
/,181 (1972); 7,185 (1974);

Suppl. 7, 67 (1987)
9, 193 (1975); Suppl. 7, 269 (1987)
9,209 (1975); Suppl. 7,67 (1987)
46, 291 (1989)
46,303 (1989)

46,313(1989)

29,331 (1982); Suppl. 7,67 (1987)
33,209 (1984); Suppl. 7,67 (1987);
46,321 (1989)

46, 359 (1989)
46, 367 (1989)
24, 297 (1980) (corr. 42,260)
30,359 (1983)

37,225 (1985); Suppl. 7,67 (1987)
37, 233 (1985); Suppl. 7,67 (1987)
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N - N i trosodi -n- but Y lami ne

N- Nitrosodiethanolamine
N- Nitrosodiethy lamine

N- Nitrosodimethylamine

N- Nitrosodipheny lamine
para- Nitrosodiphen ylami ne

N -Nitrosodi -n-propy lami ne

N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N-N itrosohydrox yproline

3-(N- Nitrosomethylamino )propionaldehyde
3-(N- Nitrosomethylamino )propionitrile
4-(N-Nitrosomethylamino)-4-(3-pyridyl)- 1 -butanal
4-(N-Nitrosomethylamino)-I-(3-pyridyl)- 1 -butanone

N- Nitrosomethyleth y lamine
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N-Nitrosomethy Ivinylamine
N-Nitrosomorpholine
Nf -Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N-Nitrosopyrrolidine
N-Nitrososarcosine
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5 - Ni tro-ortho-tol u i di ne

Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
Nivalenol (see Toxins derived from Fusarium graminearum,

F. culmorum and F. crookwellense)
NNA (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)- 1 -butanall
NNK (see 4- (N-Nitrosomethylamino)- 1 -(3-pyridyl)- 1 -butanonel
Nonsteroidal oestrogens (see also Oestrogens, progestins and

combinations)
Norethisterone (see also Progestins; Combined oral contraceptives)
Norethynodrel (see also Progestins; Combined oral contraceptives

Norgestrel (see also Progestins, Combined oral contraceptives)
Nylon 6

4,197 (1974); 17, 51 (1978);
Suppl. 7, 67 (1987)
17, 77 (1978); Suppl. 7, 67 (1987)
1,107 (1972) (corr. 42,251);
17, 83 (1978) (corr. 42, 257);
Suppl. 7,67 (1987)

1,95 (1972); 17, 125 (1978)

(corr. 42, 257); Suppl. 7,67 (1987)
27, 213 (1982); Suppl. 7, 67 (1987)
27,227 (1982) (corr. 42,261);
Suppl. 7, 68 (1987)
17, 177 (1978); Suppi. 7, 68 (1987)

17, 217 (1978); Suppi. 7, 68 (1987)
37, 263 (1985); Suppi. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
17, 304 (1978); Suppl. 7, 68 (1987)
37, 263 (1985); Suppi. 7, 68 (1987)
37, 263 (1985); Suppl, 7, 68 (l 987)
37, 205 (1985); Suppi. 7, 68 (l 987)
37, 209 (1985); Suppi. 7, 68 (l 987)
17, 221 (1978); Suppl, 7, 68 (1987)

17, 257 (1978); Suppl, 7, 68 (1987)
17, 263 (1978); Suppl. 7, 68 (1987)
17,281 (1978); 37,241 (1985);
Suppi. 7, 68 (1987)
17,287 (1978); Suppl, 7,68 (1987)
17, 303 (1978); Suppl. 7, 68 (1987)
17, 313 (1978); Suppi. 7, 68 (1987)
17, 327 (1978); Suppi. 7, 68 (l 987)

48, 169 (1990)

31, 185 (1983); Suppi. 7, 68 (1987)

Suppi. 7, 272 (1987)

6,179(1974);21,461 (1979)

6,191 (1974); 21, 461 (1979)

(corr. 42,259)
6,201 (1974); 21, 479 (1979)
19, 120 (1979); Suppl. 7,68 (1987)



CUMULATIVE INDEX

o

Ochratoxin A

Oestradiol- 1 7ß (see a/sa Steroidal oestrogens)
Oestradiol 3-benzoate (see Oestradiol- 17ß)
Oestradiol dipropionate (see Oestradiol- 17ß)

Oestradiol mustard
Oestradiol- 1 7ß-valerate (see Oestradiol- 1 7ß)
Oestriol (see a/sa Steroidal oestrogens)

Oestrogen-progestin combinations (see Oestrogens, progestins
and combinations)

Oestrogen-progestin replacement therapy (see a/sa Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see a/sa Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins and combinations

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone (see also Steroidal oestrogens)

Oestrone benzoate (see Oestrone)
Oil Orange SS
Opistharchis felineus (infection with)
Opistharchis viverrini (infection with)
Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1

Orange G
Organolead compounds (see a/sa Lead and lead compounds)
Oxazepam
Oxymetholone (see a/sa Androgenic (anabolic) steroids)
Oxyphenbutazone

p

Paint manufacture and painting (occupational exposures in)
Panfuran S (see a/sa Dihydroxymethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol
Parasorbic acid

Parathion
PatulIn

401

/0, 191 (1976); 31,191 (1983)
(corr. 42, 262); Suppl. 7,271
(1987); 56, 489 (1993)
6,99 (1974); 21, 279 (1979)

9, 217 (1975); Suppl. 7,68 (1987)

6,117 (1974); 21, 327 (1979);
Suppl. 7, 285 (1987)

Suppl. 7, 308 (1987)

Suppl. 7, 280 (1987)

6 (1974); 21 (1979);
Suppl. 7, 272 ( 1987)

6,123 (1974); 21, 343 (1979)
(carr. 42, 259)

8, 165 (1975); Suppl. 7,69 (1987)
61, 12 1 (1994)

61, 121 (1994)

8, 173 (1975); Suppl. 7, 69 (1987)
8, 181 (1975); Suppl. 7, 69 (1987)
Suppl. 7, 230 (1987)
13,58 (1977); Suppl. 7,69 (1987)
13,131 (1977)

13,185 (1977); Suppl. 7,69 (1987)

47, 329 (1989)

24,77 (1980); Suppl. 7,69 (1987)

50, 307 (1990)
10, i 99 (1976) (carr, 42,255);
Suppl. 7, 69 (i 987)
30, i 53 (1983); Suppl. 7,69 (I987)
10, 205 (I976); 40, 83 (1986);
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Penicillc acid

Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see alsa Chlorophenols; Chlorophenols,

occupational exposures to)
Permethrin
Perylene
Petasitenine
Petasites japonicus (see Pyrrolizidine alkaloids)
Petroleum refining (occupational exposures in)
Some petroleum soi vents
Phenacetin

Suppl. 7, 69 ( 1987)

/0,211 (1976); Suppl. 7,69 (1987)

4/,99 (1986);Suppl. 7,69(1987)

20,303 (1979); 53,371 (1991)

53,329(1991)
32,411 (1983); Suppl. 7,69 (1987)
3/, 207 ( 1983); Suppl. 7, 69 ( 1 987)

Phenanthrene
Phenazopyridine hydrochloride

45, 39 ( 1 989)
47, 43 (1989)
/3,141 (1977); 24,135 (1980);

Suppl, 7, 310 (1987)
32,419 (1983); Suppl. 7,69 (1987)
8,117 (1975); 24,163 (1980)

(carr. 42, 260); Suppl. 7, 312 (1987)
24, 175 (1980); Suppl. 7, 312 (1987)
/2,177 (1976); Suppl. 7,70 (1987)

/3, 157 (1977);Suppl. 7,313(1987)
47,263 (1989) (carr. 50,385)

Phenelzine sulfate
Phenicarbazide
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride 9,223 (1975); 24,185 (1980);

Suppl. 7, 70 ( 1 987)
/3,183 (1977); Suppl. 7,316 (1987)

/6,111 (1978);Suppl. 7,70(1987)
/6, 125 (1978); Suppl. 7, 70 (1987)

Phenylbutazone
meta- Pheny lenediami ne
para- Pheny lenediami ne

Phenyl glycidyl ether (see Glycidyl ethers)
N- Phen y 1- 2-naphthy lamine /6,325 (1978) (carr. 42, 257);

Suppl. 7, 318 (1987)
30, 329 (1983); Suppl. 7, 70 (1987)
/3,201 (1977);Suppl. 7,319(1987)
56,229 (1993)

56,83 (1993)

53,481 (1991)

ortha-Phenylphenol
Phenytoin
PhIP
Pickled vegetables
Picloram
Piperazine oestrone sulfate (see Conjugated oestrogens)
Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid

Polybrominated biphenyls

30, 183 (1983); Suppl. 7, 70 (1987)

Polychlorinated biphenyls

/9,62 (1979); Suppl. 7, 70 (1987)

/8,107 (1978); 4/,261 (1986);

Suppl. 7, 321 (1987)
7,261 (1974); /8,43 (1978)

(carr. 42,258); Suppl. 7,322 (1987)
Polychlorinated camphenes (see Toxaphene)
Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate (see Oestradiol-17ß)
Polypropylene
Polystyrene

/9,141 (1979); Suppl. 7,70 (1987)

/9, 164 (1979); Suppl. 7,70 (1987)

/9, 314 (1979); Suppl. 7, 70 (1987)
/9, 195 (1979); Suppl. 7, 70 (1987)

/9, 218 (1979); Suppl. 7, 70 (1987)
/9, 245 (1979); Suppl. 7, 70 (1987)
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Pol ytetrafl uoroeth y lene

Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol

Polyvinyl chloride

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potass ium bis(2- h ydrnx yeth y 1 )di thiocarbamate

Potassium bromate
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prednimustine
Prednisone
Procarbazine hydrochloride
Proflavine salts
Progesterone (see alsa Progestins; Combined oral contraceptives)

Progestins (see alsa Oestrogens, progestins and combinations)
Pronetalol hydrochloride

1 ,3-Propane sultone

Propham
ß-Propiolactone

n-Propyl carbamate
Propylene

Propylene oxide

Propylthiouracil
Ptaquiloside (see alsa Bracken fem)
Pulp and paper manufacture
Pyrene
Pyrido(3 ,4-c )psoralen
Pyrimethamine
Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine;

Lasiocarpine; Monocrotaline; Retrorsine; Riddelliine; Seneciphylline;
Senkirkine)

Q

Quercetin (see alsa Bracken fem)
para-Quinone
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19,288 (1979); Suppl, 7,70 (1987)
19, 320 (1979); Suppl. 7, 70 (1987)
19,346 (1979); Suppl. 7,70 (1987)
19,351 (1979); Suppl. 7, 70 (1987)
7,306 (1974); 19,402 (1979);
Suppl. 7, 70 (1987)
19, 463 (1979); Suppl. 7, 70 (1987)
8, 189 (1975); Suppl. 7,70(1987)
8, 199 (1975); Suppl. 7, 70 (1987)
8,207 (1975); Suppl. 7,70 (1987)

12,183 (1976); Suppl. 7,70 (1987)
40, 207 (1986); Suppl. 7, 70 (1987)

50,115(1990)
26, 293 (1981); Suppl. 7, 326 (1987)
26, 31 1 (1981); Suppl. 7, 327 (1987)
24, 195 (1980); Suppl. 7, 70 (1987)
6,135 (1974); 21,491 (1979)
(carr. 42,259)
Suppl. 7, 289 (1987)
13,227 (1977) (carr, 42, 256);
Suppl. 7, 70 (1987)
4,253 (1974) (carr. 42,253);
Suppl. 7, 70 (1987)
12,189 (1976); Suppl. 7,70 (1987)
4,259 (1974) (corr. 42,253);
Suppl. 7, 70 (1987)
12,201 (1976); Suppl. 7,70 (1987)
19, 213 (1979); Suppl. 7, 71 (1987);
60, 161 (1994)

11,191 (1976); 36, 227 (1985)

(carr. 42,263); Suppl, 7,328
(1987); 60,181 (1994)
7,67 (1974); Suppl. 7,329 (1987)
40, 55 (1986); Suppl. 7, 71 (1987)
25, 157 (1981); Suppl. 7, 385 (1987)
32,43 i (1983); Suppl, 7, 7 i (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
13, 233 (1977); Suppl. 7, 71 (1987)

31,213 (1983); Suppl. 7,71 (1987)
15, 255 (1977); Suppl. 7, 71 (1987)
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Quintozene 5,211 (1974); Suppl. 7,71(1987)

R

Radon
Reserpine

43, 173 (1988) (corr. 45, 283)
10,217 (1976); 24, 21 1 (1980)
(corr. 42, 260); Suppl. 7,330 (1987)
15, 155 (1977); Suppl. 7, 71 (1987)
/0,303 (1976); Suppl. 7,71(1987)
/6, 221 (1978); Suppl. 7, 71 (1987)
16, 233 (1978); Suppl. 7, 71 (1987)
10, 313 (1976); Suppl. 7, 71 (1987)
24, 243 (1980); Suppl. 7, 71 (1987)

Resorcinol
Retrorsine
Rhodamine B

Rhodamine 6G
Riddelliine
Rifampicin
Rockwool (see Man-made minerai tïbres)
The rubber industry 28 (1982) (corr. 42, 261); Suppl. 7,

332 (1987)
40,99 (1986); Suppl, 7,71 (1987)Rugulosin

s

Saccharated iron oxide
Saccharin

2, 161 (1973); Suppl. 7, 71 (1987)
22, 111 (1980) (corr. 42, 259);
Suppl. 7,334 (1987)
1,169 (1972); 10,231 (1976);
Suppl. 7, 71 (1987)
56,41 (1993)

Safrole

Salted fish
The sawmill industry (induding logging) (see The lumber and

sawmill industry (induding logging))
Scarlet Red
Schistosoma haematobium (infection with)
Schistosoma japonicum (infection with)
Schistosoma mansoni (infection with)
Selenium and selenium compounds

8, 217 (1975); Suppl. 7, 71 (1987)
61,45 (1994)

61,45 (1994)

61,45 (1994)

9,245 (1975) (corr. 42, 255);
Suppl. 7, 71 (1987)

Selenium dioxide (see Selenium and selenium compoundS)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride 12,209 (1976) (corr. 42,256);

Suppl. 7, 71 (1987)
Senecio jacobaea L. (see Pyrrolizidine alkaloids)
Sene cio longilobus (see Pyrrolizidine alkaloids)
Seneciphylline 10,319,335 (1976); Suppl. 7,71

( 1987)
10,327 (1976); 31, 231 (1983);
Suppl. 7, 71 (1987)
42, 175 (1987); Suppl. 7, 71 (1987)
Suppl. 7, 296 (1987)

Senkirkine

Sepiolite
Sequential oral contraceptives (see also Oestrogens, progestins

and combinations)
Shale-oils
Shikimic acid (see also Bracken fem)

35,161 (1985); Suppl. 7,339 (1987)

40,55 (1986); Suppl. 7, 71 (1987)
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Shoe manufacture and repair (see Boot and shoe manufacture
and repair)

Silica (see a/so Amorphous silica; Crystalline silica)
Simazine
Slagwool (see Man-made minerai fibres)
Sodium arsenate (see Arsenic and arsenic compounds)
Sodium arsenite (see Arsenic and arsenic compounds)
Sodium cacodylate (see Arsenic and arsenic compounds)
Sodium chlorite
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocarbamate
Sodium equilin sulfate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulfate (see Conjugated oestrogens)
Sodium ortho-phenylphenate (see a/so ortho-Phenylphenol)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)
Solar radiation
Soots

Spironolactone
Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatocystin

Steroidal oestrogens (see a/so Oestrogens, progestins and
combinations)

Streptozotocin

Strobaner (see Terpene polychlorinates)
Strontium chromate (see Chromium and chromium compounds)
Styrene

S tyrene-acry 1 onitri le-copo 1 ymers

Styrene-butadiene copol ymers
Styrene-7,8-oxide

Succinic anhydride
Sudan I
Sudan II
Sudan II

Sudan Brown RR
Sudan Red 7B
Sulfafurazole
Sulfallate

405

42, 39 (1987)

53,495 (1991)

52,145 (1991)

12,217 (1976); Suppl. 7,71 (1987)

30,329 (1983); Suppl. 7,392 (1987)

55 (1992)

3,22 (1973); 35, 219 (1985);
Suppl. 7, 343 (1987)
24, 259 (1980); Suppl. 7, 344 (1987)

1,175 (1972); 10,245 (1976);
Suppl. 7, 72 (1987)
Suppl. 7, 280 (1987)

4,221 (1974); 17, 337 (1978);
Suppl. 7, 72 (1987)

19,231 (1979) (corr. 42,258);
Suppl. 7, 345 (1987); 60, 233 (1994)
19, 97 (1979); Suppl. 7, 72 (1987)
19, 252 (1979); Suppl. 7, 72 (1987)
Il,201 (1976); 19, 275 (1979);

36, 245 (1985); Suppl. 7, 72 (1987);
60, 321 (1994)

15,265 (1977); Suppl. 7,72(1987)
8,225 (1975); Suppl. 7,72(1987)
8, 233 (1975); Suppl. 7,72(1987)
8, 241 (1975); Suppl. 7, 72 (1987)
8, 249 (1975); Suppl. 7, 72 (1987)
8, 253 (1975); Suppl, 7, 72 (1987)
24, 275 (1980); Suppl, 7, 347 (1987)
30,283 (1983); Suppl. 7,72(1987)
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Sulfamethoxazole
Sultìtes (see Sulfur dioxide and sorne sulfites, bisulfites and metabisulfites)
Sulfur dioxide and sorne sulfites, bisultìtes and metabisulfites
Sulfur mustard (see Mustard gas)
Sulfuric acid and other strong inorganic acids, occupational exposures

to mists and vapours from
Sulfur trioxide
Sulphisoxazole (see Sulfafurazole)
Sunset Yellow FCF
Symphytine

T

2,4,5-T (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Talc
Tannic acid

Tannins (see also Tannic acid)
TCDD (see 2,3,7,8-Tetrachlorodibenzo-para-dioxin)
TDE (see DDT)
Tea
Terpene polychlorinates
Testosterone (see also Androgenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2',5,5'- Tetrachlorobenzidine
2,3,7,8- Tetrachlorodibenzo-para-dioxin
1,1,1,2- Tetrachloroethane
1,1,2,2- Tetrachloroethane
Tetrachloroethylene

2,3,4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

Tetrachlorvinphos
Tetraethyllead (see Lead and lead compounds)
TetrafIuoroethylene
Tetrakis(hydroxymethyl) phosphonium salts
Tetramethyllead (see Lead and lead compounds)
Textile manufacturing industry, exposures in
Theobromine
Theophylline
Thioacetamide
4,4'- Thiodianiline

Thiotepa

Thiouracil
Thiourea

24, 285 (1980); Suppl. 7, 348 (1987)

54,131 (1992)

54,4 i (1992)

54,121 (1992)

8, 257 (1975); Suppl. 7, 72 (1987)
31, 239 (1983); Suppl. 7, 72 (1987)

15,273 (1977)

42,185 (1987); Suppl. 7, 349 (1987)
10,253 (1976) (corr. 42, 255);

Suppl. 7, 72 (1987)
/0,254 (1976); Suppl. 7,72(1987)

51, 207 (1991)
5, 219 (1974); Suppl. 7, 72 (1987)
6,209 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7,72(1987)
/5, 41 (1977); Suppl. 7, 350 (1987)
4/,87 (1986); Suppl. 7,72(1987)
20,477 (1979); Suppl. 7, 354 (1987)
20, 491 (1979); Suppl. 7, 355 (1987);
63, 159 (1995)

30,197 (1983); Suppl. 7,72(1987)

/9,285 (1979); Suppl. 7,72(1987)
48, 95 (1990)

48,215 (1990) (corr. 5/,483)
5/,421 (1991)

5/,391 (1991)

7, 77 (1974); Suppl. 7, 72 (1987)
/6,343 (1978); 27, 147 (1982);

Suppl. 7, 72 (1987)
9,85 (1975); Suppl. 7,368 (1987);

50, 123 (1990)

7, 85 (1974); Suppl. 7, 72 (1987)
7,95 (1974); Suppl. 7,72(1987)
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Thiram

Titanium dioxide
Tobacco habits other than smoking (see Tobacco products, smokeless)
Tobacco products, smokeless

Tobacco smoke

Tobacco smoking (see Tobacco smoke)
ortho-Tolidine (see 3,3'-Dimethylbenzidine)
2,4-Toluene diisocyanate (see also Toluene diisocyanates)
2,6-Toluene diisocyanate (see also Toluene diisocyanates)
Toluene
Toluene diisocyanates

Toluenes, a-chlorinated (see a-Chlorinated toluenes)
ortho- Toluenesulfonamide (see Saccharin)
ortho- Toluidine

Toxaphene
T-2 Toxin (see Toxins derived from Fusarium sporotrichioides)
Toxins derived from Fusarium graminearum, F. culmorum and

F. crookwellense

Toxins derived from Fusarium moniliforme
Toxins derived from Fusarium sporotrichioides

Tremolite (see Asbestos)
Treosulfan
Triaziquone (see Tris(aziridinyl)-para-benzoquinone 1

Trichlorfon
Trichlormethine

Trichloroacetic acid

Trichloroacetonitrile (see Halogenated acetonitriles)
1,1,1- Trichloroethane
1,1,2- Trichloroethane

Trichloroethylene

2,4,5- Trichlorophenol (see also Chlorophenols; Chlorophenols
occupational exposures to)

2,4,6- Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposures to)

(2,4,5- Trichlorophenoxy)acetic acid (see 2,4,5- T)
1,2,3- Trichloropropane
Trichlorotriethylamine-hydrochloride (see Trichlormethine)
T2- Trichothecene (see Toxins derived from Fusarium sporotrichioides)
Triethylene glycol diglycidyl ether
Trifluralin

407

12,225 (1976); Suppl. 7,72(1987);
53,403 (1991)

47,307 (1989)

37 (1985) (corr. 42,263; 52,513);
Suppl. 7, 357 (1987)
38 (1986) (corr. 42, 263); Suppl. 7,
357 (1987)

19,303 (1979); 39, 287 (1986)
19,303 (1979); 39, 289 (1986)
47, 79 (1989)

39,287 (1986) (corr. 42, 264);
Suppl. 7, 72 (1987)

16,349 (1978); 27,155 (1982);
Suppl. 7, 362 (1987)
20, 327 (1979); Suppl. 7, 72 (1987)

11,169 (1976); 31,153,279 (1983);
Suppl. 7,64,74 (1987); 56,397
(1993)
56,445 (1993)

31,265 (1983); Suppl. 7,73(1987);
56,467 (1993)

26, 34 i (1981); Suppl. 7, 363 (1987)

30, 207 (1983); Suppl. 7, 73 (1987)
9,229 (1975); Suppl. 7, 73 (1987);
50, 143 (1990)

63,291 (1995)

20,515 (1979); Suppl. 7, 73 (1987)
20, 533 (1979); Suppl. 7, 73 (1987);
52,337 (1991)

Il,263 (1976); 20, 545 (1979);

Suppl. 7,364 (1987); 63, 75 (1995)
20, 349 (1979)

20,349 (1979)

63,223 (1995)

Il, 209 (1976); Suppl. 7, 73 (I987)
53,515 (1991)

kajo
Pencil
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4,4',6-Trirnethylangelicin plus ultraviolet radiation (see also
Angelicin and sorne synthetic derivatives)

2,4,5- Trirnethylaniline
2,4,6- Trirnethylaniline
4,5' ,8- Trirnethylpsoralen
Trirnustine hydrochloride (see Trichlormethine)
Triphenylene
Tris( aziridiny 1 )-para-benzoq uinone
Tris( 1 -aziridinyl)phosphine-oxide
Tris( 1 -aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6- Tris( i -aziridinyl)-s-triazine
Tris(2-chloroethyl) phosphate
1,2,3- Tris(chlorornethoxy)propane
Tris(2,3-di brornopropy 1 )phosphate
Tris(2-rnethyl- i -aziridinyl)phosphine-oxide
Trp-P- 1

Trp-P-2
Trypan blue
Tussilago faifara L. (see Pyrrolizidine alkaloids)

Suppl. 7, 57 (1987)

27, 177 (1982); Suppl. 7, 73 (1987)
27, 178 (1982); Suppl. 7,73(1987)
40,357 (1986); Suppl. 7,366 (1987)

32,447 (1983); Suppl. 7,73(1987)
9,67 (1975); Suppl. 7,367 (1987)
9, 75 (1975); Suppl. 7, 73 (1987)

9,95 (1975); Suppl. 7, 73 (1987)

48,109(1990)
15,301 (1977); Suppl. 7,73(1987)
20, 575 (1979); Suppl. 7, 369 (1987)
9, 107 (1975); Suppl. 7, 73 (1987)
31,247 (1983); Suppl. 7,73(1987)
31, 255 (1983); Suppl. 7, 73 (1987)
8,267 (1975); Suppl. 7,73 (1987)

u

Ultraviolet radiation

Underground haematite mining with exposure to radon
Uraci! mustard
Urethane

40,379 (1986); 55 (1992)
1,29 (1972); Suppl. 7, 216 (1987)

9,235 (1975); Suppl. 7,370 (1987)
7, Ii 1 (1974); Suppl. 7, 73 (1987)

v

Vat Yellow 4
Vinblastine sulfate

48,161 (1990)

26,349 (1981) (corr. 42,261);
Suppl. 7, 371 (i 987)
26,365 (1981); Suppl. 7,372 (1987)
19,34 i (i 979); 39, 1 13 (1986);

Suppl. 7, 73 (1987); 63, 443 (1995)
19,367 (1979); 39, 133 (1986);
Suppl. 7, 73 (1987)
7,291 (1974); 19, 377 (1979)
(corr. 42,258); Suppl. 7, 373 (1987)
7,311 (1976); 19,412 (1979)

(corr. 42,258); Suppl. 7,73(1987)
fi, 277 (1976); 39,181 (1986)
Suppl. 7, 73 (1987); 60, 347 (1994)
Il,141 (l976);Suppl. 7,63(1987);

60,361 (1994)

39, 147 (1986); Suppl. 7, 73 (1987);
63,467 (1995)

19,439 (1979); 39, 195 (! 986);
Suppl. 7,376 (1987)

Vincristine sulfate
Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl ch!oride-viny! acetate copolymers

4- VinyIcyclohexene

4- VinyIcyclohexene diepoxide

Viny! fIuoride

Vinylidene chloride
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Vinylidene chloride-vinyl chloride copolymers

Vinylidene fluoride
N- Vinyl-2-pyrrolidone

Vinyl toluene

w

Welding
W ollastonite

Wood dust
Wood industries

x

Xylene
2,4-Xylidine
2,5-Xylidine
2,6-Xylidine (see 2,6-Dimethylaniline)

y

Yellow AB
Yellow OB

z

Zearalenone (see Toxins derived from Fusarium graminearum,
F. culmorum and F. crookwellense)

Zectran
Zinc beryllium silicate (see Beryllium and beryllium compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium compounds)
Zinc potassium chromate (see Chromium and chromium

compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb
Ziram
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/9,448 (1979) (corr, 42,258);
Suppl. 7, 73 (1987)
39, 227 (1986); Suppl. 7, 73 (l 987)
/9,461 (1979); Suppl. 7, 73 (1987)

60,373 (1994)

49,447 (1990) (corr. 52,513)
42" 145 (1987); Suppl. 7.377 (1987)
62,35(1995)
25 (1981); Suppl. 7,378 (1987)

47, 125 (1989)

/6, 367 (1978); Suppl. 7, 74 (1987)
/6,377 (1978); Suppl. 7,74 (1987)

8, 279 (1975); Suppl. 7, 74 (1987)
8, 287 (1975); Suppl. 7, 74 (1987)

/2,237 (1976); Suppl. 7,74 (1987)

/2, 245 (1976); Suppl. 7, 74 (1987)
/2,259 (1976); Suppl. 7,74 (1987);

53,423 (1991)
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