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NOTE TO THE REA DER

The term 'carcinogenic risk' in the IARC Moiiographs series is taken to mean the
probability that exposure to an agent will 1ead to cancer in humans.

Inclusion of an agent in the MOl1ographs does not imp1y that it is a carcinogen, only
that the published data have been examined. Equally, the fact that an agent has not yet
been evaluated in a monograph does not mean that it is not carcinogenic.

The eva1uations of carcinogenic risk are made by international working groups of
independent scientists and are qualitative in nature. No recommendation is given for
regulation or 1egislation.

Anyone who is aware of published data that may alter the evaluation of the carcino-
genic risk of an agent to humans is encouraged to make this information avai1ab1e 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 Working 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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IARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS1

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (IARC) initiated a pro-
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individua1 chemica1s. The MOl1ographs programme has since been
expanded to include consideration of exposures to comp1ex mixtures of chemica1s (which
occur, for example, in sorne 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 tit1e of the series was modified from IARC MO/1ographs 0/1 the Evaluation of
the Carcinogel1ic Risk al Chemicals to Huma/1s to IARC Monographs 011 the Evaluatiol1
(L Carcil1ogel1ic Risks to Humal1s, in order to retlect the widened scope of the

programme.
The criteria estab1ished in 1971 to evaluate carcinogenic risk to humans were adopted

by the working groups whose deliberations resulted in the first 16 volumes of the IARC
MOl1ographs series. Those criteria were subsequent1y updated by further ad-hoc working
groups (lARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991 a; 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 pub!ish in the form of monographs, critical reviews and eva-
luations of evidence on the carcinogenicity of a wide range of human exposures. The
MOl1ographs may a1so indicate where additiona1 research efforts are needed.

The MO/1ographs represent the first step in carcinogenic risk assessment, which
involves examination of all relevant information in order ta assess the strength of the

'-
availab1e evidence that certain exposures could alter the incidence of cancer in humans.
The second step is quantitative risk estimation. Detai1ed, quantitative evaluations of
epidemiologica1 data may be made in the MOl1ographs, but without extrapolation beyond

1 This projeci is suppo.ried by PHS Grant No.. 5-UO 1 CA33193-15 awarded by the United States National

Cancer Insiiiute. Deparlinent o.f Healih and Human Services. Since i 986, the programme has also been
Siippo.rtcd by ihe European Co.mmissio.n.
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the range of the data avai1ab1e. Quantitative extrapolation from experimenta1 data to the
human situation is not undertaken.

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
neoplasms may in sorne circumstances (see p. 17) con tribu te to the judgement that the
exposure is carcinogenic. The terms 'neoplasm' and 'tumour' are used interchangeab1y.

Sorne epidemiologica1 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 MOl1ographs has been, from their inception, to eva1uate evi-
dence of carcinogenicity at any stage in the carcinogenesis process, independently of the
underlying mechanisms. Information on mechanisms may, however, be used in making
the overall evaluation (lARC, 1991 a; Vainio et al., 1992; see also pp. 23-25).

The MOl1ographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
The evaluations of IARC working groups are scientific, qualitative judgements about the
evidence for or against carcinogenicity provided by the availab1e data. These evaluations
represent only one part of the body of information on which regu1atory 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 recommendation is given with regard to regulation or legis-
lation, which are the responsibilty of individual governments and/or other interna-
tional organizations.

The IARC MOl1ographs are recognized as an authorItative source of information on
the carcinogenicity of a wide range of human exposures. A survey of users in 1988
indicated that the MOl1ographs are consulted by various agencies in 57 countries. About
4000 copies of each volume are printed, for distribution to governments, regulatory
bodies and interested scientists. The Monographs are also availab1e from the Interna-
tional 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 se1ected on the basis of two main criteria: (a) there is evidence of human
exposure, and (b) there is sorne evidence or suspicion of carcinogenicity. The term
'agent' is used to include individua1 chemical compounds, groups of re1ated chemical
compounds, physical agents (such as radiation) and biologica1 factors (such as viruses).
Exposures to mixtures of agents may occur in occupationa1 exposures and as a result of
persona1 and cultural habits (like smoking and dietary practices). Chemica1 analogues
and compounds with biologica1 or physical characteristics similar to those of suspected
carcinogens may a1so be considered, even in the absence of data on a possible carcino-
genic effect In humans or experimenta1 animaIs.

The scientific 1iterature Is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcino-
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PREAMBLE 9

genicity (IARC, 1973-1996) and directories of on-going research in cancer epidemio1ogy
(IARC, 1976- 1 994) often indicate exposures that may be schedu1ed for future meetings.
Ad-hoc working groups convened by IARC in 1984, 1989, 1991 and 1993 gave recom-
mendations as to which agents should be eva1uated in the IARC Monographs series
(IARC, 1984, 1989, 1991b, 1993).

As significant new data on subjects on which monographs have a1ready been prepared
become available, re-evaluations are made at subsequent meetings, and revised mono-
graphs are published.

4. DATA FOR MONOGRAPHS

The Monographs do not necessarily cite all 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 bio10gical and epidemiological data, on1y reports that have been

pub1ished or accepted for publication in the openly availab1e scientific literature are
reviewed by the working groups. ln certain instances, government agency reports that
have undergone peer review and are wide1y availab1e are considered. Exceptions may be
made on an ad-hoc basis to include unpub1ished reports that are in their final form and
publicly availab1e, if their inclusion is considered pertinent to making a final eva1uation
(see pp. 23-25). ln the sections on chemical and physica1 properties, on analysis, on

production and use and on occurrence, unpublished sources of information may be used.

5. THE WORKING GROUP

Reviews and eva1uations are formulated by a working group of experts. The tasks of
the group are: (i) to ascertain that all appropriate data have been collected; (ii) to select
the data relevant for the evaluation on the basis of scientific merit; (iii) to prepare
accurate summaries of the data to enab1e the reader to follow the reasoning of the
Working Group; (iv) to evaluate the resu1ts of epidemiologica1 and experimenta1 studies
on cancer; (v) to evaluate data relevant to the understanding of mechanism of action; and
(vi) to make an overall eva1uation of the carcinogenicity of the exposure to humans.

Working Group participants who contributed to the considerations and evaluations
within a particular volume are 1isted, with their addresses, at the beginning of each publi-
cation. Each participant 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 se1ected by lARe staff in consultation
with other experts. Subsequent1y, relevant bio1ogical and epidemiological data are
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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 re1ated effects and reproductive and developmenta1 effects,
respectively.

For chemicals and sorne complex mixtures, the major collection of data and the
preparation of first drafts of the sections on chemical and physical properties, on
ana1ysis, on production and use and on occurrence are carried 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 sorne agents may not be avai1ab1e because their publication cou1d disclose
confidentia1 information. Information on uses may be obtained from pub!ished 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 participants,
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first
drafts are compi1ed by IARC staff and sent, before the meeting, to all participants of the
W orking 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 eva1uations. After the meeting, the master
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 availab1e studies are summarized by the Working Group, with particular regard
to the qualitative aspects discussed be10w. ln general, numerical findings are indicated as
they appear in the original report; units are converted when necessary for easier compa-
rison. The Working Group may conduct additiona1 analyses of the published data and use
them in their assessment of the evidence; the results of such supplementary 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. EXPOSURE DATA

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 inc1uded at the beginning of each monograph.

Most monographs on individual chemica1s, groups of chemicals or comp1ex mixtures
inc1ude sections on chemicaI and physical data, on analysis, on production and use and
on occurrence. ln monographs on, for examp1e, physical agents, occupational exposures
and cultural habits, other sections may be included, such as: historica1 perspectives,
description of an industry or habit, chemistry of the comp1ex mixture or taxonomy.
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PREAMBLE Il

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 Primary Name and the IUPAC Systematic Name are recorded; other
synonyms are given, but the list is not necessarily comprehensive. For biological agents,
taxonomy and structure are described, and the degree of variability is given, when
applicable.

Information on chemica1 and physical properties and, in particular, data relevant to
identification. occurrence and bio10gical activity are included. For biological agents,
mode of replication, Iifc cycle, target cells, persistence and latency and host response are
givcn. A description of technical products of chemicals includes trades names, relevant
specifications and available information on composition and impurities. Sorne 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 avai1able. No critical eva-
luation or recommendation of any of the methods is meant or implied. The lARe
publishes a series of volumes, Environmental Carcinogens: Methods of Analysis and
EXfJosure Measiirement (lARC, 1978-93), that describe validated methods for analysing
a wide variety of chemicals and mixtures. For biological agents, methods of detection
and exposure assessment are described, inc1uding their sensitivity, specificity and
reproduci bi 1 i ty.

The dates of first synthesis and of first commercial production of a chemica1 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 hurnan 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 inc1ude Europe, Japan and the United States of America. it should
not, however, be inferred that those areas or nations are necessari1y the sole or major
sources or users of the agent. Sorne identified uses may not be current or major
applications, and the coverage is not necessarily comprehensive. ln the case of drugs,
mention of their therapeutic uses does not necessari1y represent current practice nor does
it imp1y judgement as to their therapeutic efficacy.

Information on the occurrence of an agent or mixture in the environ ment is obtained
from data derived from the monitoring and surveillance of levels in occupational
environments, air, water, soi1, foods and animal and human tissues. When avai1able, data
on the generation, persistence and bioaccumu1ation 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
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given, noting variations 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 guide1ines (e.g., pesticide registrations.
maximal levels permitted in foods, occupational exposure liniits) are included for some
countries as indications of potential exposures, but they may not retlect 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 regulations with regard to the exposure. For biologica1 agents,

legislation and controL including vaccines and therapy, are described.

8. STUDIES OF CANCER lN HUMANS

(a) T-vpes (~tstudies cO!1sidered

Three types of epidemio10gical studies of cancer contribute to the assessment of carci-
nogenicity in humans - cohort studies, case-control studies and correlation (or ecolo-
gic(1) studies. Rare1y, results from randomized trials may be available. Case series and
case reports of cancer in humans may a1so be reviewed.

Cohort and case-control studies relate individual exposures under study to the occur-
rence of cancer in individuals and provide an estiniate of relative risk (ratio of incidence
or morta1ity 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 usual1y whole populations (e.g., in
particu1ar geographical areas or at particular times), and cancer frequency is re1ated to a
summary measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individual exposure is not documented, however, a
causal relationship is 1ess easy to infer from correlation studies than from cohort and
case-control studies. Case reports generally arise from a suspicion, based on c1inical
experience, that the concurrence of two events - that is, a particular exposure and

occurrence of a cancer - has happened rather more frequently th 
an wou Id be expected

by chance. Case reports usually 1ack complete ascertainment of cases iri any population,
definition or enumeration of the population at risk and estimation of the cxpected number
of cases in the absence of exposure. The uncertainties surrouiiding interpretation of case
reports and correlation studies make thcm inadequate, except in rare instances, to form
the sole basis for inferring a causal relationship. When taken together with case-control
and cohort studies, however, relevant case reports or correlation studies may add
materially to the judgement that a causal relationship is present.

Epidemio10gical studies of benign neop1asms, presumed preneoplastic lesions and
other end-:points thought to be relevant to cancer are also reviewed by working groups.
They may, in sorne instances, strengthen inferences drawn from studies of cancer itse1f.
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(h) Qua/ity (~lstudies co/lsideree!

The Monographs are not intended to summarize ail published studies. Those that are
judged to be inadequate or irrelevant to the evaluation are generally omitted. They may
be mentioned brietly, 'particularly when the information is considered to be a useful
supplement to that in other reports or when they provide the on1y data available. Their
inclusion does not iinply acceptance of the adequacy of the study design or of the
analysis and interpretation of the results, and limitations are c1early outlined 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 erroneous1y to a stronger or weaker asso-
ciation th an in fact exists between disease and an agent, mixture or exposure circum-
stance. By 'confounding' is meant a situation in which the re1ationship with disease is
made to appear stronger or weaker than it truly is as a result of an association between
the apparent causal factor and another factor that is associated with either an increase or
decrease in the incidence of the disease. ln evaluating the extent to which these 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 equally 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
well 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 shou1d
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 ana1ysis 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 shou1d also have been made in the
study.

Thirdly, the authors shou1d have reported the basic data on which the conclusions are
founded, even if sophisticated statistical analyses were employed. At the very 1east, the 

y
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 a1so important.
ln a cohort study, data on aIl cancer sites and all causes of death shou1d have been given,
to reveal the possibility of reporting bias. ln a case-control study, the effects of investi-
gated factors other than the exposure of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confidence interva1s and significance tests, and to adjust for confounding



14 IARC MONOGRAPHS VOLUME 67

should have been c1early stated by the authors. The methods used shou1d preferably have
been the generally accepted techniques that have been refined since the mid- 1 970s.

These methods have been reviewed for case-control studies (Breslow & Day, 1980) and
for cohort studies (Breslow & Day, 1(87).

(c) Interences ahout meclwnism (~laction

Detailed analyses of both relative and abso1ute risks in relation to temporal variables,
such as age at first exposure, time since first exposure, duration of exposure, cumulative
exposure and time since exposure ceased, are reviewed and summarized when available.
The ana1ysis of temporal relationships can be useful in formulating models of carcino-
genesis. ln particu1ar, 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 cancer incidence or
mortality. Such measurements may allow inferences to be made about putative
mechanisms of action (lARC, 1991 a; Vainio et aL., 1992).

(d) Criteria for caL/salit.\

After the quality of individua1 epidemio1ogica1 studies of cancer has been summarized
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 its
judgement, the W orking Group considers severa1 criteria for causality. A strong asso-
ciation (a large relative risk) is more likely to indicate causa1ity than a weak association,
a1though it is recognized that relative risks of small magnitude do not imply lack of
causa1ity and may be important if the disease is common. Associations that are replicated
in severa1 studies of the same design or using different epidemiological approaches or
under different circumstances of exposure are more 1ikely to represent a causal relation-
ship than isolatcd observations l'rom single studies. If there are inconsistent results
among investigations, possible rcasons are sought (such as differences in amount of
exposure), and resu1ts of studies judged to be of high quality are given more weight than
those of studies judged to be methodologically 1ess sound. When suspicion of

carcinogenicity arises 1argely 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 amount of exposure, this is
considered to be a strong indication of causa1ity, a1though absence of a graded response
is not necessarily evidence against a causal re1ationship. Demonstration of a decline in
risk after cessation of or reduction in exposure in individuals or in who1e populations
also supports a causal interpretation of the findings.

Although a carcinogen may act upon more than one target, the specificity of an asso-
ciation (anincreased occurrence of cancer at one anatomical site or of one morpho10gical
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type) adds plausibility to a causal re1ationship, particularly when excess cancer occur-
rence is limited to one morpho10gical type within the same organ.

Although rarely available, results from randomized trials showing different rates
among exposed and unexposed individuals provide particu1arly strong evidence for
causality.

When several epidemiologica1 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 1ack of carcinogenicity. Such a judgement requires first of all that the
studies giving rise to it meet, to a sufficient degree, the standards of design and analysis
described above. Specifically, the possibility that bias, confounding or misclassification
of exposure or outcome cou Id explain the observed results should be considered and
excluded with reasonable certainty. ln addition, all studies that are judged to be methodo-
10gicaIly sound shou1d be consistent with a relative risk of unit y for any observed 1evel of
exposure and, when considered together, shou1d provide a pooled estimate of relative
risk which is at or near unit y and has a narrow confidence interval, due to sufficient
population size. Moreover, no individua1 study nor the poo1ed results of all the studies
shou1d show any consistent tendency for relative risk of cancer to increase with
increasing level of exposure. It is important to note that evidence of Jack of carcino-
genicity obtained in this 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 are the same as or Jess than those observed in aIl the studies.
Experience with human cancer indicates that, in sorne cases, the period from first
exposure to the development of clinical cancer is sel dom less than 20 years; latent
periods substantially shorter than 30 years cannot provide evidence for Jack of carcino-
genicity.

9. STUDIES OF CANCER lN EXPERIMENTAL ANIMALS

All 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-aminobiphenyJ, azathio-
prine, betel quid with tobacco, BCME and CMME (technica1 grade), ch1orambucil,
chlornaphazine, ciclosporin, coal-tar pitches, coa1-tars, combined oral contraceptives,
cyclophosphamide, diethy1stilboestro1, melphalan, 8-methoxypsora1en pJus UV A, mus-
tard gas, myleran, 2-naphthylamine, nonsteroidal oestrogens, oestrogen replacement

therapy/steroida1 oestrogens, solar radiation, thiotepa and viny1 chloride), carcinogenicity
in experimental animaIs was established or high1y suspected before epidemiologica1

studies confirmed the carcinogenicity in humans (Vainio et aL., 1995). Although this
association cannot establish that all agents and mixtures that cause cancer in experi-
mental 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 sufficient evidence (see p. 22) of carcinogenicity in
experimental animais as if they presented a carcinogenic risk to humans. The
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possibility that a given agent may cause cancer through a species-specific mechanism 
which does not operate in humans (see p. 25) 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 start of treatment and survival are reported. 

Other types of studies summarized include: experiments in which the agent or mixture 
was administered in conjunction with known carcinogens or factors that modify carcino- 
genic effects; studies in which the end-point was not cancer but a defined precancerotls 
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 animals, 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 profiles, DNA adduct profiles, proto-oncogene mutation and expression and 
suppressor gene inactivation. The relevance of results obtained, for example, 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 humans and may strengthen the plausibility of a 
concfusion that the biological agent under evaluation is carcinogenic in humans. 

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

As mentioned earlier (p. 9), the M011ogr'~ph.s are not intended to summarize all 
published studies. Those studies in experimental animals that are inadequate (e.g., too 
short a duration, too few animals, 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 er al., 1 986). 

Considerations of importance to the Working Group in the interpretation and eva- 
luation of a particular study include: (i) how clearly the agent was defined and, in the 
case of mixtures, how adequately the sample 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 
animals was similar to that of controls; (iv) whether there were adequate numbers of 
animals per group; (v) whether animals of both sexes were used; (vi) whether animals 
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were allocated randomly to groups; (vii) whether the duration of observation was

adequate; and (viii) whether the data were adequate1y reported. If availab1e, recent data
on the incidence of specifie tumours in historical control s, as well as in concurrent

contro1s, 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 ma!ignant 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 1esions presumed to be preneop1astic
may in certain instances aid in assessing the biological plausibi1ity of any neop1astic

response observed. If an agent or mixture induces only benign neoplasms that appear to
be end-points that do not readi1y undergo transition to mal ignancy, it should nevertheless
be suspected of being a carcinogen and requires further investigation.

(h) Quantitative aspects

The probability that tumours will occur may depend on the species, sex, strain and
age of the animal, the dose of the carcinogen and the route and 1ength 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 develop-
ment of neoplasms.

The form of the dose-response relationship can vary wide1y, 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-response relationships for sorne carcinogens (Cohen & Ellwein,
1990). Since many chemica1s require metabo1ic 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 cou1d saturation of processes such as DNA repair (Hoel et al., 1983; Gart et al., 1986).

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

Factors considered by the Working Group inc1ude 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 shou1d be c1early 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 survivaI. These adjustments
can inc1ude: 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 surviva1 occur before tumours appear; 1ife-table methods,
when tumours are visible or when they may be considered 'fatal' because mortality
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rapidly follows tumour development; and the Mantel-Haenszel test or logistic regression, 
when occult tumours do not affect the animals' risk of dying but are 'incidental' findings 
at autopsy. 

In practice, classifying turnours as fatal or incidental may be difficult. Several 
survival-adjusted methods have been developed that do not require this distinction (Gart 
ut nl., 19861, although they have not been fully evaluated. 

10. OTHER DATA RELEVANT TO AN EVALUATtON OF CARCTNO- 
GENICITY AND ITS MECHANISMS 

In coming to an overall evaluation of carcinogenicity in humans (see pp. 23-25), the 
Working Group also considers related data. The nature of the inforrnation 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; reprodrrctive 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 animals. 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 i n  humans and in  experimental animals are summarized 
briefly, and comparisons of data From humans and animals are made when possible. 
Comparative information on the relationship between 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 (ather than cancer), such as organ toxicity, 
increased cell proliferation, immunotoxici t y  and endocrine effects. The presence and 
toxicological significance of cellular receptors i s  described. Effects on reproduction, 
teratogenicity, fetotoxicity and embl-yotoxicity are also summarized briefly. 

Tests of genetic and related effects are described i n  view of the relevance of gene 
mutation and chrornosomaI damage to carcinogenesis (Vainio ur c r l . ,  1992)# The 
adequacy of the reporting of  sample characterization is considered and, where necessary, 
commented upon; with regard to complex mixtures, such comments are similar ro those 
described for animal carcinogenicity tests on p. 16. 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, lnicronucleus formation, chro- 
mosomal aberrations, aneuploidy and cell transformation. The concentrations employed 
are given, and mention is made of whether use of an exogenous metabolic system irz 19irr-o 
affected the test result. These data are given as listings of test systems, data and 
references; bar graphs (activity profiles) and corresponding summary tables with detailed 
information nn the preparation of the profiles [Waters rt ~ r l . ,  1987) are given i n  
appendices. 
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Positive results in tests using prokaryotes. lower eukaryotes, plants, insects and
Cultured mammalian cells suggest that genetic and related effects cou Id 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 c1early genetic in nature (e.g., gene mutations and chromosomal aberra-
tions), while others are to a greater or Iesser degree associated with genetic effects (e.g.,
unschedu1ed DNA synthesis). ln-vitro tests for tumour-promoting activity and for cell
transformation may be sensitive to changes that are not nècessarily the result of genetic
alterations but that may have specifie relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano el 01.. 1(86).

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 indi-
cates that it may have carcinogenic activity, although this activity may not be detectably
expressed in any or ail species. Relative 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 iii i'ii'o provide 1ess 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 el 0/., 1(92). Factors that
may lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano el 01., 1986).

When available, data relevant to mechanisms of carcinogenesis that do not invo1ve
structural changes at the level of the gene are also described.

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 epidemio-
logical studies of cancer.

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

For biologica1 agents - viruses, bacteria and parasites - other data relevant to

carcino-genicity include descriptions of the pathology of infection, molecu1ar bio1ogy

(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.

IL. SUMMARY OF DATA REPORTED

ln this section, the relevant epidemiologica1 and experimenta1 data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on p. 9 are
considered for evaluating carcinogenicity. Inadequate studies are generally not, '-
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summarized: such studies are usually identif'icd by a square-bracketed comment i n  the 
preceding text, 

Human exposure to chemicals and complex mixtures is summarized on the basis of' 
elements such as production, use, occurrence in the environment and d e t e r m i n i ~ ~ i o ~ ~ s  i n  
lrulnan tissues and body fluids. Quantitative data are given when available. Exposure ro 
biological agents i s  described in rer~ns o f  transmission, and prevalence 01' infection. 

Results of epidemiological studies that are cottsidered to he pertinent to an assessment 
o f  human carcinogenicity are sutnmarized. When relevant, case reports and corrcIation 
studies are also summarized. 

Data relevant to an evaluation of carcinogenicity i n  animals are summ;~rized. For each 
animal species and route of administration, it i s  stated whether an increased incidence ol' 
neoplasms or preneoplastic lesions was observed, and the turnour sites arc indic~~ied. It' 
the agent or mixture produced turnours after prenatal exposure o r  in single-dose experi- 
ments, this is  also indicated. Negative Findings are also summarized. Dose-response and 
other quantitative data may be given when available, 

(d )  Qrher dufci r~)levcrrzl to all rvrrllrcrtjor~ c ! f ' ~ . c r r - c ~ i r i o g ~ ~ l j i ~ . i r ~ .  irrrd irs ~ ~ ~ p ~ ~ h ~ r t r i s r n . s  

Data on biofogical effects in humans that are OF particula~- relevance arc su~~~mar i zed .  
These may include toxicological, kinetic and metabolic considerations iind tvidcnce 01' 
DNA binding, persistence of DNA lesions or genetic damage i n  exposed humans. Toxi- 
coIogical information, such as that on cytotoxicity and regeneration, receptor binding and 
hormonal and immunological effects, and data on kinetics and metabolism in experi- 
mental animals are given when considered relevdi~t to the possible mechanism of the 
carcinogenic action of the agent. The results of tests fi)r genetic and related effects are 
summarized for whole mammals, cultured mammalian cells and nonmammalian systems. 

When available, comparisons of such data i i ~ r  humans  and for animals, and parti- 
cularly animals that have developed cancer, are described. 

Structure-activity relationships are mentioned when reIevant. 

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 hu~nans, experimental animals and tissue and cell test systems are summarized within 
one or more of' the following descriptive dimensions: 

( i )  Evidence of genotoxioity (structural changes at the level of the gene): for 
example, structure-activity considerations, ;Idduct fimnation, mu~agcnici ty (cf't'cct on 
specific genes), chromosomal mutationlaneuploidy 
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(ii) Evidence of effects on the expression of relevant genes (functional changes at

the intracellular 1evel): for example, alterations to the structure or quantity of the product
of a proto-oncogene or tumour-suppressor gene, a1terations to metabolic activation/-
inactivation/DNA repair

(iii) Evidence of relevant effects on cell behaviour (morphological or behavioura1

changes at the cellular or tissue 1eve1): for examp1e, induction of mitogenesis, compen-
satory cell proliferation, preneoplasia and hyperplasia, survival of prema1ignant or
ma1ignant cells (immortalization, immunosuppression), effects on metastatic potential

(iv) Evidence from dose and time relationships of carcinogenic effects and inter-
actions between agents: for example, early/1ate 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 summarized under both the first and second dimensions, even if it were
known with reasonab1e certainty that those effects resu1ted from genotoxicity.

12. EVALUATION

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 eva1uations, described below, cannot

encompass ail of the factors that may be relevant to an evaluation of carcinogenicity. ln
considering all 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 inter-
pretation of these criteria wou Id indicate.

(a) Degrees (~tevIdencefor carcInogenIcIty In humans and In experImental

anImals and supportÙig evIdence

These categories refer on1y to the strength of the evidence that an exposure is carcino-
genic 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 eva1uation of degree of evidence, whether for a single agent or a mixture, is
1imited to the materia1s tested, as defined physically, chemically or bio10gically. When
the agents eva1uated are considered by the Working Group to be sufficiently closely
related, they may be grouped together for the purpose of a single evaluation of degree of
evidence.

(i) CarcInogenIcIty In humans

The applicability of an eva1uation of the carcinogenicity of a mixture, process,

occupation or industry on the basis of evidence from epidemio1ogical 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



22 [ARC MONOGRAPHS VOLUME 67 

considered most likely to be responsible for any excess risk. The evaluation is focused as 
narrowly as the available data on exposure and ocher aspects permit. 

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

Slsfftcient evidence of carcinogenicity: The Working 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 ruied 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 
causaf interpretation is considered by the Working 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 association, or no data on cancer in humans are available. 

Evidence suggesting lack of carcinogen icily: 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. In addition, the possibility of a very small risk at the 
levels of exposure studied can never be excluded. 

In some instances, the above categories may be used to classify the degree of evi- 
dence related to carcinogenicity in specific organs or tissues. 

(i i)  Carcinogenicity in experimental animals 

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

Suficienr evidence of curcinogetzicity : The Working Group considers that a causal 
relationship has been established between the agent or mixture and an increased inci- 
dence of malignant neoplasms or of an appropriate combination of benign and malignant 
neoplasms in (a) two or more species of animals 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 provide sufficient 
evidence of carcinogenicity when ma1 ignant neoplasms occur to an unusual degree with 
regard to incidence, site, type of tumour or age at onset. 

Limited evidence of carciaogerticity: The data suggest a carcinogenic effect but are 
limited for making a definitive evaluation because, e.g., (a) the evidence of carcino- 
genicity 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 
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agent or mixture increases the incidence only of benign neoplasms or les ions of uncertain
neoplastic potentiaI, or of certain neopIasms 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 animaIs are available.

Evidence suggesting lack of carcinogenicity: Adequate studies invo1ving at least two
species are avaiIabIe which show that, within the liITits of the tests used, the agent or
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity
is inevitabIy lImited to the species, tumour sites and Ievels of exposure studied.

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

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall eva1uation is then described. This may include
data on preneoplastic lesions, tUITour patho1ogy, genetic and related effects, structure-
activity relationships, metabolIsm and pharmacokinetics, physicochemica1 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 particuIar
mechanism is assessed, using terms such as weak, moderate or strong. Then, the
Working Group as ses ses if that particu1ar mechanism is likely to be operative in humans.
The strongest indications that a particular mechanism operates in humans come from
data on humans or biological specimens obtained from exposed humans. The data may
be considered to be especially 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, because it is at least conceivable that certain
compounds may be kept fram human use solely on the basis of evidence of their toxicity
and/or carcinogenicity in experimental systems.

For complex exposures, including occupational and industrial exposures, the chemicaI
composition and the potentiaI 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 aIso determines the extent to which the materiaIs tested in experimentaI
systems are related to those to which humans are exposed.

(c) Overall evaluation

Finally, the body of evidence is considered as a whole, in order to reach an overall
evaIuation 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 Working Group. ln addition, when supporting data indicate that other,
reIated compounds for which there is no direct evidence of capacity to induce cancer in
humans or in animaIs may aIso be carcinogenic, a statement describing the rationaIe for
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this conclusion is added to the evaluation narrative; an additiona1 eva1uation may be

made for this broader group of compounds if the strength of the evidence warrants it.

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 experimenta1 animais
and from other relevant data.

Group 1 - The agent (mixture) is carcinogenic to humans.
The exposure cIrcumstance entails exposures that are carcInogenic to humans.

This category is used when there is sufficient evidence of carcinogenicity in humans.
Exceptionally, an agent (mixture) may be placed in this category when evidence in
humans is 1ess than sufficient but there is sidjicIent evidence of carcinogenicity in experi-
mental 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 a1most sufficient, 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 epidemiologica1 and experi-
mental evidence of carcinogenicity and other relevant data.

Group 2A - The agent (mixture) is probab(v 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 some cases, an agent
(mixture) may be classified in this category when there is inadequate evidence of

carcinogenicity in humans and sujjicIent evidence of carcinogenicity in experimenta1

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 cIassified in this category solely on the basis of limIted evidence of carcinogenicity in
humans.

Group 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 IÙnIted evidence of carcinogenicity in humans and less than sufficIent evIdence of
carcinogenicIty In experimental animaIs. It may also be used when there is inadequate
evidence of carcinogenicity in humans but there is sufficIent 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
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of carcinogenicity in experimental animaIs together with supPofting evidence from other
relevant data may be placed in this group.

Croup 3 - The agent (mixture or exposure cIrcumstance) is not classifiahle as to its
carcInogenicity to humans.

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

Exceptionally, 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 experi-
mental animaIs does not operate in humans.

Agents, mixtures and exposure circumstances that do not fall into any other group are
a1so placed in this category.

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

This category is used for agents or mixtures for which there is evidence suggesting

lack (~f carcÙ10genicIty in humans and in experimenta1 animaIs. ln some 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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HUMAN IMMUNODEFICIENCY VIRUSES

1. Exposure Data

1.1 Structure, taxonomy and biology

The human immunodeficiency virus type 1 (HIV - 1) was discovered in 1983 (Barré-
Sinoussi et al., 1983) and firmly associated with the acquired immunodeficiency

syndrome (AIDS) in 1984 (Gallo et al., 1984). Later, a second virus was discovered in
West Africa (HIV - 2) that was sufficiently different from HIV - 1 in its sero10gical and
mo1ecuIar characteristics to be considered a separate, but related, virus (Clavel et al.,

1986). Initially the virus was referred to as lymphadenopathy-associated virus (LA V) or
human T -cell lymphotropic virus type III (HTL V - III); the name human immuno-
deficiency virus was established In 1986. Between 1985 and 1989, several non-human
primates were shown to harbour related retroviruses. All of these retroviruses belong to
the Ientivirus subfamily, have an RNA genome and replicate via a DNA intermediate (a
'provirus') by means of a viral RNA-directed DNA poIymerase, more commonIy caIIed
reverse transcriptase (RT). It is this 'backward' transfer of genetic information from
RNA to DNA which classifies these viruses as retroviruses. HIV - 1 and HIV -2 are the
only known human lentiviruses.

1. i. i Structure

AIl retroviruses share a simiIar overall morphoIogy, but there is variation in detai1
(Table 1). Lentiviruses contain a diploid, sing1e-stranded RNA genome within a protein
core. Each HIV - 1 virion measures approximateI y 120 nm in diameter and has a
condensed cylindrical core surrounded by a lipid membrane. The inter-relationship of the
genomic RNA, core proteins and surrounding viral envelope is schematicaIly represented
in Figure 1. The viral core is a compIex made up of RT (p55/66), endonue1ease or
integrase (lN; p32), protease (PR; plO, p12 or p151), and nue1eocapsid proteins (NC; p6
and p7) and two copies of positive strand viral RNA, aIl of which is surrounded by an
icosahedral capsid protein (CA; p24). The myristoylated matrix protein (MA; pl 7) lies
just be10w the lipid bilayer which surrounds the virion. Embedded within the lipid
bilayer are the viral enve10pe gIycoproteins: the externaI surface glycoprotein (SU;

gp 1 20) and the transmembrane glycoprotein (TM; gp4 1), which are non-covaIently asso-
ciated on the virion surface (Gelderblom, 1991; Barker et aL., 1995).

IAccording to different researchers

-31-
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Table 1. Morphological features of retroviruses

Classitication ExamplesMorphological teatures

Oncoviruses
A-type

B-type

C-type

D-type

Lenti viruses

Spumaviruses

Non-intectious, electron-dense, double shell. electron-
lucent centre
Intracytoplasmic particles: assembled core particles in
B- or D-type infections
Intracisternal particles: unknown tunctioii
Immature doughnut-shaped cores form prior to
budding. Mature cores are located ecceiitrically within
virus particles beariiig prominent envclope spikes.
No intracytoplasmic structures, immature cores;
electron-Iucent centres torm simultaneously with
budding.
A centrally located electron-dense spherical core torms
after maturation. Envelope spikes not al ways visible
Ring-shaped immature cores; electron-Iucent centres
form prior to budding. Electron-dense, eccentrically
located cores torm on maturation. Less prominent
spikes than MMTV
Immature cores form simultaneously with budding.
Upon maturation, conical shaped cores are tormed.
Electron-Iucent cores form in the cytoplasm, which
bud into extracellular medium or intracytoplasmic
vacuoles. Very prominent envelope spikes

Precursor of

MMTV

MMTv

MLV, ALV, FeLv,
HTLvs, STLVs,

BLV, GALV,
SSA V, SNV

MPMV (SRV-2)
Other SRVs

MVv, HIV-I,
HIV -2, SIV, FlV
HFV, SFVs

MMTV, mouse mammary tumour virus; ML V, murine leukaemia virus; ALV, avian
leukosis/sarcoma virus; FeL V, feline leukaemia virus; HTL V, human T-cell Iymphotropic
virus; STL V, simian T-cell Iymphotropic virus; BL V, bovine leukaemia virus; GAL V,
gibbon ape leukaemia virus; SSA V, simian sarcoma-associated virus; SNV, spleen necrosis
virus; MPMV, Mason-Pfizer monkey virus; SRV, simian retrovirus; MVv, maedi-visna
virus; HIV, human immunodeficiency virus; SIV, simian immunodeticiency virus; FlY,
feline immunodeticiency virus; HFV, human toamy virus; SFV, simian foamy virus
Adapted from Weiss el al. (1985); Cottin (i 996)

1.1.2 Taxof1om\'

Traditionally, retroviruses (family Retroviridae) have been cIassified according to a
combination of criteria including disease association, morphology and cytopathic effects
if1 vitro (Table 1; Weiss et al., 1985). On this basis three subfamilies were defined. The
oncoviruses (Greek, of1kos = mass, swelling) consist of four morpho10gical subtypes

which are associated with tumours in naturally or experimentally infected animaIs, and
non-oncogenic related viruses. The second group, the lentiviruses (Latin, lentus = slow),
cause a variety of diseases incIuding immunodeficiency and wasting syndromes, usually
after a long period of cIinica1 1atency. The third subfamily, the spumaviruses (Latin,

spuma = foam), so called because of the characteristic 'foamy' appearance induced in
infected cells Ùi vitro, have not been concIusively 1inked to any disease (Schweizer et al.,
1994; Ali et al., 1996).
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Figure 1. Schematic representation of a mature
retro virus particle
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RNA Envelope
Genomic RNA is contained within a core consisting of NC and CA
proteins, along with RT and lN enzymes which are required for the
formation of an integrated provirus following infection of a new target
cel!. MA is thought to be associated with the inner face of the Iipid enve-
lope by virtue of N-terminal myristoylation and basic amino acids,

alihough a proportion may be associated with the viral core in some
cases (see tex!). The lipid envelope is traversed by TM oligomers to
which are bound SU proteins containing receptor recognition motifs. TM
may also contact MA on the inner face of the envelope. The particle is
also assumed to contain PR, since Gag and Pol proteins are incorporated
into particles as polyprotein precursors, and mature morphology is
achieved only after proteolytic processing.
NC, nucleocapsid; CA, capsid; RT, reverse transcriptase; lN, integrase
(endonuclease); MA, matrix; TM, transmembrane; PR, protease; SU,
surface

More recent1y, the International Committee on the Taxonomy of Viruses has divided
the Retroviridae fami1y into se ven genera on the basis of genetic structure. The 1enti-
viruses and spumaviruses each constitute a genus; the oncoviruses have been subdivided
into five genera.

ln addition to their morpho1ogical classification, retroviruses have been described as
'simple' or 'comp1ex' according to their genome organization (Cullen, i 993; Figure 2).
The defining feature of comp1ex retroviruses is that in addition to gag, pol and env
structural genes, they encode genes which regulate expression of structural genes (see
Section 1.1.7). Most non-human and human primate 1entivirus, oncovirus and spuma-
virus iso1ates sa far ana1ysed are complex retroviruses (Wilkenson et aL., 1994).

1.1.3 Phylogeny

(a) Phylogenetic relatiol1ship (~f HIV-I and HIV-2 to other retroviruses

Several lentiviruses have been identified in various species of non-human primates as
weil as in other mamma1ian species. Genetically distinct simian immunodeficiency
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Figure 2. Genomic organization of human and primate lenti viruses

HIV-1

vpr vpu

HIV-2
SIVMAC

vpx vpr

SIVSMM 5'

Each genome is between 9 and lO kb in length and has a similar overall organization of
structural genes: gag, pol, env (grey), reglilatory genes (iat, rev) and accessory genes (nef,
vif vpr, vpx, vpu) (black). The vpu gene is foiind exclusively in HIV-l, while HIV-2 and the
closely related SIVs (SIV MAC' SIVSMM) have an additional gene, vpx. The genome is flanked

by identical long terminal repeat (L TR) sequences (white).

viruses (SIV) have been isoIated from African green monkeys (Cercopithecus aethiops;
SIV AGM) (Kraus et aL., 1989), sooty mangabeys (Cercocebus atys; SIV SMM) (Chen et al.,
1995; 1996), mandrils (Mandrillus sphynx; SIV MND) (Tsujimoto et aL., 1988), Sykes'

monkeys (Cercopithecus mitis; SIVSYK) (Emau et aL., 1991) and chimpanzees (Pan
troglodytes; SIV cpz) (Peeters et al., 1989). The first primate 1entivirus to be identified was
SIV MAC at the New England Regional Primate Research Center following an outbreak of

Iymphoma in rhesus (Macaca mulatta) and cynomoIgus macaques (Macacafascicularis)
(Daniel et al., 1985). SIV MAC is not naturally found in Asian macaques (Macaca mulatta)
(Lowenstine et al., 1986; Wu et al., 1991), but Its close reIationship to SIVsMM can be

expIained by the introduction of SIV sMM-infected mangabeys into primate centres in the

United States during the late 1960s and subsequent transfer of SIV into macaques. Each
SIV appears to be endemic to the respective monkey species and none has yet been
associated with disease in the natural host (Gardner et al., 1994).

Both the human and non-human primate immunodeficiency viruses exist as quasi-
species (Wain-Hobson, 1993), i.e., as a population of closely related, yet genetically
distinct, viruses which co-exist simultaneousIy in each infected host. This is a conse-
quence of the sequence diversity generated from the high rates of nucleotide evolution
(Coffin, 1986; Hahn et al., 1986). The latter results from a combination of the high error
rate associated wIth RT activity during viral RNA transcription (Ricchetti & Buc, 1990),
the extremely high turnover and the abiIity of retroviruses to undergo recombination
(Zhang & Temin, 1994).

Comparison of structural gene sequence data for human and simian Ientiviruses has
allowed anaIysis of the evoIutionary relationships of these viruses. Basing a phylogenetic
anaIysis on pol gene sequences, the primate Ientiviruses form five distinct and approxi-
mately equidistant Iineages: (1) HIV-1 and SIVcpz' (2) HIV-2, SIVsMM and
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SIV MAC' (3) SIV AGM' (4) SIV MND and (5) SIVSYK (Figure 3). Extensive genetic diversity

exists within the Iineages 1-3. For examp1e, HIV -1 falls into two distinct groups and
diverse isoIates of HIV-2 constitute another independent group. Diversity within HIV-1
is discussed be10w. Interesting1y, the two HIVs are more closely related to the nearest
primate viruses th an the y are to one another: HIV -1 to SIV cpz and HIV -2 to SIV SMM

(Hirsch et al., 1989; Huet et al., 1990).

Figure 3. Phylogenetic relationships of repre-
sentative primate lentiviruses, derived from
pol protein sequences

SIVMNOGB1 J 4

HIV.1/ANT0

HIV-11MVP5180

HIV-11U455

HIV-1/ELI

SIVAGMverTYO.1 J 3

SIVAGMgrl-1

SIVSyK173 J 5

SIVMAC251

2

HIV-21ROD

HIV-21D205

10% divergence

Numbered brackets at the right indicate the five major lineages.
Horizontal branch lengths are drawn to scale: the bar indicates
0.10 ami no acid replacements per site. The approximate position
of the root of the tree (at the left) was determined from analyses
using nonprimate lentiviruses as outgroups. The precise order of
branching of the five major Iineages (near the root) is unclear, but
bootstrap values for ail other nodes (with the exception of the
branching order of HIV -2D205 and HIV -2ROD) are in the range 99-

100%.

From Robertson et aL. (1995)

An SIVsMM evo1utionary provenance for HIV-2 is supported by their gene sequence

relatedness (Gao et al., 1992) and by ecoIogical and social considerations: sooty man ga-
beys, of which 30% are SIV-infected, are indigenous to West Africa, where HIV-2 is
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endemic. The human population is frequently exposed to SIV -infected monkey blood,
since sooty mangabeys are hunted for food and kept as pets. Genetic characterization of
diverse SIV SMM isolates collected from a feraI sooty mangabey troop suggests that each

HIV-2 subtype found in West Africa originated from widely divergent strains of the
simian virus, transmitted by multiple cross-species events in the same geographical

region (Chen et al., 1996). Since most chimpanzees in the wild appear to be seronegative
for SIVcpz' there is less evidence for a similar transfer of HIV - 1 from chimpanzees.

(h) Relationship af HIV-I and HIV-2 isolates to one another

(i) Genotypes

Sequence analysis of the env, gag and tat genes from diverse geographical iso1ates of
HIV -1 has revea1ed that the sequences cluster into two major groups: M, into which aH
the earliest known isolates fall, and a genetically distant and more diverse group con-
taining more than 35% nucleotide differences, termed '0' for outlier (Gürt1er et al.,
1994: van den Haeseve1de et aL., 1994). Phylogenetic analyses of Group M sequences
have revealed eight subgroups. designated A through H, also called clades (Greek, klmlos
= branch) (Myers et aL., 1991) or sequence subtypes (Myers, 1993). The term 'genotype'
has also been used (Ou et al., 1(93) to describe a distinct cluster of geneticaHy related
variants within a subtype (McCutchan et al., 1991, 1992; Bobkov et al., 1(96) (see
Figure 4).

Figure 4. Phylogeny of primate lentiviruses

SIVMN

HIV-l

J group 0HIV-l

SIV CPz GA

HIV-l/A J

HIV-l/B group M

HIV-l/D

SIVAGM gri

SIVAGMVer

SIV sn

HIV-2/A

HIV-2/B

SIV SM

Within the HIV - i group M ihere are at least eight dilterent
sequence subtypes (A-H), of which jusl three are shawn: within
the HIV-2 group there are five known subtypes (A-Ei and
within the SIV"", group there are four lineages.
From Sharp et al. ( 1995)

Clade B is widespread and dominant (almost exclusive1y) in homosexual men and
intravenous drug users throughout North America (Jain et aL., 1 (94) and Europe. With
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the exception of F, clades A-H have been identified in sub-Saharan Africa (Jain et al.,
1994). Clade F has been identified only in Brazi1 and Romania (Dumitrescu et al., 1(94).
Clade E is currently being transmitted heterosexually in Thailand (Jain et al., 1(94); a
clade B variant (B') is circiilating in Brazil (potts et al., 1993) and, besides southern
Africa, clade C is found in India (Grez et al., 1994). Moreover, more than one HIV-I
clade is found in some cOLIn tries: in Uganda, clades A to D predominate over clade G
(Kaleebu et al., 1995); in Brazil, clades B, B', C and F have been identified. while in
Thailand, clade A circulates alTong heterosexuals and clade B in intravenous drug users
(Ou et al., 1(92).

Five clades (A-E) of HIV -2 have been identified (Gao et al., 1(94), but current1y
only clades A and B comprise more th an one isolate.

(ii) Aiitiienic diversity

Although there is extensive IIterature on the genetic diversity of HIV - 1 strains, 1ess is
known about antigenic diversity. It is clear that sequence data do not translate direct1y
into antigenic information. A principal antigenic determinant of the virus envelope
protein which elicits the greatest neutra1izing antibody response is an epitope in the third
variable domain of gp 1 20, commonly called the V3 loop (Moore & Nara, 1991). A large
number of HIV - 1 V3 sequences have been reported, but it is still unclear how many
distinct antigenic subtypes (also known as serotypes) exist.

HIV -1 neiitra!ization assays were initially carried out using laboratory-adapted viral
strains and immortalized T-cell lines (Weiss et al., 1986). Primary iso1ates may have
neutra1izing phenotypes which are qualitative1y and quantitatively different from T-cell
line-adapted viruses. Viral diversity defined in terms of neutralization of field isolates
propagated in periphera1 blood mononuc1ear cells (PBMCs) remains to be determined,
and may weil be an important consideration in the development of a uni versally effective
vaccine.

1.1.4 Host range

ln addition to humans, HIV - 1 and HIV -2 can infect sorne non-human primates (see
Section 3.1).

1.1.5 Cel! tropism

A distinguishing feature of HIV- 1 and HIV -2 is their abi1ity to infect CD4+ T-lym-
phocytes and macrophages. Indeed, it was this early observation that 1ed to the
identification of the cell differentiation antigen CD4 as the receptor for HIV - 1 entry into
cells (Dalgleish et al., 1984; K1atzmann et al., 1984). All strains of HIV - 1 and HIV -2 can
infect periphera1 blood CD4+ lymphocytes (T-he1per cells), but the extent to which
immorta1ized or leukaemic T-cell IInes are infected varies from strain to strain (Evans
et al., 1987).

Most primary HIV - 1 strains (not adapted to propagate in T-cell 1ines) infect macro-
phages, although the 1imited extent of rep1ication of sorne strains may necessitate co-
cultivation of the macrophages with PBMCs to allow detection of the virus (Schrier
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et al., 1990). Antigen presenting cells such as dendritic and Langerhans' cells may be
important in mucosal and sexual transmission of HIV -1 (Pope et al., 1994).

Since the identification of CD4 as the receptor for HIV -1 and HIV -2, it has become
apparent that the virus is aIso capable of limIted infection of certain CD4 + cells, including
fibrob1asts, glial cells and rhabdomyosarcoma cells (Clapham et aL., 1991). The cellular
tropism of HIV -1 appears to be determined primarily by Its enveIope, although other
regions of the virus genome, e.g., vpr, may aIso have an influence. The identification of
members of the seven-transmembrane G protein-coup1ed receptors which act as co-
receptors he1ps to exp1ain the cellular tropisms of HIV -1 (Alkhatib et al., 1996; Deng
et al., 1996; Drajic et al., 1996; Feng et al., 1996).

1.1.6 Target tissues

(a) Lymphoid tissue

HIV -1 10calizes in lymphoid tissue early in the course of infection (BiberfeId et al.,
1985; Tenner-Rácz et al., 1985; Pantaleo et al., 1993a). The presence of HIV-1 in Iym-
phoid tissues throughout infection has been confirmed by in-sItu methods (Embretson
et aL, 1993). It remains uncertain whether HIV-1 infects other th an lymphoid cells
(Panta1eo et aL., 1993b).

(h) Central nervous system

HIV -1 frequently affects the brain. The microglial cells are the main location for viral
rep1ication in the central nervous system, aIthough astrogliaI cells may be abortively
infected (Shaw et aL., 1985; Epstein et al., 1991; Donaldson et al., 1994). However, there
is controversy as to whether the productively infected cells of the brain are the resident
microglia or are derived from invading macrophages.

(c) Gastrointestinal tract

HIV -1 iso1ated from the gastrointestinal tract of infected subjects has been reported to
be biologically and mo1ecuIarly different from viruses isolated from the peripheral bIood
of the same patient (Barnett et al., 1991). ln addition to lymphocytes and macrophages of
the lamina propria (SmIth, 1994), Nelson et al. (1988) reported HIV -1 to infect columnar
epithelial cells and entero-chromaffin cells. Other investigators have failed to confirm
these findings (DuPont & Marshall, 1995).

1.1.7 The HIV-l and HIV-2 genome and gene products

The three major genes of HIV-1 and HIV-2 are the gag, env and pol genes, which
initially give rise to polyproteins (respectively Pr55gag, prl60gag-pot and gp160) that are

further processed to yield the structural proteins of the virus and enzymes (see Section
1.1.1 and Figure 1).

The gag gene products MA, CA and NC, the pol gene products PR, RT and lN and
the env gene products SU and TM are aIways present in the same 5'-3' order. ln addition,
there are regulatory genes (tat, rev) and four accessory genes (nef, vif vpr, vpu). ln the
proviral state, open reading frames are flanked by long terminal repeat (L TR) sequences
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(Figure 2). These contain promoters of gene expression and specific enhancer e1ements
which control viral gene expression and which are themselves influenced by cellular
transcriptionaI proteins.

(i) Structural proteins (Gag, Pol, Env)

The primary product of the gag gene is a precursor polypeptide, p55, which under-
goes systematic cleavage from its NHi-terminus to yield the myristoylated MA, pl7, and
two antigens of the virus core: the CA, p24 and the PR, pl 5 or pl 4 (Levy, 1993). The
latter is further processed into p7 and p6 (Barker et aL., 1995).

Enzymes which catalyse steps in the virus lifecycle are cleaved from the Gag-Pol
polyprotein, Pr 1 60gag-po! during virion morphogenesis. These are (i) the mature form of
PR, composed of 99 amino acids with a molecular weight of 10 kDa (Katz & Skalka,
1994) and belonging to the category of aspartic proteinases, on the basis of the conserved
Asp-Thr/Ser-G1y motif at the active site (Loeb et al., 1989; Luciw, 1996); (ii) RT, which
transcribes the viral RNA to DNA, and which has associated RNAse activity to degrade
RNA/DNA hybrid molecuIes (Baltimore, 1970; Temin, 1976); (iii) lN, which resuIts
from the COOH-terminal of prl60gag-rol to yield a 32 kDa protein with DNA cleavage and
strand transfer activity, catalysing the covalent linkage of doubIe-stranded DNA into the
host genomic DNA (Luciw, 1996).

The initial envelope precursor protein gp 160 is cleaved by a cellular protease to
produce a mature gIycosylated NHi-terminal protein gp120 and the external spike
glycoprotein gp41, which remain non-cova1ently linked (Figure 1) (reviewed by Moore
et aL., 1993). The extracellu1ar part of gp120 contains the binding site for the CD4
receptor, as well as the hypervariab1e region of about 36 ami no acids refeITed to as the
V3 loop (Freed et aL., 1991) (see Section 1.1.3). The gp 41 TM protein anchors gp120 in
the viral lipid membrane and contains a hydrophobic peptide at its amino-terminus that is
involved in membrane fusion.

(ii) Regulatory proteins (Tat, Rev)

The HIV - 1 and HIV -2 genome encodes the major regulatory proteins Tat and Rev
(reviewed by Peterlin, 1995; Luciw, 1996). Both are expressed from muItipIy spIiced
viral transcripts produced early after infection. Neither are packaged into virions and
both are essential for virus replication.

The tat gene is bipartite, in that it has two coding exons, one 10cated in the central
region of the genome between vpr and env (Figure 2), the other overlapping the
translation frames of rev and gp41. The 14 kDa Tat protein is localized in the nucleus by
means of an arginine-rich nuclear localization signal within its basic domain. ln the
nucleus, Tat interacts with a stem-100p RNA structure in the L TR, designated the trans-
activation response (T AR) element. Tat is essentiaI for viral rep1ication and acts to
increase the steady-state levels of viral transcripts ( for both structural and reguIatory

viral proteins) initiated in the L TR.

Viral structural protein expression is additionally regulated by the product of the rev
gene. Rev is an essential 19 kDa protein which facilitates the appearance of partially
spliced and unsp1iced transcripts in the cytopIasm. ln the absence of Rev, onIy multiply
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spI iced transcripts are translated, so that no structural proteins, enzymes or genomic
RN A can be packaged into the virus particIe.

Rev, in keeping with its involvement with the sp1icing machinery, is located in the
nucleo1us. By binding to viral RNA at the Rev response e1ement (RRE), Rev effective1y
shifts the balance from multiply spliced transcripts (encoding Tat, Rev, Nef and Vpr in
the early stages of the virus rep1ication cycle) to both unsp1iced and singly spliced

transcripts which encode the viral structural proteins at a 1ater stage in infection (Cullen,
1991 ).

(iii) Accessory proteins (Nef; V(l; Vpr, Vpu)

The role of the accessory proteins has been reviewed (Cullen, 1994; Hahn, i 994;
Subbramanian & Cohen, i 994; Trono, 1995).

Nef, the first viral protein to be expressed, is a 25-30 kDa protein which is predo-
minantly localized in the cytop1asm and inner surface of the membrane in infected cells
(Yu & Fe1sted, 1992). Nef appears to be mu1ti-functiona1: it down-regulates expression
of the CD4 receptor in infected T-cells (Garcia & Miller, i 991; Aiken et al., 1994), as
indeed do Vpu and gp 1 20, although the mechanism is uncIear. Since the rate of CD4
endocytosis increases in the presence of Nef, it may be that Nef acts directly or indirectly
via a cellular factor, to trigger removal of CD4 by endocytosis (Benichou et aL., 1994),
thus preventing subsequent re-infection of cells already harbouring virus (Karn, i 99 1).
The effects of Nef in vivo and in vitro are in sharp contrast. Deletion of nef appears to
have little effect on infection by HIV - 1 in T -cell lines (Cullen, 1994). However,

macaques infected with SIV isolates expressing truncated Nef proteins maintain low-
leve1 viraemIa and remain healthy, but if full-length Nef operates (due to a premature
stop codon in SIV MAC21lj)' high-leve1 viraemia and disease develop (Kest1er et al., 1991).

The vpr gene product is a 15 kDa oligomeric protein expressed from a singly sp1iced
mRNA (Cohen et al., 1990a,b; Zhao et al., 1994). HIV -2 and most SIV strains carry an
'idditional gene, vpx, which shares sequence homo1ogy with vpr, such that it has been
suggested that vpx arose from vpr by gene duplication (Tristem et al., 1992). Both Vpr
and Vpx are packaged within the virions and by e1ectron microscopy appear to be 10cated
outside the core structure (Wang et al., 1994). Vpr induces difterentiation and growth
arrest in sorne tumour cell lines, even in the absence of other viral proteins (Rogel et al.,
1995). ln terms of its effect on HIV rep1ication, Vpr appears to enhance virus production
in primary macrophages and, to a 1esser extent in sorne T-cell 1ines (Hattori et al., 1990;
Connor et al., 1995). Mutation in the nuclear loca1ization signal of both the matrix
protein p 17 and Vpr of a macrophage tropic clone of HIV - lIed to a lower viral rep1i-
cation rate in macrophages and weakened the loca1ization of uncoated viral complexes in
the nucleus. Thus, pl 7 and Vpr appear to be able to mediate efficient nucIear importation
of the pre-integration comp1ex into non-dividing cells (Bukrinsky et al., 1993;
Heinzinger et al., 1994). Vpr can also block the proliferation of human rhabdomyo-
sarcoma cells and induce differentiation to muscle cells (Levy et al., 1993a).

Vif, a 23 kDa cytop1asmic protein, is also essential for viral replication (Michaels
et aL., 1993). ln the absence of Vif, HIV -1 virions have abnormal morphology (Borman
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et al., 1995) and have much reduced capacity to synthesize proviral DNA following
infection of new target cells (Sova & Volsky, 1993).

HIV - 1 and the related SIV CPZ contain a vpu gene (Myers et al., 1994), the 16 kDa

phosphory1ated product of which is localized in the perinuclear region of infected cells
and is thus associated with the endoplasmic reticulum/Golgi system. Vpu-deficient HIV-
1 mutants continue to replicate in CD4 + T-cell lines, primary T-Iymphocytes and
macrophages, but at a reduced titre due to accumulation of virions in intracytoplasmic
vesicles (Klimkait et al., 1990). HIV -2 and other SIV s than SIV CPZ lack a vpu gene, but

its function is probably encoded elsewhere in the genome.

1.1.8 Replication

Infection by HIV is initiated when virus binds to the CD4 receptor on a target cell by
means of the viral enve10pe glycoprotein, gp 1 20 (Dalgleish et al., 1984; Klatzmann
et al., 1984; K1asse et aL., 1993). This binding triggers a conformationa1 change in the
Env glycoprotein to expose the TM protein, gp4 l, resulting in fusion, possibly mediated
by the co-receptor, between the virus and the host cell membrane (Weiss, 1993a). HIV - 1
and HIV -2 enter the cell via a pH-independent mechanism (McClure et al., 1990). After
fusion, the viral core is re1eased into the cell and single-stranded RNA, still associated
with capsid protein, is converted to double-stranded provira1 DNA through the poly-
merase and ribonuc1ease H activities of the viral reverse transcriptase.

The newly formed pre-integration complex enters the nucleus and the viral DNA
integratcs randomly in the host cellular DNA. This proviral DNA acts as a temp1ate for
the production of viral RNA progeny. Transcription of the viral genome is driven by a
promoter in the 5' L TR of the integrated provirus, resulting in the production of RNA
mo1ecules. These in turn serve both as messenger for synthesis of new viral proteins and
as genomic RNA. Tat augments leve1s of viral RNA by increasing transcriptional
initiation and/or elongation, and Rev regu1ates sp!icing and transport of viral RNA from
the nucleus to the cytoplasm (reviewed by Cullen, 1993). Genomic RNA is subsequently
packaged into virions which then bud at the surface from the cell membrane. As the
virion matures, Gag and Gag-Pol polyproteins are c1eaved by the viral protease into sub-
unit proteins, resulting in the mature virion which is directed to the cell surface by the
amino-termina1 myristoylation of Gag (Smith et al., 1993a). The virion is then re1eased
from the cell surface and this completes the life cycle (Figure 5).

1.2 Methods of detection

ln this section, HIV refers to both HIV - 1 and HIV -2, unless otherwise specified.

1.2.1 Antihodr tests

The confirmed presence of HIV antibodies is considered to represent current infection
because as with other human retroviruses, once acquired, infection is lifelong. An
antibody test for HIV - 1 was first 1icensed in 1985, about two years after the virus was
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Figure 5. Retrovirus lire cycle
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first isolated and identified as the causal agent for AIDS. The most widely used antibody
tests for diagnosing HIV infection are enzyme-linked immunosorbent assays (ELISAs),
with confirmation by western blot anaIysis.

(a) ELISA

Disrupted virions, purified from HIV - 1 - infected T -cells, were used as the antigen
source in first-generation ELISAs. These partially purified antigens reacted with anti-
body to proteins from envelope (gp 1 20 and gp41), core (p24) and reverse transcriptase
(p55) regions of the virus. Early antigen preparations were often contaminated with non-
viral antigens such as those originating from the major histocompatibility complex
(MHC) expressed by the infected T-cells.

Sensitivity and specificity were substantially improved in second-generation ELIS As
with the introduction of recombinant viral proteins or synthetic peptides. HIV - i and
HIV -2 are simultaneously detected in more sensitive third-generation ELISAs, also based
on synthetic peptides of HIV or recombinant proteins (Simon et al., i 992; Barbé et aL.,
1994).
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(b) Western blot analysis

ln the western bIot assay, enzyme-conjugated anti-human antibody is then used to
detect membrane-bound HIV -specific antibody, observed as bands on the membrane
corresponding to an antibody response to HIV proteins. The Centers for Disease Control
(CDC; Atlanta, GA; United States of America) recommend that at 1east two bands
corresponding to Gag and Env proteins must be reactive before a specimen can be
c1assified as HIV - 1 or HIV -2 antibody-positive (Centers for Disease Control, 1989a).

(c) Indeterniinate HIVantibody results

Sera that do not meet the above criteria but exhibit reactivity to one or more bands are
c1assified as 'indeterminate'. The proportion of serum sampIes that are repeatedIy
reactive on ELISA testing but interpreted as indeterminate by western blot anaIysis
varies according to geographical region (Centers for Disease Control, 1989a).

HIV - 1 indeterminate western b10ts can be seen in the early stages of HIV - 1 infection

(Gaines et al., 1987; Ranki et al., 1987; Sloand et aL., 1991) and throughout HIV-2
infection (Centers for Disease Control, 1 989b). Indeterminate western b10t patterns have
rarely been found in healthy people with no identifiable risk for HIV infection (Dock
etal., 1991; Celum et aL., 1991), such as 1eprosy patients and pregnant women (Kasha1a
et al., 1994).

Further viro10gical and immunological investigations such as HIV culture, quantifi-
cation of p24 antigen and polymerase chain reaction (PCR) investigations cán be used to
diagnose HIV infection in individuals with indeterminate western bIot results and a rele-
vant exposure history (see Section 1.2.2).

(d) Undetectable HIVantibody

As with other infections, there is a delay between exposure and the deveIopment of
antibodies (seroconversion), described as a 'window period'. Although antibodies to
HIV - 1 detectable by current ELISA may deveIop within weeks after infection, the usual
public health practice is to retest 3-6 months after presumed exposure (Petersen et aL.,
1994). The duration of the window period is variable and may be influenced by the mode
of transmission, infectious dose and the host immune response. Improvement of ELISA
has greatIy reduced the window period.

(e) Diagnosžs of HIV infection in infants
The serological diagnosis of HIV infection in children born to mothers with HIV

infection is complicated by the passive transfer of maternaI anti-HIV IgG antibodies to
the baby. These antibodies dec1ine steadily but can be detected for up to 15 months, so
that standard seroIogical assays cannot confirm or exc1ude HIV infection in the infant
until then. The detection of IgA antibodies, which can only originate from the child
(Livingston et al., 1995), and seriaI testing to detect a rise in antibody titre after the initial
faIl during the first six months of Iife (Palasanthiran et al., i 994), have been used to
make an earlier diagnosis. However, where facilities exist, HIV infection is diagnosed in
such infants by direct detection of HIV by culture and/or peR on two occasions
(McClure et al., 1996; McMichaeI et al., 1996).
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Tests for HIV -specifie antibodies remain usefu1 for large-scale perinatal testing and in
deve10ping countries without facilities for viral culture or PCR analysis. To confirm that
an infant is infected with HIV, antibody 1evels shou1d be monitored to see if they persist
beyond the first 15 months of 1ife.

(j Detection qtantibodies in saliva

Testing for HIV antibody in saliva specimens has been shown to be a rehab1e

technique for surveillance studies in populations with high preva1ence of infection

(Behets et al., 1991; van den Akker et al., 19(2). The methods of collection of saliva
specimens influence the detection of HIV antibody; therefore, these methods have not
been recommended for individua1 diagnostic purposes (WHO, 1993).

1.2.2 Di rect detection ot H IV

Many of the problems encountered in antibody-based diagnosis of HIV infection,
such as long seroconversion periods. the presence of cross-reactive antibody to non-viral
proteins and diagnosis of HIV infection in neonates with maternaI antibody to H1V, can
be overconie by using techniques that detect virus or viral products direct1y.

HIV diagnosis is intluenced by the amount of HIV present in the bio10gical specimen
tested. Table 2 shows how HIV load in various body fluids can vary dramatically.

Viral load varies greatly according to the stage of infection. ln people recently

infected with HIV and in those who have progressed to AIDS, viral load is high. Compa-
ratively low leve1s of virus are found in asymptomatic individua1s.

(a) Viral culture

Isolation of HIV by viral culture invo1ves the co-culture of PBMCs with phytohae-
magglutinin (PHA)-stimu1ated lymphocytes from an uninfected donor or a susceptible
uninfected laboratory cell line (Feorino et al., 1987). The presence of virus is then
detected by measuring RT activity or p24 antigen.

Viral culture can take between two and four weeks to complete, requires experienced
laboratory personnel to handle infectious material and is expensive.

(h) p24 Antigen

A quantitative p24 antigen capture assay has been deve10ped, using a modified

ELISA in which specific anti-p24 antibody is fixed to the wells of a microtitre plate so
that free p24 antigen in serum is 'captured. Enzyme-conjugated antibody specific to p24
is then added and the presenee of immune complexes is visualized by a standard colour
reaction.

The p24 antigen assay can detect HIV infection in sorne but not aIl recently exposed
people before seroconversion. As antibodies to HIV develop, immune complexes form
and p24 1evels become low or undetectable. Late in the course of HIV disease, p24
antigen again becomes detectable.
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Table 2. Representative data on isolation of HIV -1 from
body fluids

Source No. of specimens
with virus isolatedl
total speci mens

Estimated
quantity of HIV"

Free virus iii Iluid
Plasma
Tears
Ear secretions
Saliva
S weat
Faeces
Urine
Vaginal and cervical tluid
Semen
Milk
Cerebrospinal tluid

Infected cells in tluid
Peri pheral blood mono-

nuclear cells
Saliva
Bronchial tluid
Vaginal and cervical tluicl
Semen

33/33
2/5
1/8

3/55
0/2
0/2
1/5

5/16
5/15
1/5

21/40

1-5000"
0( 1

5-10
0( 1

0( 1

0( 1

10-50
0( 1

10-10000

89/92 0.001-1 %

4/1 1

3/24
7/1 6

11/28

0( 0.01 %

ND"
ND"
0.01-5%

From Levy (1993)
"For cell-free f1uid, quantlties are given as infectious particles per
millilitre; for infectecl cells, quantities are the percentage of total cells
infected.
¡, High levels associated with symptoms ancl advanced disease
, -, no virus cletected

" ND, not clone

Acid dissociation of immune complexes in serum specimens increases the sensitivity
of the p24 assay (Bollinger et al., 1992).

(c) Detection of viral genomes

PCR and other nuc1eic acid amplification methods offer an alternative technique to
cell culture for the detection and quantification of HIV in plasma or PBMCs. It is usefu1
for diagnosing HIV infection in people at high risk for infection who remain antibody-
negative, in people at low risk with an indeterminate western b10t and in infants in whom
maternaI antibody is still present. Quantitative PCR is increasing1y used to guide therapy;
PCR is also used to detect mutations, inc1uding those which confer drug resistance.

(d) HIV quantification

The viral load can be quantified by viral culture and by nuc1eic acid detection

methods (PCR, branched PCR, RT-PCR and nuc1eic acid sequence-base amplification).
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The latter have the advantage of speed (2-3 h) and sensitivity (:: 50 copies of HIV RNA
can be detected per microlitre of plasma) (Holodniy et al., 1991; Piatak et al., 1993). ln
developed countries, viral load measurements are being introduced into routine patient
management (see Section 1.4.2).

1.3 Epidemiology of HIV infection

ln this section, HIV refers to HIV - 1 unless otherwise specified.

1.3.1 HIV transmission

The three primary routes of HIV transmission - sexual intercourse, blood contact
and from mother to infant - were proposed on the basis of AIDS case reports, even
before the identification of this virus as the causative agent for AIDS. The appearance of
AIDS first in homosexual men (Gottlieb et al., 1981) suggested the possibility of sexual
transmission, and its occurrence in recipients of blood and bIood products (Anon., 1992a)
and intravenous drug users (Small et al., 1983) pointed strongly to transmissibility by
bIood contact. Once tests for detecting HIV antibodies became availab1e in 1984, routes
of transmission were established through identification of pairs of individuals with HIV
antibody who were Iinked by a specific form of contact, such as blood donor-recipient,
mother-child and members of the same sexual partnership.

(a) Sexual contact

There is extensive documentation of HIV transmission from man to woman and
woman to man through vaginal and anal intercourse that is unprotected (i.e., without
condom), and from man to man through unprotected anal intercourse. The risk of
transmission associated with a single episode of unprotected intercourse appears to be
highly variable and dependent on a number of factors (Mastro & de Vincenzi, 1996).
Probably most important such factors are the disease stage of the infected partner (de
Vincenzi, 1994; Nicolosi et al., 1 994a,b), which determines the amount of virus present
in body fluids (Anderson et al., 1992), and the presence of genital infection (Plummer
et al., 1991; Laga et al, 1993; Telzak et al., 1993), particularly genital ulcerative disease
(Cameron et aL., 1989). Other factors which have been less conclusively associated with
an increased risk of transmission are lack of male circumcision (Cameron et al., 1989;
Hunter et al., 1994), cervical ectopy (Moss et aL., 1991), intercourse during menstruation
and older age for exposed women (European Study Group on Heterosexual Transmission
of HIV, 1992). There may be an association between susceptibility to infection and
specifie HLA subtypes (Rowland-Jones et aL., 1995). The likelihood of HIV transmission
per episode of sexual contact appears to be somewhat higher from man to woman than
from woman to man, and anal intercourse presents a higher risk than vaginal intercourse
for the receptive partner (de Vincenzi, 1994).

ln the largest prospective study carried out to date (de Vincenzi, 1994), the

cumulative risk of sexual transmission over the 20-month follow-up period of the study
for couples practising unprotected intercourse was 13% from man to woman and 11%
from woman to man. The transmission risks per episode were around ill 000. A striking
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feature of this study was that no transmission occurred among the 124 couples who
consistently used condoms during sexuaI intercourse. Transmission risks per unprotected
episode have been higher in studies of heterosexual partners from developing countries
and in studies of homosexual men (Mastro & de Vincenzi, 1996). (The Working Group
noted that sorne studies using a range of methodo10gies have found severa1-fold higher
transmission risks than this study.)

A few cases of HIV transmission through pen ile-oral intercourse to the receptive

partner have been reported (Mayer & DeGrutto1a, 1987; Rozenbaum et al., 1988) but
such transmission is thought to occur much less frequently than transmission by vaginal
or anal intercourse.

HIV infection can occur through artificiaI insemination (Stewart et al., 1985).

(h) Blood contact

The most efficient mode of HIV transmission ls through direct bIood-to-b10od
contact. ln retrospective studies of people transfused with HIV -infected blood,

transmission rates were essentially 100% (Donegan et al., 1990). ln a number of
countries, the prevalence of HIV infection among haemophiliacs reached high 1evels due
to the use of contaminated bIood products before the introduction of systematic screening
and heat treatment of donations. Transmission in the health care setting has also been
documented following minor skin injury with needIes and from splash exposure to
mucous membranes. Overall, the risk of transmission following percutaneous or mucous
membrane exposure to an HIV-infected source via occupationa1 injury has been
estimated to be around 0.3% per episode (Henderson et al., 1990). However, the rate of
transmission to health care workers who suffer a deep injury from a hollow-bore needIe
containing HIV -infected blood is much higher (Anon., 1995). HIV infection is aIso
efficiently transmitted by organ transplantation.

Iatrogenic transmission of HIV infection has been minimized in deveIoped countries
and many developing countries through the use of procedures to defer (exclude) b100d
donors at risk of HIV infection and universal screening of blood and tissue donations for
HIV antibody (Franceschi et al., 1995a). However, a small number of cases of
transmission still occur when a newly infected donor has not yet developed a detectable
Ievel of HIV antibody (Ward et al., 1988). ln a number of deve10ping countries, the
bIood supply is not yet universally screened. ln South Africa, 80% of HIV -positive
donations came from first-time donors, and one approach has been to use only heat-
treated bIood products from first-time donors (Sitas et al., 1994).

The other major pathway of blood-borne transmission is through the re-use of
injecting equipment and reIated materiaI by intravenous drug users (Friedman & Des
Jarlais, 1991). The immediate re-use of a needle and syringe after they have been used by
an HIV -infected person is an efficient means of transmitting the virus. Less c1ear is the
extent to which the risk of transmission reduces with the time elapsed between use and
re-use of the injecting equipment and by various methods of cleaning the equipment.
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(c) Mother-to-child transmission

Between 15% and 35% of babies born to HIV-infected women acquire the infection,
the risk depending on a range of factors which vary across population groups (Peckham
& Gibb, 1995). As with sexual transmission, a key predictor is the HIV disease stage in
the mother (European Collaborative Study, 1992), which is associated with viral 10ad
(Roques et al., 1993). Breast-feeding is a strong independent risk factor, as shown by
studies of women who became infected post-partum, either by blood transfusion (Ziegler
et al., 1985) or sexually (Van de Perre et al., 1991) and of chi1dren of women already
infected at the time of delivery. The majority of studies have found that de1ivery by
Caesarian section reduces the risk of mother-to-child transmission (reviewed by the

European Collaborative Study, 1994), suggesting that most transmission occurs during
passage through the birth canaL. This is supported by studies of twins in which the first-
born twin has the higher risk of HIV infection (Goedert et aL., 1991).

(d) Other modes of transmission

There is no evidence that HIV transmission can occur through routes other than those
described above (Friedland et al., 1990; Gershon et al., 1990; Anon., 1994). Although it
is impossible to prove that a specifie form of contact carries a zero like!ihood of

transmission, studies of the househo1d and casua1 contacts of people with HIV infection
have not revealed any risk of HIV transmission. Similarly, there is no evidence that
mosquitoes, bed bugs or other arthropods act as vectors of HIV between humans.

Severa1 well documented pairs or groups of cases of HIV infection are 1inked both
epidemio10gically and through molecu1ar typing, but the specific mode of transmission
has not been ascertained (Ciesic1ski et al., 1992; Chant et al., 1993; Fitzgibbon et al.,
1993). it is believed that these cases represent unknowing or unacknow1edged blood
contact rather th an evidence for new modes of transmission.

1.3.2 Geographical distribution

Assessment of the epidemiological pattern of HIV infection was initially based on
AIDS case reporting (Buehler et al., 1989). Since i 985, when HIV antibody testing
became widely availab1e, case reporting of HIV diagnoses (McDona1d et al., 1994) and
sero10gical surveys for HIV antibody in population subgroups (Dondero et al., 1988)
have comp1emented AIDS case reporting as mechanisms for monitoring the occurrence
of HIV infection. Across geographical and administrative areas, there has been a wide
variation in the specific approaches used for epidemio1ogical surveillance of HIV
infection, depending on a range of economic, politica1, cultural and ethica1 consi-
derations. It is therefore difficult to compile an accurate and current picture of the HIV
epidemic as it has spread around the world. Sorne countries, particularly those of the
deve10ped world, have produced national consensus reports on past and predicted
patterns of HIV infection, while for other countries, there has been a re1iance on esti-
mates made by international bodies, such as WHO.

No single approach to epidemiological monitoring of HIV infection is fully satis-
factory. Compilation and ana1ysis of AIDS case reports only provide an indication of
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past HIV infection patterns, because of the long and variable interva1 between the acqui-
sition of infection and development of AIDS. AIDS case counts are a1so prone to
substantial under-enumeration, because of reliance on individual medica1 practitioners to
diagnose and report cases centrally. On the other hand, the occurrence of AIDS is
generally a severe and life-threatening condition which almost always results in contact
with the health system, thereby providing unbiased data in relative, if not absolute, terms
within a population and over time. Surveillance based on HIV diagnosis suffers from its
dependence on the extent of HIV testing and may be biased by variation in the leve1 of
testing across population subgroups. It can nevertheless provide an indication of trans-
mission patterns earlier than would be availab1e from AIDS case reports. 80th AIDS and
HIV reporting are difficu1t to implement on a routine basis in countries with limited
resources.

Sero10gical surveys for HIV antibody have been carried out in some countries on a
routine basis (Gill et aL., i 989; Dondero & Gill, 1991; Ministry of Public Health, 1994),
while in other countries they are implemented occasionally. Provided samp1ing frames
are carefully chosen, such surveys can provide good estimates of HIV prevalence (and,
with more difficulty, incidence) in selected population subgroups. Groups included in
sero10gica1 surveys have generally been either people considered to be at e1evated risk of
HIV infection, such as homosexual men, sexually transmitted disease clinic attendees,
sex workers (prostitutes), intravenous drug users or prisoners. More representative of the
general population may be people who are easily accessible within the hea1th system or
sorne other institutional setting, such as pregnant women, hospita1 in-patients, b100d
donors (who are now universally tested for HIV antibody in man y countries) and mi1itary

recruits and serving personneL.

(a) Global estima tes and projections

At the end of 1995, WHO re1eased a comprehensive set of estimates of HIV pre-
valence in adults by country (WHO, 1995), a10ng with the Organization' s routinely
pub1ished counts of reported AIDS cases. The prevalence estimates (see Table 3) were
provided by national bodies or expert groups in each country or were calculated by WHO
if current national estimates were not availab1e. The picture that emerges is one
dominated by sub-Saharan Africa, where the HIV epidemic is believed to have started.
The proportion of adu1ts estimated to have HIV infection is above 14% in Malawi and
Uganda and 17% in Zambia and Zimbabwe. Among the deve10ped countries, the United
States and Spain have the highest prevalence rates of HIV infection among adu1ts, above
0.5%, while rates in other developed countries range down to below 0.05%. Apart from
Cambodia, Myanmar and Thailand, with prevalence rates of 1.5-2.0%, HIV prevalence
remains low in Asia, but India is now estimated to be the single country with the greatest
number of people living with HIV infection.

Mathematica1 models have been used to carry out projections of the future course of
the HIV epidemic globally, on the basis of available data and assumptions about future
trends in transmission rates. These models predict that in the years up to 2000, there will
be a declining annual incidence of AIDS in North America and Europe, a stable or
sIightly declining incidence in Africa and a sharply rising incidence in Asia (Chin, 1995).
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By 2000, it is predicted that Asia will have over i.3 millon new infections per year,
compared with 800 000 in Africa and i 00 000 in North America and western Europe.

Table 3. Estimated prevalence of HIV infection among adults, in selected
countries, at the end of 1994

Country Number % Country Number %

North America Greeee 5 000 0.098
Canada 30 000 0.19 Hungary 3 000 0.058
United States 700 000 0.52 Ireland 1 700 0.094

Caribbean Italy 90 000 0.31
Cuba 1300 0.021 Netherlands 3 000 0.036
Dominiean Republie 40 000 1.0 Norway 1250 0.057
Haiti 150 000 4.4 Poland 10 000 0.05
Jamaiea 12000 0.91 Portugal 8 000 0.16

Latin America Romania 500 0.004
Argentina 60 000 0.36 Russian Federation 3 000 0.004
Brazil 550 000 0.65 Spain 120 000 0.58
Chile 10 000 0.13 Sweden 3 000 0.072
Colombia 40 000 0.21 Switzerland 12 000 0.32
Mexico 200 000 0.42 Turkey 500 0.002
Peru 30 000 0.25 United Kingdom 25 000 0.087
Venezuela 35 000 0.32 Ukraine 1 500 0.006

Africa Asia
Egypt 7500 0.025 Bangladesh 15 000 0.026
Ethiopia 588 000 2.5 Cambodia 90 000 1.9
Ghana 1 72 000 2.2 China 10 000 0.002
Kenya 1 000 000 8.3 India 1 750 000 0.38
Malawi 650 000 14 Indonesia 50 000 0.049
Moroeco 5 000 0.036 Japan 6200 0.01
Mozambique 400 000 5.7 Korea, Democratie 100 0.001
Nigeria 1 050 000 2.2 People's Republie of
Rwanda 250 000 7.1 Korea, Republie of 2000 0.008
Senegal 50 000 1.3 Malaysia 30 000 0.3
South Afriea 650 000 3.2 Myanmar 350 000 1.5
Tanzania, United 840 000 6.4 Pakistan 40 000 0.063

Republie of Philippines 18000 0.054
U ganda 1 300 000 14 Thailand 700 000 2.1
Zaire 680 000 3.7 Vietnam 25 000 0.069
Zambia 700 000 17 Oceania
Zimbabwe 900 000 17 Australia 11000 0.12

Europe New Zealand 1 200 0.065
Denmark 4000 0.15 PapuaIew Guinea 4000 0.19
Finland 500 0.019 Middle East
France 90 000 0.31 Israel 2000 0.073
Germany 43 000 0.1 1 Saudi Arabia 1 000 0.012

From WHO (1995)
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More detailed analyses of HIV prevalence and transmission patterns are available for
most deveIoped countries and a number of deveIoping countries through national reports
or papers pubIished in the scientific Iiterature.

(b) United States and Canada

As the country where AIDS was first recognized (Gottlieb et al., 1981) and the
developed country with the highest number of cases of HIV infection in absolute terms
(WHO, 1995), the United States has carried out a large number of investigations into
HIV infection. It is now apparent that two distinct HIV epidemics have occurred,

beginning in the late 1970s and early 1980s. One was focused on the major communities
of homosexua1 men, particularly in San Francisco, Los Angeles and New York.
Retrospective tests of stored serum sampIes from homosexual men taken in the course of
longitudinal studies of hepatitis B vaccination revea1ed a sharp rise in the incidence of
HIV infection from the late 1970s (Hessol et al., 1989; van Griensven et al., 1993).
These studies, as weIl as subsequent cohort studies (Winkelstein et aL., 1987; Kingsley

et aL., 1991), showed that the incidence of new infection peaked at around 10% of homo-
sexua1 men per year in the early 1980s. This finding was confirmed by back-projection
(Rosenberg et al., 1992; Rosenberg, 1995), a mathematical method that estimates past
incidence of HIV infection based on AIDS case reports combined with knowIedge about
the rate of progression from HIV infection to the deveIopment of AIDS.

The other major epidemic in the United States was among inner-city, 1arge1y
'African-American' or 'Hispanic' residents of the major eastern cities, such as New
York, Chicago, PhiIadelphia, Miami, Baltimore and Newark (Centers for Disease
Control and Prevention, 1994a). Transmission was associated mainIy with the use of
ilicit drugs, either directly through injection (Schoenbaum et al., 1989) or indirectly
through sexual contacts by people seeking money to buy drugs or partners of intravenous
drug users (Diaz et al., 1994; Ellerbrock et aL., 1995). To the end of 1994, 53% of AIDS
cases reported in the United States were men who became infected through homosexual
contact, but the proportion of such cases for 1994 alone had fallen to 44%, with corres-
ponding increases in the proportion of AIDS cases attributed to intravenous drug use and
heterosexuaI contact (Centers for Disease Control and Prevention, 1994b; Rosenberg,
1995).

ln Canada, the patterns of HIV infection have generally been simiIar to those in the
United States, but the overall rates of infection have been Iower, and a higher proportion
of cases have been transmitted through homosexuaI contaets between men (Remis &
Sutherland, 1993).

(c) Caribbean

Early case reports of AIDS in the United States documented an association with
Haitian origin (Anon., 1992b), and subsequent seroIogicaI surveys confirmed high rates
of HIV infection in Haiti and some other Caribbean countries (WHO, 1995; Cáceres &
Hearst, 1996). The predominant mode of transmission in the Caribbean is heterosexuaI
contact (Cáceres & Hearst, 1996). An apparent exception to the pattern of high HIV
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infection rates in the Caribbean is Cuba, where the adult prevalence has been estimated
to be 0.02% (WHO, 1995).

(d) Latin America

ln the early 1980s, the pattern of HIV transmission in Latin American countries

c10sely resembled those in the United States and Europe, being large1y through sexual

contact between men and among intravenous drug users (Cáceres & Hearst, 1996). More
recently, sorne Latin American countries have experienced substantia1 increases in the
extent of heterosexual transmission. ln Brazil, the most populous country of the region,
23% of AIDS cases reported in 1992 were attributed to heterosexual transmission of HIV
infection, compared with 7% in 1987 (Ministério da Saúde, 1993). There remains consi-
derable variation between countries in the extent to which HIV transmission has

extended beyond the population subgroups initially affected (Cáceres & Hearst, 1996).

(e) Suh-Sa/¡aran Africa

From retrospective testing of stored sera and tissue, HIV infection is known to have
existed in Africa since before 1963 (Quinn et al., 1986). Numerous sero10gical surveys

have documented the rapid spread of HIV infection through sub-Saharan Africa over the
past decade. The most affected countries have been in central and southern Africa,
including Kenya, Malawi, Rwanda, Tanzania, Uganda, Zambia and Zimbabwe
(Nkowane, 1991; WHO, 1995). Within these countries, HIV prevalence has generally
been substantially higher in cities than in rural communities (Berkley et al., 1989) and
epidemic spread has been associated with major transport routes (Grosskurth et al.,
1995), but is not strongly associated with social class, as measured by characteristics
such as educational 1evel attained (Ma1amba et al., 1994). Transmission to adults has
been mainly through heterosexua1 contact, with roughly equal numbers of men and
women infected (Rwandan HIV Seropreva1ence Study Group, 1989). Medical procedures
such as injections and blood transfusion have also played a ro1e.

Studies of women engaged in commercial sex work (prostitution) had already found
HIV preva1ence as high as 80% by the late 1980s in severa1 African countries (Padian,
1988). The prevalence of infection in pregnant women has reached 30% in some urban
surveys, resulting in high numbers of babies being born with HIV infection (Allen et al.,
1991 ).

ln west Africa, HIV -2 was the predominant form in the mid- 1980s, but in some urban
areas, HIV - 1 is now becoming more prevalent (Kanki et aL., 19(4).

if Europe

ln most European countries, HIV infection and AIDS were first reported among
homosexual men in the early to mid- 1980s (Downs et al., 1987), but three distinct epi-
demio10gica1 patterns have emerged subsequently. ln Germany, the Netherlands, the
Nordic countries and the United Kingdom, sexual transmission between men has
remained by far the most important route of transmission. ln these countries, the cumu-
lative proportions of AIDS cases attributed to male homosexua1 contact exceeded 60% in
1994 (European Centre for the Epidemio1ogica1 Monitoring of AIDS, 1995a) and the
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prevaIence of HIV infection in pregnant women has generally been below 0.1 %

(European Centre for the Epidemiological Monitoring of AIDS, 1994). There are
exceptions, such as parts of inner London, where large sections of the population are
ethnic minority groups, in which the prevalence in pregnant women has been estimated
at 0.4% (PHLS (Public HeaIth Laboratory Service) Communicable Diseases Surveilance
Centre, 1993).

ln other European countries, the pattern of HIV infection became dominated by
transmission related to intravenous drug use during the 1980s. ParticuIarly affected were
Italy, Spain and Switzerland, where HIV prevalence among people who inject drugs
exceeded 50% in several cities (Friedman & Des J arlais, 1991; European Centre for the
EpidemiologicaI Monitoring of AIDS, 1995a). As a consequence, these countries have
experienced increasing rates of HIV infection and AIDS among women, acquired either
through the sharing of injecting equipment or by sexual contact with male intravenous
drug users, and of mother-to-chiId transmission of HIV infection (Franceschi et al., 1994;
European Centre for the Epidemiological Monitoring of AIDS, 1995b).

ln a third group of European countries, primarily those of eastern Europe, HIV

transmission appears to have been very Iimited so far (European Centre for the Epide-
mioIogical Monitoring of AIDS, 1995b). There are notable exceptions, such as a major
outbreak of nosocomially-acquired HIV infection among chiIdren in Romania in the mid-
1980s (Patrascu & Dumitrescu, 1993). ln PoIand, nearly haIf of the reported AIDS cases
have been among intravenous drug users (European Centre for the EpidemioIogica1
Monitoring of AIDS, 1995a).

(g) Asia

There has been considerable variation between Asian countries in the extent to which
rates of HIV infection have been monitored. However, there appears to be substantiaI
heterogeneity, both within and across countries, in the patterns of HIV transmission
(Kaldor et aL., 1994). As in Europe, the first Asian cases of HIV infection and AIDS
were reported in homosexuaI men (Weniger et al., 1991), but other routes of trans-
mission later became predominant in a number of countries. ln Myanmar (Htoon et al.,
1994) and Thailand (Brown et al., 1994a), the prevalence of HIV infection among
intravenous drug users increased rapidIy during the mid- to late 1980s, reaching levels of
40-50% within a few years. High prevalences were reported among intravenous drug
users in Yunnan Province, China (Xinhua et al., 1994), the north-east Indian state of
Manipur (Sarkar et aL., 1993) and, more recently (and to a lesser extent so far), in
Malaysia (Singh et aL., 1994) and Vietnam (Ka1dor et al., 1994).

A separate HIV epidemic in Thailand initially arose through transmission between
sex workers and their clients. Some surveys of prostitutes have found up to 70% having
HIV infection, with a strong inverse association between prevalence of infection and the
price èharged per client, presumably through association with frequency of contact and
prevalence in client groups (Brown et aL., 1994a).

A high prevalence of HIV infection has aIso been found among female prostitutes in a
number of Indian cities (Jain et al., 1994).
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ln severaI Asian countries, monitoring of population subgroups more representative
of the general population, such as pregnant women and military recruits, has revealed a
steady increase in HIV prevalence, presumabIy as a consequence of heterosexual

transmission. By 1993, the prevalence of HIV infection in pregnant women had reached
2% in ThaiIand overall and 8% in the northern province of ChiangMai. The prevaIence
among mi1itary recruits in northern Thailand (men aged around 20) was of the order of
10% (Brown et al., 1994a). ln severa1 other countries, including Cambodia and India, the
reported HIV prevalence among volunteer b100d donors has already exceeded 1 % (Jain
et aL., 1994; KaIdor et aL., 1994).

Neverthe1ess, a large part of the Asian population so far appears to be relatively

untouched by the global spread of the HIV epidemic. The small numbers of cases
reported from China (mostly from Yunnan province), Pakistan, Bangladesh and
Indonesia (WHO, 1995) may to sorne extent be attributab1e to limIted surveillance
systems, but probab1y aIso reflect very Iow rates of HIV transmission in these countries.

(h) Oceania

ln AustraIIa and New Zealand, HIV transmission has overwheImingly been through
sexual contact between men (Crofts et al., 1994). Transmission via this route occurred at
high levels in the early 1980s but decIined sharply in the second half of the decade.

ln Papua New Guinea, heterosexuaI contact has emerged as the most important route
of transmission (MaIau et al., 1994).

(i) Middle East

Few cases of HIV infection or AIDS have been reported from Middle Eastern
countries (WHO, 1995), and distinct transmission patterns have not been discerned.

1.4 Clinical description of non-neoplastic disorders

1.4.1 Seroconversion syndrome

The 'seroconversion syndrome', also known as 'primary HIV infection' or 'acute
retroviraI syndrome', refers to a compIex of symptoms that occur in the first one to six
weeks after HIV -1 infection in man y adult patients (Tindall et aL., 1988a,b) during the
'window period before HIV antibody is detectable (see Section 1.2.1). Early
observations on a few patients (Cooper et aL., 1985; Ho et aL., 1985a) indicated that these
included truncal macu10papuIar rash, fever, arthra1gia, myaIgia, sore throat, Iymph-
adenopathy, abdominal cramps, diarrhoea and headache (Ho et aL., 1985a). Subsequent
studies of series of patients in the United States (Fox et aL., 1987), AustralIa (Tindall
et aL., 1988a,b), Italy (Sinicco et aL., 1990) and Switzerland (Kinloch-de Loes et aL.,
1993) have confirmed this constellation of signs and symptoms (see Table 4), aIthough
the frequency varies somewhat depending on the definitions used, the means of determi-
nation (e.g., seIf-reported versus observed) and the severity or persistence of symptoms.
AdditionaI signs and symptoms in persons with primary HIV infection include lethargy
and malaise, anorexia and weight 10ss, retro-orbital pain and, more rare1y, rhinorrhoea,
dark urine and irritabiIity (Cooper et aL., 1985; Tindall et al., 1988a,b).
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Table 4. Selected common symptoms in series of patients with seroconversion
syndrome

Reference N " Percentage witho.

Fever Skin Sore MyalgiaJ Headache Diarrhoea Enlarged"
rash throat arthralgia nodes

Kinloch-de Loes 31 87 68 48 42 39 32 57
et al. (1993)

Sinicco et aL. 12 100 58 75 75 NR 17 92
(1990)
Tindall et al. 39 77 23 56 56 49 28 43
( 1988a)

Fox et aL. (1987) 22 23 14 23 14 23 14 36

"Number of patients in series
hEnlarged nodes, polyadenomegaly; enlarged Iymph nodes/lymphadenopathy

NR, not reported

ln the first weeks of HIV - 1 infectIon, there are very high Ieve1s of circuIating virus
(Clark et aL., 1991; Daar et aL., 1991) and 'antigen excess' as determined by p24 antIgen
assays (Kess1er et al., 1987; Henrard et al., 1995). Numbers of peripheral CD4+ T-Iym-
phocytes decrease markedIy and CD8+ T-Iymphocytes increase (Roos et aL., 1992; Weiss
et aL., 1992; Zaunders et al., 1995). Leukopenia and thrombocytopenia may be seen
(Cooper et aL., 1985; Ho et al., 1985a; ScuIly et aL., 1989; KinIoch-de Loes et aL., 1993)
(Figure 6).

The occurrence of the seroconversion syndrome and Its cIinical severity may be
prognostIc of a rapid rate of progression to AIDS (Sinicco et aL., 1993; Henrard et al.,
1995).

1.4.2 Immunological decline

FoIlowing infectIon, there is a variable period during which most patients are

asymptomatic but undergo progressive immunoIogical decline. This may be measured by
various parameters such as CD4+ T-ceIl counts and percentages of total lymphocytes, the
ratio of CD4+ to CD8+ T-ceIls and serum Ieve1s of ß2-microgIobulin and neopterin (Fahey
et aL., 1990; Gruters et al., 1991). ImmunoIogical decIine is not smooth or consistent over
the prolonged course of infectIon. As a generaI ru1e, some parameters, such as CD4 + T-

ceIl count, percentage and CD4 + to CD8+ ratio, decIine with duration of HIV infection
and appearance of symptomatic disease, whereas markers of lymphocyte activation, such
as serum Ievels of ß2-microglobulin and neopterin, increase (see Figure 6).

Peripheral b100d measurements, particu1arly the absoIute CD4 + T -cell cou nt (or CD4 +

T-ceIl percentage), are used clinicaIly to indicate the stage of HIV disease. CD4+ T-ceIl
decIine and rate of decline have proven to be usefuI, if imperfect, markers of the
deve10pment of the disease (Fahey et aL., 1990; Philips et aL., 1991). During primary
HIV infection, CD4+ T-ceIlsand their percentage typicaIly faIl rapidly, rise again with
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the appearance of HIV antibody, then gradually dec1ine during a long 'latent'
(asymptomatic) period of several years (MargoIick et al., 1993, 1994; Holmberg et al.,
1995a). Subsequently, a more rapid drop in CD4+ T-cell count or percentage presages the
onset of AIDS-defining conditions and opportunistic infections (Krämer et aL., 1992;
Galai et aL., 1993; Phillips et al., 1994a). The prognostic value of rapidly dec1ining or
low CD4+ T-cell counts as predictors of AlOS onset has been amply demonstrated in
populations at risk for HIV infection, including homosexual and bisexuaI men (Schechter
et aL., 1989; Veuge1ers et aL., 1993), intravenous drug users (Zangerle et aL., 1991;
Margolick et al., 1992; Muñoz et al., 1992; Alcabes et aL., 1993a), heterosexua1 women
(Flanigan et aL., 1992) and haemophilic men (Eyster et aL., 1987; Philips et al., 1989).

Figure 6. Schematic model of the natural history of HIV -1 infection
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Markers of immunological decline other than CD4 + T -cells have been investigated for
prognostic purposes. ln particuIar, serum levels of ß2-microglobulin and neopterin, non-
specific markers of inflammation, correIate with declining immunity and the onset of
AIDS-related conditions (Krämer et aL., 1992; Lifson et aL., 1992; Muñoz et aL., 1992;
GaIai et aL., 1993). Some investigators have found that addition of serum ß2-micro-
gIobulin or neopterin determinations to C04+ T-cell counts improves prognostic ability,
but in general, the clinical role of these markers is diminishing (Melmed et aL., 1989;
Fahey et aL., 1990; Krämer et aL., 1992; Muñoz et aL., 1992; Galai et aL., 1993).

The various immunological markers do not reflect accurately the total body burden of
HIV (PantaIeo et aL., 1993a). HIV is actively replicating throughout the long asympto-
matic period of infection. Although the decline in CD4 + T -cells is graduai (Figure 6), up
to 30% of the PBMCs may be infected by HIV and lost each day. The total viral 10ad
varies, but 1010 or more new virions may be generated per day and viralload measure-
ments have been shown to have prognostic value beyond the CD4 + count (Ho et aL.,
1995; Wei et al., 1995; MeIl ors et al., 1996; O'Brien et aL., 1996).

During HIV -1 and HIV - 2 infection, cellular immunity is compromised more than
humoral immunity (Fauci et aL., 1991; PantaIeo & Fauci, 1995). Not onIy the number but
also the function of C04+ and CD8+ cytotoxic T-Iymphocytes decrease, particuIarly in the
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initial stages of HIV infection (Gruters et al., 1991; Mackewicz et aL., 1991; Margolick et
aL., 1993; Torpey et aL., 1993; Koup et aL., 1994). Anergy to delayed-type hyper-

sensitivity skin tests is also more Iikely to occur as the disease progresses (B laU et aL.,

1993; Gordin et aL., 1994).

1.4.3 Non-AIDS-defining manifestations of HIV infection

(a) Classifcation of HIV disease

The use of the term 'AIDS' has been complicated by changes in its definition and the
need to apply somewhat different definitions depending upon local situations. The initial
definition of AIDS was deveIoped in 1982 by the CDC and subsequently accepted by
WHO in 1985. There were major revisions of the classification system in 1987 (WHO,
1988); cervical cancer, recurrent pneumonia, puImonary tuberculosis and, for persons in
the United States, a CD4+ T-cell count of Iess than 200 cells/mm' (or percentage less than
14%) in HIV -positive individuals were added to the definition at the beginning of 1993
(Centers for Disease Control and Prevention, 1992a). Each of these revis ions resulted in
a large increase in reported numbers of AIDS cases in subsequent years, as AIDS was
diagnosed earlier by including a broader range of conditions and, particularly in the
United States, by including CD4+ T-cell counts in patients who had not deveIoped an
AIDS-defining opportunistic infection or malignancy.

Because of the different spectrum of AIDS-related diseases in developing countries,
and the shortage of sophisticated diagnostic equipment there, a WHO workshop in 1985
adopted a provisional cIinicaI case defInition of AIDS for use in such regions of the
world (WHO, 1986).

Sorne non-malignant, non-AIDS-defining conditions have been described in the past
as 'persistent generalized lymphadenopathy' and 'AIDS-related complex'. The former
term was used to describe the lymphadenopathies often seen in HIV -infected persons
before AIDS was recognized as an entity (Centers for Disease Control, 1982). ln 1983,
the Extramural AIDS Working Group of the US National Cancer Institute and National
Institutes of Allergy and Infectious Diseases first defined the term 'AIDS-related
complex' to cover the status of persons who se clinical condition did not meet the AIDS
surveillance definition but who exhibited clinical and laboratory abnormaIities that

appeared to be related to AIDS (Abrams, 1988). This definition was never widely
adopted. AIDS-related complex originally referred to persistent lymphadenopathy

(Kaplan et aL., 1988), fever, weight los s, diarrhoea, fatigue and night sweats and, in
standard laboratory tests, leukopenia, thrombocytopenia (Abrams, 1988; Sloand et aL.,
1992) and anaemia. Later, other non-fatal conditions such as oral candidiasis, oral hairy
leukoplakia and herpes zoster (B uchbinder et aL., 1992; HoImberg et aL., 1995b) were
included, as weIl as sorne major manifestations that later became part of the most recent
CDC definition of AIDS (Centers for Disease Control and Prevention, 1992a; see
Table 5).
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Table 5. Conditions included in the 1993 AIDS sur-
veilance case definitiona

Candidiasis of bronchi, trachea or lungs
Candidiasis, oesophageal
Cervical cancer, invasiveb

Coccidiomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (:; 1 month's duration)
Cytomegalovirus disease (other th an liver, spleen or nodes)
Cytomegalovirus retinitis (with loss of vision)
Encephalopathy, HIV-related

Herpes simplex; chronic ulceres) (:; 1 month's duration); or
bronchitis, pneumonitis or oesophagitis

Histoplasmosis, disseminated or extrapulmonary
lsosporiasis, chronic intestinal (:; 1 month' s duration)
Kaposi' s sarcoma
Lymphoma, Burkitts (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium complex or M. kansasii, disseminated or

extrapulmonary
Mycobacterium tuberculosis, any site (pulmonarl or extra-

pulmonary)
Mycobacterium, other species or unidentified species, disseminated

or extrapulmonary
Pneumocystis carinii pneumonia
Pneumonia, recurrentb
Progressive multifocal leukencephalopathy
Salmonella septicaemia, recurrent
Toxoplasmosis of brain
Wasting syndrome due to HIV
lmmunodeficiency as measured by a C04+ T-cell count less than

200 cells/mm3 or C04+ T-cell percentage less th an 14%bC

il From Centers for Oisease Control and Prevention (1 992a)

(Appendix B)b Added in the 1993 expansion of the AlOS surveillance case

definition
C United States only

(h) Non-AIDS ilness

To summarize a large body of research and c1inicaI observations, it is clear that there
are many pre-AlDS conditions, signs and symptoms of HlV infection. ln persons with
immunoIogical impairment, man y of these conditions reflect opportunistic or reactivated
infection. Generally, these include 'constitutionaI' symptoms, nameIy persistent weight
loss, diarrhoea, sweating and headaches (independent of intracranial causes) (Greenberg
et aL., 1992; Hoover et aL., 1993; Holmberg et aL., 1995b); oral and sinus probIems,
including oral candidiasis, oral hairy Ieukoplakia and sinusitis (Farizo et aL., 1992;
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Holmberg et aL., 1 995b); skin manifestations, such as herpes zoster, seborrhoeic derma-
titis and eczema; and anogenital probIems, such as ulcers, fissures, warts and vaginal
candidiasis (Renzullo et aL., 1991; HoImberg et aL., 1 995b). Finally, several early neuro-
10gicaI manifestations can be added to the spectrum of morbidity suffered by persons
before they deveIop AIDS (Janssen et al., 1989; Ho1mberg et al., 1 995b).

(c) Time to AIDS

The incubation time between HIV infection and the appearance of cIinical AlOS
conditions is of obvious importance to cIinicians caring for HIV -infected patients, to
epidemiologists and statisticians trying to model the size and direction of the HIV
epidemic, to heaIth care pIanners and administrators attempting to anticipate future
health care needs of the HIV -infected population and 1ast but not Ieast to the patients
themseIves. This incubation period has been examined in populations in which dates of
HIV - 1 infection couId be ascertained or interpolated, including homosexuaI and bisexuaI
men (Lui et aL., 1988; Bacchetti & Moss, 1989; Biggar et al., 1990; Giesecke et aL.,
1990; Rutherford et aL., 1990; Kuo et al., 1991) and transfusion recipients (Ward et al.,
1989). AImost all studies indicate that the median incubation period is 7-11 years
(Alcabes et aL., 1 993b). Many studies have attempted to discern host factors that may
shorten or Iengthen the incubation period of HIV infection, but only one 'cofactor', age,
has been found consistently. ln aduIts, the older the HIV -infected patient is, the shorter is
the incubation period (Biggar & International Registry of Seroconverters, 1990; Mariotto
et aL., 1992; Oarby et al., 1996). Antiretroviral therapies against HIV and prophyIactic
therapies against diseases associated with it, such as Pneumocystis carinii infection, have
been shown to delay the onset of AlOS (Collier et al., 1996).

1.4.4 AIDS manifestations

Table 5 lists the 26 AIDS-defining conditions recognized by CDC. Apart from the
recognized HIV -associated malignancies, almost all are opportunistic infections.
However, there is geographical variation, probably related to the varying prevalence of
relevant pathogens. ln ThaiIand, Penicilium marneffei, not included in CDC' s definition
of AIDS, is a very common fungal pathogen in AlOS patients (Sirisanthana &
Sirisanthana, 1995).

The most frequently reported opportunistic infection of HIV -infected adults and
children in the United States and most other deveIoped countries is Pneumocystis carinii
pneumonia (PCP) (Hughes, 1995). However, as treatment recommendations and guide-
lines have been published and promuIgated (Centers for Disease Control and Prevention,
1 992b), the incidence of cases of AIOS-defining PCP has declined (Muñoz et aL., 1993;
Katz et aL., 1994; Centers for Disease Control and Prevention, 1995a; see Section 1.5.3).

Tuberculosis and non-tubercuIous mycobacteriaI infections, particularly Mycobacte-
rium avium complex (M. avium and M. intracellulare) (Horsburgh, 1991) are common.
These have received much attention, because man y multi-drug-resistant strains of M.
tuberculosis have become epidemic in HIV - 1 -infected persons, especially in New York
City in recent years (Frieden et aL., 1993). The continuing high rates of tuberculosis in
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HIV -infected persons in deveIoping countries present great problems for prevention,
diagnosis and treatment (Pitchenik, 1990).

Candidiasis of the oesophagus, bronchi, trachea and 1ungs are aU AIDS-defining
conditions in HIV -infected persons.

Other fungaI infections, such as cryptococcosis, coccidioidomycosis and histoplas-
mosis, are AIDS-defining opportunistic infections (Ga1giani & Ampel, 1990; Currie &
Casadevall, 1994; Stevens, 1995; Rinaldi, 1996) and have been included in severa1

comprehensive clinical guide1ines and preventive efforts for persons with HIV infection
(Centers for Disease Control and Prevention, 1 995b).

Parasitic infections of the central nervous system, notably with Toxoplasma gondii,
are life-threatening complications in the HIV -immunocompromised host and require
early diagnosis to optimize treatment (Wang et a!., 1995). The protozoans Cryptospo-
ridium and Isospora have long been recognized as important causes of chronic diarrhoea
in AIDS patients (DeHovitz et al., 1986; Lopez & Gorbach, 1988).

CytomegaIovirus infections of the retina and intestines are often seen late in the
course of HIV infection. CytomegaIovirus retinitis and colitis are much more difficult to
prevent or treat than PCP and sorne other parasitic and bacterial infections. Therefore, as
a proportion of AIDS diagnoses, their frequency has increased in deveIoped countries,
whiIe that of PCP has decreased (Katz et aL., 1994).

BacteriaI infections are frequent in HIV -infected persons, especially community-
acquired pneumonia (Caiaffa et aL., 1993; HoImberg et aL., 1995b) and septicaemia
(Whimbey et a!., 1986). Recurrent sa1monellosis, an AIDS-defining condition, is an
important, if less frequent, enteric infection (Lopez & Gorbach, 1988).

Progressive multifocal leukoencephalopathy is caused by the LC virus (Fong et aL.,
1995). Focal neuroIogical manifestations can be caused by opportunistic infections, such
as toxoplasmosis, or by Iymphoma. HIV can aIso directly cause peripheraI nervous
system abnormalities, such as sensory neuropathy, and AIDS-re1ated dementia in late
HIV infection (Simpson & Tagliati, 1994).

Wasting syndrome (DuPont & Marshall, 1995; Grunfeld, 1995), originally referred to
as 'SIim disease' in Africa (Serwadda et aL., 1985), has long been recognized as a major
cause of HIV -related morbidity and mortality. Reduced calorific intake is the prime
determinant of this weight loss (Macallan et al., 1995).

Paediatric AIDS has a somewhat different cIinical profile, with an increased incidence
of lymphocyte intestinal pneumonia in HIV-infected children (Horowitz & Pizzo, 1990;
Chintu et al., 1993).

1.4.5 Long-term non-progressors

'Long-term non-progressors', 'healthy Iong-term survivors' and other such terms
describe persons known to be infected for several years but who have no or minor
symptoms of HIV infection and who have CD4 + T -cell counts that are normal or near
normal (e.g., more than 500 CD4+ T-cells/mm\ About 5-10% of HIV-infected persons
remain asymptomatic and maintain CD4+ T-Iymphocyte counts above 500 cells/mm' for
10 or more years (Buchbinder et a!., 1994). With time after infection, the percentage of
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long-term non-progressors declines (Baltimore, 1995). Whi1e few in number, these
persons have become the focus of much current research from two broad points of view:
the host and the virus.

Most research into host factors has focused on factors associated with preserved
immune function, and indicates that non-progressors, compared with other HIV -infected
persons, have higher CD8+ T-Iymphocyte counts and lower antigenaemia and viral load
(Lifson et aL., 1991; Buchbinder et aL., 1994; Cao et aL., 1995; Hogervorst et aL., 1995;
Pantaleo et aL., 1995). CD8+ T -cell function appears to be important in the control of viral

replication (Lifson et al., 1991; Landay et al., 1993), while the role of neutralizing
antibodies is unclear (Hogervorst et aL., 1995).

Viral variants may have different pathogenicity. Evidence of at Ieast one less virulent
strain of HIV - 1 with a variant form of nef gene has come from a c1uster of long-term
healthy survivors infected from a single blood donor (Deacon et aL., 1995).

1.4.6 Human immunodeficiency virus type 2 (HIV-2)

HIV -2 has been recovered mainly from patients in west Africa. A seroconversion
syndrome has also been described in relation to HIV-2 infection (Besnier et aL., 1990).
Symptomatic patients usually have been described as having chronic diarrhoea, weight
loss, lymphadenopathy and tuberculosis. However, HIV -2-infected persons can have the
same immunological and c1inical spectrum of disease as HIV-l (Clavel et aL., 1987;
Marlink et aL., 1988; Nauclér et aL., 1989; Odehouri et aL., 1989). Sexual and mother-
child transmission seem to be less efficient (Matheron et aL., 1990; Markowitz, 1993;
Kanki et aL., 1994). There is evidence that HIV-2 is less pathogenic than HIV-1. HIV-2-
infected patients may have longer incubation periods between infection and AIDS-
defining conditions than do HIV - 1 -infected patients (Burin Des Roziers et aL., 1987;
Pepin et aL., 1991; Markowitz, 1993; Whittle et aL., 1994).

1.5 Control and prevention

1.5.1 Behavioural prevention

ln the absence of a vaccine, behavioural change remains necessary to stem the

worldwide HIV epidemic. To prevent sexual transmission, two general categories of
preventive activity are usually urged: reducing the number of sexuaI partners and modi-
fying the types of sexual contact; and the use of condoms.

Protection of sex partners from exposure to semen, blood and vaginal fluid during
intercourse can be accomplished by the consistent and correct use of condoms, and this
recommendation has been promulgated worldwide (Choi & Coates, 1994; Johnson,
1994; Stryker et al., 1995). Other strategies to minimize risk of infection may be usefuI,
such as penile withdrawal prior to ejaculation (de Vicenzi et aL., 1994) and the use of the
vaginal pouch (or 'femaIe condom') (Far et al., 1994).

Various programmes to change behaviour - such as increasing the use of condoms
- have been effective to varying extents (Choi & Coates, 1994; Kelly et al., 1994;
Moore et al., 1994; Stryker et al., 1995). The greatest change has occurred among older
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European and American homosexuaI men, who dramatically decreased their sexuaI
exposures and HIV infection rates as early as the mid-1980s (WinkeIstein et al., 1987;
Centers for Disease Control and Prevention, 1992c). The change in sexual behaviour and
use of condoms among heterosexual men and women has been more modest (Catania
et al., 1992; Diaz et al., 1994).

Empirical evidence indicates that behaviourally based HIV prevention programmes
have had a favourable impact in specific populations, especially when delivered with
sufficient resources, intensity and cultural sensitivity (Holtgrave et al., 1995; Office of
Technology Assessment, 1995). However, outcomes of prevention programmes, such as
partner notification (Potterat et al., 1989), have not been well evaIuated. Sorne pro-
grammes or measures have been evaIuated, and found to be ineffective, for exampIe, pro-
grammes for counselling and testing (Higgins et al., 199 la) and mandatory pre marital
testing for HIV (Tumock & Kelly, 1989).

Behavioural interventions are thought to have reduced the spread of HIV among intra-
venous drug users who share needIes, syringes and other bIood-tainted effects (Booth &
Watters, 1994; Chitwood, 1994; Watters, 1994). Firstly, treatment for drug dependence
can reduce the number of intravenous drug users in a community and so, presumabIy,
decrease HIV transmission (Sisk et al., 1990). Secondly, previously used needIes may be
disinfected, usually with bIeach, but the contact times with bIeach that are necessary to
reduce or eliminate HIV in injection equipment are considerably longer th 

an those
generally appIied by intravenous drug users (Centers for Disease Control and Prevention,
1994b; Garza et al., 1994; Gleghorn et al., 1994). Thus, it is not clear that bIeach
disinfection has reduced the risk of HIV infection among intravenous drug users (Booth
& Watters, 1994; Titus et al., 1994).

Recent attention has focused on the effectiveness of needle and syringe exchange and
distribution programmes. There is accumuIating evidence that providing sterile needles
reduces the transmission of HIV among intravenous drug users (Donoghoe et al., 1989;
Hart et al., 1989; Hartgers et al., 1989; Stimson, 1989; van Ameijden et al., 1994;
Heimer et al., 1994; Watters et al., 1994; Centers for Disease Control and Prevention,
1995c; Hagan et al., 1995). A recent international comparison of cities with and without
needle exchange programmes supports the effectiveness of such measures (Feachem
et aL., 1995). To provide sterile needles for injection, the deregulation of the sale and
possession of needIes and syringes has been advocated (Des Jarlais et al., 1994; Vlahov,
1995). However, some countries in which disposable syringes are commercially
available and cheap, such as ItaIy, have nevertheless experienced a high prevalence of
HIV among intravenous drug users.

1.5.2 Screening

Antibody-test screening of alI blood or plasma donors has been universal in
developed countries since the mid- 1980s and has resulted in a marked reduction in HIV
transmission by blood transfusion or use of clotting factor concentrates. For example, it
has been estimated that among 12 million blood donations colleeted in the United States,
only 18-27 are now infectious (Lack:itz et al., 1995) because the don 

ors were in the

kajo
Rectangle



HUMAN IMMUNODEFICIENCY VIRUS ES 63

'window period'. BIood transfusion has remained a major mode of HIV transmission in
sorne developing countries, where screening of blood donors is not universal (N'tita
et al., 1991; Vos et al., 1994).

SeveraI countries recommend the counselling and voluntary screening of pregnant
women for HIV infection (Centers for Disease Control and Prevention, 1995d) to allow
them to take informed decisions about continuation of pregnancy, and enable suitable
medica1 care and interventions to reduce the risk of vertical transmission to be applied.
The rationale for screening mothers antenatally has received additiona1 impetus from the
finding that zidovudine (also called azidothymidine, AZT) taken by infected pregnant
women and their newborns substantially reduces the probability of mother-to-child trans-
mission (Connor et al., 1994; Centers for Disease Control and Prevention, 1995e).

Studies of simplified treatment protocoIs, particularly for use in developing countries, are
being conducted (Dabis et aL., 1995).

1.5.3 Treatment

Zidovudine may reduce the Ievels of HIV in the semen of HIV -infected men

(Anderson et al., 1992) and hence its infectiousness; simiIarly, women taking zidovudine
may be less 1ikeIy to transmit HIV to their HIV -uninfected reguIar male partners

(Nicolosi et al., 1994b). However, the evidence that use of zidovudine prevents the
sexual transmission of HIV should be considered as tentative and zidovudine-resistant
strains of HIV are now being identified in newly acquired infections.

The literature on the efficacy of zidovudine and other reverse transcriptase inhibitors
(e.g., didanosine (also called dideoxyinosine, ddl); dideoxycytidine (a1so called zalci-
tabine, ddC); stavudine) in proIonging survival of patients with HIV infection and AIDS
is extensive. Briefly, improvements in surviva1 time after AIDS diagnosis have been
observed in America and Europe (Fischl et aL., 1987; Lafferty et al., 1991; Jacobson
et al., 1993; Whitmore-Overton et al., 1993; Blum et al., 1994; Lundgren et al., 1994).
However, most recent reports indicate that zidovudine monotherapy is of modest benefit
in the prolongation of this incubation time (Ho1mberg & Byers, 1993; Concorde Coordi-
nating Committee, 1994; V olberding et al., 1994, 1995). It has been suggested that

improved incubation and survival times may be more attributabIe to improved pro-
phylaxis and treatment of Pneumocystis carinii pneumonia than to use of zidovudine and
other antiretroviral drugs (Lundgren et al., 1994).

Antiretroviral therapy is in constant evolution. Chemotherapeutic agents have been
evaIuated on the basis of their ability to reduce viral load, as measured by the leve1 of
HIV-1 RNA in plasma (O'Brien et al., 1996). A number of promising new agents may
retard the development of HIV disease and proIong survivaI (Hirsch & D'AquiIa, 1993;
Saag et aL., 1993; Sande et al., 1993). At present, interest has centred on the so-called
'protease inhibitors' (Danner et al., 1995; Kitchen et al., 1995), on combination therapy
with two or more antiretroviraI drugs used together or in rotation (Fauci, 1992; Kahn
et aL., 1992; Abrams et al., 1994; Yarchoan et al., 1994; Coller et aL., 1996) and on the
use of ILs (Schnittman et aL., 1994).
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1.5.4 Prospects for vaccines

The development of a safe, effective and cheap preventive vaccine for HIV-l or HIV-
2 faces many obstacles: the considerable antigenic variability of the virus; the integration
of proviraI DNA in the host gene; the viability of the virus both inside and outside cells;
the mucosal (sexual) and bIood-borne modes of transmission; and the persistent nature of
the infection even in the presence of host immunity (Girard, 1995; Graham & Wright,
1995; Hileman, 1995). NevertheIess, more th an 20 candidate vaccines have undergone
preclinical evaluation for safety and immunogenicity in about 2000 voIunteers. Several
have entered phase 1 clinical testing in uninfected volunteers, and a few vaccines are now
being evaluated in phase II studies in larger numbers of persons at risk for HIV infection.
Candidate vaccines have been of various types, including whole killed virus and recom-
binant live vectors (e.g., canary pox) expressing antigens. Most of those still under
consideration rely on immunization with recombinant or synthetic HIV peptides or enve-
10pe proteins such as gp120 or gp160 (see Section 1. 1.7). These may induce neutraIizing
antibodies or lymphoproliferative responses (e.g., cytotoxic T-cell activity), but only
variabIy and, even then, only to laboratory-adapted HIV -1 strains (not primary or wild-
type isolates) (Johnston et aL., 1993; Dolin, 1995). Furthermore, several 'breakthrough'
HIV infections have been documented in volunteers who received partial or complete
series of vaccinations (Kahn et al., 1995). ln addition to immunization with antigenic
peptides or proteins, another direction of research has been the use of live, attenuated
mutant virus, which has provided immunoIogical protection in sorne simian models.
However, serious concerns about the use of live, attenuated virus vaccines in humans
remain because viruses with deIeted nef gene have been shown to cause disease in neo-
natal macaques (Baba et al., 1995).

1.5.5 Other approaches

There is considerable interest in the safety and efficacy of agents such as Nonoxyl 9
(Elias & Meise, 1993) and dextrin sulfate (Stafford et al., 1995) as vaginal virucides to
protect against heterosexuaI transmission of HIV -1 and HIV -2. A perceived advantage of
such agents over condoms is that they may be used unobtrusiveIy by women in situations
where condom usage is not acceptable to either or both partners.

Recent data from Tanzania show that HIV transmission can be reduced by effective,
syndromic treatment of other sexually transmitted diseases (Grosskurth et al., 1995;
Hayes et aL., 1995; Dik et aL., 1995; Foulkes et aL., 1995; O'Reilly et aL., 1995;

Rygnestad et aL., 1995; Whitaker & Renton, 1995).

2. Studies of Cancer in Humans

Most epidemiological studies of HIV have not differentiated between HIV -1 and the
rarely seen HIV -2, which occurs almost exclusiveIy in West Africa. ln this section,
unless specificaIly designated as HIV-2, the term HIV shouId be assumed to refer to
HIV -1.
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As described in Section 1. 1.3, several different clades of both HIV -1 and HIV -2 have
been defined. To date, there are no conclusive epidemio10gical data on the association

between infection with specific clades and the occurrence of cancer in humans.

2.1 Kaposi's sarcoma

Kaposi' s sarcoma is an AIDS-defining condition (see Section 1.4.4).

2.1.1 Pathology and clinical disease

ln 1872, Dr Moriz Kaposi, a Hungarian dermato10gist, first described an idiopathic,
multiple, pigmented sarcoma, now called 'classic' Kaposi's sarcoma (Kaposi, 1872;
Breimer, 1994). For many years, Kaposi' s sarcoma was thought to be a 1esion

predominantly attecting elderly men of Mediterranean and eastern European origin
(DörffeI, 1932; Landman et aL., 1984; Franceschi & Geddes, 1995). However, in the
1950s, as cancer registries became established in Africa, it was found that Kaposi' s

sarcoma comprised up to 8% of malignancies in sorne sub-Saharan regions, with an
unusual endemic focus in parts of central Africa (OettIé, 1962; Hutt & Burkitt, 1965).
This 'endemic' Kaposi's sarcoma, Iike classic Kaposi's sarcoma, predominated in elderly
men, but also occasionally affected children. ln the 1960s and 1970s, Kaposi' s sarcoma
constituted up to 5% of cancers among immunosuppressed patients who had organ
transplants (Penn, 1983, 1988a,b). ln the early 1980s, a fourth variant of Kaposi' s

sarcoma, the so-called 'epidemic' Kaposi' s sarcoma, heralded the onset of the AIDS
epidemic in the United States (Hymes et al., 1981).

The main pathological features of Kaposi' s sarcoma are described in Section 4.2.1.
The histopatho10gy is identical in aIl variants (Templeton, 1981; CockereIl, 1991).

(a) Clinical disease in HIV-sero.negative individuals

CIassic or endemic Kaposi's sarcoma predominantly affects the skin of the Iower
limbs, and internaI organs are rareIy involved. The disease typically follows an indolent
course, with patients surviving for an average of 10-15 years (Tappero et aL., 1993).
Young chiIdren tend to have more severe disease than adults, often affecting the
Iymphatic system and internaI organs rather th an the skin, and shorter survival (Oettlé,
1962; Ziegler & Katongole-Mbidde, 1996). Adults develop plaques or nodules that may
progress to sarcomatous or deeply infiltrative lesions (Taylor, 1971; Templeton, 1981).
Kaposi's sarcoma in immunocompromised individuaIs (mainly transplant recipients and
long-term users of steroids and cytotoxic drugs) often involves internaI organs, lymph
nodes and the face, mimicking the 'epidemic' type (Tappero et al., 1993). ln transplant
recipients, Kaposi's sarcoma appears before most other tumours and may regress
compIeteIy when immunosuppressive therapy is terminated (Penn, 1988a,b).

(h) Clinical disease in HIV-seropositive individuals

Kaposi' s sarcoma may occur at milder levels of immunosuppression than other

AIDS-defining illnesses. Lesions are usually multiple, progress rapidly, and may affect
any area of the skin as weIl as internaI organs. The tumours frequently begin as dusky-
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red or violet macules, progressing over weeks or months to raised, painless, firm nodules
and plaques. Although the tumour may affect the legs, as seen with classic Kaposi's
sarcoma, les ions on the trunk, arms, genitalia and face are also common (Smith &
Spittle, 1987). Lymph nodes and the oral cavity, most notably the palate, may be exten-
siveIy involved. Oral Kaposi's sarcoma is often associated with involvement eIsewhere
in the gastrointestinal tract (Levine, 1993; Regezi et al., 1993). PuImonary Kaposi's
sarcoma generally presents with shortness of breath and cough and is cIinically difficult
to distinguish from other pulmonary complications of AIDS (Levine, 1993).

Median survival following diagnosis of AIDS-related Kaposi's sarcoma is 14-18
months, a reIatively long survivaI compared with other AIDS-defining illnesses
(Casabona et aL., 1993; Jacobson et aL., 1993; Lundgren et aL., 1994; 1995; Luo et aL.,
1995) .

2.1.2 Descriptive epidemiology of Kaposi's sarcoma

(a) Demographie variations: age and sex
Formerly a tumour predominantIy affecting the e1derly (Oettlé, 1962; TempIeton,

1981; Hutt, 1984; Geddes et al., 1994; Hjalgrim et al., 1996), Kaposi' s sarcoma has

shown a substantiaI alteration in age distribution in recent years, both in Africa and in
Europe and the United States. ln deveIoped countries, the median age is now in the late
thirties.

Age-specific incidence rates of Kaposi's sarcoma in Uganda and Zimbabwe in the
early 1990s show a modest peak in chiIdren aged 0-4 years, a decline until age 15, and
then the main peak at age 35-39 in men and age 25-29 in women (Wabinga et al., 1993;
Bassett et al., 1995). ln Europe and the United States, childhood Kaposi's sarcoma is
very rare, onIy 32 cases having being recorded up to 1993 (Serrai no & Franceschi,
1996a). Many of the European cases were in Romania, where intravenousIy acquired
HIV infection had previously been documented (Hersh et al., 1991; Orlow et aL., 1993).

Before the advent of AIDS, Kaposi's sarcoma was generally more frequent in men
than in women, except among transplant recipients and chiIdren (Qunibi et al., 1993;
Serraino & Franceschi, 1 996a,b), with a male: female ratio in developed countries as

high as 15 : 1, although later studies found ratios of 2-3 : 1 in persons thought to be HIV-
seronegative, possibly reflecting improved case ascertainment in women (Biggar
et al., 1984a; Franceschi & Geddes, 1995; HjaIgrim et al., 1996). ln Africa,
male: female ratios above 10 from earlier surveys (Wahman et al., 1991), have decIined
to about 3 : 1 more reeently (Wabinga et al., 1993; Bassett et al., 1995; Newton et al.,
1996).

(b) Geographical variations

The incidence of Kaposi' s sarcoma exhibits wide geographicaI variation.
ln the 1960s, it represented up to 8% of aH maIignancies in sorne parts of sub-Saharan

Africa (Table 6; Ûettlé, 1962; Templeton, 1981; Hutt, 1984). Elsewhere, relativeIy high
incidence rates were recorded in Israel (1970-79, 1.5/100 000 in both sexes combined;
Landman et al., 1984) and ltaly (1976-84, 1.05/100000 in men, 0.27/100 000 in women;
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Geddes et al., 1994), particu1arly in the south. The rates were Iower in the United States
(1973-79,0.29/100000 in men and 0.07/100 000 in women; Biggar et al., 1984a) than in
Europe (Grulich et al., 1992; Hjalgrim et al., 1996).

Table 6. Relative frequencies of Kaposi's sarCOIDa among ail cancers in various
areas of AfrIca

Reference Location Year(s) of Percentage of all cancers
study or report

Men W omen Both

Oettlé (1962) Belgian Congo 1956-57 9-13
French Equatorial Africa 1953 5
French West Africa 1954

1

Gold Coast 1956
1

Kenya 1 948-6 1 2-4
Mozambique 1958 2
Natal 1957

1

Nigeria 1934--4 2
Rhodesia 1949 1

South Africa 1960,51 1-3
Tanganyika 1960 3
Tunisia 1960 .- 1

Hutt & Burkitt (1965) U ganda 1964 4
Bayley (1984) Zaire 1983 9
Melbye et al. (1987) Zaire 1984 16
Otu (1986) Nigeria 1986 15-20
Ngendahayo et aL. Rwanda 1979-86 6
(1989)
Wabinga et aL. (1993) U ganda 1989-91 49 18
Bassett et aL. (1995) Zimbabwe 1990-92 23 10
Newton et aL. (i 996) Rwanda 1991-93 10 3
Patil et aL. (1995) Zaire 1980-89 7.0
Sitas et aL. (1996) South Africa

Black 1990-91 0.54 0.14 0.3
White 1 990-9 1 0.12 0.03 0.1

Since the advent of the AIDS epidernic, Kaposi' s sarcoma has becorne even more
common in parts of Africa (Table 6; Ziegler, 1993; PatiI et al., 1995). The prevalence of
Kaposi' s sarcoma in different areas of the world reflects both the proportion of

homosexual and bisexual men and the proportion of people frorn high-risk countries such
as Africa (see Section 2.1.5(a)).

Although widespread in parts of Africa before the AIDS epidernic, endernic Kaposi' s
sarcoma was not associated with HIV infection (Biggar et al., 1 984b). ln sorne countries,
modest increases in the incidence of Kaposi' s sarcorna were already occurring before the
onset of the AIDS epidemic (Dictor & AttewelI, 1988; HjaIgrirn et al., 1996).
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VoIcanic dust has been proposed to contribute to the etiology of Kaposi's sarcoma.
The evidence supporting this hypothesis came largely from the ecological observation
that, for endemic Kaposi' s sarcoma, the areas of highest incidence are located in

seismically active regions around the Rift Valley of east Africa and (to a Iesser extent)
parts of ItaIy and Greece (Ziegler, 1993). One report described a two-fold increase (of
borderline significance) in the risk for endemic Kaposi' s sarcoma in a voIcanic area of
Italy (Montella et aL., 1996). However, many are as of endemic Kaposi' s sarcoma are not
voIcanic regions. ln a study of the distribution of endemic Kaposi's sarcoma in Italy,
residence in flat lands and former malaria areas was a risk factor (Geddes et al., 1995).
(The W orking Group noted that these hypotheses cannot explain the higher risk among
homosexual men than other HIV-infected persons.)

(c) Temporal changes

The incidence of Kaposi's sarcoma increased dramatically with the arrivaI of the HIV
epidemic. This increase is still being observed in sorne deveIoping countries (Wabinga
et aL., 1993; Bassett et al., 1995) and some southern European countries, but the
incidence appears to have reached a plateau in other developed countries, such as the
United States (DaI Maso et al., 1995).

2.1.3 Descriptive epidemiological studies

(a) Studies in men in relation to marital status

Studies of various types have attempted to quantify the incidence of Kaposi's sarcoma
in groups affected by the HIV epidemic. Never-married young men were used as a
surrogate representing homosexual men, who had the highest incidence of HIV infection
in the populations studied (Table 7).

From 1973-80 to 1981-82, a significant increase in the odds ratio (OR) for Kaposi's
sarcoma among never-married men compared to ever-married men was observed in San
Francisco, CA, United States: 51.8 (95% confidence interval (Ci)), 18.6-143.6), and in
other areas covered by the Surveillance, Epidemiology and End ResuIts (SEER) Pro-
gram: 18.6 (95% CI, 2.2-154.5) (Biggar et aL., 1985). ln San Francisco Cou nt y, an OR of
approximately 2000 was estimated in young single men when comparing data from
1973-79 and 1982. No similar increase was recorded among ever-married men. By 1984,
Kaposi's sarcoma represented 56% of aIl maIignancies among young never-married men
in San Francisco city. ln single men, the relative risk for Kaposi's sarcoma in 1984
compared with 1973-78 approached 2500 (Biggar et aL., 1987). ln Los Angeles County,
CA, United States, for never-married men, the proportionate OR for Kaposi's sarcoma in
1983-85 was nearly 100 times greater than that of 1972-79 (Bernstein et aL., 1989).

ln 1985-87 in San Francisco County, compared with 1973-78, the incidence of
Kaposi's sarcoma had increased over 5000-fold in single men under 50 years oId and
200-foId in young married men. ln the nine SEER areas combined (including low AIDS-
incidence areas), the corresponding increase in young single men was 733-fold (Rabkin
et aL., 1991).
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Table 7. Increase in risk for Kaposi's sarcoma among never-married men
since the beginning of the AIDS epidemic in the United States

Reference Studyarea Control group Time Risk 95% CI" or
period measure X21 for trend

Biggar et aL. San Francisco Never-married men 1982 OR 2043 p -( 0.001
(1985) County aged 20--9, 1973-79

San Francisco Never-married men 1981-82 OR 52 19-144
area aged 20--9, 1973-80
Other SEER Never-married men 1981-82 OR 19 2-155
areas aged 20--9, 1973-80

Biggar et al. San Francisco Never-married men 1984 OR 2479 p -( 0.0001
( 1987) City aged 20--9,1973-78

San Francisco Never-married men 1984 OR 182 p = 0.0001

area aged 20--9, 1973-78

Rabkin et al. San Francisco Never-married men 1985-87 RIR 5060 p -(0.001

(1991 ) County aged 20--9, 1973-78

Total SEER Never-married men 1985-87 RIR 733 p -( 0.002
areas aged 20--9,1973-78

Bernstein Los Angeles Never-married men 1983-85 POR 96 p -( 0.0001
et al. (1989) County aged 18-54, 1972-79

Biggar et al. Manhattan Never-married men 1985 OR 1851 p -( 0.0001

(1989) aged 20--9, 1973-76

Rest of New Never-married men 1985 OR 484 p -( 0.0001
York City aged 20--9, 1973-76

New York Never-married men 1985 OR 109 p -( 0.0001
S tate aged 20--9,1973-76

CI, confidence interval; OR, odds ratio; RIR, relative incidence ratio; SEER, Surveillance,
Epidemiology and End Results; POR, proportionate OR
" ln the absence of 95% CI, p value or X2¡ for trend is given

Rabkin and YeIlin (1994) examined the incidence of Kaposi' s sarcoma in a popu-
lation-based study of never-married men, aged 25-54 years, in San Francisco, of whom
an estimated 20000 (24,%) were HIV-seropositive in Iate 1984. ln 1988-90, the estI-
mated standardized incidence was 540/1 00 000, over 20 times higher than the concurrent

rate in ever-married men (25/100 000; p.( 0.001).
ln 1985, the OR for Kaposi's sarcoma in single men in Manhattan, NY, United States,

compared with the pre-AIDS period (1973-76), was 1851 (Biggar et aL., 1989). ORs
were somewhat lower for the rest of New York City (484) and rest of New York State
(109).

ln New York City, small but consistent increases in the numbers of cases of Kaposi's
sarcoma were seen a1so among married men and women of the same age group (Biggar
et aL., 1989). Between 1976-78 (baseline period) and 1987-88, the annual incidence of
Kaposi's sarcoma in women aged 20-49 years increased from 0 to 1.8/100000 in black
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women and 0 to 0.8/100000 in white women in New York City, but did not change in
the remainder of New York State (Rabkin et aL., 1993a).

(b) Linkage studies between AIDS and cancer registries

Record linkage between AIDS and cancer registration databases is an alternative
methodology for examining associations between HIV infection and cancer in a popu-
lation (Coté et al., 1995). Such studies are facilitated by the relative completeness of
AIDS and cancer registries with respect to Kaposi's sarcoma (Reynolds et al., 1990;
Barchielli et al., 1995; Coté et al., 1995). By matching 2528 AIDS registry cases with
62 500 cancer registry cases from the State of Illinois, United States, Coté et aL. (1991)
found a standardized incidence ratio (SIR) of Kaposi's sarcoma in AIDS patients of 972
compared with the generaI population of Ilinois, an area of low risk for AIDS. This ratio
was based on 137 linked cases of Kaposi's sarcoma.

Reynolds et aL. (1993) linked 1454 cases of Kaposi's sarcoma in the California Tumor
Registry (active since 1969) with aIl AIDS cases diagnosed in San Francisco since 1980.
Before 1980, Kaposi's sarcoma was very rare. ln 1980-87, the relative risk in AIDS
patients was 716 compared with the general population.

SimiIar resuIts have been reported from Italy and Switzerland (Franceschi et aL.,
1992; Barchiell et aL., 1995; Serraino et aL., 1995a). Data for children are shown in
Table 8 (Serraino & Franceschi, 1996a,b).

2.1.4 Analytical studies

(a) Cohort studies

VeugeIers et al. (1994) from the Tricontinental Seroconverter Study studied 407

homosexuaI men with known date of HIV seroconversion, among whom 37 developed
Kaposi' s sarcoma.

Lundgren et al. (1995) studied 687 AIDS patients diagnosed in Denmark up to the
end of 1990. Among these, 437 were homosexual or bisexuaI men who had died at the
end of foIlow-up and 138 had developed Kaposi' s sarcoma either at the time of AIDS
diagnosis or during foIlow-up.

Dore et al. (1996) carried out a retrospective cohort study of 2580 people diagnosed
with AIDS in AustralIa in 1983-94, among whom Kaposi' s sarcoma was the AIDS-
defining iIness for 451, and among the remaining 2129 patients, Kaposi' s sarcoma deve-
Ioped subsequently in 265.

(The W orking Group noted that, although none of these studies reported the number
of expected cases based on the incidence in the corresponding generaI population, the
high proportions of persons in these cohorts who developed Kaposi' s sarcoma must
reflect a very high relative risk.)
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Table 8. Odds ratio (OR) and 95% confidence interval (CI) for Kaposi's
sarcoma (KS) according to selected characteristics and geographicaI area
in children with AIDS, 1981-93

Characteristic Europe United States

KSI AlOS" OR" 95% CI KS/ AlOS" OR' 95% Ci

Age (years)
:: 4d 5/3875 1 15/3796 1

5-12 5/525 12.0 2.22-52.4 7/914 1.95 0.7-5.1
Gender

Femalesd
311 920 1 1 2/2224 1

Males 7/2480 ( 1.5 0.3-7.2) 10/2486 0.8 0.3-1.9
Ethnic group

Whited 5/2136 1

Black 17/2574 2.8 1.0-8.6
Transmission category

Mother to childd 2/1 802 1 20/4121 1

Haemophiliacs and 7 Il 67 1 3.13 0.4-162.1 2/523 0.9 0.1-4.2
transfused

Period of diagnosis
:: 1 990d (3/2440) 1 (20/3283 ) 1

1991-93 (7 Il 788) (2.3) (0.5- 12.5) (211 427) (0.2) (0.04-1.01)

Modified from Serraino & Franceschi (1 996a,b )
"Sorne numbers do not add up to the same total because of missing values.
h Adjusted for age and European country
C Adjusted for age

d Reference category

( ) ca1culated by the Working Group

(b) Case-control studies

Early studies measured the prevalence of antibodies to HIV in AIDS patients,
including those wIth Kaposi' s sarcoma, compared with various control groups. These
studies established that antibodies to HIV were strongIy associated with the development
of Kaposi' s sarcoma.

HIV infection was found in 11/18 Kaposi' s sarcoma patients and in 8/200 control
persons with other cancers in Rwanda (relative risk, 35.0; 95% CI, 8.2-206.7) (Newton
et al., 1995).

(c) Analytical studies of the relationship between degree ofimmunosuppression
and Kaposi's sarcoma among HIV-infected persons

Muñoz et al. (1993) foIIowed a cohort of HIV -infected homosexuaI and bisexual men
during 1985-91. Among the 873 AIDS cases observed in the cohort, 194 had Kaposi' s
sarcoma as AIDS-defining Ilness. A diagnosis of Kaposi's sarcoma was strongIy asso-
ciated with CD4+ T-cell count, wIth an incidence of 15/100 person-years for those with
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CD4+ count beIow 100 cells/mm' to 0.3/100 person-years for those with CD4+ count
above 500. Only 7.8% (12/153) of aIl initial AIDS-defining diagnoses of Kaposi's sarco-
ma were made in men with a CD4+ count above 500 cells/mm'. These data clearly show
that the risk for Kaposi' s sarcoma among AIDS patients is associated with the degree of. .
immunosuppresslOn.

ln the early period of the AIDS epidemic, Kaposi's sarcoma was considered to be a
reIativeIy early manifestation of AIDS compared with, for example, Iymphomas and
many opportunistic infections. ln recent years, Kaposi's sarcoma has been reported to
occur later in the course of HIV disease th an in the past. Lundgren et al. (1995) docu-
mented a significant dec1ine in median CD4 + count among AIDS patients from Denmark
with Kaposi' s sarcoma as initial AIDS diagnosis from 96 cells/mm' before 1987 to
28 cells/mm' in 1989-90.

Very simi1ar results were obtained by Dore et al. (1996), who found a significant
dec1ine in median CD4+ count for Kaposi's sarcoma patients as initial AIDS diagnosis
from 92 cell/mm' in 1983-87 to 40 cells/mm' in 1991-94 (p ~ 0.0005).

Veugelers et al. (1995) studied the AIDS outcomes among 407 homosexual men.
Their data showed that HIV -infected men who seroconverted before 1985 did not
progress faster to Kaposi's sarcoma than men who seroconverted later.

2.1.5 Factors influencing the occurrence of Kaposi's sarcoma in HIV-l-infected

individuals

(a) Behavioural cofactors

(i) Descriptive studies

The risk for Kaposi's sarcoma varies greatly with HIV transmission risk group, being
particu1arly high in homosexual and bisexual men (see Tables 9-12, which were
produced on the basis of AIDS surveillance data (DaI Maso et al., 1995)). Figure 7
shows that even in young homosexua1 and bisexual men (aged 13-24 years), there is
already an elevated proportion with Kaposi' s sarcoma compared with other HIV -trans-
mission groups. Since first homosexual intercourse must have been recent, this finding
implies a rapid increase in risk following sexual transmission of the putative Kaposi' s

sarcoma agent (Franceschi & Serraino, 1995).

Beral et al. (1990) found that, among 88 739 AIDS patients in the United States,
13616 (15%) deve10ped Kaposi's sarcoma. The proportion varied from 21 % in
homosexual or bisexual men to 3% in heterosexuaIs, 2% in intravenous drug users, 3% in
transfusion recipients, 1 % in haemophiliacs and 1 % in chiIdren infected by perinatal
transmission.

ln Spain, Casabona et al. (1990) found that, among 1074 AIDS patients, 124
presented with Kaposi's sarcoma: 36% in homosexual or bisexual men, 2% in intra-
venous drug users and no ne in 35 heterosexuals, 5 transfusion recipients, 23 haemo-
philiacs and 33 children infected by perinatal transmission.
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Table 9. Numbers and proportions of male AIDS cases with Kaposi's sarcoma as AIDS-defining
condition, by country and HIV transmission group, in Europe and United States, 1981-94

Country" Homo/bisexual Intravenous Heterosex uals Haemophiliac Otherl AIl
men drug users and transfused unknown-
KS (%)" KS (%)" Pattern II Natives KS (%)" KS (%t KS (%)d

countriesbcases cases cases cases cases-
KS (% )" KS (%)"

:iAustria 106 (20) 2 (1 ) 0 (0) 3 (4) 0 (0) 9 (6) 120 (11 ) C
Belgium 209 (28) 2 (2) 40 (14) 9 (5) 4 (7) 1 (2) 265 (19) ~

;:Denmark 217 (18) 0 (0) 1 (6) 2 (2) 1 (2) 1 (2) 222 (15) Z
France 5396 (31) 122 (2) 94 (6) 157 (9) 34 (3) 188 (11 ) 5991 (20)

-
~Germany 2 151 (24) 35 (3) 10 (10) 22 (7) 5 (1 ) 88 (14) 2311 (20) ~Greece 107 (19) 2 (7) 2 (25) 8 (14) 2 (2) 18 (11 ) 139 (15) C
ZItaly 934 (21 ) 300 (2) 10 (6) 96 (7) 21 (5) 100 (9) 1 461 (7) 0Netherlands 493 (19) 0 (0) 1 (2) 8 (5) 0 (0) 4 (9) 506 (16) 0
t'Portugal 216 (28) 15 (2) 0 (0) 55 (12) 3 (3) 13 (14) 302 (15) "T-Spain 1 333 (26) 217 (1 ) 0 (0) 85 (5) 10 (1 ) 91 (5) 1 736 (7) n-Sweden 134 (18) 0 (0) 4 (8) 5 (7) 1 (2) 0 (0) 144 (14) t'
ZSwitzerland 480 (26) 28 (2) 6 (12) 38 (11 ) 2 (3) 9 (11) 563 (16) n

UK 1 569 (20) 5 (1 ) 59 (12) Il (5) 0 (0) 10 (6) 1 654 (17)
~
~USA White 30255 (21) 548 (4) - - 93 (5) 109 (2) 382 (8) 31 387 (19) -;:Black 4 198 (10) 711 (2)

c
101 (2) 30 (3) 331 (4) 5371 (6) C

- -
Other 5583 (19) 560 (3) 67 (4) 30 (4) 204 (6) 6444 (12)

CZ- -
t'
CZ

KS, Kaposi's sarcoma
a Only countries with ? 100 cases of Kaposi' s sarcoma over the period 1981-94 are included.
b Individuals originating from Pattern II countries (countries in which extensive spread of HIV began in the mid-to-late 1970s

or early 1980s and in which heterosexual transmission has predominated and continues to)
C Data not available

"Number of Kaposi's sarcoma cases as percentage of total AIDS cases in the respective risk group
Data derived from the European Non-aggregate AIDS Data Set (ENAADS) updated to June 1995, prepared by the European
Centre for the Epidemiological Monitoring of AIDS, Paris, and from the AIDS Public Information Data Set (PIDS) updated to

--December 1994, prepared by the National Center for Infectious Diseases, eenters for Disease Control and Prevention (eDe),
w

Atlanta, GA, United States
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Table 10. Numbers and proportions of female AIDS cases with Kaposi's
sarcoma as AIDS-defining condition, by country and HIV transmission
group, in Europe and United States, 1981-94

Heterosexuals AliCountry" Intravenous
drug users

Haemophiliacs
and transfused

KS (% )h KS
cases cases cases

(%)h KS (%/
cases

Belgium 1 (3) 22 (7) 2 (4)
France 33 (1 ) 83 (3) 16 (2)
Italy 55 (2) 33 (2) 3 (2)
Spain 55 (1 ) 16 (7) 2 ( 1 )

UK 42 (7) 1 (i)
US White 60 (1 ) 42 (1 ) 18 (1 )

Black 136 (1 ) 48 (1 ) 9 (l )

Other 56 (1 ) 37 (1 ) 5 (1 )

Otherl
unknown

KS (%)h KS
cases

(%)h

6
13

25 (5)
138 (2)
104 (2)
74 (1)
43 (5)

1 34 (1 )
250 ( 1 )
103 (1)

(1 )

(4)

14

46
4

(2)
(1 )

(l )

KS, Kaposi's sarcoma
a Only countries with ? 25 cases over the period 1981 -94 are included.
h Number of Kaposi's sarcoma cases as percentage of total AlOS cases in the respective risk

group
, Data derived from the European Non-aggregate AlOS Data Set (ENAADS) updated to June
1995, prepared by the European Centre for the Epidemiological Monitoring of AlOS, Paris,
and from the AlOS Public Information Data Set (PIDS) updated to December 1994, prepared
by the National Center for Infectious Diseases, Centers for Disease Control and Prevention
(CDC), Atlanta, GA, United States

ln the United Kingdom, Beral et al. (1991 a) found that, among 2830 AIDS patients,
566 deveIoped Kaposi's sarcoma. The proportion varied from 23% in homosexual or
bisexual men and 10% in heterosexuals to 0% in 83 intravenous drug users, 47
transfusion recipients, 163 haemophiliacs and 23 children infected by perinatal
transmission.

European (Serraino et al., 1992a; Franceschi et al., 1995b; Serraino et aL., 1 995b) and
Australian (EIford et aL., 1993) surveillance data have confirmed that Kaposi's sarcoma
is more common among homosexual and bisexual men and women who reported sexual
rather than parenteral exposure to HIV. This finding is particularly notable since a high
proportion of transfusion-associated AIDs cases have received b100d from homosexual
or bisexuaI men, so that even massive bIood contact does not appear to increase the risk
as much as sexual contact (Busch et aL., 1991).

Among people who acquired HIV by heterosexual contact, the risk for deve10ping
Kaposi' s sarcoma varies according to country of origin: Kaposi' s sarcoma occurred in
18% of AIDS cases in Rwanda (Van de Perre et al., 1984), 16% in Zaire (Piot et al.,
1984), 13% of infected Africans resident in Belgium (Clumeck et aL., 1984), 8% of
infected Africans resident in the United States, 6% of AIDS cases in Haitians resident in
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the United States and 14% of infected Africans resident in the United Kingdom, as
compared to 2-5% of AIDS patients in the United States or Europe (Beral et aL., 1990,
1991a) (Data calculated by Beral (l99Ia) from the original papers.)

Table 11. Numbers and proportions of AIDS cases with Kaposi's sarcoma as
AIDS-defining condition, by country and year of AIDS diagnosis, among
homosexual and bisexual men in Europe and the United States, 1981-94

Country"

Austria

Belgium

Denmark

France

Germany

Greece

Italy

Netherlands

Portugal

Spain

S weden

Switzeriand

UK

USA

White

Black

Other

Year of diagnosis

Pre- 1 985

KS
cases

6 50
4 29
Ii 31
107 45

53 39

8 38
17 35
3 100

12 60
4 25
14 44
54 39

2525

249

292

1985-86

%' KS
cases

5 22
15 35

22 24

485 41

227 36

4 17
39 22

44 24

13 36

54 33

22 30

63 40

169 28

44 4603 29

20 460 13
32 678 26

1987-88

%' KS
cases

18 20

30 29

34 19
968 33

420 26

12 17

126 26

97 21

29 30
181 29

25 21

102 31

276 21

6485 22

741 10

1080 21

1989-90

%' KS
cases

17 14

41 23

47 17

1274 31

538 25

16 14

202 21

115 18

46 24
313 25

31 17
106 24

315 19

7260 21

1091 10

1370 19

1991-92

%' KS
cases

35 24

64 29

54 19
1353 30

547 24

40 24
263 21

135 19

77 32

429 27

33 21

107 22

374 18

7043 18

1112 8

1522 17

1993-94

%' KS
cases

%'

25 18
55 28
49 16"

1 209 28h
366 17"

35 21
296 1 9h
85 15h

48 24
344 22h

19 10h

88 22h

381 19h

2339

545

641

15"

8"

14"

KS, Kaposi's sarcoma
a Only countries with ;: 100 cases of Kaposi' s sarcoma over the period 1981 -94 are incIuded.

h Xl, for trend, ;: 3.84; p .. 0.05

'Number of Kaposi's sarcoma cases as percentage of total AIDS cases in the respective calendar
period
Data derived from the European Non-aggregate AIDS Data Set (ENAADS) updated to June 1995,
prepared by the European Centre for the Epidemiological Monitoring of AIDS, Paris, and from
the AIDS Public Information Data Set (PIDS) updated to December 1994, prepared by the
National Center for Infectious Diseases, Centers for Disease Control and Prevention (CDC),
Atlanta, GA, United States

kajo
Pencil

kajo
Pencil



76 IARC MONOGRAPHS VOLUME 67

Table 12. Numbers and proportions of AIDS cases with Kaposi's sarcoma as
AIDS-defining condition, by country and year of AIDS diagnosis, among men
(other than homosexual and bisexual) and women in Europe and the United
States, 1981-94

Countrya Year of diagnosis

Pre 1985 1985-86 1987-88 1989-90 1991-92 1993-94

KS %' KS % c
KS %' KS 0/0' KS %' KS %'

cases cases cases cases cases cases

Men
Belgium 8 12 8 14 13 14 9 8 10 6 8 Sh
France 12 12 34 9 94 6 119 4 171 S 165 4h
Germany 6 16 13 9 37 8 28 4 44 6 32 Si,

Italy 2 10 20 6 69 4 113 3 149 3 174 3h
Portugal 2 8 7 8 17 9 14 4 46 7
Spain 4 9 8 2 44 2 81 2 130 2 136 2
UK 2 2 8 4 15 4 31 6 29 S
USA

White 40 7 83 S 165 4 272 S 349 S 223 S
Black 76 6 104 4 174 3 274 3 327 2 218 21,

Other 29 6 65 4 143 3 200 283 4 141 31,

W omen

France 3 8 12 5 22 3 28 2 36 2 37 21,

Italy 6 5 12 2 22 2 19 1 45 2
Spain 1 14 4 4 10 2 15 1 17 1 27 1

UK 3 43 1 5 5 3 18 6 15 4
USA

White 17 9 24 3 26 1 39 1 48 1 21 11,

Black 23 5 28 2 56 2 83 1 107 1 65 1 h

Other 1 1 17 3 29 2 41 2 52 2 30 1

KS, Kaposi's sarcoma
"Only countries with ? 40 cases of Kaposi' s sarcoma in each group over the period 1981-94
hX2, for trend, ? 3.84; p.( 0.05

C Number of Kaposi's sarcoma cases as percentage of total AlOS cases in the respective calendar

period
Data derived from the European Non-aggregate AlOS Data Set (ENAAOS) updated to June 1995,
prepared by the European Centre for the Epidemiological Monitoring of AlOS, Paris, and from the
AlOS Public Information Data Set (PIOS) updated ta Oecember 1994, prepared by the National
Center for Infectious Oiseases, Centers for Oisease Control and Prevention (COC), Atlanta, GA,
United States

ln addition, the proportion of sexuaIly infected femaIe AIDS patients presenting with
Kaposi's sarcoma was highest in those who se reported sexuaI partners were bisexual
men (2.6% in the United States, Peterman et aL., 1993; 6.9% in Europe, Serraino et aL.,
1995b) (Figure 8).
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Figure 7. Percentage of Kaposi's sarcoma as AIDS-defining ilness by age in homo-
sexual and non-homosexual males and females in selected European countries and
the United States (whites and blacks), 1981-94

-- Homo 1 bisexual males + Non-homosexual males -- Females

~
Percentage FRAN C E~I Percentage ITALY

35
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25 25

15 :1
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5 ~-- í: ~~
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Data derived from the European Non-aggregate AIDS Data Set (ENAAOS) updated to June i 995,
prepared by the European Centre for the Epidemiological Monitoring of AlOS, Paris, and from the

AIDS Public Information Data Set (PIOS) updated to December 1994, prepared by the National Center
for Infectious Diseases, Centers for Oisease Control and Prevention (CDC), Atlanta, GA, United States
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Figure 8. Percentage of Kaposi's sarcoma in women who acquired AIDS via hetero-
sexual contact by their sexual partner's reported "IV-transmission group, Europe,
1981-93 and United States, (1981-91)

Sexual partner Europea United Slatesb

lnjecting drug user 1.7% (28/1693) 1.0% (40/4113)

Transfusion recipient of haemophiliac C 1.6% (3/187) 0.7% (1/154)

Bisexual man 6.9% (17/246) 2.6% (221852)

Man from pattern Il countries 2.8% (7/253) no data

o 2 4 6 8 10 o 2 4 6 8 10
Percentage Percentage

Pattern II countries: Extensive spread of HIV began in the mid-to-Iate 1970s or early 1980s. Hetero-
sexual transmission has predominated and continues to.
" 
Modified from Serrai no et aL. (1995b)

hModified from Peterman et 

aL. (1993)
C ln United States, transfusion recipient of haemophiliac. ln Europe, blood recipient

(ii) AnalytIcal studIes

A number of studies have contrasted the sexual practices of homosexual men with
Kaposi's sarcoma with those of men with opportunistic infections or other manifestations
of AIDS (Tables 13 and 14).

Several studies have reported on the number of sexuaI partners among homosexuaI
and bisexual men with Kaposi' s sarcoma compared with homosexual and bisexual men
with other AIDS manifestations (Table 13). Most of these studies (Haverkos et aL., 1985;
Goedert et al., 1987; Archibald et al., 1990; Armenian et al., 1993), but not aIl (Lifson
et al., 1 990a,b), found that the Kaposi' s sarcoma patients had a higher number of sexual
partners. Goedert et al. (1987) also reported that Kaposi's sarcoma patients had more
sexually transmitted diseases.

SimiIar studies have been undertaken of insertive oral-anal contact among Kaposi's
sarcoma patients compared with men with other AIDS manifestations. Sorne studies
(Archibald et al., 1990; BeraI et al., 1992; Darrow et al., 1992), but not aIl (Lifson et al.,
1990b; Elford et al., 1992; Kaldor et al., 1993; Page-Bodkin et al., 1992; Armenian
et al., 1993). have found this sexual practice to be more common among Kaposi's
sarcoma patients than among other AIDS patients (Table 14).

ln conclusion, "men who deveIoped Kaposi's sarcoma have tended to be more sexually
active, have had more sexually transmitted diseases and had more sexuaI parners from
areas where Kaposi' s sarcoma is common. ln conjunction with the much higher risk for
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Kaposi' s sarcoma in homosexual men than in other HIV transmission groups, the data
have led sorne authors to suggest that an infectious and sexually transmitted agent

(independent of HIV) is associated with Kaposi' s sarcoma. It shou1d be noted that very
few data on risk factors for Kaposi' s sarcoma are available from Africa.

Table 13. Studies of the association between risk factors and Kaposi's
sarcoma in homosexual men

Reference Risk behaviour AlOS Proportion of
manifestations cases

No. %

Haverkos et aL. ~ 100 male sexual partners in KS 29/47 61
(i 985) year before illness PCP 6/20 30
Goedert et aL. ~ 100 homosexual partners KS 3/8 38
(I987) during the previous year PCP 3/10 30

~ 3 STOs KS 1/8 13
PCP 0/10

Archibald et aL. :; 20 male sexual partners in KS 19/25 76
(I 990)" pnor year Other infections 25/48 52

:; 20 sexual partners from KS 14/25 56
areas of high risk for KS" Other infections 10/48 21

Lifson et aL. Median no. of sexual partners: KS 7 1 cases
(I 990a, b ) 300

Median no. of sexual partners: Other 107 cases

278

Armenian et aL. ~ 49 male partners in the last 2 KS 159/314 51
(I993)' years Non-cancerous 194/508 38

AlOS controls
Having partners from high KS 65/3 14 21
risk are as" Non-cancerous 61/508 12

AlOS controls

KS, Kaposi's sarcoma; PCP, Pneumocystis carinIi pneumonia; STO, sexually transmitted
disease
"A reanalysis of the same cohort in 1992 found very similar results (Archibald et aL., 1992)
" San Francisco, Los Angeles, New York
'This cohort was first studied by Jacobson et aL. (1990)
"From San Francisco for participants from other than Los Angeles

(b) Infectious cofactors

(i) Human herpesvirus 8

For a more detailed description of human herpesvirus S (HHV -S), see Section 4.2.4.

Chang et al. (1994) announced the discovery of a previously unknown human
herpesvirus in Kaposi's sarcoma tissue of AIDS patients from the United States. The
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virus, described as 'Kaposi' s sarcoma-associated herpesvirus' (KSHV) or as human
herpesvirus 8 (HHV -S), was identified by the use of representational difference analysis
to discern DNA sequences in tumour tissue that were absent from normal DNA. The
sequences, which showed simiIarity to a number of gammaherpesviruses (including

Epstein-Barr virus (EBV)), were found in 21/27 (78%) people with AIDS-related

Kaposi's sarcoma, 6/39 (15%) AIDS patients without Kaposi's sarcoma and 0/103 non-
AIDS controls (p -: 10-7 using non-Kaposi's sarcoma contro1s).

A number of laboratories have since reported the detection of HHV -8 in biopsies of
all epidemiological forms of Kaposi's sarcoma and/or in PBMCs from Kaposi's sarcoma
patients (see Table 15). Overall, HHV-8 has been detected in more than 9S% of Kaposi's
sarcoma biopsies, but much less frequentIy and in Iower amounts in skin of Kaposi's

sarcoma patients. Using PCR, HHV-8 has been detected in PBMCs from about 50% of
Kaposi's sarcoma patients (Ambroziak et al., 1995 (in 100%); Howard et aL., 1995;
Whitby et al., 1995), but not at all (Ambroziak et al., 1995; Whitby et al., 1995) or in
only 9% (Bigoni et al., 1996) in those of hea1thy blood donors. ln asymptomatic HIV-
infected individuals, detection of HHV -S in peripheral blood strongly predicts pro-
gression to Kaposi's sarcoma (Collandre et aL., 1995; Howard et aL., 1995; Whitby et aL.,
1995). These findings suggest that HHV -8 has only a limited distribution in developed
countries, but is an independent risk factor for classic (Mediterranean), African endemic
and AIDS-associated Kaposi' s sarcoma. However, the distribution of HHV -8 in the

general population is not yet fully clear. Two groups have found HHV -S in semen
sampIes and prostate of healthy HIV -seronegative individuals (Lin et al., 1995; Monini
et al., 1996), whereas others have not confirmed this observation (Ambroziak et al.,
1995; Li et al., 1995).

Preliminary sero10gica1 data also support the view that HHV -S is infrequent in the

general populations of developed countries. Antibodies to severaI proteins of HHV -8 can
be detected in the majority of Kaposi' s sarcoma patients, but onIy infrequently in HIV-
infected individuals without Kaposi's sarcoma (Miller et al., 1996; Moore et aL., 1996)
and in the general population. These findings underline the strong association between
detection of HHV -S and the presence of Kaposi' s sarcoma. However, in view of the
conflcting PCR-based evidence, it needs to be established whether the presence of anti-
bodies to HHV-S reflects infection with, rather than reactivation of, HHV-S.

The advent of serological tests for HHV -8 should allow Iarger and more thorough
epidemiological studies to be conducted, 100 king at the prevaIence of the agent in popu-
lations at differing risk of developing Kaposi' s sarcoma. If the virus is ubiquitous, it
throws into question the issue of causality for Kaposi' s sarcoma. U sing an immunoblot
assay for two latent nuclear antigens specific for HHV -S, Gao et al~(1996a) showed that
the seroprevalence of HHV -S did vary between groups with differing risk of Kaposi' s
sarcoma, being most prevalent in those at highest risk. Of 40 patients with Kaposi' s
sarcoma (recruited from the Multicentre AIDS cohort study (MACS)), 32 (SO%) were
positive for antibodies to HHV-S, compared to 7/40 (1S%) homosexual men without the
disease (just before the onset of AIDS). Of 122 HIV-seronegative blood donors and
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Table 15. Proportion of patients with HHV-8 in relation to Kaposi's sarcoma and HIV/AIDS status

Reference HHV -S-positi ve proportion of patients

AIDSIHIV + AIDS/HIV - AIDS/HIV + AIDSIHIV - Comments
KS+ KS+ KS- KS--

Chang et al. (1994) 21/27 6/39" 0/1 03b "Lymphomas, Iymph nodes biopsies
bNon-AIDS lymphomas, Iymph nodes, cancers, other biopsies -

Su et aL. (1995) 4/4 2/3 OIS" 0/32b " AIDS lymph nodes ~;;b Benign and malignant Iymphoid tissue n
Dupin et aL. (1995) 4/4" 5/5b 0/6' a Homosexual ::0b Mediterranean KS

Z
, Other patients 0a

Boshoff et aL. 14/14" 16/17b 0/11 ' " 12 males, 2 females ;;
(1995a) S/Sd

b Mediterranean patients ~
"'

1/1' 'Various skin lesions (9 M, 2 F) ::
CI,1 Organ transplant recipients ~e Homosexual 0l'

Ambroziak et aL. 12/12" 1/1 " "Homosexua1 patients c:
(1995) 717b 3/3b 0/6b 0/14 b,

bHHV-S detected in PBMCs ::
tT

'Healthy lab volunteers 0\--
Moore & Chang 10/11 " 6/6b 1/11 " 10/11 Homosexual
(1995) 4/4" 0/1 0'

bMediterranean 'classic'

, PBMCs
Howard et al. 11/14"' 1/ 19" Ali homosexual
(1995) 0/6b., 0/6"

a Pulmonary and cutaneous KS

11/17,1 b Cutaneous KS only

'Bronchoalveolar lavage fluid
dHHV-8 detected in PBMCs

'The patient re-presented with " 3 months later
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Table 15 (contd)

Reference HHV -8-positive proportion of patients

AIDS/HIV + AIDS/HIV - AIDS/HIV + AIDS/HIV - Comments ::KS+ KS+ KS- KS- c:
~
;iWhitby et aL. 24/46a 11/143" 01160ab "HHV-8 detected in PBMCs Zb 134 blood donors, 26 cancer patients -(1995)
~Buonaguro et al. 19/19a 42/42b 0/1S' 0117" "5 Italian, 5 North American, 3 Ugandan, 3 Kenyan origin, KS ~
c:(1996) O/S' 9/13' tissues
Zb 28 c1assic KS (5 Greek, 6 North American, 17 Italian),
0
02 iatrogenic (Greek), 12 African endemic KS (Ugandan)
mC PBMCs
"1-dHuman biopsies from healthy individuals or affected by other n-
mpathologies Z

, Autologous uninvolved skin of a and b n
~Chang et al. 22/24 17/20 1/7 2115 aU gandan patients
~-( 1996)"
::
c:

Huang et al. (1995) 12112" 14118b a US origin
v.bMediterranean (c1assic) and African origin mv.Lebbé et aL. (1995) 212 14114a almmunosuppressed (1), c1assic (10), endemic (3) KS

0/5b b PBMCs
Schallng et al. 17117" 18118" a KS biopsies, U gandan origin
(1995) 8/8b 3/3b b KS biopsies, Swedish origin
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Table 15 (contd)

Reference HHV -8-positive proportion of patients

AIDS/HIV + AIDS/HIV-
KS+ KS+

AIDS/HIV +
KS-

AIDS/HIV -

KS-
Comments

Bigoni et al.
, (1996)

Prospective
studies:
Whitby et aL.

(1995)

No. developing KSa

HIV+

HHV _8+b HHV _8_b

6/11
55%

(p -: 0.00005)

12/132

(9%)

0/1 Ob

4/58d

7/80b
1/1 l

5/56d

a Italian patients
b Non-Hodgkin's Iymphoma patients

'Reactive lymphadenopathy
d HHV -8 detected in PBMCs

a AIDS patients KS-free at recruitment; average 30 months

follow-up
b HHV -8 detected in PBMCs

KS, Kaposi's sarcoma; PBMC, peripheral blood mononuc1ear cell; M, male; F, female
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20 HIV -infected haemophiliacs, no ne were seropositive. The 40 patients with HIV-
associated Kaposi' s sarcoma had each been fol10wed for a period of between 13 and 103
months before diagnosis of the disease (all were HIV -seropositive on entry). ln that time,
11/40 (28%) were seropositive for HHV-8 throughout, 21 (52%) became positive
between 6 and 75 months prior to diagnosis, 6/40 (15%) remained seronegative through-
out and 2/40 (5%) changed from seropositive to seronegative during the course of the
study. These data support the hypothesis that HHV-S is causal for Kaposi's sarcoma and
suggest that many of those who get the disease seroconvert to antibodies against the virus
re1atively soon before its onset. Further studies in these patients (using a different sero-
logica1 assay: an immunotluorescent assay) showed that they had an antigen profile
suggestive of primary infection with HHV -S rather that reactivation of a chronic existing
infection (high titres of IgC and absence of IgA and IgM).

A second study by Gao et aL. (1 996b) compared the prevalence of HHV -8 in those
with and without Kaposi's sarcoma from Uganda, lta1y and the USA. There is a very
strong association between seropositivity for HHV -8 and Kaposi' s sarcoma, both in
HIV -seropositive and in HIV -seronegative patients. However, the prevalence of HHV-S
in HIV -seronegative blood donors or patients with cancers other than Kaposi' s sarcoma
(for which there is no evidence of an association with HHV -S), varied dramatically

between countries, being highest in Uganda (51 %), followed by Ita1y (4%) and then the
USA (0%). Kaposi' s sarcoma remains virtually unknown outside of HIV -seropositi ve
homosexua1 men in the USA (and sorne immigrant groups), but has existed at a low
incidence in lta1y and a considerably higher incidence in Uganda since weIl before the
early 1980s (Templeton, 1973). Therefore, these results might be expected if HHV-S
were causal for Kaposi's sarcoma.

(ii) Cytomegalovirus

Even before the HIV epidemic, there were reports that cytomega10virus antibody was
more common1y present in persons with endemic forms of Kaposi's sarcoma (Giraldo
et aL., 1975, 1978); cytomega10virus genome was detected in Kaposi's sarcoma tissue
from endemic cases (Gira1do et aL., 1980). Early in the AIDS epidemic, it was observed
that the great majority of homosexual men had cytomega10virus antibodies, compared
with only half of the general population of the same age (Drew et al., 1982; Me1bye
et al., 1983; Rogers et aL., 19S3), leading sorne investigators to suggest that it was a
plausible candidate for the causal agent of AIDS itse1f (Urmacher et aL., 1982; Mintz
et aL., 1983). However, other studies failed to confirm the consistent presence of the
cytomega10virus genome within Kaposi' s sarcoma tissue (Ambinder et aL., 1987; Kempf
et aL., 1995).

ln retrospect, the reported associations between AIDS, immunosuppression or
Kaposi' s sarcoma and cytomegalovirus antibody prevalence or titre were probably due to
fai1ure to obtain controls adequately matched by sexual habits (Johnston et al., i 990).

(iii) Other infectious agents

There is little evidence to support a re1ationship between human herpesvirus 6 (HHV-
6) and Kaposi's sarcoma. One study failed to detect an elevated HHV -6 preva1ence in
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Kaposi's sarcoma tissue compared with normal skin; when detected, it was the more
common B variant (Kempf et al., 1995). However, another study reported that the less
common A variant of HHV -6 was present in nearly a third of both endemic and HIV-
related cases (Bovenzi et aL., 1993). Infection with HHV -6 occurs early in life and anti-
bodies are common in adults (Krueger et al., 1988; Dolcetti et aL., 1994).

Two studies have found human papillomaviruses (see IARC, 1995) in Kaposi' s
saI'coma tissue from AIDS cases, detected by PCR (Huang et al., 1992) and by immuno-
histochemistry (Nicko1off et aL., 1992), but other investigations have faIled to confirm
these findings (Biggar et al., 1992; Kaaya et aL., 1993a).

Rochalimaea henselae is a bacterium associated with angiomatoses that might be
confused with Kaposi' s sarcoma. It has been considered as a causal agent for Kaposi' s
sarcoma (Bignall, 1993) but is thought unlikely to be re1ated to this disease (Taylor et al.,
1993).

Mycoplasma fermentans has been isolated from cells transformed with human DNA
from Kaposi' s sarcoma tissue (Lo et al., 1989). However, there are no epidemiological
data to support an association with Kaposi' s sarcoma. Katseni et al. (1993) found HIV-
positive and HIV -negative subjects to have comparable frequencies of M. fermentans.
Another mycop1asma, M. penetrans (Lo et al., 1991), seems to be more common in HIV-
infected than in HIV -negative individua1s, as shown by the preva1ence of antibodies to
this organism (Wang et al., 1992). Serological evidence suggests that M. penetrans might
be more common in HIV -infected homosexuals, but not in intravenous drug users or
haemophiliacs, suggesting a IInk to those patient groups known to be at an increased risk
for Kaposi's sarcoma (Wang et al., 1993).

(c) Genetic susceptibility

ln 1983, ear1y in the AIDS epidemic, the HLA-DR5 haplotype was reported to be
associated with the occurrence of Kaposi's sarcoma in homosexual men from New York
City (Pollack et al., 1983a; Prince et aL., 1984), an association a1so reported among cases
of endemic Kaposi' s sarcoma (Pollack et al., 1983b; Contu et aL., 1984; Papasteriades
et al., 1984). Subsequent studies have fai1ed to confirm such an association in either
AIDS-related or endemic Kaposi's sarcoma (Melbye et aL., 1987; Brunson et al., 1990;
Mann et al., 1990; loannidis et al., 1995; Strichman-A1mashanu et al., 1995).

One suggestion ta explain this discrepancy was that HIV -infected persons with ele-
vated genetic susceptibility (in this case, DR5-positive) developed Kaposi's sarcoma
saoner after infection and hence were not seen in later studies. However, large numbers
of newly infected persons continue to enter the pool of persons at risk and exhaustion of
the susceptible subgroups seems an unlikely exp1anation. Another explanation is that this
marker is more corn mon in sorne subgroups, particu1arly in Mediterranean and Jewish
populations, and that control for this factor was inadequate. Reported associations with
other HLA markers have not been confirmed (summarized by Ioannidis et aL., 1995), and
the relationship between HLA and Kaposi's sarcoma is still controversiaL. (The Working
Group noted that the multiple comparisons made in the analysis of the HLA data make it
difficult to interpret the findings.)

;
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(d) Miscellaneous factors

The use of amyl nitrite inha1ants has been considered as a factor increasing risk for
Kaposi's sarcoma in homosexua1 men. Use of these drugs was especially popu1ar among
very sexually active homosexua1 men at the time when the AIDS epidemic was emerging
in the 1ate i 970s and early 1980s (Jaffe et al., 1983; Melbye et al., 1983). They act as
smooth muscle relaxants and potent vasodi1ators (Newell et al., 1984) and are thought to
be potentially carcinogenic (Jørgensen & Lawesson, 1982). Therefore, they seemed plau-
sible candidate etiological agents for a tumour prominent1y involving blood vessels.
Early studies found their use to be associated with both immunosuppression and with
deve10pment of Kaposi's sarcoma (Goedert et aL., 1982; Marmor et al., 1982; Haverkos
et al., 1985).

However, since nitrite inha1ants were often used to facilitate anal intercourse, their
use was correlated with the frequency of receptive anal intercourse with multiple
partners. ln one study, adjusting for anal intercourse eliminated the re1ationship between
Kaposi' s sarcoma and nitrite inhalant use (Darrow et al., i 992), a1though in another
study (Archibald et aL., 1990), a residual 'independent effect remained. (The Working
Group noted that, among homosexual men in deve10ped countries, nitrite inhalant users
also became HIV -infected early in the epidemic and thus manifested AIDS symptoms
(including Kaposi' s sarcoma) earlier. Thus, the evidence of the association between
nitrite inha1ants and Kaposi' s sarcoma is not convincing.)

Data about androgen levels is conflicting. Klauke et aL. (1995) report higher testos-
terone levels in 17 HIV -infected men with Kaposi' s sarcoma th an other HIV -infected
men who had no symptoms (11), mild symptoms (12) or non-Kaposi's sarcoma AIDS
(29). ln contrast, Christeff et aL. (1995) found higher levels of testosterone and dehydro-
epiandrosterone in 28 men with Kaposi' s sarcoma compared to 34 HIV -infected men
without Kaposi's sarcoma, after stratifying for CD4+ T-cell count. Further studies are
needed to clarify this issue.

Lunardi-Iskandar et al. (l995a) reported that Kaposi's sarcoma Yi cells could not be
grown in pregnant mice and that human chorionic gonadotropin (HCG) appeared to

induce apoptosis in Kaposi' s sarcoma derived cells In culture (see Section 4.2.1). The
incidence of Kaposi's sarcoma in HIV-infected pregnant women (who would have high
HCG levels soon after conception) in Africa was simi1ar to that in post-pregnant women
or women not recently pregnant, arguing against a role for HCG at physiologica1 doses.
Simi1arly, there was no difference between pregnant and non-pregnant women in the
frequency of disseminated Kaposi' s sarcoma 1esions (Rabkin et al., 1995a).

2.1.6 Human immunodeficiency virus type 2

Because of a paucity of data, it is unc1ear whether the clinical spectrum of diseases in
HIV -2-infected individuals differs from that of HIV - 1, particularly with respect to
Kaposi's sarcoma (De Cock & Brun-Vézinet, 1989).

Kaposi' s sarcoma in people with HIV -2 infection was reported in two patients from

Senegal (Le Guenno et al., 1987), one from France (Brücker et al., 1987), four of 17
HIV -2-associated AIDS cases from western Africa (Clavel et al., 1987), but not in two
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follow-up studies, nameIy a one-year follow-up of 62 HIV -2-seropositive individuals
(Poulsen et al., 1989) and a two-year follow-up of 133 similar subjects from Guinea
Bissau, a few of whom had an AIDS diagnosis (Ricard et al., 1994).

No Kaposi' s sarcoma was observed in a few case reports and small case series of
HIV -2-seropositive individuals (Clavel et al., 1986; Mølbak et al., 1986; Ancelle et al.,
1987; Brun- Vézinet et al., 1987; Burin Des Roziers et al., 1987; Kroegel et al., 1987;
Saimot et al., 1987; Veronesi et al., 1987; Vittecoq et al., 1987; Agut et al., 1988;

Centers for Disease Control, 1988; Hugon et aL., 1988)

2.2 Non-Hodgkin's Iymphoma

ln this monograph, Hodgkin's disease is covered under other cancers (Section 2.3.3).

2.2.1 Description of the clinical disease and pathology

Lymphomas have been classified on the basis of pathological appearance in various
classification schemes. The use of different schemes and changes in these over time have
complicated comparisons of the occurrence of non-Hodgkin's lymphoma between places
and between time periods.

Non-Hodgkin' s 1ymphoma is a recognized complication of other immunosuppressed
conditions. Both primary and iatrogenic immunosuppression are associated with

increased risk for non-Hodgkin's lymphoma (see Section 4.3.1). ln particu1ar, Burkitts
lymphoma incidence is increased in X-lInked 1ymphoproliferative disease and ataxia
te1angiectasia, but not in relation to iatrogenic immunosuppression (Fi1ipovich et al.,
1 994).

Non-Hodgkin's lymphoma accounts for approximately 4% of cancer cases and 4% of
cancer deaths in the general population not infected with HIV (Parkin et al., 1992). Inci-
dence rates for non-Hodgkin's 1ymphoma rise exponentially with age, and there is a male
predominance (ratio 3 : 2), which is more marked at younger than older ages. The
incidence has been rising steadi1y for severa1 decades, since long before the advent of
HIV. Among United States men aged 0-64 years, the increase over the past 40 years has
been estimated to be above 40%. Even after accounting for the effect of HIV, the
incidence of non-Hodgkin's lymphoma has continued to increase more rapidly than that
of most other tumours (Devesa et aL. 1987; Coleman et al., 1993). The incidence of high
histological grades of disease has increased more than that of 10w-grade ones, and
extranoda1 disease has increased more rapid1y th an nodal disease (Rabkin et aL., 1993b).
The reasons for these increases are not understood. Even after accounting for the impact
of changes in diagnosis and weIl established risk factors on the trends, there remains an
unexplained increase in the incidence of non-Hodgkin's lymphoma in the United States
(Hartge & Devesa, i 992).

(a) Classifcation of AIDS-related lymphomas

Most types of non-Hodgkin's lymphoma are AIDS-defining conditions.
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Non-Hodgkin's lymphoma can arise either in the lymph nodes or in extranodal
1ymphoid tissue. ln the absence of HIV infection, approximate1y three quarters of the
cases have a nodal primary site and one quarter originate extranodally. The central
nervous system is an unusua1 site of non-Hodgkin's 1ymphoma in the absence of HIV
infection. ln 2687 HIV-negative cases reported to a Danish Lymphoma Registry, the
central nervous system was the primary site in 4.2% of extranodal non-Hodgkin's lym-
phomas and in 1.6% of all non-Hodgkin's lymphomas (Krogh-Jensen et aL., 1994).

HIV -associated lymphomas are distinctive in their site distribution. Nearly halfof the
cases of HIV -associated lymphoma have an extranodal primary site. The central nervous
system is a particularly favoured primary site, accounting for about 20% of aIl AIDS-
related non-Hodgkin' s lymphoma in the United States (Beral et al., 1991 b).

As shown in Table 16, the spectrum of HIV-related 1ymphoproliferative disorders
includes: (i) systemic non-Hodgkin's lymphomas; (ii) body cavity-based lymphoma; (iii)
primary lymphoma of the brain; and (iv) multicentric Castleman's disease.

(i) Systemic non-Hodgkin 's lymphomas

Systemic AIDS-related non-Hodgkin's lymphomas are a heterogeneous group of
malignancies, usuaIly of the B-ceIl phenotype. The overwhe1ming majority fall within
three Working Formulation histological categories: large non-cIeaved-cell Iymphoma;
large-cell immunoblastic lymphoma; and small non-cleaved-cell lymphoma, which
inc1udes Burkitt' s tumour. It has been proposed that large non-c1eaved-cell lymphoma
and large-cell immunoblastic lymphoma be c1assified as a single category under the term
'diffuse 1arge-cell Iymphoma'. This latter definition has been further expanded to include
also CD30+ anap1astic 1arge-cell 1ymphoma of B-cell origin (Harris et al., 1994). CD30+
anaplastic large-cell 1ymphomas constitute a heterogeneous group of high-grade 1ym-
phomas at the borderline between Hodgkin's disease and non-Hodgkin's lymphomas,
and have been described in association with AIDS (Carbone et al., 1991; Chadburn et al.,
1993; Tirelli et al., 1995a).

An interesting feature of systemic lymphomas in HIV patients is the frequency of
p1eomorphic features, with overlap between established histological subtypes (Raphael
et al., 1991). An atypica1 variant made up mainly of blastic cells exhibiting features inter-
mediate between small non-c1eaved-cell lymphoma with plasma-cell differentiation and
immunoblastic plasmacytoid cells has also been observed in HIV patients (Lennert &
Feller, 1990; Carbone et al., i 995a). These atypical morpho10gical features may bias a
correct discrimination of smaIl non-cleaved-cell lymphoma from large-cell immuno-
b1astic 1ymphoma. This intermediate variant also incIudes Burkitt-like tumours (Harris
et al., 1994).

Whether extramedullary p1asmacytoma shou1d be included among AIDS-related

lymphomas is stil debated (reviewed by Levine, 1993).

(ii) Body cavity-based lymphoma

Body cavity-based lymphoma, growing in the pleural, pericardial and peritoneal
cavities as primary lymphomatous effusions, represents an additional rare AIDS-re1ated
non-Hodgkin's lymphoma variant (Knowles et aL., 1989; Cesarman et al., 1995). This
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1ymphoma has morphologica1 features between those of large-cell immunoblastic
lymphoma and anaplastic 1arge-cell 1ymphoma (Ansari et al., 1996; Carbone et al.,
1996a; Cesarman et al., 1996). Its identification is based on pathology, clinical features,
phenotype, genotype and etiology (Jaffe, 1996).

Table 16. Pathological features of AIDS-related non-
Hodgkin's Iymphomas and other Iymphoproliferative
disorders

Non-Hodgkin's Iymphomas
Systemic Iymphomas

(a) 'Blastie '" eelllymphomas
Large non-cleaved cell (G - WF)
Immunoblastic (H - WF) with or without plasma cell

differentiation
Small non-cleaved cell (J - WF) with or without plasma

cell differentiation
Extramedullary (plasmacytoma)h

Blastic cells with 'intermediate' features
(h) 'Anaplastie" eelllymphomas

Anaplastic large cell (CD30/Ki- i +)
(e) Others (rare types)

Body cavity-based Iymphoma
Primary brain Iymphoma (immunoblastic)

Multicentric Castleman's disease

Updated and adapted from Gaidano & Carbone (1995)
WF, International Working Formulation for non-Hodgkin's Iymphomas
" The term 'blastic' is used in analogy with the suffix 'blastic' used in
the Kiel Classification (Stansfeld et al., 1988).
hWhether extramedullary plasmacytomas should be included among

HIV -related Iymphomas is still debated.
, The term 'anaplastic' is used in analogy with the term used in the
definition of CD30+ anaplastic large-cell Iymphomas; it indicates
blastic large cells which display marked pleomorphism, with giant cells
possessing bizarre and irregular nuclei and large nucleoli (Harris et al.,
1994).

(iii) Primary lymphoma of the brain
Unlike the heterogeneous systemic AIDS-related non-Hodgkin's 1ymphomas, non-

Hodgkin's 1ymphomas arising in the central nervous system represent a more uniform
group and, in the majority of cases, tend to disp1ay histological features consistent with
immunoblastic-plasmacytoid lymphomas (Remick et al., 1990; Camilleri-Broet et al.,
1995).
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(iv) Multicentric Castleman's disease

Multicentric Castleman' s disease, a1so called multicentric angiofollicular lymphoid
hyperplasia, is an atypica1, usually polyclonal lymphopro1iferative disorder which

involves multiple lymphoid organs. Mu1ticentric Castleman' s disease in HIV -infected
individuals is a distinct clinicopathological entity (Oksenhendler et al., 1996). It is

characteristically associated with Kaposi' s sarcoma, which occurs during the c1inical
course of most HIV-associated cases of mu1ticentric Cast1eman's disease (Soulier et al.,
1995).

(h) Phenotypic and genotypic features

The vast majority of AIDS-related non-Hodgkin's lymphomas are B-cell neop1asms
(reviewed by Levine, 1993). Most of them, especially systemic and primary brain
Iymphomas, express monotypic surface immunoglobu1in or B-cell antigens (CD 1 9,
CD20, and CD22), but lack T-cell-associated antigens (reviewed by Know1es, 1993). The
remaining AIDS-re1ated B-cell non-Hodgkin's lymphomas, particu1arly CD30+ ana-
plastic large-cell lymphomas (Carbone et al., 1993a, 1 996b) and those preferentially
invo1ving body cavities (Knowles, 1993; Cesarman et al., 1995), usually exhibit an inde-
terminate immunophenotype. Both 1ymphoma types lack surface immunoglobu1in and B-
cell-associated antigens, but express the leukocyte COffmon antigen and various antigens
associated with activation (Cesarman et al., 1995; Carbone et al., 1996b).

A1most ail AIDS-related non-Hodgkin' s lymphomas, including those displaying
B-cell phenotypes as well as those displaying indeterminate phenotypes, exhibit clonaI
immunog10bu1in heavy-chain and light-chain gene rearrangements and 1ack clonaI T-cell
receptor ß-chain gene rearrangements (reviewed by Knowles, 1993). A higher proportion
of anoma10usly matured B-cell neoplasms has been observed in HIV -infected individuals
than among non-Hodgkin 's Iymphomas in the genera1 population (Boiocchi et al., 1990).

Polyclonality has been reported in rare instances, based on absence of immunoglobulin
heavy chain gene rearrangements in three B-ceIl tumours (McGrath et aL., 1991). However,
Raphael et al. (1994) reported that two cases without rearrangement did have clonaI EB V
termini. Simi1arly, Boiocchi et al. (1 993a) noted clonaI light chain rearrangement in aIl of
three cases of AIDS-associated non-Hodgkin's lymphoma without heavy chain

rearrangement.

2.2.2 Descriptive epidemiology of non-Hodgkin's lymphoma

As a primary AIDS-defining illness, non-Hodgkin's lymphoma accounts for 2.9% of
AIDS cases in United States (Beral et al., 1991b; Biggar & Rabkin, 1992) and 3% in
European (Serraino et al., 1 992b) surveillance data. However, at least as many non-
Hodgkin' s 1ymphomas occur as a clinically recognized secondary diagnosis atter another
AIDS-defining illness. ln the United States death certification data for 1992, 5.7% of
persons dying of HIV infection had non-Hodgkin's lymphoma recorded (Selik et al.,
1995).
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(a) Cancer registt)' data
Popu1ation-based cancer registration data yie1d indirect estimates of HIV -associated

risk for non-Hodgkin's Iymphoma based on surrogate indicators of groups at risk for
HIV infection, such as never-married marital status as a surrogate indicator of homo-
sexuality among men (see Table 17).

Table 17. Increase in risk for non-Hodgkin's Iymphoma among US
never-married men since beginning of the AIDS epidemIc

Reference Study area Age Time period Relative p value

grou p risk

Betore After

Kristal ef al. New York City, 25-54 1980 1984 (2.6 ..0.01)
( 1988) high AlOS

mortality
neighbourhood

Biggar cf al. Manhattan 20-49 1973-76 1985 6.2 ..0.01
( 1989)

Harnly ef al. San Francisco 25-44 1975 1985 5.3 ..0.01
( 1988)

Ross ef al. Los Angeles 18-54 1972-79 1983 1.6 .. 0.05

( 1985)

Rabkin & San Francisco 25-54 1973-79 i 988-90 20 ..0.01
Yellin (1994)

Ross et al. (1985) studied the incidence of non-Hodgkin's lymphoma in never-
married men aged 18-54 years in Los Angeles, CA, United States, from 1972 to 1983.
Starting in 1982, there was a 60% increase in incidence; increases were especially
marked for Burkitt-like 1ymphoma and immunoblastic sarcoma (lymphoma). During
1980-83, these high-grade tumours accounted for 20% of ail cases of non-Hodgkin's

1ymphoma.

Krista1 et al. (1988) examined cancer surveilance data and mortaIity statistics for
residents of New York City, NY, United States, aged 25-54 years for the period 1980-
85. They detected a three-fold increase in the incidence of non-Hodgkin's lymphoma up
to 1984 among never-married men living in neighbourhoods with high AIDS mortaIity.

Biggar et al. (1989) examined 1ymphoma incidence among never-married men aged
20-49 years in Manhattan, NY, United States, from 1973 through to 1985. They detected
a six-fo1d increase from baseline rates by the end of their study period. lncreases were
greatest for Burkitt-like lymphoma and immunob1astic lymphoma.

Harnly et al. (1988) examined cancer incidence in never-married men aged 25-44
years in San Francisco, CA, United States, for the period 1975-85. ln census tracts with a
high incidence of AIDS, the incidence of non-Hodgkin's 1ymphoma was inereased five-
fold by 1985.
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Rabkin and Yellin (1994) found that the incidence of non-Hodgkin's lymphoma in
never-married men aged 25-54 years in San Francisco increased 20-fo1d between 1973-
79 and 1988-90. However, the increases were not uniform for all sub-types of non-
Hodgkin's 1ymphoma. Burkitt-1ike tumours peaked in incidence in i 985-87, then
decreased in 1988-90, whereas incidence of immunob1astic lymphomas increased conti-
nuous1y through to i 990. The incidence of extranodal (especially central nervous system)
1ymphoma increased more rapidly than that of nodal disease, accounting for ha1f of the
incidence in the most recent period. (On the basis of the estimated 25% preva1ence of
HIV in this population, the incidence of non-Hodgkin 's 1ymphoma in HIV -infected San
Francisco men was 0.7% per year in i 988-90.)

Rabkin et aL. (1 993a) examined cancer registration data for New York women at high
risk for HIV infection. Between 1976-78 and 1987-88, the incidence of non-Hodgkin 's
lymphoma doubled in b1ack women, but not in white women, consistent with the distri-
bution of AIDS, which was also primarily concentrated among b1ack women.

Another set of studies has re1ied on linkage between cancer registry and AIDS
registry data.

Coté et al. (1991) used linkage of AIDS and cancer registries in Ilinois, United
States, to detect cases of non-Hodgkin's lymphoma in patients diagnosed with AIDS
between 1 January 1981 and i 5 February 1989. Compared with general population rates,
they found a 140-fold increase in incidence of non-Hodgkin's lymphoma among AIDS
patients.

Reynolds et al. (1993) linked AIDS and cancer registry data in San Francisco for the
period 1980-87. Risk for non-Hodgkin 's lymphoma was increased 71-fold over con-
current general population incidence rates and 97-told over the 1973-77 rates in the same
geographical area. (The Working Group noted that the former risk estimate may be
biased downwards by HIV-associated non-Hodgkin's lymphoma not being recognized as
AIDS, whereas the latter may be biased upwards by the temporal trend in non-Hodgkin' s
Iymphoma independent of HIV infection.)

(b) Cohort data

Lyter et al. (1995) examined the incidence of non-Hodgkin's 1ymphoma in 430 HIV-
seropositive homosexua1 men in Pittsburgh, PA, United States, between 1984 and 1993.
The annual incidence was (0.6%), which was 83 times that of contemporaneous popu-
lation rates.

Ragni et al. (1993) followed a cohort of 1295 HIV -positive haemophiliacs in a colla-
borative study. The overall incidence of non-Hodgkin's 1ymphoma was 0.16 case/l 00
person-years, which constituted a 36.5-fo1d increase over expected rates.

Peters et al. (1991) reported a case-series of 347 AIDS patients treated at a hospital in
London, United Kingdom, between October 1982 and December 1989. They found that
the proportion of AIDS deaths due to 1ymphoma increased from 0 to 16% between 1984
and 1989. (The Working Group noted that these figures may be confounded by the
introduction of Pneu/nocystis carinii pneumonia prophy1axis.)
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2.2.3 Role of immunosuppression

Non-Hodgkin's 1ymphoma is considered to be a re1atively late manifestation of AIDS,
compared with Kaposi' s sarcoma and sorne opportunistic infections.

Muñoz et al. (1993) analysed the incidence of non-Hodgkin's Iymphoma in 2627
HIV-infected homosexual men in four United States cities between 1985 and 1991. They
noted a nonsignificant increase with decreasing CD4 + T-cell count: the relative risk for
110n-Hodgkin's lymphoma as an initial AIDS-defining illness was 0.38 (95% CI, 0.14-
1.09) with 101-200 CD4+ cells/mm1 versus S; 100 cells/mm'.

Rabkin et aL. (1992) followed a cohort of 1701 haemophiliacs, of whom 1065 (63%)
were HIV-seropositive. The incidence of non-Hodgkin's lymphoma after HIV sero-
conversion averaged 0.15 cases/l 00 person-years and rose exponentially with increasing
duration of HIV infection. However, CD4+ T-cell counts of cases of non-Hodgkin's

1ymphoma were simi1ar to those in AIDS-free subjects after the same duration of HIV
infection. Haemophiliac patients without HIV infection showed no increased risk for
non-Hodgkin's Iymphoma.

ln clinical trials of zidovudine and dideoxyinosine in AlOS and AIOS-related
complex patients, the three-year cumulative incidence of non-Hodgkin's Iymphoma
among 116 patients was 19%. There was no significant difference between subjects
receiving the two antiretroviral treatments (P1uda et al., 1990, 1993). Patients with 1ess

than 50 CD4+ T-cells/mm 1 were at significantly higher risk for primary central nervous
system Iymphoma, but not for systemic 1ymphoma (P1uda et al., 1993).

Moore et al. (1991) followed 1030 patients with AIDS or advanced AIOS-related
comp1ex receiving zidovudine at 12 sites in the United States between 1987 and 1990.
The incidence of non-Hodgkin's 1ymphoma was 1.6 cases/100 person-years. Kaposi's
sarcoma, oral hairy leukop1akia and cytomega10virus disease, markers of immune
dysfunction, were each independently associated with increased risk for non-Hodgkin's
lymphoma.

The association between immune decline and non-Hodgkin' s lymphoma appears to
differ with the subtype of the disease. Roithmann et al. (1991) reported i 31 HIV-
associated non-Hodgkin's Iymphomas recorded at a French registry during 1987-89. The
median CD4+ T-cell count was significantly higher in cases of small non-c1eaved-cell
Iymphoma (266/mm1) than in those of large-cell (1 25/mm', p .. 0.05) or immunob1astic
(80/mm1, p .. 0.01) lymphoma.

These studies have consistent1y found increasing risk of non-Hodgkin's lymphoma
with increasing duration of HIV infection and with progression in immune dysregu1ation.
it is not c1ear what aspect of immune dysfunction corresponds direct1y to this risk.

The potential ro1e of HIV as a direct cause of non-Hodgkin's lymphoma is addressed
in Section 4.3.
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2.2.4 Co-factors

(a) Demographie

The proportion of AIDS patients presenting with non-Hodgkin' s lymphoma is greater
in adults th an in chi1dren. ln United States surveillance data, 0.5% of AIDS cases under
one year and 1.9% of cases one to nine years of age had non-Hodgkin's lymphoma
(Beral et aL., 1991 b). Children were somewhat more like1y to have Burkitt-like 1ympho-
ma, and older adults were more like1y to have immunoblastic or large-cell lymphoma. ln
this series, women were one third to one half less !ike1y than men to have non-Hodgkin's
1ymphoma as an AIDS-defining illness.

Biggar and Rabkin (1992) reviewed United States AIDS surveillance data for AIDS-
defining 1ymphomas. The proportion of AIDS cases presenting with non-Hodgkin' s
1ymphoma was higher in older persons, men and whites. As the authors noted, these
same characteristics are associated with increased risk for non-Hodgkin's 1ymphoma in
non-HIV-infected individua1s, suggesting that an environ mental cofactor(s) for AIDS
lymphoma is unlikely to be important.

ln European surveillance data, the proportion of AIDS patients presenting with non-
Hodgkin's 1ymphoma is also greater in adults than in chi1dren (Serraino et aL., 1992c). ln
cases reported up to the end of June 199 1, among intravenous drug users, fema1es had a
relative risk for non-Hodgkin's 1ymphomas of 0.7 (95% Ci, 0.6-0.9) compared with
males in the same risk group, whereas among AIDS patients with heterosexually
acquired HIV infection, fema1es had a relative risk of 1.2 (95% Ci, 0.8- 1.8).

(h) Geographie

Non-Hodgkin's 1ymphoma accounts for a similar proportion of AIDS cases in various
locations. ln surveillance data, non-Hodgkin's 1ymphoma accounted for 2.9% of United
States AIDS cases recorded up to June 1989 and 3.0% of European cases up to June 1991
(Bera1 et aL., 1991 b; Serraino et al., 1 992c). ln European surveillance data, there was
litt1e difference between four regions (northern, central, southern and eastern) in the
fraction of AIDS with non-Hodgkin's lymphoma as the initial diagnosis (Serraino et al.,
1992c).

Casabona et al. (1991) ana1ysed national surveillance data from 15 European
countries up to March 1989. They found similar proportions of AIDS-related non-
Hodgkin's 1ymphoma in three regions (northern, central, southern) for homosexual men
and for other risk groups, and there was no consistent variation in the geographic pattern
with time for either transmission category.

Data from Africa are less complete and it is unclear whether the risk for non-
Hodgkin's 1ymphoma is the same as that observed in developed countries. ln South
African AIDS surveillance data, seven (5.6%) of the first 126 cases reported between
1982 and 1988 had non-Hodgkin' s lymphoma (Sitas et aL., 1993). However, most of
these patients were of Caucasian origin.

Lucas et al. (1994) reported an autopsy study of HIV -positive adults and chi1dren

admitted in 1991 and 1992 to the 1argest hospital in Abidjan, Côte d'Ivoire. ln this series,
7/247 (2.8%) adu1t (:; 14 years) decedents had non-Hodgkin's lymphoma at autopsy
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versus 0/78 paediatric decedents. The proportion was similar in patients seropositive for
HIV - 1 and HIV -2.

Bassett et al. (1995) examined cancer incidence rates in the African population of
Harare, Zimbabwe, for 1990-92 and compared them with rates in Bulawayo, Zimbabwe,
20-30 years earlier. With the advent of the AIDS epidemic, annual age-standardized

(world standard) Kaposi's sarcoma incidence increased by (22 and 88/100000) in men
and women, respective1y. ln contrast, the respective increases in non-Hodgkin's lympho-
ma incidence were only (2 and 3/1 00000), simi1ar to increases over this period in
populations without HIV infection.

Wabinga et al. (1993) examined cancer surveillance data for Kampala, Uganda, for
the period between September 1989 and December 1991. They noted a marked increase
in Kaposi' s sarcoma compared with baseline data from 1954- 1 960. ln contrast, there was
no detectab1e increase in the incidence of non-Hodgkin's lymphoma. Annual age-
standardized (world standard) rates of non-Hodgkin's 1ymphoma actually decreased
slightly between these two periods, from 3.9 to 3.2/100000 for men and from 2.9 to
2.6/1 00 000 for women.

Newton et al. (1995) reported 245 cancer cases registered in Butare, Rwanda,
between October i 992 and April 1994. Seven (37%) of 19 patients with non-Hodgkin's
1ymphoma were HIV-seropositive compared with 4% of control cancer cases, corres-
ponding to an odds ratio of 12.6 (95% CI, 2.2-54.4).

(The Working Group noted that the apparent deficit of AIDS-associated non-
Hodgkin's Iymphoma in Africa cannot be explained by underdiagnosis only. It is
possible that patients with severe immunodeficiency in this part of the world tend to die
from infectious diseases before manifesting non-Hodgkin's 1ymphoma.)

(c) Behavioural

ln contrast to the variation in risk for Kaposi' s sarcoma, there are relative1y small

differences in risk for non-Hodgkin's lymphoma between HIV exposure groups in
deve10ped countries.

As seen in Tables 18 and 19, the proportion of AIDS cases presenting with non-
Hodgkin's Iymphoma is consistently between 2 and 5% in western European countries
and the United States, and varies little between HIV -exposure categories.

ln United States surveillance data up to 30 June 1989, 5.2% of haemophi1ic AIDS
cases, 3.4% of homosexual or bisexua1 male cases and i .6% of intravenous drug user
cases were reported with non-Hodgkin' s lymphoma (Beral et aL., i 99 1 b).

Reynolds et al. (1993) linked AIDS and cancer registries in San Francisco, CA,
United States, for an analysis of cancers diagnosed during i 980-87. lntravenous drug
users comprised 2% of 3826 AIDS cases without cancer versus i % of 234 AIDS-
associated non-Hodgkin' s 1 ymphoma, but this difference was not statisticall y significant.

Serraino et al. (1992c) analysed data on 53 042 AIDS cases reported from the World
Health Organization European Region as of June i 991. Non-Hodgkin's lymphoma
accounted for 1 % of initial AIDS diagnoses among HIV -infected chi1dren and 4% among



Table 18. Numbers and proportions of male AIDS cases with non-Hodgkin's lymphoma as the AIDS-defining
condition, by country and HIV transmission group in Europe and the United States, 1981-94

Country Homo/ Intravenous Heterosexuals Heterosexuals Haemophiliacs Others/ Total NHL
bisexual men drug users (Pattern II ( other) and transfused unknown

countriest-
NHL %' NHL % NHL % NHL % NHL % NHL % NHL %

cases cases cases cases cases cases cases

:i
Austria 14 3 8 3 0 0 5 7 2 3 7 5 36 3 c:
Belgium 26 3 3 3 7 3 15 9 0 0 3 10 54 4 ~

;i
Denmark 45 4 2 3 1 6 6 5 4 4 2 5 60 4 Z
France 642 4 204 3 25 2 84 5 61 5 50 5 1096 4 -

~
Germany 372 4 37 3 1 1 1 1 3 31 5 52 9 504 4 ~
Greece 16 3 0 0 1 12 3 5 5 5 6 4 31 3 c:
Italy 168 4 386 3 6 4 54 4 16 4 50 5 682 3 Z0
Netherlands 105 4 5 2 1 2 6 4 1 2 1 2 119 4 0
Portugal 19 2 6 1 0 0 8 2 1 1 2 3 36 2

rr
'T-

Spain 160 3 265 2 0 0 36 2 25 4 49 3 535 2 n-
Sweden 38 5 4 5 0 0 1 1 2 3 0 0 45 4 rr
Switzerland 68 4 23 2 0 0 14 4 1 2 1 2 107 3

Zn
United Kingdom 246 3 15 4 14 3 12 5 28 5 5 3 320 3 ~
United States White 3821 3 301 2

d d
53 3 137 3 146 3 4518 3

~- - -
Black 549 1 315 1

d d 57 1 19 2 103 1 1043 1
;:- - c:

Other 581 2 284 1
d d 26 1 20 2 69 2 980 2 C/- - rr

C/

NHL, non-Hodgkin's Iymphoma
"Only countries with ;: 30 cases of NHL over the period 1981-94 are included.
h Individuals not originating from Pattern II countries (countries in which extensive spread of HIV began in the mid-to-1ate 1970s or

early 1980s and in which heterosexual transmission has predominated and continues to) which include Africa and the Caribbean.
'Number of NHL cases as percentage of total AIDS cases in the respective risk group
d Data not available

Data derived from the European Non-aggregate AIDS Data Set (ENAADS) updated to June 1995, prepared by the European Centre for
the Epidemiological Monitoring of AIDS, Paris, and from the AIDS Public Information Data Set (PIDS) updated to December i 994,
prepared by the National Center for Infectious Diseases, Centers for Disease Control and Prevention (CDC), Atlanta, GA, United States
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Table 19. Numbers and proportions of female AIDS cases with non-Hodgkin's Iymphoma as the
AIDS-defining condition, by country and HIV transmission group in womeii in Europe and the
United States, 1981-94

Country" Intravenous Heterosexual Heterosexual Haemophiliacs Otherl Total NHL
drug users (Pattern II (other) and transfused unknown

countries )"-
NHL %d NHL % NHL % NHL % NHL % NHL %
cases cases cases cases cases cases

France 55 3 17 2 50 3 18 2 21 4 161 3
Germany 14 2 1 1 8 2 3 2 6 5 32 2
Italy 79 2 2 3 32 2 5 4 9 2 127 2
Spain 36 1 a a 24 2 2 1 9 3 71 1

Switzerland 13 2 a a 8 3 a a a a 21 2
United Kingdom 5 3 6 2 7 3 5 7 1 1 24 3
United States White 43 1

d d
80 2 32 2 24 2 179 2- -

Black 60 0 d d
80 1 LA 1 38 1 188 1

- -
Other 38 1

d d
42 1 8 2 13 1 101 1

- -

-
:P
;:n
3:
ozoo
;:
:P-i
:c
VJ

~or
c:
3:
rr

"Countries with :; 30 cases of NHL over the period 1981-94 are included.
h Individuals not originating from Pattern II countries (countries in which extensive spread of HIV began in the mid-to-

late 1970s or early 1980s and in which transmission has predominated and continues to), which include Africa and the
Caribbean.
'Number of NHL cases as percentage of total AIDS cases in the respective risk group
d Data not available

Data derived from the European Non-aggregate AIDS Data Set (ENAADS) updated to June 1995, prepared by the
European Centre for the Epidemiological Monitoring of AIDS, Paris, and from the AIDS Public Information Data Set
(PIDS) updated to December 1994, prepared by the National Center for Infectious Diseases, Centers for Disease Control
and Prevention (CDC), Atlanta, GA, United States
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haemophiliacs; homosexua1 men were significantly more like1y to have non-Hodgkin's
lymphoma than intravenous drug users.

Pedersen et al. (1995) investigated 6550 European patients with AIDS followed at 52
centres, diagnosed with AIDS from 1979 up to the end of 1989. ln this study, non-
Hodgkin's Iymphoma constituted a higher fraction of AIDS-defining illnesses in
intravenous drug users (4.1%) than in homosexual men (3.0%); however, lymphoma
incidence after AIDS diagnosis was significantly lower among intravenous drug users
than among homosexual men. The authors suggested that their results indicate that
national surveillance data may underreport AIDS-related non-Hodgkiils 1ymphoma in
drug users.

Similarly, the Italian Cooperative Group for AIDS-Related Tumours (GICA T) (1988)
reported that intravenous drug users accounted for a s!ight1y higher proportion of AIDS-
associated non-Hodgkin's Iymphoma than of total AIDS cases in Ita1y. They identified
93 AIDS-associated non-Hodgkin's 1ymphomas diagnosed between January 1980 and
November 1987, of which 63 (68%) were in intravenous drug users as compared with
59% of aIl AIDS cases in the United States.

(d) Infécti ons

AIDS-associatcd non-Hodgkiils Iyniphoma is a hcterogeneous entity, and subsets of
CLI:-~' have been associated with various viruses, particularly two herpes viruses, EBV
and HHV -8.

(i) Epstein-Barr virus

Monoclonal Epstein-Barr virus (EBV) infection is found in AIDS-related non-
Hodgkin' s Iymphomas, especially those in the central nervous system, which are a1most
a1ways EBV -positive (MacMahon et al., 1991). Table 20 lists studies in which central
nervous system lymphomas have been tested for EBV. MacMahon el al. (1991) found
EBV in all of 21 cases of AIDS-related central nervous system Iymphoma, and this high
prevalence is consistent with results of most other studies (DeAngelis et al., 1992;

Cinque et al., 1993; Arribas et al., 1 (95). An exception is the study by Morgello (1 (92),
which reported only 50% of cases to be EBV-positive, perhaps because of a less sensitive
method of detection. Cinque et al. (1993) found EBV in cerebrospinal f1uid to be highly
predictive of central nervous system Iymphoma at subsequent necropsy. These data
suggest that EBV is necessary for Iymphomagenesis in the central l1ervous system in
patients with AIDS.

ln AIDS-re1ated systemic non-Hodgkin's lymphoma, EBV is less frequently detected
(Table 21). It is found preferentially in tumours with immunoblastic histo10gy. The
preva1ence of EBV -positivity reported has varied from 28% (Ernberg & A1tiok, 1989) to
66% (Shibata et al., 1993). No single histo10gica1 type was uniformly positive for EBV,
which suggests that the systemic AIDS-related lymphomas have a more complex etio-
10gy than primary central nervous system disease. However, where EBV clona1ity has
been examined, EBV -positive tumours have been uniform1y monoclonal (Ballerini et al.,
1993; Shibata et al., 1993). Thus, EBV infection precedes clonaI outgrowth of



oo

Table 20. Prevalence of Epstein-Barr virus in central nervous system non-HodgIkin's lymphoma and control tissue
in relation to HIV status

Reference Study area Lymphoma EBV detection EBV+ non-Hodgkin's EBV+ controls Comments
site method Iymphoma cases-

HIV+ HIV- HIV+ HIV-
--

MacMahon Baltimore, USA CNS EBERI ISH 21/21 2/15 0/13 0/6 Il 1 HIV -transplant ;i;:
et al. (1991) patient EBV-positive n
DeAngelis New York, USA CNS BamHI-W PCR 11/13 7/13 ~0et al. (1992) Z
Morgello New York, USA CNS EBNA- i PCR 6/12 00
(1992) ;:

;i
Cinque et al. Stockholm and CNS EBER ISH 16/16 v
(1993) Milan 0/2 :i

CI
CSF EBNA- 1 PCR 17/17 1166 0/10 ~

0/2 0r
Arrbas et al. St Louis, MO, CNS LMP PCR 6/6 C

~
(1995) USA ILL Systemic Iymphoma t'

CSF EBNA-I PCR 4/7" 0/16 0\--
III Systemic Iymphoma

BamHI-W PCR 6/7" 1116

III Systemic Iymphoma

Abbreviations: CNS, central nervous system; EBER, Epstein-Barr encoded RNA; ISH, in-situ hybridization; EBNA, Epstein-Barr nuclear
antigen; PCR, polymerase chain reaction; CSF, cerebrospinal t1uid; BamHI-W, first internaI repeat sequence; LMP, latent membrane protein
"Inc1uding 3/6 patients with CNS lymphoma
hIncluding 5/6 patients with CNS Iymphoma
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Table 21. Prevalence of Epstein-Barr virus in systemic lymphoma tissue in relation to HIV status

Reference Study area Histology EBV detection method EBV+ non-Hodgkin's Comments
Iymphoma cases

HIV+ HIV-

Ernberg & S weden Southern blot 7/25 1/7 PGL nodes also
Althiok (1989) positive :i
MacMahon et al. Baltimore, USA EBERI ISH 3/7 0/2

c:
3:

(1991 ) ;i
Shibata et al. Los Angeles, Diffuse large-cell EBNA-I PCR + (EBER-I 6/11 0/12 EB V clonaI in 12/12 cases

Z
--

(1993 ) USA Immunoblastic ISH or Southern blot) 17/20 1/13 3:
Smal! non-cleaved-cell 16/28 1/12 3:

c:
Carbone et al. A viano, Italy Diffuse large-cell EBERI/2 ISH 1/6 Z

0
(1993b) Immunoblastic 1/1 0

Small non-cleaved-cell 2/4 (T
'T

Anaplastic large-cel! 3/4
--n--

Immunoblastic BamHI - W PCR 2/6 (T

Small non-cleaved-cell 4/11
Zn

Anaplastic large-cell 10/12 ~
Diffuse large-cell LMP PCR 0/6

~--
:;

lmmunoblastic 3/7 C
Small non-cleaved-cell . 0/15 C/

(T
Anaplastic large-cell 9/12 C/

Ballerini et al. New York, USA Diffuse large cel! Southern blot 1/4 EBv clonaI in ail positive
(1993) lmmunoblastic 4/4 cases

Small non-cleaved cell 5/16

Finn (i 995) New York, USA Immunohistochemistry 8/17 9/23 Head and neck Iymphomas

Abbreviations: PGL, persistent generalized lymphadenopathy; EBER, Epstein-Bar encoded RNA; ISH, in-situ hybridization; EBNA, Epstein-Barr
nuclear antigen; PCR, polymerase chain reaction; BamHI-W, first internaI repeat sequence; LMP, latent membrane protein -0
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these tumours, which is consistent with an etiologicaI role of this virus. The specific role
of EBV in lymphomagenesis is uncertain.

Detection of EBV in lymph nodes from patients with persistent generalized Iymph-
adenopathy has been associated with subsequent non-Hodgkin' s Iymphoma. Shibata et

aL. (1991) studied 32 patients with persistent genera!ized Iymphadenopathy who were
non-Hodgkin's 1ymphoma-free. Two of 10 patients with EBV-positive 1ymph nodes
versus one of 22 patients with EBV -negative lymph nodes developed non-Hodgkin' s

Iymphoma over a median follow-up of ! 2 months (17 :: 0.1). (The Working Group noted
that insufficient data were presented to allow analysis by survival methods accounting
for duration of follow-up.)

(ii) HHV-8

HHV -8 is a recent1y identified human herpes virus that is a nearly universal infection
in Kaposi' s sarcoma tissues (see Section 2.1.5). ln the first report of this virus, Chang et
al. (1994) examined 27 AIDS lymphomas and 29 non-A IDS lymphomas by PCR. Three
(1 1 %) of the AIDS lymphomas and none of the non-AIDS lymphomas had HHV-S
sequences in the tumour tissue.

ln a follow-up to this study, Cesarman et al. (1995) reported on an examination of
193 AIDS-associated lymphomas in 42 patients from New York, United States, which
included the 27 from the report by Chang et aL. (1994). HHV -8 was detected in ail cight
tumors associated with lymphomatous effusions (body-cavity based), but not in l 85
others without effusions. Furthermore, there were on average 40-80 copies of the HHV-8
sequence per cell, whereas Kaposi' s sarcoma tissue contained 1 -2 copies per celL.
Significant1y, ail eight tu mors also contained EBV detected by PCR, which was clonaI by
Southern b10t in 6/6 cases.

Pas tore et al. (1995) tested 180 Iymphoid ma1ignancies in Italy and Spain. HHV-S
was present in all of three cavity-based lymphomas, but was not found in 177 other non-
Hodgkin's 1ymphomas.

(iii) HHV-6
ln a French study, the presence of HHV-6 DNA was determined by PCR in HIV-

positive and HIV-negative patients with non-Hodgkin's 1ymphoma or lymph node folli-
cular hyperplasia. Twe1ve (44%) of the 27 AIDS-associated lymphomas versus seven
(35%) of the 20 lymphomas from HIV-seronegative patients contained HHV-6 DNA
(p = 0.51) (Fillet et aL., 1995). HHV -6 preval en ce was simi1ar in the hyperplastic lymph
nodes from both HIV -positive (2/4, 50%) and HIV -negative patients (5/9, 55%).

ln an ItalIan study, HHV -6 DNA was detected by PCR in DNA extracted from
paraffin-embedded tissue from 16 (89%) of 18 HIV -infected individua1s. However, nine
(64%) of 14 non-1ymphoma tissue samples from the same patients a1so contained
detectable HHV -6 (Trovato et al. 1995).

ln summary, EBV and HHV-8 are almost a1ways found in AIDS-related 1ymphoma of
the brain and body cavity-based lymphomas, respective1y, and may be found in other
AIDS lymphomas (HHV -S has been detected in aIl (l4/l4) cases of HIV -associated
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lymphomas). Their role in the etiology of these malignancies will be examined in Section
4.3. HHV-6 has not been specifically related to non-Hodgkin's lymphoma.

(e) Zidovudine and other therapy

As non-Hodgkin's lymphoma occurs more frequently in advanced-stage HIV
infection, concern has been raised regarding a potential raIe of antiretroviral therapy in
lymphomagenesis. An exceptionally high risk of non-Hodgkin's 1ymphoma was found in
Phase 1 trials of nuc1eoside analogues in patients with advanced HIV infection at the
National Institutes of Health in the United States (Pluda et aL., 1990, 1993). Patients

treated with either zidovudine or dideoxyinosine had a 19% risk of non-Hodgkin's
lymphoma three years atter starting therapy, with no significant difference between these
two antiretroviral agents.

Levine et al. (1995) performed a case-control study of AIDS-related non-Hodgkin' s
1ymphoma compared with other AIDS diagnoses. The matched odds ratio for prior use of
zidovudine was 0.43 (95% CI, 0.17- 1. 12).

Muñoz et al. (1993) examined antiretroviral therapy as a risk factor for non-
Hodgkin's 1ymphoma in a cohort study of homosexual men. They found a protective
effect of treatment, with a relative risk of 0.47, which was not statistically significant.

Coté and Biggar (1995) lInked AIDS and cancer registries to compare risk for non-
Hodgkin' s 1ymphoma before and after zidovudine therapy became avai1able in 1987. The
observed : expected ratios for non-Hodgkin's 1ymphoma incidence were 222 pre-zido-
vudine (1981 -86) and 193 post-zidovudine (1988-90).

Rabkin et al. (1 993c) examined the incidence of non-Hodgkin' s lymphoma in relation
to CD4+ count in a cohort of HIV-infected homosexual men. They compared incidence in
the periods before and atter January 1988 to assess changes after zidovudine was

introduced. The cumulati ve risk for non- Hodgkin' s 1 ymphoma at 50 CD4 + cells/mm1 was
25 :t 12% before Jan uary 1988 and JO:t 5 % after that date (p = 0.4).

ln summary, there is no consistent evidence from these studies that antiretroviraI
therapies increase the risk for non-Hodgkin' s 1ymphomas in AIDS patients.

2.2.5 HIV-2 and f1m-Hodgkin 's lymphoma

When they occur, HIV-2-associated non-Hodgkin's lymphomas appear to have c1ini-
cal features similar to those of HIV - 1 -associated non-Hodgkin' s lymphomas. ln a report
of three cases of non-Hodgkin' s lymphomas associated with HIV -2 infection, aIl were
high-grade ma1ignancies with B-cell immunophenotype (Forjaz Lacerda et al., 1990).

ln the study from the Côte d'Ivoire by Lucas et al. (1994) (see Section 2.2.4), 7/247
HIV-positive adult decedents had non-Hodgkin's lymphoma. The proportion was similar
in patients who were seropositive for HIV-I (5/154), HIV-2 (l/40) and both (l/53).

2.3 Cervical, anal and other cancers

Cancers other th an Kaposi's sarcoma and non-Hodgkin's lymphoma have been
studied considerably less often and reported in far fewer HIV -positive patients. Some
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positive findings may have been inflated by publication bias, surveillance bias or mis-
classification with Kaposi's sarcoma and non-Hodgkin's lymphoma; confounding is also
possible on account of the existence of severa1 risk factors shared by HIV infection and
sorne neoplasms. Data on cancer occurrence in HIV -infected individuals are particularly
inadequate in developing countries, where the largest numbers of AIDS cases occur.

Research attempting to clarify the potential reIationship between HIV and anogenitaI
cancers has so far been based primari1y on small cross-sectiona1 and case-control studies
of populations at particular risk for HIV infection and with the outcome variable being
precancerous lesions rather th an invasive cancer. The short existence of the HIV epide-
mic, the initial male predominance, and the young populations at risk have in particular
limited the possibilities for studying large numbers of HIV -infected female cases _
especially HIV -infected cases with cervical cancer.

Specific genital types of human papilomavirus (HPV) are invo1ved in the etio10gy of
invasive cervical cancer and in some of its precursor lesions. There is also preliminary
evidence for an association with anal cancer and anal intraepithelial les ions (lARe,
1995). Both HIV and most known oncogenic types of HPV are sexually transmitted.
Therefore, the ability to control for confounding is particularly essential in studying the
influence of HIV on anogenital malignancies. The small sam 

pIe size in man y of the
studies undertaken so far has limited their ability to control adequately for behaviouraI
covariates and risk factors associated with HIV infection.

2.3.1 CervicaL ÙitraepitheliaL neopLasia and invasive cancer

The influence of HIV on invasive cervical cancer and its precursor 1esions has been
reviewed (Palefsky, 1991; Rabkin & Blattner, 1991; Sillman & Sedlis, 1991; Northfelt &
Pa1efsky, 1992; Braun, 1994; Stratton & Ciacco, 1994).

(a) Precancerous Lesions

(i) Association with HIV

ln the late 1980s, the first case reports and case series were published which sug-
gested an association between HIV infection and cervical intraepithelial neoplasia (CIN)
(Bradbeer, 1987; Byrne et aL., 1989; Henry et aL., 1989). ln a review by Mandelblatt
et aL. (1992), 21 of the earliest case reports and series were described in more detaiL.
Table 22 summarizes relevant data.

ln a blind cytologicaI ana1ysis of cervicovaginal smears, a significantly higher percen-
tage of cytological squamous atypia was documented in HIV -positive (ll/35; 31 %) than
HIV -negative women (l/23; 4%) (Schrager et aL., 1989). Furthermore, cytological or
histopathological findings suggestive of HPV infection were observed in 26% of HIV-
positive women compared with 4% of HIV-negative women. (The Working Group noted
that the contraIs in this study were not comparable with HIV -positive cases in terms of
sexual behaviour, history of sexually transmitted diseases or frequency of barrier
methods used.)

Fruchter et aL. (1994) estimated that approximately 13% of 482 women referred to a
public colposcopy clinic in Brooklyn, NY, United States, with ab normal Papanico1aou
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Table 22. Studies of precancerous lesions of the uterine cervix in HIV -infected persons

Reference, No. and type of No. and HPV prevalence Cervical abnormality HPV test Pathology Commentsstudy area HIV+ cases type of
readingHIV- Percen tage Odds ratio Percentage Odds ratio

con troIs 
(95% CI) (95% Cl)

Schrager 35 23 HIV+ 26% Squaiiious atypia Cytological or Pap smear HIV -Infected: ::et al. (1989) HIV- 4% HIV+ 31% histopathological fewer barrier methods, c:USA HIV- 4% findings more STO ~Feingold 35 32 HIV+ 49% SIL Southern blot Pap smear 48 IVOU ~et al. (1990) HIV- 25% HIV+ 40% (cervico-vaginal 18 heterosexual ZUSA HIV- 9% lavage) partners of IVOU ..
~Vermund 51 45 HIV+ 53% SIL Southern blot Pap smear IVOU. heterosexual ~et al. (l99Ia) (18 asymptomatic symptomatic 70% HIV+ (lavage) contacts with IVOU c:USA 33 symptomatic) asymptomatic 22% symptomatic 42% 12 (1.-108) ZHIV- 22% asymptomatic 17% (2.0 (0.1-30)) 0HIV- 13% 4.6 (0.8-28) 0
t'Byrne et al. 19 3 CIN II Colposcopy Pap smear '"..(1989) recruI ted from 1 CIN II and biopsy nHIV+ STO c!inic 1 Atypia ..UK
t'attenders 1 SPI Z1 HPV n
~ter Meulen 46 gynaecological 313 Any type HPV (rota/)* HIV+ 2.4% PCR Pap smear * Ad justed for age ~et al. (1992) în-patients gynaecolo- HIV+ 78% 2.5 (p = 0.02) HIV- 2.8% ..TanzanIa gical in- HIV- 56% ::
c:patients HPV 16/18 HPV-16/18*
C/HIV+ 30% 2.4 (p = 0.02) t'HIV- 14% C/

KreIss et al. 147 prostÎtutes 51 HIV+ 37% 1.7 (0.8-3.6)* CIN Cytology * Adjusted for age and(1992) prostitutes HIV- 24% HIV+ 26% 0.9 (0.2-3.5) years of prostitutionNairobi, HIV- 24%
Kenya HPV+

HIV+ 47% 9.4 (1.-52.1)
HIV- 57%
HP V- 

HIV+ 9% 17.3 (1.4-217)
HIV- 7%

-0
Vi



0Table 22 (contd) 0\

Reference, No. and type of No. and HPV prevalence Cervical abnorinality HPV test Pathology Comments
study area HIV+ cases type of reading

HIV- Percentage Odds ratio Percentage Odds ratio
controls (95o/e CI) (95o/e CI)

Laga et al. 47 48 HIV+ 38o/e 6.8 (1.9-26.8) C1N ViraType '"
Cytology 13 Pap smears

(1992) prostitutes prostitutes HIV- 8% HIV+ 27% 14.7 (1.8-95.3) Sollthern blot i nadequate for
Kinshasa, HIV+/CIN+ 73% 6.2 (1' = 0.02) HIV- 3% interpretation
Zaire HIV+/CIN- 30%

Conti et al. 273 161 HIV+ 42% 4.2 (2.1-8.4) Cytological Cytology Cross-sectional stiidy, ;i(1993) former IVDU former HIV- 8 'le HPV-/HIV+ diagnosis confirmed potential selection bias ::
Italy IVDU 1.2 (0.2-06) by biopsy (intlated), odds ratios n

HPV+/HIV-
CIN II.II/HIV+ 3;

10.8 (2.8-41.6) CD4' :2 500 1.0 0
HPV+/HIV+ CD4' -c 500 5.4 Z
64.0(19.2-214) (2.6-11) 00Maggwa et al. 205 3853 HIV+ 4.9% 2.8 (1.3-5.9) Cytology ::

(1993) attenders, family attenders, HIV- 1.9% adj. sexual ;i
"'Nairobi, planning clinic family behaviour. :iKenya planning demographic C/

c1inic variables ..
Van Doorniim 25 IVDU and 44 IVDU HIV+ 32% 6.4 (1.-40.1 ) HIV+ 0% PCR Cytology HIV-: More clients per 0
et al. (1993) prostitiites and HIV- 7% HlV- 4.6% month than HIV+ r

c:The prostitutes women
3;Netherlands
rrSmith et al. 43 mostly IV DU 43 matched HPV-6/11 HIV+ 14% Southern blot Histology Tendency to increased 0\

(l993b) toHIV+ HIV+ 11.6% CIN prevalence in --HIV- 9%
UK cases HIV- 2.3% HIV+ women with

HPV.16 increasing
HIV+ 11.6% immunosuppression
HIV- 4.7%

Ho et al. 97 IVDU, HIV- 110 Ail HPV types Southern blot Srrong HPV signal,
(1994) related disease, same HIV+ 49.5% 3.3 (1.8-6.1) hybridization odds ratios:
New York, IVDU partner HIV- 22.7% HIV- 1,0
USA CD4' ;: 20% 45.0% 2.8 (1.-6.0) HIV+

CD4':: 20% 60.7% 5,3 (2.2-12.7) CD4':; 20% 2.6
Oiicogeiiic types CD4' S 20% 5,9
HIV+ 14.4% 3.5 (1.3-9.2)
HIV- 6.4%
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Table 22 (contd)

Reference, No. and type of No. and HPV prevalence Cervical abnorinality HPV test Pathology Comments
study area HIV+ cases type of reading

HIV- Percentage Odds ratio Percentage Odds ratio
controls (959cCI) (959r Cl)

Klein et al. 114 IVDU, HIV- 139 HIV+ 21.9(k 2.5 (1.2-5.1) Southern blot Cytology No demographic or
(1994) related disease, same HIV- IO.19c hybridization behaviouraI variables
New York, sex partner IVDU CD4 / 209c 16.7tlc 1.8 (0.7-4.6) associated with SIL :iUSA CD4 :5 209r 359r 4.8 (2.0-11.6) c:

Multimriate al/ah'sis 3:
HPV infection 6.8 (2.9-15.7) ;p
high-risk HPV 11.8 (4.1-34.1) Z
Strong HPV signal 10.8 (3.5-33.7)

-
3:Low CD4- count 3.1 (1.0-9.5)
3:Williams 55 IVDU 59 IVDU Dotblot 9 out of 1 1 abnormal 6.1 (1.2-60.5) ViraType ni and Cytology Recruited l'rom larger c:et al. (1994) HIV+ 199c smears in HIV+ PCR cohort. see also Z

San HIV- 50/c Table 23 0
Francisco, peR 0
USA HIV+ 579r tT

"THIV- 139c ñSun et al. 344 cross- 325 Ail HPV types Ail HPV types PCR Ce l'V ico- HIV+ HPV+ women -
rr(1995 ) sectional HIV+ 609c ~ 0.001 HIV +/CIN II1l 539c vaginal had more CIN ZNew York, HIV- 369c HIV-/CIN IIILL 509c lavage. irrespective of CD4' ()

USA HPV-16 HPV-16 colposcopy level than HIV- HPV+ ~
HIV+ 279c HIV+/CIN IIILL 35'k and women ..
HIV- 17'k HIV-/CIN IL/ILL -

0 sometimes ;:HPV-J8 HPV-J8 biopsy c:
HIV+ 24% HIV+/CIN IIIII 35'k VJ

rrHIV- 9% HIV-/CIN lllll 509c VJ
Langley et al. HIV-I 68 619 HIV-I+ 579r 2.3 (1.4-37) HIV-I 7.5 1.8 W.7-4.7J PCR Cytology No analysis of the
(1996) HIV-2 58 commercial HIV-2+ 50.0'k 1.7 (l .0-3.0) HIV-2 Il.1 2.9(1.2-7.2) independent effect of'
SenegaI both 14 sex workers both 75.09c 3.9 (1.9-8.1) both 16.7 5.2 (1.4-19.6) HIV and HPV on CIN

commercial sex HIV- 40.1 "k 1.0 HIV- 6.8 1.0 development was
workers Adjusted for no. presented

of sexual partners

and study site

STD. sexually transmitted disease; SIL. squamous intraepithelial lesions; CIN. cervical intraepithelial neoplasia; SPI, subclinical papillomavirus infection; PCR, polymeruse chain l'eactIon; IVDU, intruvenous drug
user; ( J calculated by the Working Group -0--



108 IARC MONOGRAPHS VOLUME 67

smears were HIV -seropositive. A more detai1ed characterization of 208 of these women
showed the 47 HIV -positive women had more advanced CIN, larger cervical les ions and
more associated vulvo-vaginal lesions than the 161 HIV-seronegative women.

Johnstone et al. (1994) conducted a retrospective case-control study in Edinburgh,

United Kingdom, which inc1uded IVDU women or women having a seropositive IVDU
partner and computer-matched neighbourhood controls. Cytological smears were
retrieved subsequently for both cases and controls. There were more ab normal smears

from the HIV -seropositive group than from the drug-re1ated seronegative (p .( 0.01)
group or the neighbourhood control group (p .( 0.001). (The Working Group noted that
no information on HPV was presented.)

(ii) Association with HIV and HPV
Vermund et al. (1991) extended a study by Feingo1d et al. (1990) on HPV -associated

disease in women taking intravenous drugs in the United States. ln this study of 96
women, non-white subjects were disproportionately represented among HIV -infected
women but other behavioural and sociodemographic characteristics were similar. Symp-
tomatic HIV-positive women had more HPV DNA (70%), measured by Southern blot
hybridization, compared with asymptomatic (22%) and seronegative women (22%).
Among symptomatic HIV -positive women, a strong association between HPV and
squamous intraepithelia1 lesions was documented (odds ratio, 12; 95% Ci, 1.3- LOS),

whereas the association was nonsignificant for the other two groups. These and other
studies conducted in the 1ate 19S0s and early 1990s suggest that more severe HIV disease
might exacerbate HPV -mediated cervical cytological abnormalities (Mai man et al., 1991;
Schäfer et al., 1991; Johnson et al., 1992; Conti et aL., 1993).

ln a cross-sectional study of 359 gynaecological in-patients without cancer in

Tanzania (ter Meulen et al., 1992), 1/42 (2.4%) HIV -positive women compared with
8/285 (2.8%) HIV -negative women had an abnorma1 Pap smear. However, none of the
HIV -positive women was suspected to be severe1y immunosuppressed, in view of the
lack of severe HIV -related symptoms. HIV -positive women were 3.3 times more likely
to be positive for HPV types 16 or 18, as detected by PCR, after adjusting for differences
in sexua1 behaviour, history of sexually transmitted diseases and other factors. (The
Working Group noted that no analysis of the association between HPV and smear abnor-
mality by HIV status was presented.)

Kreiss et al. (1992) performed a nested case-control study of 147 HIV -positive and
51 HIV -negative women within a large cohort of prostitutes in Nairobi, but did not
observe a significant difference with respect to the preva1ence of HPV DNA between the
two groups (adjusted odds ratio, 1.7; 95% Ci, 0.8-3.6). A strength of this study is that the
populations studied were relative1y homogeneous with respect to sexual behaviour and
condom use. Papanico1aou smears were available on1y for the most recently enrolled 63
women in the study. Among women with cervical HPV DNA, HIV infection was not
associated with an increased prevalence of CIN (47% in HIV-positive versus 57% in
HIV -negative women).

ln contrast, in a somewhat smaller but otherwise similarly designed study conducted
in Kinshasa, Zaire, Laga et al. (1992) found a significantly higher prevalence of HPV
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DNA in HIV -positive cases (18/47; 38%) than in HIV -negative controls (4/48; 8%; odds
ratio, 6.8; 95% CI, 1.9-26.8). HPV was detected both by ViraType™ and Southern b10t.
Eight (73%) of Il HIV -positive women who had CIN also had HPV DNA detected
compared with nine (30%) of 30 with no CIN (Fisher' s exact test p = 0.02). Cases and
controls in this study did not ditter in terms of important demographic or sexuaI

behavioural characteristics, but clinical AIDS was more frequent (7% of HIV-positive
cases) than in the population studied by Kreiss et al. (0.7%).

ln a large study of 4058 women attending two semi-urban family planning c1inics in
Nairobi, Kenya, Maggwa et al. (1993) observed CIN on Pap smears of 10/205 (4.9%)
HIV -positive women compared with 72/3853 (1.9%) HIV -seronegative women (odds
ratio, 2.8; 95% CI, 1.3-5.9) controlled for sexua1 behaviour and other risk factors. (The
Working Group noted that the association with HPV was not eva1uated in this study.)

Langley et al. (1996) studied the effect of both HIV - 1 and HIV -2 on the development
of CIN lesions in a cross-sectional ana1ysis of 759 female commercial sex workers in
Senegal. After adjustment for number of sexua1 partners per week and study site, HIV-2
seropositivity was associated with a 2.9-fold increased risk for CIN (95% CI, 1.2-7.2)
compared with a 1.8-fold (0.7-4.7) risk in HI V- 1 infected women. Women infected with
both HIV types had a 5.2-fo1d increased risk (1.4-19.6). (The Working Group noted that
the authors did not report HPV status or CD4+ T-cell counts in these analyses.)

(iii) HI V, HPVand CD4+ T-cell counts

Whereas most studies reviewed above have used either HIV -positivity per se or
degree of severity of HIV-associated disease as a surrogate marker for level of immune
status, recent studies have often included an evaluation by CD4 + T -cell cou nt. Ho et al.
(1994) found that among 207 primarily intravenous drug-using women, young age (less
than 35 years) (odds ratio, 2.5; 95% CI, 1.3-4.8) and HIV-positivity (3.0; 1.5-5.7) were
the onIy independent covariates associated with HPV DNA positivity. The association
with HIV changed only marginally between the univariate and the multivariate analysis,
indicating 1ittle influence of confounding. Prevalence of HPV increased with decreasing
CD4+ count, from 23% among immunocompetent HIV -negative subjects to 45% in mi1d
or moderate immunosuppressive conditions (HIV -positive and CD4 + percentage ? 20%)
and to 61% in severe immunosuppression (CD4 + percentage -( 20%). Oncogenic HPV
types (16, 18, 31, 33 and 35) were not particularly strong1y associated with HIV -positi-
vity. A general increase in the quantity of viral copies of HPV detected was indirectIy
supported by the finding of a significant association between strong Southern blot

hybridization signal strength and increasing HIV -induced immunosuppression (see
Table 22). Among 29 study subjects who had no sexual exposure in the previous year,
l/l6 (6.3%) HIV-seronegative women were HPV-positive compared to 8/l3 HIV-
positive women (61.5 %). (The W orking Group noted that this observation supports the
conclusion that individuaIs with HIV -induced immunosuppression are prone to persistent
HPV infection rather than self-limiting infection).

The influence of immunosuppression was also evaluated in a cross-sectiona1 study by
Willams et al. (1994) of 114 intravenous drug users in San Francisco. A close asso-
ciation between HIV, HPV and ab normal cervical cytology was observed (see Table 23).
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ln a mu1tivariate mode1 of risk factors for cervical epithelial abnormalities which
excluded those showing on1y atypia with inflammation, both cervical HPV detected by
dot b10t (odds ratio, 32.1; 95% CI, 2.9-354) and HIV-seropositivity with CD4+ T-cell
count below 250 cells/mm' (odds ratio, 126.8; 95% CI, 7.5-2133) were independent
predictors.

Table 23. Relation between humaD immunodeficiency
virus serostatus, presence of cervical human papiloma-
virus, and cervical cytology (from Wiliams et al., 1994)

HPV/HIV Cervical cytology Odds 95% CI fJ value
"

status ratio

Abnormal Normal

Dot blot

HPv-/HIV- 0 47 1

HPv-/HIV+ 5 31 7.3 0.7-354 0.08

HPv+/HIV- 1 2 15.7 0.2- 1254 0.2

HPV+/HIV+ 4 4 37.6 2.7-1888 0.001

PCR

HPV-/HIV- 0 41 1

HPV-/HIV+ 3 17 6.8 0.5-367 0.1

HPV+/Hlv- 1 6 5.8 0.07-471 0.3

HPV+/HIV+ 6 18 12.9 1.4-610 0.009

"fJ values compared with referent values (negative/negative)

ln a population-based study of HIV -positive women exposed by intravenous drug use
or from partners using intravenous drugs in Edinburgh, United Kingdom, Johnstone et al.
(1994) found an association between preva1ence of abnorma1 smears and reduced CD4 +
cou nt (p .: 0.0005), but there was no c1ear relation between CD4 + count and the severity
of the 1esions.

Sun et al. (1995) conducted a large cross-section al study in New York including 325
HIV -seronegative and 344 HIV -seropositi ve women. The two groups had similar age
distribution, income and education. HPV of any type was detected in 60% of HIV-
positive women and 36% of seronegative women. HPV -positive women who were a1so
HIV -positive were significantly more likely to have CIN th an were HPV -infected HIV-
seronegative women. This difference was observed at all 1evels of immunosuppression.
(The Working Group noted that these epidemio10gical data suggest that the association
between HIV and CIN lesions cannot be explained exclusively by activation of a latent
HPV infection mediated by HIV -induced immunosuppression. Thus, HIV cou1d have an
effect on the development of CIN which is independent of systemic immunosuppression.
Such an effect could reflect a direct bio10gical action but could a1so be a result of
confounding by factors for which no adjustment was made, e.g., a behavioura1 variable
lInked with HIV seropositivity and often associated with CIN lesions.l
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(iv) Progression of disease and treatment of CIN Lesions

Adachi et al. (1993) conducted a prospective study among 48 women with ab normal
Papanico1aou smear out of an original cohort of 232 women at high risk for HIV
infection in the Bronx, New York. Subsequent colposcopie or histological findings in
36/38 were no more severe th an those observed by cytology, indicating that abnormal
cyto1ogica1 smears accurately reflect the severity of cervical and vaginal disease in HIV-
positive women. Similar results were obtained by Korn et al. (1994) and Johnstone et aL.
(1994). A follow-up of between 3 and 37 months, based on small numbers, showed that
aU three HIV - negati ve and fi ve out of ten HIV -positi ve women had normal exami-
nations, whereas three HIV -positive women had persistent disease and two had pro-
gression to condy10ma (Adachi et aL., 1993).

Sha et al. (1995) followed 82 HIV -positive women who were seen between 1986 and
1992 at a hospital in Chicago, IL, United States. Among 10 who presented with CIN
confirmed by Papanico1aou smears, none developed invasive cervical cancer during a
median follow-up time of 13 months (range, 3-61 months).

Maiman et al. (1 993a) in Brooklyn, NY, found an equa1 distribution of CIN severity
and lesion size among 44 HIV -positive and 125 HIV -negative women. However, more
HIV -positive women (39%) developed biopsy-proven recurrent CIN after treatment than
HIV -negative women (9%), and, among HIV -positive women, recurrent disease was
cIearly associated with degree of immunosuppression as measured by CD4 + T -cell count.

Wright et al. (1994) performed a retrospective chart review of patients treated by
e1ectrosurgica1 excision for CIN at a hospital in Manhattan, NY, United States, during
1991-92. All patients had at least six months of follow-up or had documented recurrent
and/or persistent disease during less th an six months of follow-up. Age-distribution and
grading of disease stage were similar in HIV -positive and -negative patients, but
recurrent and/or persistent CIN occurred significantly more frequently in HIV -positive
women (56%, 19/34) th an in HIV-negative women (13%, 10/80; p .(0.001). ln HIV-
positive women, the occurrence of recurrent and/or persistent CIN was associated with
degree of immunosuppression (:; 500 CD4+ cells/mm': 20%; -( 500 CD4+ cells/mm':
61%).

These studies suggest that HIV infection and/or HIV -related immunosuppression

accelerate the progression of CIN.

(h) Invasive cervical cancer

Since January 1993, CDC included invasive cervical cancer as an AIDS-defining
illness in HIV-positive women (Centers for Disease Control and Prevention, 1992a) (see
Table 5).

(i) Case series

Maiman et al. (1993b) studied 16 HIV -positive women (19%) out of 84 women
be10w 50 years of age with invasive cervical cancer, at a hospital in Brooklyn. Three
were known to be HIV -positive before enrolment whereas 81 were subsequently tested
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for HIV. Almost 70% of the HIV -positive patients were at c1inical stage III or iv disease,
compared with 28% in the HIV -negative group (p = 0.01).

Zanetta et al. (1995) made a retrospective eva1uation of all patients referred during
1991-94 to a hospital in Milan, Italy, with a diagnosis of invasive cervical carcinoma.
Six (1.8%) out of 340 women with invasive cervical carcinoma were HIV -positive. The
mean age at diagnosis was 30 years (range, 27-36) for the HIV -seropositive women, but
49 for the remaining population. Furthermore, HIV -seropositive women had more
advanced disease (p = 0.04). (The Working Group noted that four out of the six sero-
positive women were intravenous drug addicts (p .- 0.0001).)

(ii) Prognosis

Maiman et al. (1990, 1993b) reported a poorer response to therapy and a poorer
prognosis among HIV -infected patients with invasive cervical cancer in Brooklyn, with
higher recurrence and death rates compared with HIV -uninfected patients. The patient' s
immune status had a significant impact on subsequent disease. Thus, only seropositive
patients with CD4+ counts greater than 500 cells/mm' had prolonged or disease-free
follow-up.

(iii) Descriptive epidemiology
Rabkin et al. (1 993a) used cancer registry incidence data from New York and

northern New Jersey in the United States to study time trends in cervical cancer rates.
The annual incidence of AIDS among women in upstate New York is low among white
women and also significant1y lower in black women compared to women from New
y ork City and northern New Jersey. Neverthe1ess, cervical cancer in New York and
northern New Jersey blacks dec1ined during the study period (1976-88) by approxi-
mately 40% for invasive tumors and 50% for in-situ lesions (Figure 9). Because the
incidence in whites remained rather stable, the ratio of incidence of invasive cervical
carcinoma in b1acks to incidence in whites decreased in all three regions.

Data from a pathological review of cervical cancer series from Lusaka, Zambia
(Rabkin & B1attner, 1991; Patil et al., 1995) indicated that both the total incidence and
the age-distribution of cervical cancer remained stable during the period between 1980
and 1989 when HIV was rapid1y spreading to large segments of the population. Nearly
10% of pregnant women and 18% of normal blood donors were already HIV -infected by
1985 (Melbye et al., 1986).

Wabinga et al. (1993) compared cervical cancer incidence data for different tIme
periods based on the cancer registry in Kyadondo County in Uganda. Invasive cervical
cancer a1most doub1ed from 22.2/1 00000 in 1954-60 to 43.6 in 1989-91. The overall

increase in cancer incidence during the same period was nearly 50%. (The Working
Group noted that the quality of the data is uncertain and the incidence of cervical cancer
appears to have been increasing in this population before the advent of HIV.)

ln a large 1inkage study between AIDS and cancer registries in seven health
departments in the United States, published as an abstract, Coté et al. (1993) found
invasive cervical carcinoma in AIDS patients to be only marginally increased over back-
ground.
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Figure 9. Incidence per 100 000 of AIDS and selected
cancers in black New York City women aged 20-49,
1976-1988. Data smoothed by 3-point moving means

100

AlOS

ã)
l'
(J
(/
Cl
.2 10

ooo
oo,.
"-
11a.
~ 1
c:
11
"0
Õ
c:

Cervical Cancer, ln Situ

Cervical Cancer, Invasive

L;~ Non-Hodgkin Lymphoma

Hodgkin's Oisease
Kaposi's Sarcoma

0.1

1976 1978 1980 1982 198 1986 1988

Year

From Rabkin et al. (i 993a)

(iv) Case-control studies

ln Tanzania, ter Meulen et al. (1992) found that 8/270 (3%) cases of invasive cervical
cancer were HIV -seropositive compared with 46/359 (13%) controls. (The Working
Group noted that many of the contraIs were gynaeco10gica1 patients and may have had
conditions associated with other sexually transmitted diseases.)

ln a study of cancer patients in Rwanda (Newton et al., 1995), 0/23 cases of cervical
cancer were HIV -seropositive compared to 8/200 (4%) in controls comprising other

cancers.

ln summary, the above studies are generally consistent in demonstrating an asso-
ciation between late-stage HIV infection and increased prevalence of CIN. However,
there is at present no evidence of a significantly increasing incidence of invasive cervical
carcinoma as a consequence of the HIV epidemic. This lack of increased risk of invasive
disease may be part1y explained by the late spread of HIV infection in the fema1e

population. ln addition, active screening programmes among HIV -infected women may
reduce the likelihood of progression to invasive cervical carcinoma. One result cou1d be
that HIV -infected women die from other causes before CIN progresses to invasive
cervical carcinoma. HIV -infected women have in genera1 higher rates of sexually
transmitted diseases than women in the genera1 population and are therefore more likely
to be in close contact with the health care system both before and after their HIV
infection.
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2.3.2 Anorectal intraepithelial neoplasia and invasive cancer

A comprehensive and detailed review of anal cancer in HIV -infected individua1s has
been presented by Pa1efsky (1994).

The assessment of anorectal epithe1ial cytology poses special prob1ems because of
variable quality of samp1e collection and faecal contamination. Furthermore, biopsy
materia1s have only rare1y been obtained for confirmation of cytologica1 results. A signi-
ficant association between cytological and histopathological findings was observed in
one study (Palefsky et al., 1990), whereas Surawicz (1993) reported a three-fold greater
preva1ence of dysp1asia for biopsy evaluation than by cytology in 90 homosexual men
referred for internaI les ions from a cross-sectional community-based study (see

Table 24).

Table 24. Correlation of anal abnormalities with histological
diagnosis

Anoscopic abnormalities Negative Low High grade Total
grade (AIN II-II)
(AIN 1)

Discrete warts 3 26 8 37"
Circumferential ring of warts 2 14 7 23
Flat white epithelium 1 il 6 18

Normal or non-HPV- 7 0 1 8"
associated findings

Total 13 51 22 86"

From Surawicz et al. (1993)

AIN, anal intraepithelial neoplasia
"Biopsies from two HIv -seronegative men in each of these categories were
unsatisfactory.

(a) Precancerous lesions

(i) Association with HIV

Denis et al. (1992) studied 190 patients diagnosed with advanced HIV -associated

disease (Group iv, CDC). Thirty-five patients had anal abnormalities, inc1uding one case
of non- Hodgkin' s lymphoma, but there was no case of anal carcinoma.

(ii) Association with HIV and HPV
The main features and results of published studies are summarIzed in Table 25.

Frazer et al. (1986) reported, from a prospective study of 61 homosexual men in
Australia, cytological evidence of dysplasia with concomitant features of HPV infection
in 24 men and of HPV without dysplasia in a further 26 men. HIV infection was
associated with dysplasia in a univariate analysis, but the small sample size hindered
more sophisticated analyses.



Table 25. Studies of precancerous lesions of the anorectal region in HIV -infected persons

Reference, No. and type of No. and type HPV prevalence Anal abnormality HPV test Pathology Commentsstudy area HIV+ cases of HIV- cases
reading

Percentage Odds ratio % HIV+/HIV- Odds ratio
(95% CI) (95% CI)

Frazer et al. 20 homosexual 41 homosexual HIV+ (45%) Cytological Cytology(1986 ) men men HIV- 115%) readingAustralia

Palefsky 97 homosexual None HPV, ail types 54% HIV+ 39% ViraType lM
Cytology + *Alone or in :i

Cet al. (1990) men with CDC HPV-6/11 * 23% condyloma 4 histology combination
3:

San group IV HPV-16/I8* 29% atypia 19

;p
Francisco, disease HPV -31,33,35* 20% AIN 1 Il

ZUSA
AIN II 4 -Melbye 33 homosexual 87 homosexual HIV+ 61.1% ASIL+HPV ViraType 1\1

Cytology 3:el al. (1990) men men
CD4ïCD8' (ASIL) 3:Denmark
ratio C
~ 1.0 5.9 Z
.: 1.0 30.0 00Caussy 43 homosexual 62 homosexual HIV+ 53% fJ = 0.01 HIV+ 24% fJ = 0.03 ViraType 1 ~l

Cytology t'et al. (1990) men men HIV- 29% HIV- 7% and PCR (ASIL) 'T
ñUSA -Kiviat et al. 49 homosexual 47 homosexual HIV+ 26% ViraType lM tT
Z(1990) men men HIV- 6%

nUSA

~Critchlow 26 consecuti ve 119 same HIV+ 31% 5.8 (1.1-30.1) Dot filter HIV positivity ~et al. (1992) homosexual HIV- 8% adj. for STD hybridization did not influence -;:USA men for HIV
history, age,

type of HPV. Ctesting anorectal
HPV prevalence C/

symptoms
up with severity t'

C/
of HIV -diseaseBernard 54 homosexual 54 partners of HIV+

ln situ Link betweenet al. (1992) and IVDU men women with Any type (66%) hybridization CMV and high-France genital HPV or HPV-6/11 17%
risk HPVcervical HPV - 1 6/18 and/or
observeddysplasia 31/35/51 83%
irrespecti ve of

HI V- 
HIV statusAny type (54%)

HPV-6/11 62%
HPV-16/18 and
1/35/51 38%

Vi



Table 25 (contd)

Q"

Reference.
study area

No. and type of
HIV+ cases

No. and iype
of HIV- cases

HPV prevalence Anal abnormality HPV test Pathology Comments
reading

0/( HIV+/HIV- Odds ratio

(95'( Ci)

HIV+ 26(r( 5.6 (J.0-IO.5) Southern Cytology Soiiihem iransie,
HIV- 80/( HIV+ transfer Bethesda Inbridizaiion
HIV+ onlr hybridization recomnien- CD4':: 500 2.6 ;:Atypia: Atypia: and PCR dation ( 1.2-5.7) ;:
CD4' -: 200 280/( 4.2 CD4';: 500 1.0 n
200-500 25% 3.3 PCRaioiie

$:501-800 25% 2.7 CD4':: 500 6.3 0
;: 800 30% 2.6 (0.8-722) Z
ASIL: ASIL: CD4' ;: 500 1.0 0
CD4' -: 200 36% 9.9 0
200-500 35% 8.7 ;:
501-800 25% 5.1 ;:'i
;: 800 8% 1. ::

ViraPap'''1 None HPV prevalence VJ

Vira Type 
i-M

assocIated with ~0increasing L
inimunodefi- C
ciency $:

tT
Q"--

Percentage Odds ratio

(950/( CI)

Kiviat el al.
( 1993)
USA

Breese
el al. (1995)
Denver.
USA

285
homosexual
men seeking
HIV testing

93 honiosexual

men

204 sanie

116

homosexual
men

Soiiihem Nol
HIV+
HIV-
PCR
HIV+
HIV-

HIV+
HPV, any type
HPV-6/11
HPV- 16/1 S

HPV-31/35/35
Mixed HPV-16/lS+
Mixed HPV-16/1S-
HIV-
HPV, any type
HPV-6/11
HPV-16/lS
HPV -31/33/35
Mixed HPV-16/lS+
Mixed HPV - 16/l8-

559f
23'7(

92'7(

78'i

61%
8%

12%

IS%
19%

4%

17%

4%
7%
O.S%

4%
0.8%

4.0 (2.7-6.2)

3.1 (1.6-5.8)

AS IL, anal squamous intraepithelial lesions; PCR, polymerase chain reaction; IVDU, intravenous drug users; STD, sexuaIly transmItted disease; CMV, cytomegalovirus
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Kiviat et aL. (1990) reported that 13/49 (26.5%) HIV -infected homosexual men
compared with 3/47 (6.4%) HIV-negative homosexual men had detectabIe anal HPV by
dot-blot hybridization (p = 0.002). No data on anal cytology or histoIogy were avaiIab1e.

CritchIow et aL. (1992) reported a significant association between HIV infection and
HPV DNA as measured by dot filter hybridization, after adjustment for sexuaIly
transmissible disease history, age and CUITent anorectal disease (odds ratio, 5.8; 95% CI,
1.1-30.1). HIV infection was not associated with the type of HPV detected but the
severity of HIV -related disease was positiveIy related to HPV prevaIence.

ln anal swabs or biopsies from homosexual men, Critchlow et al. (1995) reported a
progressive increase in the detection of HPV-16 or HPV-18 DNA with declining CD4+
T -cell count.

Bernard et aL. (1992) studied 54 HIV -positive and 54 HIV -negative men, all pre-
senting with anogenital lesions such as flat condyloma or condyIoma acuminata. HIV-
positive subjects were homosexual men (71 %) or intravenous drug users (24%). HI V-
negative subjects were partners of women with genitaI HPV infection or cervical dyspla-
sia. High-risk types of HPV (16,18,31,35,51) were more prevalent (83.4%) in HIV-
positive persons and the low-risk HPV types (6, Il) were more common in HIV-negative
subjects (62.1 %). Anal intraepitheIia1 neoplasia (AIN) II/III was highIy associated with
high-risk HPV types (15/16, 94%) compared with low-risk HPV (1/24,6%).

(iii) HIV, HPV, and CD4+ T-cell count
Palefsky et al. (1990), in their study of 97 homosexual men with advanced HIV

infection in San Francisco, CA, United States, found HPV DNA (detected by
ViraPap™NiraTypeTM) in 54% and ab normal anal cytology in 39% (for details see
Table 25). AIN was diagnosed in 15 specimens (15%). AbnormaI cytology was signifi-
cantly associated with anal HPV infection (odds ratio, 4.6; p = 0.003) and, among those
infected with two or more HPV types, 10/12 had abnormal anal cytology (odds ratio,
39.0). CD4+ counts obtained from medicaI records were inverseIy associated with
cytologicaI abnormaIity but did not contribute significantly in a multiple regression
model which aIso included HPV.

Caussy et al. (1990) found that 41 (39%) of 105 homosexual men from Washington
DC, and New York, United States, had infection with HPV-6/11, -16/18, or -31,33,35.
The cOITesponding figures were 53% in 43 HIV-infected subjects and 29% in 64 HIV-
negative subjects (p = 0.01). ln HIV-infected subjects, 10w CD4+ count was indepen-
dently associated with anal HPV detection, whereas the number of partners and the
frequency of receptive anal intercourse were unimportant. AbnormaI cytoIogy was seen
in 9/37 (24%) HIV-infected men and in 4/55 (7%) HIV-negative men (p = 0.03) and was
strongIy associated with the detection of any HPV genotype. None of 15 subjects with
HPV detected only by PCR had anal epithelial abnormality.

ln a sampIe of 112 Australian homosexual men conseeutively presented for routine
screening for sexuaIly transmitted diseases and HIV infection, 19% showed evidence of
mild to moderate dyspIastic changes (AIN 1 or AIN II). HPV DNA (types 6/11, 16/18) by
dot bIot hybridization was detected in 40% (6/11 in 18%; 16/18 In 11%; both groups In
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12 % ). There was a significant association between presence of HPV -16/18 and anal
dyspIasia, but not between HPV infection or anal dysplasia and HIV-positivity, immune
status, sexual practices or other sexuaIly transmitted diseases (Law et al., 1991).

ln a larger study (Kiviat et al., 1993), a random sample of 285 HIV-positive and 204
HIV-negative homosexuaI men was surveyed. HPV DNA was found by Southern blot
hybridization in 55% and 23% (odds ratio, 4.0; 95% CI, 2.7-6.2) of HIV-positive and
-negative men and by PCR in 92% and 78% (odds ratio, 3.1; 95% CI, 1.6-5.8), respec-
tively. Each specific group of HPV DNA types surveyed was most common in HIV-
infected men (Table 26). Detection of HPV by both Southern bIot hybridization and PCR
(high-IeveI HPV infection) was significantly associated with anal intraepithelial lesions.
However, after adjustment for level of HPV DNA, severely immunosuppressed HIV-
positive men (CD4+ cou nt -( 500 ceIls/mm3) were at higher risk for anal intraepitheIial
Iesions th an men with a CD4+ count of more th an 500 ceIls/mm3 (odds ratio, 2.9; 95% Ci,
1.4-6.2). (The Working Group noted that this finding indicates a possible independent
roIe of immunosuppression in addition to that of HPV).

Table 26. Prevalence of anal HPV DNA in HIV-
positive and HIV -negative homosexual men as
detected by dot-fi Uer hybridization, low- and high-

stringency Southern transfer hybridization, and PCR

HIV+ HIV-

Dot blot (n = 304) (n=211)
Any HPV 52% 18%

Southern (n = 285) (n = 204)
Any HPV 55% 23%
HPV-16,18" 21% 7%
HPV-31,33,35" 15% 3%
HPV-6,11" 21% 7%
Unclassified 16% 8%
Multiple 15% 3%

PCR (n = 241) (n = 152)
Any HPV 92% 78%
HPV-16,18 53% 38%
HPV-31,33,35 43% 15%
HPV-6,11 47% 39%

Unclassified 19% 22%
Multiple 44% 23%

From Ki viat et al. (1993)
" Alone or in combination.

OR 95% CI

5.1 3.3-7.9

4.0 2.7-6.2
5.0 2.6-9.6
8.7 3.5-25.7
5.0 2.6-9.6
3.7 1.7-6.3
8.5 3.4-25.2

3.1 1.6-5.8
3.6 1.8-7.2
7.4 3.4-16.2
3.1 1.6-6.2
2.2 1.0-4.9
4.9 2.4-10.1

Sixt y-six (22%) HIV -positi ve and 24 (11 %) HIV -negative men from the above-men-
tioned study were referred for biopsies of internaI anorectal Iesions (Surawicz et al.,
1993). Whereas only 31 (36%) had dysplasia diagnosed by cytology, 73/86 (85%) had
dysplasia evident on biopsy (26% high-grade). The correlations of anal abnormalities
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with histoIogical diagnosis are presented in Table 24. HIV status did not influence the
prevaIence of high-grade lesions. Both high- and low-risk HPV types were common in
many of the biopsy specimens.

ln a study of 37 HIV -positive and 28 HIV -negative homosexual men, Palefsky et al.
(1994) found both anal intraepithe1ia1 lesions and the presence of HPV to be closely
associated with HIV-positivity in men with CD4+ T-cell counts below 200 cells/mm3.
Furthermore, multivariate analysis indicated a possible influence of current smoking.

Severa1 studies among women are in progress, but the results of only one have been
published (Williams et al., 1994). Among 114 intravenous drug users, anal infection with
HPV was twice as frequent as cervical infection and was associated with HIV -positivity
by both dot blot (odds ratio, 2.5; 95% CI, 0.9-7) and PCR (2.6; 1.03-6.8). Anal intraepi-
the liaI lesions were seen in 14% (15/109) of the women, of whom 11 were HIV-infected
(odds ratio, 3.4; 95% Ci, 0.9-15.5). The presence of anal squamous intraepitheIia1
les ions (ASIL) was closely associated with a simultaneous high level (dot bIot positive)
of HPV DNA and HIV-positivity (odds ratio, 9.2; 95% CI, 1.6-63.6), whereas no asso-
ciation was found with CD4 + count.

Breese et al. (1995) studied the expression of HPV in a cross-sectionaI, foIlow-up
study of 116 HIV -seronegative and 93 HIV -seropositive homosexual men. HPV was
significantly more common among HIV-positive persons and HPV types 16/18
accounted for more th an 50% of the infections. HPV prevalence increased significantly
with decreasing CD4+ count; persistence of HPV during a six-month foIlow-up was aIso
more common among men with clinical signs of severe immunosuppression (AIDS/ ARC
(AIDS-related complex)) (95%) compared with asymptomatic HIV-seropositive men
(62%) and HIV-seronegative men (61 %).

(iv) Progression of disease

Irrespective of HIV status, there are few data avaiIabIe relevant to the association
between the different intraepithelial les ions and invasive anal cancer.

ln San Francisco, Palefsky et al. (1992) followed 37 homosexual men with advanced
HIV disease prospectively for an average of 17 months and found an increase in anal epi-
thelIaI abnormality from 27% to 65%. The percentage of men with AIN increased from 8
to 32% and that of men with high-grade AIN from 0 to 16%. Presence of HPV DNA
(detected by Virapap™NiratypeTM) increased from 60 to 89%.

Morgan et al. (1994) identified aIl patients who had undergone excision biopsy of
anal condylomata during 1984-88 at a hospital in London, United Kingdom. OveraIl, 27
had evidence of AIN and for the se patients, results of HIV testing were traced. Five of
six patients having carcinoma in situ (AIN III) were found to be HIV -seropositive and

were followed for between four and six years without any evidence of progression of
disease.
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(h) Invasive anal cancer

(i) Case reports and series

Only a few case reports and series describe invasive anal cancer in HIV-infected
persons (RüdIinger & Buchmann, 1989; Lorenz et al., 1991; Chadha et aL., 1994;
Jebakumar et al., 1994; Nasti et al., 1994). Most cancers occurring in the anal region are
of the (transitionaI) epidermoid type. Other anal cancers associated with HIV include
smaIl-ceIl carcinoma (Read et al., 1985; Smitherman et al., 1990; Nakahara et al., 1993),
non-Hodgkin's Iymphoma and Kaposi's sarcoma.

(ii) Prognosis

Very !ittle information is available on the possible influence of HIV infection on the
prognosis of anal cancer. Some cases have shown an aggressive clinical course with Iow
response to treatment (Lorenz et al., 1991; Jebakumar et al., 1994), whereas others have
not (Chadha et aL., 1994; Nasti et al., 1994).

(iii) Descriptive epidemiology

Reports from Sweden, Denmark and the United States have shown significant
increases in the incidence of epidermoid anal cancer over the Iast 30 years, not onIy
during the period of the AIDS epidemic (Goldman et al., 1989; Frisch et al., 1993;
Melbye et al., 1994a). The increase has been more pronounced in women than in men
and more in urban th an in rural areas. Furthermore, bIack people are at higher risk than
whites and never-married men are at higher risk th an ever-married men. The increased
risk of anal cancer in never-married men has been documented as early as the 1940s and
1950s (Frisch et al., 1993). These trends suggest that important behavioural and environ-
mental changes were taking place before the beginning of the AIDS epidemic.

MeIbye et al. (1994a) compared the proportion of men who were never-married (as a
surrogate for homosexuaIity) among anal cancer patients with that in colon cancer

patients (controls) in four metropolitan areas (San Francisco-Oakland, CA; Detroit, MI;
Seattle, W A; Atlanta, GA) included in the SEER Programme in the United States. The
relative risk for anal cancer patients rose from 5.8 (95% CI, 3.9-8.7) in 1973-78 to 6.7
(4.7-9.5) in 1979-84 and 10.3 (7.5-14.1) in 1985-89 (Pirend = 0.02). Among white men
from the San Francisco Bay area, the incidence of anal cancer increased from
0.5/100000 in 1973-75 to 1.2/100000 in 1988-89 (Ptrend-( 0.001).

Biggar et al. (1987) and later Rabkin and Yellin (1994) used data from the SEER
programme to study the evolution in anal cancer incidence in single, young (25-54
years) men within the city of San Francisco. The incidence of anal cancer in 1973-79
was 9.9 (95% CI, 4.5-18.7) times that expected from general population rate and in
1988-90 was 10.1 (95% CI, 5.0-18.0) times that expected.

Biggar et al. (1989) used a proportion al incidence method to study cancers (period
1973-85) occurring among single young men and married young men in New York. A
significant increase in anal/anorectal cancers was recorded for single but not for married
men. However, the increase appeared to have aIready occurred by 1979-80, without a
c1ear increasing trend thereafter.
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Reynolds et al. (1993) linked AlOS registry files (San Francisco residents only) with
the Califomia Tumor Registry (period 1980-87) and compared the incidence of cancer in
the AIDS population with that of the general population of the San Francisco Bay Area.
Six cases of anal or rectal cancer were seen among the AIDS patients, which were more
than expected (standardized incidence ratio (SIR), 3.5; 95% CI, 1.3-7.5). ln-situ cancer
of the anorectal area was a1so significantly elevated among persons with AIDS (7 cases;
SIR, 65; 95% CI, 26.1-134). The SIR analysis incIuded cancers that occurred before,
concurrently with and subsequent to the diagnosis of AlOS.

Melbye et al. (1994b) used a linkage between AIDS (50 050 reports) and cancer
(859398 reports) registries in seven health departments in the United States to inves-
tigate the association between HIV infection and epidermoid anal cancer. Compared with
general population rates, the relative risk for anal cancer at and after AlOS diagnosis was
84.1 (95% CI, 46.4-152) among homosexuaI men and 37.7 (9.4-151) among non-homo-
sexual men. The relative risk was 13.9 (6.6-29.2) for occurrence of anal cancer in the
period two to five years before AlOS diagnosis and 27.4 (15.9-47.2) during the two
years before AIDS diagnosis (p for trend = 0.004) (Table 27).

Table 27. Relative risk (observedJexpected ratio) of epider-
moid anal and anorectal cancer among AIDS patients
compared with population controls 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

13.9 (6.6-29.2)

27.4 (15.9-47.2)
79.6 (41.4-153)
41.7 (13.4-129)
48.7 (18.3-130)

From Melbye et al. (1994b)

ln summary, the above studies are generally consistent in demonstrating an
association between HIV infection (and the associated immunodeficiency) and anal
dyspIasias. However, even in the absence of HIV infection, anal cancer is more common
in AIDS risk groups. Thus, a specific association of HIV infection with invasive cancer
has not been convincingly demonstrated.

2.3.3 Hodgkin's disease

Misclassification of non-Hodgkin's Iymphoma cases as cases of Hodgkin's disease
occurs (Herndier & Friedman, 1992; Reynolds et al. 1993; Rabkin & Yellin, 1994;
Knopf & Locker, 1995) and may at Ieast partly expIain the reported increased rates of
Hodgkin's disease in HIV-positive persons. Non-Hodgkin's Iymphoma incidence is
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greatly increased in HIV -positive persons and only a small misclassification rate of these
cases wou1d cause a faIse impression of an elevation in rates of Hodgkin' s disease
(Glaser & Swartz, 1990). Assignment to a specific type is particularly difficuIt for those
cases of Hodgkin' s disease that have been reported in HIV -positive persons with an
atypical lymphoid background. Sometimes even unusua1 atypical reactive processes
make a firm diagnosis rather difficult (Herndier & Friedman, 1992).

(a) Distribution of histological types

(i) Hodgkin 's disease in HIV-uninfected persons

Hodgkin' s disease is a heterogeneous entity which is often described as two different
diseases. ln developed countries, it has a bimoda1 age-incidence curve with a first peak
at 15-34 years and another among persons older than 55 years of age. Histologically,
noduIar sc1erosis is primarily diagnosed in young Hodgkin's disease patients, whereas
mixed celIuIarity predominates in the older age groups. PopuIation-based data from the
SEER programme show a significant increase in the incidence of nodular sclerosis, parti-
cu1arly in adolescents and young adults, whereas the mixed ceIluIarity type has remained
stable over time. A decrease in incidence in recent years among older age groups was
expIained by earIIer misclassification of non-Hodgkin's lymphoma as Hodgkin's disease.
Among 9418 microscopically confirmed cases of Hodgkin's disease reported to the
SEER programme between 1973 and 1987, 51.0% were of the noduIar sclerosis type,
23.8% of mixed celIuIarity, 6.7% with Iymphocytic predominance, 5.7% with Iympho-
cytic dep1etion and 12.8% were miscellaneous Hodgkin's disease (Medeiros & Greiner,
1995) .

(ii) Hodgkin 's disease in HIV-infected persons

Since the mid- I980s, a large number of case reports and small case senes of
Hodgkin's disease in HIV-infected persons have appeared (see Rubio, 1994) which,

together with Iarger and more recent case series (Table 28), describe a particular naturaI
history and histoIogicaI distribution of Hodgkin' s disease which are different from those
of Hodgkin' s disease in HIV -uninfected persons. Despite a young median age of the
patients, mixed cellularity and lymphocyte depletion are the predominant histologicaI
features. The majority ofcases have B symptoms and approximately 80% have advanced
disease (stages III or iV). ExtranodaI dissemination and, in particuIar, bone marrow
involvement are common, whereas mediastinal involvement is Iess frequent than is
observed in HIV -uninfected persons (Rabkin & BIattner, 1991; Tirelli et aL., 1 995b).

The ItaIIan Cooperative Group on AIDS-related Tumors (GICA T) in 1988 and sub-
sequently Monfardini et al. (1991), Tirelli et al. (1992), Serraino et al. (1993), Errante
et al. (1994) and Tirell et al. (1995b) have described cases of Hodgkin's disease in HIV-
infected persons. Among 63 cases in intravenous drug users (median age, 27 years),
reported to the organization during 1980-89, 74% were histoIogicaIly characterized as
showing mixed cellularity or lymphocyte depletion. Overall, 83% were in advanced
stage, but atypical presentations (central nervous system, skin, endobronchial site or lung
invoIvement with lack of mediastinal adenopathy) were uncommon (Monfardini et al.,
1991) .
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Table 28. Characteristics of Hodgkin's disease in HIV -infected persons (only studies with more th an 20 cases)

Reference Period N Age Male Female Histopathology Advanced B symp- Extra Bone marrow
median no. no. stage (II. IV) toms nodal involvement
(range) Mixed Lymphocyte Nodular Lymphocytic :i

c:cellularity depletion sclerosis predominance
~
~Rubio 1984- 46 27 (mean) 43 3 41% 22% 22% 4% 89% 83% 50% 41% at Z

(1994 ) 91 (18-55) diagnosis -
~Spain
~Andrieu 1987- 45" 30 39 6 49% 4% 40% 0 75% 80% in ail (24%) c:et al. (1993) 89 stage Z

France
iV 00Monfardini 1980- 63 27 59 4 48%" 23% 23% 0 83% NR t'

et al. (1991) 89 (20-44) "T-nItaly -t'Tirell et al. 1986- 114' 29 103 i 1 45% 21% 30% 4% 81% 77% 63% Z
(1 995b) 94 (19-57) n
Italy ~

~Ree et al. 1983- 24 34 23 1 100% 0 0 0 92% 100% 50% at -
(1991 ) 90 (24-5 1 ) presentation. ~

c:USA
confirmed in C/
25 % by t'

C/
biopsy

"Three cases had undetermined histological subtype.
"3% had lymphocyte depletion and mixed cellularity
'Seven cases not classified histopathologically

t'
W
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Tirelli et al. (1995b) compared 114 HIV -positive cases reported to GICA T during
1986-94 with 104 HIV-negative cases of Hodgkin's disease from a single institution.
HIV -positive cases included a higher percentage of stage IV disease des pite a Iower
median age.

Andrieu et al. (1993) compared all 45 cases of Hodgkin's disease collected by the
French registry of HIV -associated tumours between 1987 and 1989 with a cohort of 407
HIV-negative Hodgkin's disease patients for whom similar diagnostic criteria had been
used. The groups had a simiIar median age (30 and 31 years) but differed significantIy
with respect to advanced cIinical stage (75% versus 33%), proportion of mixed celIu-
larity (49% versus 20%) and absence of mediastinal disease (87% versus 29%).

ln a series of 46 patients with Hodgkin' s disease and HIV infection diagnosed in
1984-91 in nine hospitaIs in Madrid, Spain, 41 % were cIassified as being of mixed cellu-
larity, 22% with lymphocytic depletion, 22% with noduIar sclerosis and 4% with
Iymphocytic predominance. Advanced disease (stages III or iV) was found in 89%; 83%
had B symptoms and 41 % had bone marrow invoIvement (Serrano et aL., 1990; Rubio,
1994).

(iii) Prognosis

Hodgkin's Iymphoma in the immunocompromised host is particularly aggressive and
difficult to treat (Carbone et al., 1991).

Errante et al. (1994) studied treatment response and survival in 84 Italian HI V-
negative and 92 HIV -positive patients. Remission was achieved in 51 % of HIV -infected
patients and in more th an 90% of the HIV -negative patients. When HIV -infected patients
were compared with onIy the older HIV -negative patients, who were primarily diagnosed
with the mixed cellularity type of Hodgkin'sdisease, similar differences were observed.
The estimated four-year survivaI was 33% in HIV -positive patients compared with 88-
100% in HIV -negative patients, depending upon the age group.

ln the French study, Roitmann et al. (1992), Andrieu et al. (1993) and Lévy et al.
(1995) found a high rate (79%) of complete remission after standard therapy in 45 HIV-
positive Hodgkin's disease patients, but haematoIogicaI and infectious complications
were very frequent. Overall, two-year survivaI was 41 %.

Other authors have found full remission in HIV -positive persons to range between
47% and 58% (Serrano et al., 1990; Monfardini et aL., 1991; Tirelli et al., 1995b).

(h) Descriptive epidemiology

AIready in the early 1980s, analyses of data fram the SEER programme detected
marked increases in the incidence of Kaposi's sarcoma and non-Hodgkin's lymphoma
among never-married young men, but no similar increase in Hodgkin's disease was
observed (Biggar et aL., 1985; Bernstein et al., 1989). Among never-married young men
from San Francisco, CA, United States, Biggar et aL. (1987) found a small but non-
significant increase while Rabkin and YeIIin (1994) observed an increase which predated
the AIDS epidemic and which was not restricted to the mixed cellularity subtype most
often associated with HIV-positive cases of Hodgkin's disease. Analyses of data from a
cancer registry in New York State, not part of the SEER programme, reveaIed an abrupt

kajo
Rectangle



HUMAN IMMUNODEFICIENCY VIRUS ES 125

increase in Hodgkin's disease among never-married men in 1985 (Biggar et aL., 1989),
whereas a study of women based on cancer registry data from New York and New Jersey
did not detect an increase in the incidence of Hodgkin' s disease during 1976-88 (Rabkin
et al., 1993a).

Medeiros and Greiner (1995) studied trends in Hodgkin' s disease over three time
periods (1973-77, 1978-82 and 1983-87), using data from the SEER programme. ln San
Francisco County, where young men are known to have a high prevaIence of HIV
infection, the age-specific incidence rates for Hodgkin' s disease of mixed cellularity in-
creased for men and was the most common subtype by the age of 50. This was in
contrast to an unchanged age-adjusted rate among men based on the en tire SEER data-
base.

ln another study based on SEER data, the risk was evaluated of deveIoping another
primary cancer after a diagnosis of Kaposi' s sarcoma. Because of the more th an 40 000-
fold increase in risk for Kaposi's sarcoma among never-married men since the beginning
of the HIV epidemic, this tumour was used as a surrogate for HIV -positivity. No
indication of an increased risk for Hodgkin's disease was found among never-married
men with Kaposi's sarcoma (Biggar et al., 1994).

(c) Cohort studies

Reynolds et al. (1993) linked data from AIDS and cancer registries in San Francisco
between 1980 and 1987. Compared with concurrent population rates for the same geo-
graphica1 area, the SIR for Hodgkin's disease in men with AIDS increased from 1.9 in
1980-81 to 18.3 in 1986-87. This observation was based on only 16 cases and the
standardized intervaIs overlapped for each of the four periods studied. (The W orking

Group noted that the SIR analysis included 14 cases in which Hodgkin's disease was
diagnosed before the AIDS diagnosis. This wou Id tend to overestimate the risk in AIDS
patients when comparing with population rates, because these cases entered the analysis
only if they survived until AlDS diagnosis.)

Hessol et aL. (1992) compared the risk for Hodgkin's disease in a cohort of 6704
homosexual men from the San Francisco City CIinic Cohort study with population-based
rates from the SEER programme. Information on cancer events in the cohort was
obtained by computer-matched identification of participants with the records of thé
Northern California Cancer Center registry. Among HIV-infected men, the age-adjusted
standardized relative risk for Hodgkin's disease was 5.0 (95% CI, 2.0-10.3).

Ragni et aL. (1993) found no increased incidence of Hodgkin's disease among 3041
haemophiliacs from the United States during 1978 and 1989. ln fact, no case of

Hodgkin' s disease was reported among the 1295 HlV -positive patients.

ln the NCI Multicenter Haemophilia Cohort Study, there were two cases of

Hodgkin's disease among 1065 HIV-seropositive subjects and one case among 636 HIV-
seronegative subjects (Rabkin et al., 1992). These cases were 6.6 and 8.2 times the
expected frequencies in HIV -seropositive and HlV -seronegative subjects, respectively,
aIthough neither excess was statistically significant.
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Lyter et al. (1995) studied cancer events occuITing during 1984-93 in a cohort of 769
HIV-seronegative and 430 HIV-seropositive homosexual men in Pittsburgh, PA, United
States. Cancer information was collected through semiannual visits, medical records and
death certificates. There was no difference in Hodgkin's disease rates between the sero-
negative homosexual men and the general male population of PennsyIvania, whereas two
cases observed in the HIV -seropositive group were more th an expected (SIR, 19.8; 95%
CI, 2.4-71.5).

(d) Cofactors

Little is known about potential cofactors for Hodgkin' s disease occuITing in HIV-
positive persons. HIV -positive persons express a higher proportion of EBV -positive B-
lymphocytes that are capable of spontaneous outgrowth in vitro th an HIV -uninfected
persons (Birx et al., 1986).

Moran et al. (1992) used PCR to detect the presence of EBV DNA sequences in 10
HIV-positive patients with Hodgkin's disease. Eight (80%) were positive for EBV,
compared with 23 (40%) of 57 specimens from HIV-negative patients with Hodgkin's
disease.

Tirell et al. (1995b) observed the expression of the EB V -encoded latent membrane
protein-1 (LMP-1) in the diagnostic Reed-Sternberg cells (Mue lIer, 1996) in 14/18
(78%) HIV-positive and 27/104 (25%) HIV-negative Hodgkin's disease patients
(p, 0.001). Monoclonal expression of EBV genomes was found in 8/10 (80%) tumours
from HIV-infected persons compared with 12/44 (38%) tumours from HIV-negative
individuals. Using PCR-based amplification of EBNA-2-specific sequences, the authors
showed 6/11 EBV-positive tumours in HIV-positive persons to contain type 2 EBV
compared with 1/26 such tumours from HIV -negative persons. The great majority of
tumour biopsies from HIV -l-positive patients with Hodgkin' s disease have been consis-
tently found to be positive for the EBV genome or viral proteins (MuelIer, 1996).

ln summary, the above studies indicate that Hodgkin's disease in the presence of HIV
infection is more likely to have mixed celluIarity or lymphocyte-depleted histology and
is clinically more aggressive. Absolute Hodgkin's disease incidence may also be e1evated
in HIV -infected persons, particularly irtecting drug users, but an association is not
proven because of the modest magnitude of the observed increases and the diagnostic
overlap with non-Hodgkin's lymphoma.

2.3.4 Testicular cancer

The incidence of both testicular germ-cell tumours and infection with HIV is highest
in young men aged 20-40 years. It is to be expected that a proportion of testicu1ar cancer
patients wil be HIV -positive by chance.

(a) Case reports and series

A number of case reports and small case series of testicuIar cancer in HIV -infected
men have been pubIished. Some of these have been summarized by Csiszar and Zimmern
(1993) and BuzeIin et al. (1994) and together with other series (Moy le et al., 1991;
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Bemardi et al., 1995; Timmerman et al., 1995) constitute a total of at least 120 cases. Of
these, five were reported as being lymphomas, often with accompanying extensive
systemic disease. The remaining cases were testicular germ-ceIl tumours. Seminomas
were the most frequentIy observed histoIogicaI type of germ-ce II tumour (49-67%). Non-
seminomatous tumours comprised a proportion similar to that reported in uninfected
individuals with testicu1ar germ-cell tumours (Einhorn et al., 1993).

Moyle et al. (1991) reported three testicular seminomas among 2205 known HIV-
seropositive patients attending a hospital cIinic in London, United Kingdom. They caIcu-
lated the risk among HIV -infected persons to be increased 68-fold compared with
expected rates.

Timmerman et al. (1995) reviewed 294 cases of testicular germ-cell tumours
diagnosed between 1980 and 1993 at four hospitaIs in San Francisco, CA, United States,
using cancer registry files and pathology reports. OveralI, Il HIV -seropositive cases

(4%) were identified. These were further evaluated together with four additiona1 sero-
positive cases diagnosed at private medicaI centres in San Francisco and compared with
the remaining 279 cases without evidence of HIV infection. There was no difference in
tumour stage at presentation (low-stage (1 and lIA) tumours in HIV-positive persons,
67%; those in HIV-negative persons, 63%). Standard therapy including orchiectomy,
retroperitoneal Iymph no de dissection, radiation therapy and chemotherapy was weIl
toIerated. ln these HIV -positive patients, there was no indication of a more aggressive
course of disease compared with that seen in HIV -negative patients.

Bernardi et al. (1995) performed a retrospective anaIysis of 26 cases of testicuIar
germ-cell tumours diagnosed between 1986 and 1994 in HIV-positive men in ItaIy. Of
these patients, 61 % had Iow-stage tumours (stages 1 to IIb) and onIy 35% had advanced
disease, a proportion simiIar to that observed among HIV -seronegative patients. The
complete response rate of 95% and overaIl three-year survival of 65% in this series did
not differ substantiaIly from those in HIV -uninfected persons (Kaplan, 1995). The
median CD4+ T-ceIl cou nt at presentation was 261 ceIls/mm' (range, 2-1229) and only
six had a CD4+ count below 200 cells/mm', which suggests that the clinicaI behaviour of
testicular cancer in HIV -positive persons is not directly related to Ievel of immuno-
suppression.

(h) Descriptive and cohort studies

Descriptive studies based on cancer incidence data from various parts of the United
States have unanimously faiIed to show a Iink between cancer of the testis and the HIV
epidemic. Biggar et al. (1987) used never-married men as a surrogate for homosexuality
in their study of cancer incidence trends in San Francisco from 1973 to 1984. Neither this
study nor that of Rabkin and Yelln (1994), with the same data series updated to 1990,
showed any indication of an increasing trend in the 1980s for cancer of the testis. ln an
anaIysis of cancer incidence data from New York City based on the period 1973-85,
Biggar et al. (1989) similarly found no increasing trend for cancer of the testis.

Reynolds et al. (1993), using data from popuIation-based registries for AIDS and
cancer for San Francisco residents for the period 1980-87, found no indication of an
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increased risk for testis cancer in AlOS patients (1973-77: SIR, 1.0; 95% CI, 0.2-2.8);
1980-87: SIR, 0.7; 95% CI, 0.2-2.2).

Lyter et al. (1995) found two cases of testicular seminoma in a prospective cohort
study of 430 HIV-infected men (SIR, 8.2 (95% CI, 1.0-30)). When a third case of extra-
gonadaI seminoma was included and the age-adjusted population rates for aIl seminomas
were compared, a 21-fold increase (p .. 0.001) in the HIV -infected cohort was observed.

ln summary, there is some suggestion of an association of testicuIar cancers with HIV
infection, but the studies are not yet conclusive.

2.3.5 Non-melanoma cancers of the skin

Skin cancers and, in particuIar, squamous-cell carcinomas have been associated with
a wide variety of immunodeficiency conditions (Hintner & Fritsch, 1989). Transplant
patients who are immunocompromised have a disproportionateIy high incidence of
squamous-cell carcinomas as compared to basal-cell carcinomas, in a ratio of 15 : 1
according to one study (Barr et al., 1989) (see Section 4.1).

(a) Case reports and series

A number of case reports on skin cancers other than Kaposi' s sarcoma in HIV-
infected persons have been published (for references see Smith et al., 1993c). However,
on1y one large series has been described.

Lobo et al. (1992) identified aIl HIV -infected male patients with a non-me1anoma
skin cancer diagnosed in the dermatology clinic at the University of CaIifornia, San
Francisco, United States, and performed a retrospective case-control study with age-
matched controls. OveraIl, 116 non-me1anoma skin cancers were identified in 48
patients, 101 occurring in 47 patients were basaI-ceIl carcinomas and 15 in 10 patients
were squamous-cell carcinomas. The basal-cell : squamous-cell carcInoma ratio (6.7 : 1)
was simiIar to that observed in HIV -uninfected persons in the same area but different
from that observed among transplant patients, as discussed above. The major risk factors
associated with non-melanoma skin cancer in this group of men were the same as those
in the normal population: fair skin, a famiIy history of skin cancer and sun exposure.

(h) Descriptive and cohort studies

Reynolds et al. (1993) found, in their linkage study of AIDS and cancer cases among
San Francisco residents, three non-meIanoma skin cancers (one dermatofibroma, one
haemangiosarcoma, one sarcoma unspecified), a significantly higher number than
expected (SIR, 10.0). Because the study was pureIy registry-based, it was impossible to
confirm that these cases were not misclassified Kaposi' s sarcoma cases.

Non-melanoma skin cancers are not registered in the SEER programme. The inci-
dence of melanoma of the skin has been found to be marginally increased among never-
married men from New York City and from San Francisco (Biggar et aL., 1989; Rabkin
& YeIlin, 1994), but these findings are possibly related to the specific behaviour of single
men in terms of recreationaI sun exposure, rather than to the HIV epidemic. No increase
incidence with time was observed in any of the studies.
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Smith et al. (1993c) followed 724 HIV-infected miIitary employees in the United
States for a period of 36 months and diagnosed 13 cases of basaI-ceIl carcinoma (1.8%),
two cases of squamous-cell carcinoma (0.3~) of the face, 2 cases of squamous-ceII

carcinoma (0.3%) in the anus and three malignant melanomas (0.6%). The basal-ceII :
squamous-cell carcinoma ratio was more simiIar to that of the generaI population th an ta
that observed among transplant recipients. Most of the patients studied were at an early
stage of their HIV disease and not severely immunosuppressed, and had Iightly

pigmented skin.

ln their cohort study of 1701 haemophiliacs (see Section 2.2.3), Rabkin et aL. (I992)
observed five cases of basaI-ceIl carcinoma (2 in HIV+, 3 in HIV- persons), correspan-
ding to rates of (0.2 and 0.8 per 1000 person-years) in HIV -infected and HIV -uninfected
subjects, respective1y. No comparison was made with rates in the generaI population.

Ragni et al. (1993) performed a retrospective cohort study of 3041 haemophiIiacs

(56.6% HIV-infected) from 18 haemophiIia centres in the United States during the period
1978-89. The incidence of basaI-ceIl carcinoma in HIV -infected patients was 18.3 times
greater than that in HIV -uninfected patients (p -( 0.0001) but Il.4 times greater than that
in the generaI population, a finding which remains unexplained. Among HIV -infected
patients, the observed-to-expected ratio was 2.0 (p -( 0.001).

ln a large cohort study of 1199 homosexuaI men (period 1984-1993) (Lyter et aL.,
1995) found three cases of basaI-ceIl carcinoma in HIV -infected persons and seven cases
of basal-cell carcinoma and two of squamous-cell carcinoma in seronegative men. Na
more cases were found in either HIV -infected or -uninfected men than expected from
general population rates.

ln a study of 1073 homosexual and bisexual men (434 HIV+) in three United States
cities, followed for over 10000 person-years, the relative risk for incidence of skin
cancers -25/35 basal-cell carcinomas - was 2.2 in HIV -infected compared with

uninfected men (Holmberg et al., 1995b).

ln summary, there is conflicting evidence regarding an association between non-
me1anoma skin cancers and HIV infection. (The W orking Group noted that the diagnosis
and reporting of these tumours are highly variable and this possible association may be
particularly difficult to investigate.)

2.3.6 Conjunctival tumours

Although rare in Europe and North America, squamous-cell carcinoma of the con-
junctiva was already more common in Africa before the advent of AIDS (Templeton,
1973; Newton et aL., 1996). Strong associations have been reported between dysplasia
and invasive carcinoma of the conjunctiva and HPV (IARC, 1995).

(a) Case reports

Two case reports of squamous-cell carcinoma of the conjunctiva in HIV -seropositive
men in the United States (Winward & Curtin, 1989; Kim et al., 1990), coupIed with a
dramatic increase In the number of tumours being seen by ophthaImologists in at Ieast
two African centres, led to the suggestion of an association with HIV infection (Kestelyn
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et al., 1990; Ateenyi-Agaba, 1995). Several studies from Africa and one from the United
States have investigated this association.

(h) Descriptive study

ln an analysis based on the Multistate AlDS-Cancer Match Registry in the United
States, Goedert and Coté (1995) found four AIDS patients with a diagnosis of con-
junctival squamous-cell carcinoma, a significantly higher number than expected
(observed : expected, 13 (95% CI, 4-34)).

(c) Case-control studies

ln Rwanda, Kestelyn et al. (1990) found that 9/11 cases of conjunctival squamous-
cell carcinoma were BlV -seropositi ve, compared with 6/22 controIs (odds ratio, 13.0;
95% CI, 2.2-76.9).

ln Uganda, Ateenyi-Agaba (1995) found that 36/48 cases of conjunctivaI squamous-
cell carcinoma were HlV-seropositive, compared with 9/48 contraIs (odds ratio, 13.0;
95% CI, 4.5-39.4).

ln Rwanda, Newton et aL. (1995) examined the association of HIV infection with aIl
ocular tumours, excluding retinobIastoma and melanoma. The proportion of HIV-
positive cases was 2/8 versus 8/200 controls (odds ratio, 8.4; 95% CI, 0.8-96.9).

ln summary, HIV infection has been consistently associated with conjunctivaI carci-
noma in case-contro1 studies in several African locations. The association has been
inconsistent in western countries and the discrepancy between these regions may be due
to the Iower background rates of this tumour in developed countries.

2.3.7 Leiomyosarcoma

Leiomyosarcoma is an extremeIy rare tumour in childhood, with an annual incidence
of Iess than two cases per 10 million chiIdren (Lack, 1986). It has been reported in

immunocompromised chiIdren following lIver and renaI transplantation (Ha et al., 1993).

(a) Case reports and series

Spindle-cell tumours (Ieiomyoma and leiomyosarcoma) in HIV -infected chiIdren
have been described relativeIy frequently, at sites such as the gastrointestinal tract
(Chadwick et al., 1990; McLoughlin et al., 1991; Mueller et al., 1992), Iiver (MueIIer
et al., 1992; Ross et al., 1992; Levin et aL., 1994), tracheobronchial tree (Martinez et aL.,
1990; BaIsam & Segal, 1992), lung (Chadwick et al., 1990) and subcutaneous tissue
(Orlow et al., 1992). Several of the cases were discovered onIy at autopsy as soIitary
small spherical tumour masses.

DiCarlo et al. (1990) described eight cancers in 102 HIV-infected children followed
at the Children's Hospital AIDS programme of New Jersey, NY, during 1984-88, of
which one was an unusually aggressive case of leiomyosarcoma.

The above reports and a further one by McClain et al. (1995, 6 cases in 5 children)
document at least 14 spindle-cell tumours in HIV-infected chiIdren, a much higher
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number th an expected considering that less than 10 000 chi1dren are infected with HIV in
developed countries.

A few cases of spindle-cell tumours of the Iiver, colon, adrenal glands and spinal cord
in HIV -infected adults have also been reported (Radin & Kiyabu, 1992; Steel et al.,
1993; Prévot et al., 1994; McClain et aL., 1995).

(h) Descriptive studies

Rabkin and YeIlin (1994) found, using cancer incidence data from the SEER
programme, an increasing although nonsignificant trend in the observed-to-expected
ratio of leiomyosarcomas among never-married men resident in San Francisco, CA,
United States.

(c) Cofactors

McCIain et al. (1995) suggested that EBV may contribute to the pathogenesis of
leiomyomas and leiomyosarcomas in HIV -infected patients but not in HIV -uninfected
persons. Using in-situ hybridization, they detected EBV genomes in aIl muscle cells of
five leiomyosarcomas and two leiomyomas from six HIV -infected persons but not in
three leiomyosarcomas or four leiomyomas from HIV -uninfected persons. Quantitative
PCR showed high Ievels of EBV in the tumour tissues. Furthermore, separate tumours in
the same patients contained different episoma1 EBV clones, signifying the presence of
distinct monoclonal EB V -related tumours.

Lee et aL. (1995) studied three chiIdren who developed smooth muscle tumours
following organ transplantation. ln each case, clonaI EBV genome was detected in
tumour tissue. ln the two cases studied, the tumours were positive for EBNA-2 and the
tumours from each of the patients were positive for EBERs. Both viral protein products
expressed in latent infection.

ln summary, 1eiomyomas and leiomyosarcomas appear to be associated with HIV
infection in children. EBV appears to be an important etio10gical co-factor. The asso-
ciation is not apparent in HIV - infected adults.

2.3.8 Other cancers

There have been a large number of case reports and small case series of tumours other
th an those described above in HIV -infected persons.

Apart from effects on specific tumours, HIV infection and associated immuno-

suppression have been suspected of causing a global increase in the incidence of cancers
of aIl types. This hypothesis has been examined in cohort studies (Rabkin & YeIlin,
1994; Lyter et al., 1995) and in analyses of registry data (Coté et al., 1991; Reynolds

et al., 1993; Biggar et al., 1994). Excluding cases of Kaposi's sarcoma and non-
Hodgkin's Iymphoma, total incidence of other cancers was either not increased or mini-
mally increased. Since HIV-infected persons may have increased exposure to other
cancer risk factors (e.g., cigarette smoking), the significance of the eIevations seen in
sorne of these studies is uncertain.
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A small increase in the number of registered hepatomas at the SEER cancer registry
in San Francisco, CA, United States, was observed among single white men between
1973-78 (baseIine) and 1984 (Biggar et al., 1987). However, there was no obvious
further increase in incidence when the data were followed through to 1990 (Rabkin &
YeIlin, 1994). No case of liver cancer was recorded in a cohort of San Francisco AIDS
patients followed from 1980 to 1987 (Reynolds et al., 1993). Similarly, no case of Iiver
cancer was found among 1065 HIV-infected haemophiliacs in the United States followed
over 12 years (Rabkin et aL., 1992). ln another study of United States haemophiliacs

(Ragni et aL., 1993), no significant difference in Iiver cancer was seen in HIV+ and HIV-
patients. ln a study of 1227 HIV-infected haemophiliacs in the United Kingdom between
1985 and 1992, the risk of death from Iiver cancer (compared with the United Kingdom
population) was similar in the HIV-infected (observed: expected, 15.1) and HIV-

uninfected cohorts (observed: expected, 18.7) (Darby et aL., 1995). No association
between HIV infection and !iver cancer was found in Rwanda (Newton et al., 1995);
1 person out of 35 (3%) with liver cancer was HIV-positive versus 7/165 (4%) controIs.

ln a large Iinkage analysis based on AIDS and cancer records from different regions
within the United States, no association between EBV-associated nasopharyngeal carci-
noma and AIDS was found (Melbye et al., 1996).

Oral squamous-cell carcinomas have been hypothetically Iinked to infection with
HPV. A small number of case reports have described these tumours, primariIy located on
the tongue, in HIV -infected persons (Salas-Buzon & Saez-Eligido, 1992). However,
there are no data to support an association with HIV -infection (Ficarra & Eversole,

1994). Nasal cavity tumours were in excess (n = 2) in a Iinkage study of AIDS and
cancer registry data from San Francisco (Reynolds et al., 1993) but the authors ascribed
this finding to possibly misc1assified Kaposi' s sarcoma cases.

Plasma-cell tumours that have been hypothetically 1inked with EBV infection have
been described at unusual sites with widespread dissemination and a c1inically aggressive
course in HIV-infected persons (Israel et al., 1983; Vandermolen et al., 1985; Kaplan
et al., 1987; Monfardini et al., 1989; Voelkerding et al., 1989; Kumar et al., 1994).
Lymphomatoid granulomatosis (Mittal et al., 1990) and a number of typicaI and more
atypical cases of acute myeloblastic leukaemia have been reported (Al-Bahar et al.,
1994; Rabaud et al., 1995). However, there has been no indication from either registry
studies or cohort studies of an increased risk for Ieukaemia associated with the HIV
epidemic (Biggar et al., 1989; Rabkin & YeIlin, 1994; Ragni et al., 1993; Reynolds et
al., 1993; Lyter et al., 1995).

Reports on lung cancer in HIV -infected persons have reflected differences in the
c1inicaI course in comparison with HIV -uninfected persons. Survival is short and appears
to be worse th an that seen in HIV -uninfected lung cancer patients (Flores et al., 1995).
However, these data probabIy reflect the dismal course of infection with HIV. Rabkin
and Yellin (1994) reported a small relative increase in lung cancer among never-married
men in San Francisco, but unreIated behavioural risk factors such as cigarette smoking
may be responsible.
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Other tumours that have been reported in HIV -positive persons but for which an
association with the infection is not convincing incIude mesothelioma (Behling et al.,
1993), cerebral glial tumours (Chamberlain, 1994; MouIignier et al., 1994) and cancer
of the colon (Kaplan et al., 1987; Cappell et al., 1988), pancreas (Kaplan et al., 1987;
Monfardini et al., 1989) and kidney (Monfardini et al., 1989).

ln summary, the available data do not support an association of these other tumours
with HIV infection.

3. Studies of Cancer in Animais

3.1 HIV-l and HIV-2

There have been many unsuecessful attempts to infect a variety of laboratory animal
species (rats, hamsters, guinea-pigs) with HIV-1 and HIV-2 (Morrow et aL., 1987). ln
sorne studies, rabbits have been infected successfully (FiIice et aL., 1988; Kulaga et aL.,
1989), but the most re1iabIe models invoIve HIV infection of nonhuman primates.

Chimpanzees (Pan troglodytes) (Morrow et aL., 1989), gibbons (Hylobates lar)
(Lusso et aL., 1988) and pigtaiIed macaques (Macaca nemestrina) (Frumkin et aL., 1993;
Gartner et aL., 1994) can be infected with HIV -1, whereas HIV - 2 infection has been
reported in rhesus monkeys (M. mulatta), cynomoIgus monkeys (M. fascicularis) and
baboons (Papio papio sp.) (StahI-Hennig et aL., 1990; Castro et aL., 1991; Barnett et aL.,
1994).

Despite persistent infection and immunoIogicaI disorders such as 1ymphopenia and a
decrease in CD4 + T -cell counts, cIinicaI signs are rare in HIV -1- and HIV - 2- infected
non-human primates. Chimpanzees show definite serologie al and haemato10gicaI

features of HIV infection (Morrow et aL., 1989). No cIinical disease was seen in HIV-1-
infected pigtaiIed macaques with persistent HIV -1 infection more than one year after first
incubation (Gartner et aL., 1994).

Transient lymphadenopathy and/or sp1enomegaIy have been observed in HIV -2-
infected rhesus and cynomoIgus monkeys (Stahl-Hennig et aL., 1990; Livartowski et aL.,
1992), but in most cases they remained cIinicaIly hea1thy (Putkonen et aL., 1989).
Diarrhoea and weight Ioss were reported in one of eight infected rhesus macaques

(Castro et aL., 1991). A case of central nervous system and Iung lesions due to actino-
mycetes was reported by Livartowski et aL. (1992).

One rapidl y growing mammary adenocarcinoma has been observed in an HTL V-I1-
HIV-1-infected rabbit (Ku1aga et aL., 1989). (The Working Group considered that the
occurrence of this tumour was probably unreIated to the retroviraI infection.)

Among six HIV-2 infected baboons (Papio cynocephalus), five animaIs became
persistently infected. After 28 months, one baboon developed an AIDS-like condition
with fibromatosis involving Iymph nodes, skin, thyroid and pancreas. Another animal
was reported to follow a similar cIinical course (Barnett et aL., 1994).
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3.2 Lymphomas in nonhuman primates

Prior to the first documented lymphoma outbreak in colonies of rhesus monkeys,
malignant Iymphomas in nonhuman primates had been reported only rarely (Stowell
et al., 1971). However, lymphomas have been reported to develop in various species of
monkeys treated with immunosuppressive agents (Reitz et al., 1980) and in newborn
tamarins experimentally infected with Epstein-Barr virus (EBV) (Young et al., 1989).
Lymphomas have aIso been found in various nonhuman primates naturally or experi-
mentally infected with herpesvirus saimiri (HVS) (Adamson et al., 1975), or with
STLV-I (see Section 3.2.1 of the monograph on HTLV in this volume, p. 308).

3.2.1 Occurrence of lymphomas in nonhuman primates infected with simian immuno-

deficiency virus

Lymphomas in simian immunodeficiency virus (SIV)-infected nonhuman primates
have been documented in rhesus, cynomoIgus and pigtailed macaques, but the incidence
of these lymphomas is not weil defined. ln a study of cynomolgus macaques, an inci-
dence of 38% (9/24) was reported (Feichtinger et aL., 1990). ln a retrospective necropsy
study in the USA, King et aL. (1983) observed nodular lymphoproliferative infiltrates of
weil differentiated lymphocytes in liver, kidney and bone marrow tissues in 3/16
macaques (M. mulatta and M. fascicularis) and, in addition, a c1ear malignant lymphoma
was found in one macaque (M. mulatta). AlI four animaIs were immunodeficient. Letvin
et aL. (1983) aIso reported three Iymphoma cases in the same colony. (The Working
Group noted that it was unc1ear whether these were the same animaIs as previously
reported.) It was subsequently recognized that this colony was infected with SIV (Letvin
& King, 1990).

The like1y transfer of nonpathogenic SIV from its natural host (the sooty mangabey
monkey: Cercocebus atys) to the highly sensitive macaques, as manifested by the deve-
10pment of lymphoma, was demonstrated by Baskin et aL. (1986). These studies involved
the inoculation of a rhesus macaque (M. mulatta) with a homogenate of a cutaneous
leprosy les ion from a sooty mangabey monkey. Subsequently, the rhesus monkey deve-
loped a lymphoma, and cells from this 1ymphoma induced a further lymphoma when
injected into another rhesus macaque. LymphobIastoid cell lines from the second rhesus
macaque were established in vitro from tumour cell suspensions and shown to produce a
herpesvirus related to EBV and a retrovirus morphologically similar to SIV (Baskin
et al., 1986). Baskin et al. (1988) also observed one case of lymphoma in a study of 24
rhesus monkeys experimentally infected with this virus designated SIV SMM' SIV MNE was

also isolated from a pigtailed macaque (M. nemestina) with Iymphoma (Benveniste et aL.,
1986; Henderson et al., 1988). SIV MNE was shown to be related to HIV -2.

Five lymphoma cases out of 49 necropsied stump-tailed macaques (M. arctoides)
were observed by Lowenstine et aL. (1992). Among these 49 animaIs, 75% had patholo-
gicallesions compatible with a diagnosis of SIV infection and the SIV -related mortality
was 68%. SIVSTM was pathogenic for rhesus macaques.

ln the UK, Ramsay et aL. (1991) observed B-cell lymphomas in 2/26 rhesus monkeys
infected with SIV MAC over a two-year period. These lymphomas occurred 11.5 and 20
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months after infection. ln a study of 7 rhesus and 3 cynomolgus monkeys infected with
SIV MAC or SIV SMM' one animal deveIoped a lymphoma involving the lumbar spinal cord

11.5 months after the onset of SIV infection (Baskerville et al., 1990).
ln a Swedish study, malignant lymphoma was observed in 10/33 wiId-caught cyno-

molgus monkeys 5 to 15 months after intravenous inoculation with SIV SMM (Feichtinger
et aL., 1990, 1992a,b).

3.2.2 Pathological and molecular features of lymphoma

The SIVsMM-associated lymphomas in cynomolgus monkeys were clinically maIi-
gnant, with visceral metastasis, and were in sorne cases also observed to develop in testis,
brain and spinal cord (Feichtinger et al., 1990; Ramsay et al., 1991; Feichtinger et al.,
1992a,b). By histology, the lymphomas were mostly high grade and aIl those tested were
phenotypicaIly B-cell derived. Most showed clonaI heavy- and Iight-chain immuno-
giobulin restrictions and immunoglobulin gene rearrangements (Feichtinger et al., 1990;
Ramsay et al., 1991; Feichtinger et aL., 1992a,b; Rezikyan et al., 1995).

No integrated viral genomes were found in Iymphoma ceIls (Feichtinger et al., 1990,
1992a,b). ln another study, an SIV-like virus was identified in a lymphoblastoid cell line
established from a transmissible lymphoma associated with SIV infection (Baskin et al.,
1986).

ln a monkey cohort in Sweden, the time to 1ymphoma development varied from five
to 46 months after SIV infection. The lymphomas were aIl of B-cell origin. DNA ana-
Iysis of VDJ immunogiobulin genes showed both monoclonal and oligoclonai rearrange-
ments. ln sorne instances, the lymphoma clone was already detectable in lymph nodes
soon after SIV infection and before manifestation of clinically apparent lymphoma
(Rezikyan et al., 1995). Ali the lymphomas were associated with an EBV-like B-Iympho-
tropic herpesvirus (HVMF-l) (Feichtinger et aL., 1990, 1992a,b; Rezikyan et aL., 1995;
Li et al., 1993a, 1994), which had 65% DNA homoIogy in exonic regions with EBV (Li
et al., 1994).

The SIVsMM-reIated lymphomas have features very simiIar to those of the AIDS-

reIated Iymphomas in man which are associated with EBV, supporting the hypothesis of
an important role of EBV -type viruses in the pathogenesis of such lymphomas.

3.2.3 Other neoplastic conditions

Neoplastic conditions other than lymphomas have not been documented as being
reIated to SIV infection, with the possible exception of occasional cases of retroperi-
toneal fibromatosis. However, retroperitoneaI fibromatosis has been seen mostly in
macaques infected with the simian immunosuppressive type D retrovirus (SRV -2)
(Giddens et aL., 1985; Tsai et aL., 1995) and in one case of SIV-induced AIDS
(Baskervile et aL., 1990) (see also Section 4.2.3).

3.2.4 Cofactors in SIV oncogenesis

As discussed for AIDS-related ma1ignant Iymphoma in humans (Section 2.2.4), the
interaction of severa1 oncogenic cofactors at various stages of the lymphomagenic
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process has to be considered. These factors can be cIassified into those inducing:
(a) activation, (h) deregulated proliferation and (c) genomic abnormalities in B-cells.

Marked B-cell foIlicular hyperplasia, seen in early stages of SIVas weIl as HIV
infection (BiberfeId et al., 1985; Chalifoux et al., 1986; Kaaya et al., 1 993b), could pre-
dispose to B-cell Iymphomagenesis. ln both SIV and HIV infections, viral antigens
appear after infection in hyperplastic foIlicIes on the foIlicuIar dendritic ceIls (FDC).
These ceIls have the foremost antigen-presenting effect on foIlicular B-ceIls and are
therefore re1ated to the development of the characteristic follcular hyperpIasia (BiberfeId
et aL., 1985; Tenner-Rácz et al., 1986; Kaaya et al., 1993b). With progression of

infection, the FDC-antigen-presenting ceIl-reticuIum is destroyed, probabIy by immuno-
pathoIogical mechanisms and/or viral cytopathic effects (Biberfeld et aL., 1985; Stahmer
et al., 1996). This leads to the breakdown 'lysis' of foIlicIes, which probably is reflected
functionaIly by the deveIopment of impaired immune responses to neoantigens. This
foIlicIe 'lysis' may promote the selection of FDC-independent, deregulated autocrine B-
ceIls which during migration through extranodal tissues seule and deve10p into malignant
1ymphomas. This extranodaI homing is probably promoted by the capacity of AIDS-
related malignant lymphomas in humans to produce growth factors (lL-6, IL- 10) with
possible autocrine functions (Emilie et al., 1992).

A highly deregulated cytokine growth factor homeostasis and the disruption of the
antigen-presenting FDC network are thus likeIy also to play an important ro1e in B-cell
activation and proliferation with an increased risk for genomic changes and lymphoma-
genesis in SIV-infected monkeys (Kaaya et al., 1993b).

Despite the clear association of SIV infection with 1ymphomagenesis, no evidence yet
indicates a direct oncogenic effect of the SIV or HIV genome. However, in-vitro experi-
ments have suggested a transforming effect on 3T3 ceIls transfected with the SIV PBjl4
nef gene (Du et aL., 1995).

The weIl recognized oncogenic effects of EBV in certain human lymphomas appear
to be mirrored in SIV-infected nonhuman primates. Thus studies have shown a direct
transforming/immortalizing effect of the EBV -like HVMF- 1 in cynomolgus monkeys
associated with SIV -related lymphomas (Li et al., 1994).

3.3 Feline immunodeficiency virus infection in cats

Lentiviral infections of animaIs other th an non-human primates incIude infections
with feline immunodeficiency virus (FIV), bovine immunodeficiency virus, maedi-visna
virus, caprine arthritis-encephalitis virus and equine infectious anaemia virus (Coffin,
1992). An association between viral infection and the deveIopment of neoplasia, in
particuIar B-ceIl Iymphomas, has been documented onIy for FIV infections.

FIV was first isolated in 1986 and has become recognized as a common infection in
pet cats worldwide (Pedersen et al., 1987). Initial epidemioIogicaI studies of a represen-
tative sample of the pet cat population in the United Kingdom reported a 19% prevaIence
of FIV in sick cats, a 6% prevalence in healthy cats and a 21% prevalence among cats in
househoIds with more th an one cat (Rosie et aL., 1989). ln studies in the United States,
10-14% of sick cats and 1--% of heaIthy cats were FIV-positive (Grindem et aL., 1989;
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Shelton et al., 1989; Yamamoto et aL., 1989; O'Connor et aL., 1991). ln Japan, infection
rates as high as 44% in sick cats and 12% in healthy cats have been recorded (Ishida
et al., 1989).

High-grade B-cell neoplasms in association with both naturally acquired and experi-
mentally induced infections have been described. The term 'Iymphosarcoma' is used
throughout the text to designate tumours of 1ymphoid lineage. Five cases of lympho-
sarcoma and one case of a poorly differentiated myeloproliferative disorder are the onIy
tumours that have been documented in association with experimental FIV infections
(Yamamoto et aL., 1988; English et al., 1994; Poli et al., 1994; Callanan et al., 1996).
A broader range of tumours in cats with naturally acquired infections has been described
and case reports include lymphosarcomas (SheIton et al., 1990; Hutson et al., 1991; Barr
et al., 1993; Callanan et al., 1996), fibrosarcomas (lshida et al., 1989), myeloproli-

ferative diseases (lshida et al., 1989; Shelton et al., 1990; Hutson et aL., 1991), mast-cell
tumours (Shelton et al., 1990; Barr et al., 1993; Terry et al., 1995), cutaneous squamous-
cell carcinomas (Hutson et al., 1991; Pedersen & Barlough, 1991), miscellaneous ade-
nomas and carcinomas (Gruffydd-Jones et al., 1988; Hopper et al., 1989) and oligo-
dendrogliomas (Hurtrel et aL., 1992).

3.3.1 Occurrence of lymphosarcomas in FIV infection

ln natural FIV infection, the majority of c1inical and epidemio10gica1 studies

demonstrate that lymphosarcomas occur in Iess than 10% of FIV-infected cats (Hopper
et aL., 1989; Hosie et al., 1989; Ishida et al., 1989; Yamamoto et al., 1989; SheIton et aL.,
1990). Evaluation of the association between FlV infection and 1ymphoid rnaIignancies
is confounded by concurrent infection with the C-type feline Ieukaemia virus (FeL V), the
most corn mon cause of 1ymphosarcoma in cats (Hardy, 1981). ln a study of 161 cats with
leukaemia and/or 1ymphoma, Shelton et al. (1990) performed a stratified analysis
controlling for FeL V infection using the Mantel-Haenszel test, which revealed a
significant association between FIV infection and leukaemia/lymphoma. The estimated
relative risk for deve10ping leukaemia/1ymphoma was 5.0 for cats infected with FIV
only, compared with uninfected cats. ln the same study, a relative risk of 62.1 was found
for FeL V -infected animaIs and, when animaIs were co-infected with both viruses, the
risk was 77.3.

Two reports have described lymphosarcomas in two of seven experimentally infected
cats at 9 and 21 months after infection (EngIish et al., 1994) and in two of 20 experi-
mentally infected cats at 30 and 42 months after infection (CaIIanan et al., 1996); the
specific pathogen-free cats were infected intravenously or intraperitoneally with the
North Carolina State University (NCSU1) or Glasgow (Gla-8) strains of FIV, respec-
tively. Lymphosarcoma associated with experimentaI infection has also been docu-
mented in a cat intravenousIy infected with FIV (Pisa M2 strain), 18 rnonths after
infection (Poli et al., 1994) and a myeIoproliferative disorder was reported 8.5 weeks
after inoculation with FIV (PetaIuma strain) (Yamamoto et al., 1988).
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3.3.2 Pathological and molecular features of lymphosarcoma

ln FlV -associated Iymphosarcomas, as with HIV and SIV, sites of tumour distribution
are predominant1y extranodal, with involvement of the heart, eyes, brain, spinal cord,
pancreas and urinary bladder (Hutson et al., 1991; Callanan et al., 1996).

Limited information is avaiIabIe on the immune function of FlV -infected cats with
1ymphosarcomas. Callanan et aL. (1992) found normal responses of lymphocytes to

mitogens in one case, and Poli et al. (1994) detected a marked reduction in circulating
CD4+ T-Iymphocytes in another case.

ln a series of eight FIV -infected cats (two experimental and six naturaI) with lympho-
sarcoma, seven of the tumours were high-grade B-cell Iymphomas of the centroblastic or
immunoblastic subtypes. The remaining case was a T -cell tumour associated with con-
current FeL V infection (Callanan et aL., 1996). Lymphosarcomas in experimental
infection described by English et al. (1994) and Poli et al. (1994) were aIso of B-cell
origin, based on immunoglobulin expression. However, the single neopIasm described by
Poli et al. (1994) was low-grade.

Four of the tumours reported by CaIlanan et aL. (1996) were examined with moIecular
probes to establish tumour ceIl lineage and to screen for integrated viral sequences (Terry
et aL., 1995). Confirmation of a B-cell origin was supported by the identification of
monoclonal or oligoclonai immunoglobulin heavy-chain gene rearrangements and the
1ack of rearrangements of T -cell receptor ß-chain genes in aIl four cases. Rearrangement
of the c-myc locus, which occurs in many FeL V Iymphosarcomas, was not found in any
of the FIV -associated tumours and none of the tumours showed evidence of integrated
FlV sequences by Southern blot hybridization. Poli et al. (1994) identified DNA of the
FIV gag gene in many tissues including tumour tissue of an experimentaIly FIV -infected
cat. However, in this tumour tissue, it could not be determined whether the infection was
of neopIastic ceIls.

Thus lymphosarcomas in FlV -infected cats share similar morphologicaI, immuno-
phenotypic and molecular quaIities to those associated with HIV and SIV infections. The
evidence availabIe supports an indirect raIe for FIV in tumour development. FlV induces
activation of lymphoid tissue, polyclonaI B-ceIl activation and increased serum cytokine
levels, aIl of which may facilitate malignant transformation of B cells (Lawrence et aL.,
1992; Rideout et al., 1992; CaIlanan et aL., 1993; Flynn et aL., 1994).

4. Other Data Relevant to an Evaluation of Carcinogenesis

and its Mechanisms

4.1 Immunity and cancer

ln mice and humans with inherited or acquired immunodeficiency, only certain types
of malignancy are significantly increased in incidence (Weiss, 1993b). Many of the se
tumours are associated with viruses that have estabIished persistent infections, and others
are tumours arising within the immune system. Consideration of malignancies deve-
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loping in cases of imrnunodeficiency caused by factors other than HIV is restricted in
this monograph to humans. The highest relative risks in human non-AIDS immuno-
deficiency are for non-Hodgkin's lymphoma, Kaposi's sarcoma and non-rneIanoma skin
cancer (BeraI, 1991 b).

4.1.1 Types of cancer se en in non-HIV-associated human immunodeficiency

The vast majority of data concerning the incidence of malignancies occurring in

persons with an acquired immunodeficiency other than those with HIV infection cornes
from patient populations undergoing organ transplantation. ln addition to immuno-
suppressive therapy and the foreign graft, such patients are exposed to incidental infec-
tions of donor origin. Birkeland et aL. (1995) reported on the subsequent risk of maIi-
gnancy in ail 5692 renal transplant patients during 1964-86 within the Nordic countries,
using the national population-based cancer registries for Iong-term folIow-up. The data
were analysed by standardized incidence ratios (SIR), using the population rates as the
reference. Overall, there was a significant increase in overall cancer rates of 4.5 for
women and 4.6 for men. Very highly increased risks (SIR, 2 10-fold) were seen for
cancers of the lip, kidney, cervix and vulva-vagina and non-meIanorna cancer of the skin
and for non-Hodgkin's lymphoma. ln addition, there were significantly increased SIRs
(2-5-fold) for a range of common malignancies including cancers of the colon, larynx,
lung, bIadder, prostate and testis. However, only two cases of Kaposi's sarcoma were
reported.

Penn (1993) analysed data on a series of 7192 organ transplant patients foIIowed by
the Cincinnati Transplant Tumor Registry in the United States up to 1993. (The institu-
tional sources of these patients were not specified.) Only the numbers of subsequent
cancer cases were reported; these were compared with the proportion al distribution of
site-specific malignancy in the 'genera1 population' without statistical analysis. (It is not
clear whether the referent distribution was corrected for age and sex.) The rnost common
tumours in the transplant patients were cancers of the skin (predominantly squamous-cell
carcinoma) and lip and non-Hodgkin's Iymphoma. There were 307 cases (2.4%) of
Kaposi's sarcoma. Other common sites included vulvalperitoneurn and kidney. The
proportion of cervix cancer cases (3.5%) was reported to be the same as that in the
general population. Subsequently, Penn and Po rat (I995) reported on cases of central
nervous system non-Hodgkin's lymphoma in this registry. Of a total of 1332 non-
Hodgkin' s lymphoma cases recorded, 289 (22%) invoIved the central nervous system.
Penn (1994) similarly reported on the 326 paediatric patients recorded in the Cincinnati
Registry. (These patients appear to be also included in the report above.) Compared with
the distribution of cancer sites in adult transplant patients, paediatric patients had a
higher frequency of 1ymphoma (50% versus 15%) and a lower proportion of cancers of
the skin and Iip (20% versus 38%).

KinIen et aL. (1979) reported on the follow-up of 3823 renaI transplant patients in
Australia, New ZeaIand and the United Kingdorn. Cornpared with age- and sex-specific
national mortality rates, the relative risk for any rnalignancy was 3.5 and that for non-
Hodgkin's Iymphoma was a1rnost 60, with an excess evident for squamous skin cancer
and rnesenchymal tumours including one Kaposi's sarcoma.
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ln a hospital-based series from London, United Kingdom, Gaya et aL. (1995) reported
on 274 renal transplant patients who se graft survived three years or more, using survivaI
analysis and comparison with national rates. Skin cancers were most common, particu-
lady among men, followed by Iymphomas and renaI, urinary bladder and bronchial
cancer. The actuarial risk of deveIopment of any tumour was 18.4% at 10 years and
49.6% at 20 years. There was a higher risk among males th an among females, which was
attributable to a higher incidence of skin cancer.

Schmidt et al. (1995) reported on the occurrence of genito-urinary malignancies

among 868 renal transplant patients in a hospital-based series in Germany. TweIve cases
were noted, of which one was transpIanted in the graft. The Il de-novo cases included
four kidney, three cervical and one each of testicular, vuIvar, urinary bIadder and renal
duct carcinomas.

Levy et aL. (1993b) reported on 556 liver transplant patients followed between 1985
and 1991 at BayIor University in Dallas, TX, United States. Of these, 25 developed new
malignancies, including 10 with lymphoma and 9 with at Ieast one skin cancer. Other
malignancies seen included lung, breast, prostate, pancreas, hepatocellular and colon
cancers and Kaposi' s sarcoma.

DresdaIe et aL. (1993) reported on 112 cardiac transplant patients seen at a hospitaI in
Detroit, MI, United States, between 1985 and 1991. Of these, ni ne developed a new
malignancy, including four cancers of the skin, two of the colon, and one each of the
bone and bladder and one Kaposi's sarcoma. Guettier et aL. (1992) repoited on 174
cardiac transplant patients from a hospital in Paris between 1984 and 1990. The only
maIignancies reported were four gastrointestinaI non-Hodgkin's Iymphomas. Zahger
et aL. (1993) reported two cases of Kaposi' s sarcoma occurring among 18 cardiac
transplant patients in JerusaIem; both patients were Mediterranean Jews.

Table 29 summarizes the data from more th an 15 000 organ (mostly kidney) trans-
plant patients. The most common findings are the substantial excesses of squamous-cell
carcinoma of the skin and non-Hodgkin's lymphoma. ln addition, risks for cancers of the
kidney and urinary bIadder, cervix and vulva, and head and neck were commonly
increased. Less frequently seen are unusuaI tumours including Kaposi's sarcoma and
testicuIar cancer.

Table 30 summarizes the experience of more than Il 000 patients receiving bone
marrow transplants, primarily for haematopoietic malignancies and disorders. The
findings in this patient population were simiIar to those in the organ transplant patients,
with the additional common finding of leukaemia. KoIb et aL. (1992) reported onIy the
number of new malignancies occurring among the 9732 bone marrow transplant patients
reported to the International Bone Marrow Registry and among the 226 patients reported
to the European Bone Marrow-European Late Effects Project. Of the former, 116 had a
subsequent cancer: 58 were lymphoma, 15 leukaemias including myelodysplasia,
14 cancers of the skin including 5 melanomas, 4 cervical including dysplasia, 3 vulvar/-
vaginal, 2 oropharyngeal, 2 breast and 2 thyroid cancers, among others. Among the latter
group of patients, there were 1 1 new cancers including 6 skin cancers.
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Table 29 (contd)-
Reference Population, Time Case Comparison Sites Results Notes

number period identification group

Schmidt University of 1968-94 Hospital Population Genito-urinary cancer only: sites RR for males, 7.3; females, 1 I.
et aL. Cologne: kidney follow-up rates 6 Kidney, renal duct Ali but one cancer developed in the
(1995) transplant only 3 Cervical 324 patients aged 20-40 years

868 1 Testis (p=0.001)
(1209 person- 1 Bladder ..

~years) 1 Vulva ;:Follow-up 42 :t n
$:45 months
0Proportional incidence ZPenn Cincinnati (1968)- Special General Skin 52% vs 32%" Mean time to diagnosis: KS, 22 0a(1993) Transplant Tumor 93 registry population Lymphoma 23% vs 5% months (2-226); Iymphomas, 32 ;:Registry Up 7% vs 0.3% months (1-254); epithelial excl. vulva ~
"'6798 KS 6% vs 0: 0.1 % and perineum, 69 months (1-299); ::

Kidney 5% vs 2% vulva, perineum, 113 months (3-286); C/
Vulva/perineum 4% vs 0.5% 94% Iymphomas were NHL. ln heart ~0Cervix 3% vs 3% or heart-Iung transplant cases, 42% l'
Hepatobiliary 2.6% vs 1.4% were cardiac Iymphomas. Large c:

$:Other sarcomas 1.7% vs 0.5% increase in SCc. mPenn Cincinnati 1968-93 Special Adult Lymphoma 50% vs 15% Mean time to diagnosis: KS, 46 0\--(1994 ) Transplant Tumor registry transplant Skin and lip 20% vs 38% months (4-197); Iymphoma, 20
Registry: patients Malignant 15% vs 5%h months (1-177); skin and lip, 118
paediatric patients melanoma months (10-282); vulva/perineum,
326 Vulva/perineum 4% vs 3% 140 months (43-262). 98%

KS' 2% vs 4% Iymphomas were NHL
Other sarcoma 3% vs 1 % - these were much more frequent in

Liver 3% vs 2% non-renal transplants. There were six
Thyroid 3% vs 1 % cases of cervix cancer (including in
Cervix 2% vs 4% situ) among the 158 females: mean

age at diagnosis, 25 years.
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Table 29 (contd)

Reference Population, Time Case Comparison Sites Results Notes
number period identification group

RR No.
Kinlen United Kingdom 1970- Special Population NHL 58.6 34 (Other: Kidney/bladder, 6; colon, 4;
et aL. Australasian 77/8 registry rates Skin" 4.5 5 lung, 3; genital, 3; leukaemia, 3; other,
(1979) Transplant Study Other 1. 30 Ii) ::

3823 c:
3:

CI ;i
Levy et al. Baylor University 1985-91 Hospital NG Lymphomas 1.% Mean time to diagnosis: Iymphomas, Z..
(1993b) Medical Center: follow-up Skin 1.6% 7 months; skin, 18 months. For skin, 3:

Ii ver transplant ratio of BCC to SCC, 1 :4. 3:
only c:

Z
556 0

Dresdale Henry Ford 1985-91 Hvc;Cdtal None SCC (3%) 0
t'

et al. Hospital, Detroit: fol:" /-uP Colon (2%) "'..
(1993) cardiac transplant Other (4%) n..

treated with t'
antilymphocyte Zn
globulin ~
112 ~..

Guettier Hôpital Broussais, 1984-90 Hospital None NHL 3% Ali were gastrointestinal ::
c:

et aL. Paris: cardiac follow-up C/

(1992) transplant t'
C/

174

SIR, standardized incidence rate; OKT3, orthotopic kidney transplantation therapy; NHL, non-Hodgkin's lymphoma; KS, Kaposi's sarcoma; RR, relative risk; NG,
not given; CI, cumulative incidence; BCC, basal cell carcinoma of the skin; SCC, squamous cell carcinoma of skin
"Proportion of ail malignancies
hproportion of ail skin cancers

'Two of these KS patients were HIV -positive
" United Kingdom on1y

,..ti.
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Table 30. Cancer risks following bone marrow transplants: cohort studies

Reference Population number Time Case Comparison Results Notes
period identification group

Lowsky et aL. Princess Margaret 1970-93 Hospital Population Any cancer, relative risk = Risk associated with total body
(1994) Hospital, Toronto follow-up rates 4.2 (10 malignancies in 9 irradiation and deve10pment of

557 patients) acute GVHD
(1608 person- 2 oral cavity, 1 malignant ..

;Jyears) melanoma, 2 skin, 1 ~nendometrium, 1 breast, 1
~

NHL, 1 AML (don or cells), 0
1 lung. Z07 patients developed in situ a
cancer: 5 cervical, 1 vu1var, ~

;J
i rectal '"
Addendum: 1 endometrium, :i

C/
1 NHL ..0Socié et aL. European Bone 1971-92 Hospital Population Any cancer, relative risk = Rish higher among males, r-

c:(1993 ) Marrow follow-up rates 28.6 (9 malignancies) increased with age, and with use ~Transplantation- 2 acute leukaemia, 5 head of radiation-based conditioning tI
Severe Anaplastic and neck, 1 stomach, 1 liver 0\regimen -.Anemia W orking
Group
748

Socié et al. Hôpital Saint- 1976-90 Hospital Population 1 tangue cancer
(1991 ) Louis, Paris; follow-up rates

Fanconi anaemia
patients
40
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Table 30 (contd)

Reference NotesPopulation number Time
period

Case
identification

Comparison
group

Results

Kolb et al.
(1992)

International Bone
Marrow Transplant
Registry: cancer
patients
9732

Late Effect Study
Group
226

(116 malignancies)
58lymphoma, 15 leukaemia
including myelodysplasia,
14 skin including 5

melanoma, 4 cervical
including dysplasia, 3

vulva/vaginal, 12 other soli d,
10 unspecified

(11 malignancies)
4 within 6 years: 2 squamous
cell of skin, 1 breast,

1 chloroma; 7 :; 10 years:
4 basal cell of skin,
1 'spinalioma', 1 parotid,
1 uterus

GVHD, graft versus hot disease; AML, acute mye10id leukaemia; NHL, non-Hodgkin's lymphoma
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Lowsky et aL. (1994) reported on 557 consecutive bone marrow transplant patients
from a hospitaI in Toronto, Canada between 1970 and 1993. The actuariaI probability of
having a new malignancy was 12% at 11 years after the transplant for the first nine
cancers reported. Of the total of 1 1 patients who developed cancer, three had developed
cancer of the skin, two of the oral cavity, two of the endometrium (of whom one also had
breast cancer), two had myeIogenous Ieukaemias (one of donor origin), and one each had
non- Hodgkin' s Iymphoma and cancer of the lung.

Socié et aL. (1993) reported on the experience of 748 patients followed by the
European Bone Marrow Transplantation-Severe Aplastic Anemia W orking group from
1971 to 1991. (The W orking Group noted that these patients may overlap with those of
Kolb et al. (1992) noted above.) Of these, 748 were treated by bone marrow

transplantation. Of the latter, all but 20 (3%) received short-term immunosuppression
(primary cyclophosphamide) as a conditioning regimen before transplantation. Nine
patients deveIoped a new malignancy, inc1uding five cancers of the head and neck, two
acute Ieukaemias, one stomach and one liver cancer. ln the group receiving only immu-
nosuppression, 28 myelodysplasias and 15 acute leukaemias were diagnosed, plus
3 liver, 2 breast, and 1 each of stomach and head/neck cancer and non-Hodgkin's Iym-
phoma. The cumulative incidence at 10 years for any secondary malignancy was much
higher in the immunosuppressed group (18.8%) th an in the bone marrow transplant
group (3.1 %). ln another report, Socié et aL. (1991) reported on 40 patients who received
a bone marrow transplant to treat Fanconi anaemia. (The W orking Group noted that these
patients may also overlap with those reported by Kolb et aL. (1992) noted above.)

Of these, one boy deveIoped a cancer of the tongue 74 months after the transplantation.
Mueller and Pizzo (1995) reviewed reports on cancers in children with primary

immunodeficiencies (Table 31). ln these conditions, the occurrence of malignancy is
substantial (5-25%) over a variable number of years and is mostly lymphoma, foIIowed
by Ieukaemia. An earlier review by KinIen (1992) noted that about haIf of these mali-
gnancies were non-Hodgkin's lymphoma, 13% leukaemia and 9% Hodgkin's disease.

4.1.2 Time of onset of cancers in non-HIV-associated immunodeficiency

Among the 5692 renal transplant recipients followed on average for 5.7 years reported by
Birkeland et al. (1995) (see Section 4.1.1), the risk for cancer at all sites was increased
nearly four-foId in the first five years, over five-fold in the next decade and four-fo1d in
the subsequent period. The risk for skin cancers increased continuously with

time since receiving the transplant. ln the registry-based series of 7668 tumours in 7192
patients reported by Penn (1993), the 307 Kaposi' s sarcomas appeared on average at 22
(range, 1-226) months after organ transplantation; the 1252 Iymphomas at 32 (1-254)
months and other tumours at 67 (1 -299) months. The average time of onset of non-
Hodgkin's lymphoma involving the central nervous system was the same as that seen for
all non-Hodgkin' s lymphoma: 33 (0.1-249) months (Penn & Porat, 1995). ln the
paediatric patients from this cohort, the range of time intervaIs for any malignancy was
the same as that for adults. However, the average time of onset of the 8 Kaposi' s
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Table 31. Cancers arising in children with priffary immunodeficiency

Syndrome Malignancy Cumulative Estimated latency
incidence (%) ln years

X-linked gamma Leukaemia, NHL 6 10
globulinaemia

Wiskott -Aldrich NHL, leukaemia, ;:IO 6
Hodgkin's disease

Bloom's syndrome Leukaemia, NHL, 25 During first 40
Hodgkin' s disease, years
adenocarcinoma

Ataxia telangiectasia Leukaemia, NHL, ;:12 9
Hodgkin's disease, other

Common variable NHL, stomach 8-10 16
immunodeficiency

Severe combined NHL 5 -: 1

immunodeficiency

X-linked lympho- NHL 4 (following EBV
proliferative infection)
Selective IgA deficiency NHL, gastric, thymoma NG NG

Modified from Mueller & Pizzo (1995)
NHL, non-Hodgkin lymphoma; EBV, Epstein-Barr virus; NG, not given

sarcomas was only 13 months (0-34) and that for the 167 lymphomas was 22 (0.2-217)
months (Penn, 1994). ln the United Kingdom-AustraIasian study of 3823 renaI transplant
patients, the authors noted that the risk for any malignancy was elevated within the first
two years, and remained so through 2: 4 years of follow-up. ln the series of 274 renaI
transplant patients followed on average for 9.6 years reported by Gaya et al. (1995), the
relative risk was aIso about four-fold within the first five years, and remained within the
same range thereafter. Among non-skin tumours, there did not appear to be a time trend.
However, the appearance of skin cancer increased significantly with time. Among the
868 renal transplant patients followed on average for 41.8 months for genito-urinary
system maIignancies, the 11 cancers (excluding the transplanted kidney adenocarcinoma)
occurred on average at 66 (24-131) months (Schmidt et aL., 1995).

Fewer follow-up data are avaiIabIe for other organ transplants. ln patients who gene-
rally receive more immunosuppression, maIignancies occur earlier. Among the 556 liver
transplant patients followed on average for 35 months by Levy et aL. (1993b), the 10
lymphomas occurred on average at 8 (1-29) months after transplantation, 1 Kaposi's
sarcoma at 16 months, 6 othersolid tumours at 34 (12-66) months and 9 skin cancers at
17 (2-66) months. Among the 112 cardiac transplant recipients followed on average for
41.5 months by Dresdale et aL. (1993), there were one patient with Kaposi's sarcoma at
47 months, four with skin cancer at an average of 43 (8-70) months and four others at 23
(6-60) months. Guettier et aL. (1992) reported that the four gastrointestinal tract non-
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Hodgkin's lymphomas occurring in a cohort of 174 cardiac transplant patients had an
average time of onset of 22 (15-29) months. The two cases of Kaposi's sarcoma in
cardiac transplant patients in Israeloccurred two months after transplantation (Zahger
et aL., 1993). Among 9732 bone marrow recipients, who generally receive both radiation
and chemotherapy, Kolb et aL. (1992) reported that most of the new malignancies found
occurred 'in the first few months', aIthough 9% of 79 patients developed maIignancies
after more than 10 years of foIlow-up.

ln 1608 patients treated with either immunosuppression or bone marrow transplan-
tation for aplastic anaemia reported by Socié et aL. (1993) after mean foIlow-up times of
30 and 47 months, respectively, the median time to deveIopment of myelodysplasia

syndrome was 52 (2-122) months, that for acute Ieukaemia was 47 (7-115) months, that
for non-Hodgkin's lymphoma was 33 months (one case) and that for other tumours was
52 (1-94) months.

Of 557 bone marrow transplant patients followed by Lowsky et al. (1994), a non-
Hodgkin's Iymphoma deveIoped at 7 months, a leukaemia at 46 months, three skin
cancers at an average of 47 (30-64) months and five other cancers at 84 (31-127)
months.

Among the cases of congenital immunodeficiency reviewed by Mueller and Pizzo
(1995), the length of time to cancer diagnosis ranged from an average of less than one
year in severe combined immunodeficiency syndrome to over 40 years in BIoom's
syndrome.

4.1.3 Similarities and diferences between AIDS- and transplantation-associated

tumours

(a) ln immunity

HIV -associated immunodeficiency shares with the other acquired or inherited immu-
nodeficiencies reviewed above a diminution of host cellular immunity, the primary
control mechanism of latent viral infections. The effect of cyclosporin A, which has been
causally associated with an increased incidence of both non-Hodgkin's lymphoma and
Kaposi's sarcoma in organ transplant patients, is quite similar to that seen in HIV-
infection, with the selective inhibition of T-heIper function (lARC, 1990). The popu-
lations reviewed above were immunosuppressed by a variety of means, either by inbom
genetic defect, by cytotoxic chemotherapy or, in the vast majority of cases, by exposure
to a range of therapeutic agents designed to create tolerance to a foreign organ or tissue.
ln the latter case, the level of immunosuppression can be modulated or withdrawn in
response to clinicaI status, and there is regression of a lymphoma and of Kaposi's
sarcoma with reduction or cessation of the treatment (lARe, 1990; Penn, 1993). Further,
the impact on the immune system is generally immediate, unIike the apparentIy cumu-
lative effect that is seen in the natural history of HIV infection. A generaI characteristic
of malignancy occurring in non- HIV / AIDS-reIated immunosuppression is that the risk
and rapidity of onset are directly related to the severity of the immunosuppression

(Brusamolino et aL. 1989; IARC, 1990; KinIen, 1992; Gaya et aL., 1995).
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(h) ln cancer types

The types of malignancy which develop excessively in non-HIV -infected patients are
generally simiIar to those seen in AIDS, with a predominance of non-Hodgkin's Iympho-
mas, of which a high proportion involves the central nervous system, and Kaposi' s

sarcoma. A much higher proportion of non-Hodgkin's Iymphomas (:; 90%) in transplant
recipients are EBV-positive th an in AIDS-reIated non-Hodgkin's lymphoma (- 50%).
Among non-Hodgkin's Iymphomas, Burkitts lymphoma is reIatively frequent in AIDS
patients and in inherited ataxia teIangiectasia and X-1inked lymphoproliferative disease
(Duncan' s syndrome), but rare in adult transplant recipients. Further, in both AIDS and
transplant patients, the malignancies tend to be more aggressive and include sites other
than those usually seen in the generaI population (Bay1ey et aL., 1985; Kinlen, 1992;

Barrett et aL., 1993). ln regions where Kaposi's sarcoma in non-immunocompromised
patients is relatively frequent, it occurs in transplant recipients at a higher frequency than
non-Hodgkin's lymphoma (Qunibi et aL., 1988).

Transplant patients aIso differ from those with AIDS in their excessive deveIopment
of cancers of the skin, primariIy squamous-cell but aIso basal-ceII - particularly with

long-term follow-up. ln renal transplant patients, there is commonly an excess of cancers
of the urinary tract; however, an excess of these cancers has been seen in patients with
chronic renal failure without transplantation. ln patients treated for haematopoietic

diseases, there is an excess of leukaemias; however, this is part of the spectrum of
disease seen in many of these conditions. It used to be supposed that the excess cancer
risk in transplant patients did not inc1ude those fatal malignancies which are common in
older non-immunocompromised populations in the deveIoped countries (Kinlen, 1992),
and Prehn (1994) postulated that immune reactions may exert a stimuIatory effect on
such tumours. However, a report from the Nordic countries (BirkeIand et al., 1995),
consolidating popuIation-based registry data for 5692 renal transplant patients linked to
the generally mutually standardized population cancer registries, found, in contrast to
other studies, significantly increased risks for the incidence of cancers of the colon, Iung,
testis, thyroid and prostate.

(c) ln onset

New malignancies in non-HIV-infected immunosuppressed individuals can occur
within a very short period. A substantially increased relative risk is consistently seen in
the first five years. This is in contrast to the extended latent period preceding the

diagnosis of the malignancies seen in HIV - i infection. The time from start of immuno-
suppressive therapy to tumour deveIopment is shorter in patient groups with more severe
immunosuppression. ln generaI, the relative risk for the associated tumours remains
fairly constant over time since initiation of treatment, although Kaposi' s sarcoma tends to
occur earlier th an non-Hodgkin's Iymphoma; however, the relative risk for skin cancer
shows a marked increase with time. ln those studies in which both Kaposi's sarcoma and
non-Hodgkin's lymphoma were seen, the former generally occurred earlier than the
latter, as is seen in AIDS.
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4.1.4 Occurrence of other viruses in malignancies associated with non-HIV immuno-
suppression

HHV-8 has been detected in IL/IL biopsies of Kaposi's sarcoma in transplant patients
(Boshoff et al., 1995a; Lebbé et aL., 1995; Buonaguro et aL., 1996). EBV was detected in
28/29 non-Hodgkin's Iymphomas from transplant patients (Ho et aL., 1985b; Shapiro
et aL., 1988; NakhIen et aL., 1991). Transplantation of PBMCs from EBV-positive
healthy humans into severe combined immunodeficient (SCID) mi ce frequently results in
the development of immunoblastic lymphoma in the immunodeficient mouse.

IARC (1995) reviewed the data on the role of HPV in malignancies among transplant
patients. ln the case-control studies, the prevalence of cervical infections with HPV
detected in women with organ transplants ranged from 22 to 45%, which was signifi-
cantly higher th an that in controls (3-6%). (The Working Group noted that these studies
preceded the introduction of more sensitive primers for PCR detection of the high-risk
HPV types and probabIy underestimated HPV prevalence.)

IARC (1995) aIso reviewed the prevaIence of detectable HPV in skin cancers
occurring in transplant patients. For 539 squamous-ceIl carcinoma specimens tested
using the more sensitive methods, the positivity rate ranged between studies from zero to
100%, with half of the 16 studies having case positivity rates of at Ieast 50%. SimiIarly,
in eight published studies, among a total of 40 basaI-ceIl carcinomas in transplant

patients, ni ne cases (23%) were scored HPV-positive. A study using new PCR primers
detected a high frequency of HPV -5, HPV -8 and other strains related to those occurring
in epidermodyspIasia verrciformis in skin cancer of renal transplant recipients
(Berkhout et aL., 1995).

4.1.5 Mechanisms by which immune dysfunction may contribute to the genesis of
cancer

(a) Activation of oncogenic viruses with immunosuppression

ln immunocompetent persons, ceIl-mediated immunity may act to Iimit viral onco-
genesis at two levels: first by controIling the overaIl viral burden by eliminating ceIls
productively infected by the virus; second by recognizing viral antigen expressed on
Iatently preneoplastic and neoplastic ceIls.

(b) Stimulation and hyperreactivity of remaining cells in immunosuppressed
persons

The presence of the graft itself may moduIate the immune system as a source of
chronic .antigenic stimulation. Lowsky et aL. (1994) reported that the risk for new mali-
gnancies in bone marrow transplant patients was significantly associated with the
presence of acute graft versus host disease, but not with the treatment modality itself.
Bouwes Bavinck et aL. (1991) observed that HLA-B mismatching (as weIl as homozy-
gosity for HLA-DR) was significantly associated with the risk for squamous-ceIl carci-
noma of the skin in renal transplant patients. This association appeared to be independent
of the amount and type of treatment. However, B-cell hyperplasia is not a feature of
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iatrogenic immunosuppression as it is in HIV infection, which may explain why a larger
proportion of non-Hodgkin's lymphomas in AIDS are EBV-negative (see Section 4.3.2).

4.2 Kaposi's sarcoma

EpidemioIogical and clinical studies (summarized in Section 2.1) have yielded the
following conclusions regarding the etioIogy of Kaposi' s sarcoma in HIV -infected indi-
viduaIs:

(i) the immunosuppressive effect of HIV is a major factor;

(ii) HIV component(s) may direct1y promote the development of Kaposi's sarcoma

lesions, as the disease is often more aggressive in HIV -infected patients;

(iii) an infectious agent distinct from HIV and mainly transmitted sexually may have
an important role.

This section reviews the viroIogical and cell bioIogical evidence which is relevant to
these observations.

4.2.1 Cell biology of Kaposi's sarcoma lesions

(a) Origins of Kaposi's sarcoma spindle cells

The hallmark of the advanced Kaposi' s sarcoma les ion is the spindle cell surrounding
slit-like spaces. Endothelial cells (either vascular or Iymphatic endothelium), cells from
venous lymphatic junctions, fibrobIasts, smooth muscle cells and dermal dendrocytes
have all been proposed as possible progenitors of Kaposi' s sarcoma spindle cells
(reviewed by Roth et al., 1992; Stürzl et al., 1992a; Kaaya et aL., 1995). Rappersberger
et al. (1991) reported that spindIe cells stain with the monoclonal antibody EN-4 (which
detects both vascular and lymphatic endothelium) but Iack reactivity with the monoclonal
antibody Pal-E (which reacts with blood-vessel but not 1ymphatic endothelial cells). This
observation is compatible with spindle cells originating from Iymphatic endothelium.
However, other markers for blood vessel endothelium (but not lymphatic endothelium;
OKM-5 and anti-factor VlII-related antigen; von Willebrand factor; vWF) stain Kaposi's
sarcoma endotheliaI or spindle cells, although slightIy varying results have been reported
by different Iaboratories (Nadji et al., 1981; Modlin et al., 1983a; Little et al., 1986;
Rappersberger et al., 1991; further references in Roth et al., 1992).

Ultrastructurai examination has faiIed to show the presence of Weibe1-Palade bodies,
the storage vesicles for vWF and therefore a characteristic feature of vascular endo-
theIium, in spindle cells from Kaposi' s sarcoma lesions (Rappersberger et al., 1991).
Staining with monoclonal antibody BMA 120, that detects an antigen specific to endo-
theliaI cells, Iends support to an endotheliaI origin of Kaposi's sarcoma cells (Roth et aL.,
1988). Kaposi's sarcoma spindIe cells and endothelia lining vascular spaces in lesions
express leukocyte adhesion moIecule- 1 (LAM - 1) and thrombomodulin, which are
markers of lymphokine-activated endotheliaI cells (Zhang et al., 1994). This observation
supports the notion that Kaposi' s sarcoma spindle cells are of endothelial origin and are

activated by growth factors (see beIow).
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The staining (observed by sorne Iaboratories but not by others) of spindIe celIs with
antibodies to CD 14, CD68 and factor XIIIa has been interpreted to reflect a possible lInk
between Kaposi' s sarcoma spindle cells and celIs of the monocyte/macrophage Iineage,
possibly dermaI dendrocytes (NickoIoff et al., 1989; Rappersberger et al., 1991; Kaaya
et aL., 1995). These cells are distinct from Langerhans' cells (Nickoloff et al., 1989). The
staining of cuItured Kaposi' s sarcoma spindIe cells with an antibody to smooth muscle (X-
actin (Weich et al., 1991) and other similar histochemical data have been interpreted to
suggest a re1ationship with smooth muscle cells or myofibroblasts (reviewed by Roth
et al., 1992). These discrepant results suggest either that cells of different lineages can
adopt a spindIe-Iike morphology or that these markers are common to different cells of
mesenchymal origin. (The W orking Group considered that the weight of evidence
pointed to the spind1e cells being most closely reIated to vascular endothe1ial celIs.)

A number of Iaboratories have cultured cells from Kaposi' s sarcoma that express
markers characteristic for vascular or lymphatic endothelium (Delli-Bovi et al., 1986;
Nakamura et al., 1988; Roth et al., 1988; Siegal et al., 1990; Corbeil et al., 1991;
Herndier et aL., 1994a), but cultures expressing smooth muscle (X-actin (Albini et al.,
1988; Wittek et aL., 1991) as weIl as mixed populations (Siegal et al., 1990; further
references in Roth et al., 1992) have also been reported. The 1ineage identity of cuItured
cells has been defined by staining for the same markers as in the in-situ studies, notably
vimentin and cytokeratin (for discrimination of mesenchymal and epithelial cells respec-
tively), the endotheIiaI markers vWF, PaI-E, OKM-5, BMA 120 (specific for bIood-
vessel endotheIium), and ENA and UEA-I Iectin (reactive with bIood-vesseI and
Iymphatic endotheIium), CD14, CD68 and factor XIIla (for the monocyte/macrophage
lineage), SMC (X-actin (smooth muscle and myofibroblast) and others (reviewed by Roth
et al., 1992; StürzI et al., 1992a; Kaaya et aL., 1995). SpindIe-shaped cells showing a
moderate expression of endotheIiaI antigens have been cultured from peripheral blood of
Kaposi's sarcoma patients (Browning et al., 1994).

(b) Vascular les ions induced by Kaposi's sarcoma cel! cultures in nude mice

The various cell cultures estabIished from Kaposi' s sarcoma lesions differ in their
ability to induce the growth of Kaposi's sarcoma-Iike vascular 1esions in nude mice. A
cell line expressing endothelial markers induced Kaposi' s sarcoma-like tumours of
human origin in nude mice (Siegal et al., 1990; Herndier et aL., 1994a). This cell line had
a normal diploid karyotype and expressed the endotheIiaI markers factor VIII, EN-4 and
UEA-I Iectin. ln addition, it produced high levels of urokinase plasminogen activator
(uP A) and pIasminogen activator inhibitor (P AI-1; Herndier et al., 1994a). Plasminogen
activator has been shown to be involved in the development of endothelial tumours in
mice transgenic for the polyoma middle T protein (Montesano et al., 1990). More
recently, a second cell line capable of causing tumours of human origin in nude mice has
been described and these lesions couId be inhibited by ß-human chorionic gonadotropin
(ß-HCG) (Lunardi-Iskander et aL., 1995a). These cell lInes meet the criteria for a tumo-
rigenic cell line.

ln contrast, a few other Kaposi' s sarcoma celI cultures, also of an endothelial pheno-
type, are angiogenic in vivo, and induce transient Kaposi's sarcoma-like vascular Iesions
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of murine origin, when inocu1ated into nude mice (Nakamura et al., 1988; Salahuddin
et al., 1988). Spindle-shaped cells grown from the peripheral blood of Kaposi' s sarcoma
patients have also been reported to induce murine angiogenesis in nude mi ce (Browning
et al., 1994). This angiogenic property, together with other in-vitro findings (see below),
suggests that growth factors produced by the cultured cells couId induce murine cells to
produce lesions resembling early Kaposi's sarcoma.

However, most other cell cultures established from Kaposi's sarcoma Iesions, inclu-
ding some which are capable of acidic low-density Iipoprotein uptake and expressing the
endotheliai marker BMA 120 (Roth et al., 1988), did not induce tumour formation in
nude mice, were not capable of growing in soft agar and showed only a sIightly reduced
serum dependence. Similarly, cultures expressing the endothelial marker OKM-5 were
not tumorigenic in nude mi ce (DeII-Bovi et al.,_ 1986).

Cell cultures of smooth muscle origin do not indu 
ce Kaposi's sarcoma-like les ions In

vivo but are capable of local invasion in muscle organ cultures and through artificiaI
basal membranes (Albi ni et aL., 1988; Wittek et al., 1991). The reason for these diffe-
rences is not c1ear but may be linked to differences in the cytokine profile secreted by
these different cultures (see below).

(c) Growthfactors involved in the proliferation of spindle cells
Extensive work by severaI Iaboratories has examined the role that lymphokines might

play during the development of Kaposi' s sarcoma. However, probably because of the
different cell types grown by different laboratories, the findings reported are inconsistent.
FibrobIast growth factors (FGFs) and pIatelet-derived growth factors (PDGFs) have been
found to be expressed in Kaposi's sarcomas, or to be present in short-term cultures from
Kaposi' s sarcoma biopsies.

(i) Fibroblast growth factors

Basic fibrobIast growth factor (bFGF) has been reported to be secreted by Kaposi' s

sarcoma cultures expressing endotheliai cell markers and may promote the growth of
these cells in vitro (En soli et al., 1989). Other groups, working with Kaposi' s sarcoma
cultures of either an endotheIial phenotype (Corbeil et al., 1991) or mixed fibrobIastoid/-
endotheliai appearance (Werner et al., 1989) aIso found an FGF-Iike activity in super-
natants of their Kaposi's sarcoma cultures which stimulated the growth of normal fibro-
blasts and endotheIial cells.

Members of the FGF family, including bFGF and endotheliai cell growth factor
(ECFG), are known to stimuIate the growth of normal endotheliaI cells, and cultured
Kaposi' s sarcoma cells with endotheliaI characteristics have been shown to Induce
transient neoangiogenesis in nude mice (Nakamura et al., 1988). The FGF family of
cytokines may thus play a crucial role during the development of Kaposi's sarcoma. ln
Kaposi's sarcoma, the expression of bFGF and FGF5 in spindle cells has been shown by
in situ hybridization (Xerri et aL., 1991). Acidic FGF and FGF6 are alsO\ expressed in
Kaposi's sarcoma (Li et al., 1993b), but the technique employed in this study (RT-PCR)
does not permit the identification of the cell type(s) secreting these two members of the
FGF family. The importance of bFGF in the deveIopment of experimental Kaposi's
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sarcoma-Iike Iesions is further supported by the report that a bFGF-specific antisense

oligonuc1eotide can inhibIt the angiogenic effect of cuItured Kaposi' s sarcoma ceIls in
nude mi ce (Ensoli et al., 1994a).

(ii) Platelet-derived growthfactor

Normal endotheIia1 cells (Ensoli et aL., 1989; Roth et al., 1989) as well as short-term
cultures of endothelial cells with endotheIia1 characteristics (Ensoli et al., 1989) produce
PDGF. Kaposi' s sarcoma cell cultures that produce PDGF thus do not require exogenous
PDGF to promote proliferation (En soli et al., 1989; Corbeil et al., 1991). However,

PDGF has been found to be essential for the propagation in vitro of Kaposi's sarcoma
cells expressing the endothelial cell marker BMA 120 and capable of acidic 10w-density
lipoprotein uptake but exhibiting fibrobIast-likè growth properties. These cultures were
also shown to express mRNA for the receptors for PDGF-A and PDGF-B (Roth et al.,
1989; Werner et al., 1990). Kaposi's sarcoma spindle cells express in vivo mRNA for
PDGF-B receptor, whereas mRNAs for PDGF-A and PDGF-B were expressed on some
tumour cells Iocated in the vicinity of slit-like spaces (Stürzl et al., 1 992b). Taken

together, these findings suggest that Kaposi' s sarcoma cells reIated to endotheIial cells
produce PDGF which is required for the growth of spind1e cells exhibiting at least sorne
fibrobIastoid characteristics, thus highlighting the interdependence of the different cell
lineages found in Kaposi's sarcomas.

(d) Clona lit y of Kaposi's sarcoma and chromosomal abnormalities

Individual nodules of HIV -associated Kaposi' s sarcoma may contain predominant
clonaI populations (Rabkin et aL., 1995b). It is unknown whether different Kaposi's
sarcomas from the same patient contain the same or different clonaI populations. There-
fore, whether individual les ions are derived from the same (as in a metastatic les ion) or

different clones is also unknown. A tumorigenic cell line established from a Kaposi's
sarcoma was reported to contain a marker chromosome (Lunardi-Iskandar et al., 1 995b).
(The W orking Group noted that evidence for chromosomal anomalies in primary
Kaposi's sarcoma tissue is lacking.) Sorne short-term cultures of Kaposi's sarcoma
biopsies have been noted to contain chromosomal rearrangements, but no consistent
pattern has been confirmed either in primary sporadic tumours (Ottolenghi et aL., 1974;
Scappaticci et al., 1986) or in AIDS-associated tumours (DeIli-Bovi et aL., 1986; Alonso
et aL., 1987; Saikevych et al., 1988).

Thus, clonaI populations may develop in Kaposi's sarcoma and give rise to mono-
clonal tumorigenic cell lines.

4.2.2 The role of HIV-l Tat in the development of Kaposi's sarcoma lesions

Experimental evidence suggests that the Tat protein of HIV - 1 can ehhance the growth
of cultured 'endotheliaI' Kaposi's sarcoma ceIls (Enso1i et al., 1990; Barillari et al.,
1993). ln this in-vItro modeI, Tat is thought to cooperate with bFGF to enhance Kaposi's
sarcoma cell proliferation. The effect of Tat seems to be mediated by Its binding to a5 al
and a V a3 integrins via an RGD (i.e. arginine-glycine-aspartic acid) sequence element in

kajo
Pencil



HUMAN IMMUNODEFICIENCY VIRUS ES 155

a manner similar to, and replaceable by, their physiologicaI ligands fibronectin and vitro-
nectin (Barilari et al., 1993; Ensoli et al., 1994b).

SeveraI cytokines, including tumour necrosis factor (TNF), interleukin (lL)-1 and y_
interferon, can render normal endothelial and smooth muscle cells susceptible to the
growth-promoting effect of Tat (Barilari et al., 1992), possibly by increasing the

expression of integrin receptors which interact with Tat (Barilari et al., 1993; Ensoli

et al., 1994b). Injection of Tat into nude mice (Ensoli et al., 1 994b) or immunocompetent
C57/BL mice (after incorporation into Matrigel; Albini et al., 1994) induces angiogenesis
and this effect is potentiated by bFGF (En soli et al., 1 994b) or heparin (AIbini et al.,
1994). The formation of Kaposi's sarcoma-like lesions induced by Tat and heparin can
be inhibited by the matrix metalloproteinase inhibitor TIMP-2 (Albini et al., 1994) and
Tat and bFGF act synergistically to increase the expression of collagenase IV in nude
mice (En soli et al., 1 994b). These studies suggest the invo1vement of tissue proteinases
in the deveIopment of Kaposi' s sarcoma.

Several groups have investigated the roIe of HIV-l tat in Kaposi's sarcoma patho-
genesis using transgenic mice. Vogel et al. (1988) reported the emergence of Kaposi's
sarcoma-Iike 1esions in mice transgenic for HIV - 1 tat. Transgenic mice carrying the early
region of BK virus, included in an LTR-tat construct, also develop Kaposi's sarcoma-
like Iesions in addition to other maIignancies (Corallni et al., 1993) and extracelìuIar Tat
protein released by tumour cell Iines derived from these animaIs protects them from
apoptosis under conditions of serum starvation (Campioni et al., 1995). The growth-
promoting effect of extracellular Tat on cuItured Kaposi' s sarcoma cens and endotheliaI
cens (Ensoli et al., 1990; Barilari et al., 1992) suggests that infection by HIV - 1 of cells
not directly invo1ved in the Kaposi's sarcoma les ion may be sufficient for triggering the
sequence of events Ieading to the deveIopment of Kaposi's sarcoma. ln keeping with this
interpretation, in tat-transgenic mice which did develop Kaposi's sarcoma-like lesions,
the expression of tat was found not in spindle cens but in neighbouring keratinocytes

(V ogel et al., 1988). However, other lines of transgenic mice, carrying the complete
HIV -1 genome, faiIed to develop simiIar lesions (Leonard et al., 1988).

With regard to the question of whether sufficient leveIs of HIV - 1 Tat are present in
AIDS-reIated Kaposi' s sarcoma Iesions to achieve an angiogenic effect, Ensoli et al.
(1994b) claimed that HIV - 1 Tat could be detected on spindIe cells by histochemicaI

techniques. They suggested that Tat originated from a few HIV - 1 -infected mononuclear
cens infiltrating these lesions.

Thus, the ability of Tat, in concert with other growth factors, to induce vascular

les ions resembling Kaposi' s sarcoma has been documented in a variety of experimentaI
systems. However, this property \ may not be unique to HIV - 1 infection, as supernatants
from T -cell Iines infected with HTL V-II have been shown to induce the propagation of
Kaposi's sarcoma-derived cells in vitro. The lymphokine responsible for this growth-
enhancing effect has been identified as oncostatin M (Nakamura et al., 1988; Miles et al.,
1992; Nair et al., 1992). This suggests that infection by other human retroviruses can
lead to the production of lymphokines which promote the growth of celIs found in
Kaposi's sarcomas. Since sorne non-human retroviruses have been shown to induce
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Kaposi's sarcoma-like Iesions in severaI animal models (see Section 4.2.3), and since
mice transgenic for the middle T gene of poIyomavirus develop endotheliaI cell tumours
(Bautch et al., 1987), it is conceivable that various microorganisms cou1d initiate such a
cascade of events.

4.2.3 An infectious agent as a cause of Kaposi's sarcoma

Extensive epidemioIogical studies, reviewed in Section 2. l, suggest the involvement
in the pathogenesis of Kaposi' s sarcoma of an agent which can be transmitted sexually,
although not exc1usively so.

There is no convincing evidence to associate cytomegalovirus, HHV -6, papilloma-

viruses, hepatitis B virus (IARC, 1994), Mycoplasma fermentans or M. penetrans with
Kaposi' s sarcoma.

ln the last two decades, severaI laboratories have either observed or tried to isolate
viruses from Kaposi's sarcomas. Giraldo et aL. (1972) reported the presence of herpes-
like viruses in short-term cultures from Kaposi's sarcoma biopsies. The identity of these
partic1es has never been satisfactorily established. Occasional herpes viral particles have
a1so been seen in Kaposi's sarcoma tissue sections (Walter et aL., 1984).

C- Type retroviruses were detected in Kaposi' s sarcoma biopsies from a group of
HIV-negative Kaposi's sarcoma patients from a distinct region of the southern
PeIoponnese in Greece (Rappersberger et al., 1991). Some of the c1inicaI features of the
disease in this group of patients (invo1vement of oral and genital mucosa and gastro-
intestinal tract; extensive involvement of facial skin) were reminiscent of African or
AIDS-associated Kaposi' s sarcoma rather than 'c1assical Kaposi' s sarcoma. Retrovira1
particles have also been found in Kaposi' s sarcoma biopsies from patients with AIDS
(Gyorkey et al., 1984; Schenk, 1986). It is possible that these partic1es represented
HIV -1.

As discussed in Section 3.2.3, there is no really good animal model for Kaposi's
sarcoma. However, several animal models have provided indirect evidence supporting a
possible role of retroviruses in the pathogenesis of Kaposi' s sarcoma. Macaque monkeys
infected with the D-type simian retrovirus type 2 (SRV-2) deveIop retroperitonea1 and

subcutaneous fibrosis with progressive fibrovascuIar proliferation, reminiscent of
Kaposi's sarcoma Iesions (Tsai et al., 1995). Cell cultures established from these les ions
induced self-limited, transient spindle cell proliferation, accompanied by pronounced
vascuIarization, when inoculated into nude mice. ln fowl, sorne strains of avian leukosis
virus can induce, in addition to Iymphoma, disseminated haemangiomatosis charac-

terized by a progression from early patch-like lesions with predominant endotheIial celI
proliferation to haemangiosarcoma (Victor & Jarplid, 1988). ln BALB/c mice, a strain of
MoIoney murine sarcoma virus (MMSV 349), containing the mos oncogene, induces
lesions that resemble human Kaposi's sarcoma on the basis of both histopathoIogy and
eIectron microscopy. The mos oncogene does not seem to be sufficient to induce these
Iesions, as another strain of MMSV, also containing the mos oncogene, does not induce
simiIar lesions (Stoica et aL., 1990).
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ln addition to sorne HIV - 1 tat transgenic mice which develop Kaposi' s sarcoma-Iike
Iesions (see Section 4.2.2), mice transgenic for the middle T antigen of poIyomavirus
deveIop endothelial tumours (Bautch et al., 1987). These reports indicate that a variety of
infectious agents or their proteins can induce vascular proliferation which bears sorne
resembIance to Kaposi's sarcoma 1esions. Yet it is difficult to extrapolate from these
animal models to a candidate for an infectious agent invo1ved in the pathogenesis of
human Kaposi' s sarcoma.

4.2.4 The role of human herpesvirus 8

A new human y-herpesvirus (HHV -8), aIso termed Kaposi' s sarcoma herpesvirus
(KSHV), has been discovered in AIDS-associated Kaposi's sarcoma biopsies (Chang
et al., 1994) and is a strong candidate for the 'Kaposi's sarcoma agent' (see Section
2.1.5).

(a) Genomic organization and relationship to other primate herpesviruses

HHV -8 belongs to the Y2 subgroup of herpesviruses and is most c10seIy related to
herpesvirus saimiri, a T-Iymphotropic herpesvirus with transforming potential, found in
squirrel monkeys (Saimiri sciureus) (Moore et al., 1996). Several of the HHV -8 struc-
tural genes show significant Ievels of sequence homoIogy to the corresponding genes of
herpesvirus saimiri, but aIso to those of the slightly more distantly related EBV, and the
organization of a 20 kb central segment of the HHV -8 genome is highly similar to that of
these other two y-herpesviruses (Moore et al., 1996). ln addition, HHV -8 contains a

homologue of the human cyclin D gene and a member of the famiIy of six-protein
coupled receptors (Cesarman et al., 1995). The HHV -8 cyc1in homologue has been
shown to be active in abrogating the function of the retinob1astoma tumour-suppressor

protein and couId thus be invoIved in dysreguIating cellular proliferation or differen-
tiation.

(h) ln-vivo tropism and association with Kaposi's sarcoma

As described in Section 2.1.5, HHV -8 is consistently found in the vast maJonty

(:: 95%) of biopsies from aIl epidemiologicaI forms of Kaposi's sarcoma, i.e. AIDS-
associated Kaposi' s sarcoma, classical Mediterranean Kaposi' s sarcoma, post-transplant
Kaposi's sarcoma and African endemic Kaposi's sarcoma (see Table 15).

HHV -8 has been found by PCR in-situ hybridization in the flat endotheliaI cells Iining
ectatic vascular spaces, as weIl as in spindle cells of Kaposi' s sarcoma Iesions (Boshoff
et al., 1995b). These two cell types represent the bulk of the les ion and this observation is
therefore compatible with an important etiopathologicaI role of HHV -8 in the deve-
lopment of Kaposi' s sarcoma.

However, primary cultures estabIished from fresh Kaposi's sarcoma biopsies lose
HHV -8 after a few passages, and established Kaposi' s sarcoma cell cultures, inc1uding
permanent cell lines (see above) are negative for this virus (Ambroziak et aL., 1995;
Lebbé et aL., 1995). The implications of this observation are unc1ear.
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Therefore, it is possible that the murine angioproIiferative Iesions induced by

Kaposi' s sarcoma cell cultures in nude mice are not an adequate model for Kaposi' s
sarcoma. However, it is aIso possible that HHV -8 is not required for the development of
Kaposi's sarcoma in vivo and may onIy infect and/or repIicate preferentially in already
estabIished Kaposi' s sarcoma endothelial or spindle cells.

ln peripheral blood of HIV -infected individuals, HHV -8 is present in B-cells

(Ambroziak et al., 1995) and its detection correlates inversely with the number of CD4 +
T-cells, suggesting that its replication is under immunological control (Whitby et al.,
1995) .

Thus, the avai1able evidence suggests that HHV -8 is a strong candidate for the Iong-
sought 'Kaposi' s sarcoma agent', but its precise roIe and epidemiology remain to be
established.

4.3 Non-Hodgkin's lymphomas and other lymphoproliferative disorders

As discussed in Sections 2.2 and 2.3.3 and listed in Table 16, the incidence of severa1
types of lymphoproliferative disease is increased in HIV -infected patients.

4.3.1 Pathological models of lymphomagenesis

The bioIogical basis and molecuIar genetics underlying the pathogenesis of AIDS-
related non-Hodgkin's lymphomas and other lymphoproIiferative disorders (Hodgkin's
disease and muIticentric Castleman's disease) are not weil understood. Several patho-
10gicaI conditions seem to contribute to AIDS-related Iymphomagenesis: immuno-
suppression, dysreguIation of cytokine Ioops, accumulation of genetic Iesions within the
proliferating clones and infection by vifUses (reviewed by Knowles, 1993; Gaidano &
Carbone, 1995). These contributory factors may act at different stages of a proposed
multistage model of Iymphomagenesis (PeIicci et al., 1986; Feichtinger et al., 1992a;
Gaidano & Dalla-Favera, 1992; Knowles, 1993; Gaidano et al., 1994a; Herndier et al.,
1994b ).

The deveIopment of AIDS-related non-Hodgkin's lymphoma is often preceded by
polyclonal hypergammaglobulinaemia and persistent generalized Iymphadenopathy
(PGL) (Carbone et al., 1991; Raphael et al., 1991); furthermore, chromosomal abnorma-
lities (Alonso et al., 1987) and oligoclonaI immunoglobulin gene rearrangements are
detectable in a fraction of these HIV -associated lymphadenopathies (PeIicci et al., 1986;
Carbone et al., 1989). Unlike PGL, AIDS-related non-Hodgkin's lymphoma is usually
monoclonal and is characterized by a number of molecular alterations of dominantly-
acting oncogenes and of tumour-suppressor genes (Ballerini et al., 1993; Gaidano et al.,
1993). According to this modeI of Iymphomagenesis, the emergence of oligoclonal
B-cell expansions representing a pre-malignant condition is at first driven by several
factors including immune dysregulation and viral infections. This phase clinically and
pathologically corresponds to PGL. ln subsequent phases, the neopIastic transformation
of a B-cell clone is due to the accumulation of genetic lesions which eventually

transform the clone developing the non-Hodgkin's lymphoma (Figures 10-12). The
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Figure 10. Schematic representation of follcle disruption during the
course of HIV infection, showing the progression from follcular
hyperplasia to follcular involution
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Figure 11. Genetic lesions contributing to pathogenesis of AIDS-
related small non-cleaved-celllymphoma
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compIex pathophysiological milieu of HIV infection is obviously of importance in the
pathogenesis of AIDS-related Iymphomas. MorphologicaI, immunopathological, moIe-
cular and cytogenetic analyses of the pathoIogicaI changes in Iymphoid tissues during
HIV infection h(ive improved the understanding of the mechanisms leading to lymphoma
onset and progression.
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Figure 12. Genetic lesions contributing to the pathogenesis of AIDS-
related diffuse large-cell lymphoma
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As depicted in Figures IL and 12, three biologie al stages in the deveIopment of B-celI
Iymphoma can be distinguished: (a) polyclonaI B-celI hyperplasia; (h) oligocIonaI
expansion and (c) genetic changes. Combination of these factors leads to the eventual
emergence of monoclonal lymphoma.

(a) HIV infection of lymphoid tissue and polyclonal B-cell hyperplasia
A critical event in initiating and establishing HlV infection is the 10caIization of HlV

in lymphoid organs which become the major reservoirs of HlV and sites of viral
replication (Fox et aL., 1991). Viral particles and antigen become trapped on the surface
of the web-like processes of the folIicuIar dendritic celIs which permeate the germinal
centres. These cells then expand to form the core of the lymphoid tissue (Biberfeld et aL.,
1985; Tenner-Rácz et aL., 1985; Pantaleo et al., 1993a,b). Persistence of virus in
lymphoid organs causes chronic stimulation of the immune system which ultimately
leads to degeneration of the foIlcles (reviewed by PantaIeo & Fauci, 1995). Morpho-
IogicaI analyses at different stages of HlV infection have demonstrated that lymphoid
tissues undergo progressive destruction and depletion of B-cell areas as the disease

advances (Biberfeld et al., 1985,1987; loachim et al., 1990; Fox et al., 1991). The severe
immunosuppression at advanced stages of disease is one of the functional consequences
of this process (reviewed by Pantaleo & Fauci, 1995). ln contrast, lymph-node

architecture and immune function appear to be intact in sorne HlV-infected individuals
who remain free of disease for many years (PantaIeo et al., 1995).
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(i) Pathological changes in HIV-infected lymphoid follcles

The Iymph nodes in HIV -infected patients with PGL have been extensiveIy studied
both histologicaIly and immunophenotypicaIly (loachim et aL., 1983; Baroni et aL., 1985;
Janossy et al., 1985; Wood et al., 1985; Carbone et aL., 1986; Wood et aL., 1986). The
fIrst lymphadenopathic change is follicular hyperp1asia (Biberfeld et al., 1985), which is
the expansion of the germinal centre by recruitment, proliferation and differentiation of
antigen-reactive B-cells (follicular hyperp1asia). Morphologically, follicles appear to be
increased in size and number and show a marked variation in shape and irregu1ar
marginal zones. By immunohistochemical methods, a colocalization of HIV p24 antigen
with follicular dendritic cells is clearly visible in the secondary germinal centres
(BiberfeId et aL., 1985; Baroni et aL., 1986). Follicular fragmentation, which may
represent an early degenerative change, can be perceived as a disruption of the dendritic
reticulum of the germinal centre (Biberfeld et aL., 1985). AIso, the follicular mantle zones
become progressively reduced (Wood et aL., 1985). Such follicular changes in lymph
nodes have a1so been detected in mucosal, 'hypertrophic' nasopharyngeal lymphoid

tissue (Barzan et aL., 1989; Shahab et aL., 1994). Nasopharyngeal Iymphoid tissue 'hyper-
trophy', often associated with PGL (Barzan et aL., 1990), is apparently Iinked to the early
phase of HIV infection in the same way as follicular hyperpIasia is in PGL (Carbone
et aL., 1995b).

As HIV disease progresses, germinal centres show a reduction in the number of CD4 +
T-Iymphocytes and an increase in the percentage of CD8+ T-cells (Modlin et al., 1983b;
Said et al., 1984; Carbone et al., 1985; Biberfe1d et al., 1986), reflecting the decrease in
CD4+ : CD8+ lymphocyte ratio of periphera1 blood. The destruction of the follicu1ar
dendritic cell network and the collapse of the germinal centres become increasingIy
evident (the so-called burning-out phenomenon) (Biberfeld et al., 1985). FoIlicu1ar invo-
lution is characterized by hypervascularity, with small follicles resemb1ing those seen in
muIticentric Castleman's disease. Germinal centres are small and show hyalinization and
fibrosis (Figure 10).

These patho10gicaI changes, ranging from follicular hyperpIasia to foIlicular invo-
lution, usually involve most Iymphoid tissue, including tonsils, abdominal Iymph nodes
and spleen (Burke et al., 1993).

(ii) Destruction offollcular centres and B-cell hyperplasia

It has been suggested that abnorma1 B-cell proliferation takes place when follicular
architecture is disrupted by HIV (Armstrong & Horne, 1984; Tenner-Rácz et al., 1985;
Feichtinger et al., 1992a). According to one version of this hypothesis, the destruction of
follicular dendritic cells interferes with apoptosis and allows the proliferation of B-ceIl
clones expressing low-avidity cell surface immunoglobu1in (Herndier et aL., 1 994b).
Another aspect is the dissemination of foIlcuIar dendritic cells outside of lymphoid
tissue, which cou Id permit the formation of germinal centres in non-Iymphoid tissue from
which a polyclonal B-cell proliferation and B-ceIllymphoma wouId emerge (Feichtinger
et al., 1992a; Herndier et aL., 1994b).
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(iii) Chronic antIgen stimulation

Chronic antigen stimulation, pathologicaIly observed as florid B-cell hyperplasia, has
been postulated to be a key factor in Burkitt's Iymphoma pathogenesis in patients with
AIDS (reviewed by Karp & Broder, 1992). Evidence for this is the finding that AIDS-
reIated Burkitt' s Iymphomas frequently produce antibodies directed against self antigens;
furthermore, the hypervariable regions of the immunoglobulin genes utilized by AIDS-
related Burkitt' s Iymphoma carry somatic mutations, which may have been selected by
antigen stimulation (Ng et aL., 1994; Ribo1di et al., 1994). Together, these data suggest
that a process of B-cell clonaI selection is involved in AIDS lymphomagenesis.

(iv) Presence of HIV in tumour cells

Tumours from AIDS-related non-Hodgkin's Iymphoma are almost aIl of B-ceIl
origin. ln these tumours, HIV has not been detected in the B-1ymphocytes. For exarnple,
MorgeIlo (1992) reported a series of 12 primary central nervous system Iymphomas from
New York, United States. None was positive for HIV gag sequences by the sensitive
technique of PCR. Similarly, Cornford et al. (1991) studied the immunohistochernica1

localization of HIV in seven cases of central nervous system lymphoma in Los Angeles,
CA, United States. WhiIe they detected HIV near the mass les ions in five (70%) of the
cases, in no instance was HIV detected within the neoplastic Iymphoid cells themselves.

InsertionaI mutagenesis with a direct role of HIV has been proposed to expIain sorne
cases of AIDS-reIated non-Hodgkin's Iymphoma. Shiramizu et al. (1994) reported four
cases that had HIV clonally integrated in the tumour. ln one case of T-ceIl imrnuno-
phenotype, HIV was detectable in T -ceIls by anti-p24 immunostaining. The other three
cases having a B-, T- or null phenotype contained a large histiocytic reactive component;
HIV was localized to these reactive cells. AIl four cases were reported to have a cornmon
integration site of HIV upstream frorn the c-fes/fps proto-oncogene, which suggested an
insertional mutagenesis role for HIV in a subset of AIDS-reIated lymphomas.

ln another study, it was also suggested that HIV could play a direct role in B-ceIl
transformation. This was based on the increased proliferation in vitro of B-Iymphocytes
dually infected with HIV and EBV (Laurence & Astrin, 1991). ln addition, Astrin et aL.
(1992) reported detection by PCR of, on average, one HIV proviral DNA copy per cell in
B-Iymphoma tissue, but did not observe monoclonal integration of HIV DNA in
B-Iymphoma cells. These results therefore faU short of confirming a direct oncogenic
effect of HIV in B-ceIls.

Indeed, consistent failure to detect HIV sequences unequivocaIly within the tumour
clone has suggested that HIV is not directly involved in the development of malignancy
(reviewed by KnowIes, 1993).

(h) Oligoclonal B-cell proliferation

Three main groups of cofactors, cytokines, Iyrnphotropic viroses and genetic changes,
are thought to be involved during the transition from polyclonal B-ceII proliferation to
the expansion of oligoclonal B-ceU populations.
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(i) Immunosuppression

As for sorne other cancers in AIDS, immunosuppression also predisposes to the
frequent deveIopment of B-cell lymphoma (reviewed by Gaidano & Dalla Favera, 1992;
Karp & Broder, 1992).

The relation between immunosuppression and the development of lymphoma is
recognized in severa1 clinical conditions other than AIDS, including congenital and iatro-
genic immunodeficiences (Frizzera, 1994) (see Sections 2.2.1 and 4.1.3). The relative
risk for AIDS-related non-Hodgkin's lymphoma increases with progressive immune dys-
function (Section 2.2.1) (Pluda et aL., 1993). Immunosurveillance is known to play an
important role in controlling the replication of EBV -infected B-Iymphocytes in humans
(Rickinson et aL., 1992). The specific importance of cytotoxic T-Iymphocytes (CTLs) in
the control of virus-associated lymphoproliferative disease in immunosuppression has
been demonstrated in animal studies by Boyle et al. (1993). They showed that EBV-
specific CTLs adaptively transferred into SCID mice engrafted with EBV -transformed
and immortalized B-Iymphoblastoid cell lines .delayed or prevented the development of
B-ceU Iymphomas. ln another study, five patients who developed EBV -associated

lymphoproliferative disease foUowing bone marrow transplantation were given infusions
of leukocytes from the original donors. The proliferating cells were of donor cell origin
and contained EBV DNA which was clonaUy integrated in two out of the three cases
adequate for study. Since the lymphoproliferation derived from donor ceUs, the

leukocytes included EBV-sensitized CTLs. Complete responses, pathologicaI or clinicaI,
were sustained in the three surviving patients (Papadopoulos et al., 1994). EBV-specific
CTLs are now generated in some clinica1 centres for the prevention and treatment of
EBV-associated lymphoproliferative disease or treatment of organ transplant recipients
(Smith et al., 1995). The impaired immunosurveiUance in AIDS patients may give rise to
the oligoclonai B-ceU expansion seen in PGL (Birx et al., 1986). Consistently, one third
of hyperp1astic lymph nodes from HIV -infected individuals with PGL contain EBV-
positive clones (Shibata et aL., 1991). The presence of EBV-containing B-ceU clones in
PGL correlates with the simultaneous occurrence or subsequent development of EBV-
containing non-Hodgkin's lymphoma (Shibata et al., 1991). However, Do1cetti et aL.
(1995) only rare1y observed monoclonal EBV episomes in PGL samples with a high
content of EBV-infected ceIIs.

(ii) Cytokines

DysreguIation of the normal 'steady-state' cytokine network is a key feature of HIV
infection (Fauci et al., 1991). However, data regarding the role of cytokines in AIDS-
related Iymphomagenesis are restricted to IL-6 and IL-I0.

IL-6

The role of IL-6 is schematicaUy depicted in Figure 13. IL-6 may be particularly
important to both pre-malignant polyclonaI B-ceU expansion and malignant trans-
formation.

Monocytes appear to be responsible for the major portion of IL-6 produced by
PBMCs isolated from HIV -infected individuals (Birx et aL., 1990). The production of
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IL-6 by HIV -infected monocytes promotes the proliferation of B-cells activated by, for
example, EBV, thereby driving immunoglobulin synthesis and causing the non-specific
hyperimmunoglobuIinaemia commonIy seen in early HIV infection (Birx et al., 1986,
1990). Therefore, IL-6 ex cess in HIV infection seems to contribute to B-cell hyper-
stimulation and to hypergammaglobulinaemia (reviewed by Martínez-Maza, 1992)

(Figure 13). Moreover, AIDS-related 1arge-cell Iymphomas containing a high proportion
of immunoblasts express high leveIs of IL-6 (Emilie et aL., i 992). This finding is
consistent with the role of IL-6 in the terminal differentiation of B cells. Further evidence
linking IL-6 to AIDS-reIated lymphomagenesis is that HIV -infected patients with ele-
vated serum 1evels of IL-6 are at high risk for later developing large-cell lymphomas
(PIuda et al., i 993). It has also been suggested that, once the lymphoma is weil esta-
blished, continuous tumour growth may be sustained by IL-6 through paracrine Ioops
(Emilie et al., 1992). Thus, IL-6 could contribute to lymphomagenesis either by acting as
a chronic stimulus to B cells in HIV -infected people and/or, more directly, as an auto-
crine or paracrine growth factor for lymphoma cells (Martínez-Maza, 1992).

Figure 13. Potential role of IL-6 in AIDS-related lymphomagenesis
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Contact between monocytes and HIV can cause IL-6 production. This increased IL-6
production could then induce B-cell hyperstimulation (hypergammaglobulinaemia)
and, possibly, B-cell lymphoma.
Adapted from Martínez-Maza (1992)

An environment of dysregulated cytokines may also play a role in the pathogenesis of
AIDS-reIated body cavity-based lymphomas that usually contain HHV -8 gene

sequences. A recent study has demonstrated that IL-6 and IL-10 leveIs in Iymphomatous
effusions are much higher than those in normal plasma (Ng et al., 1995). IL-6 protein has
also been found in multicentric Castleman' s disease (Y oshizaki et al., 1989), another
HHV -8-associated lymphoproIiferative disorder (Soulier et al., 1995). However, the

functional relationship between IL-6 and HHV -8 needs to be clarified further (Levy,
1995).

Hyper - Ig production

ln conclusion, it is clear that IL-6 is involved in B-cell lymphocyte expansion and
could be invoIved at any stage during the development of B-cell Iymphomas (Figure 13).
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1 L-I 0

IL-I0, a potent B-cell stimulator, is a pleotropic cytokine sharing significant homo-
10gy with the EBV protein BeRFl. Although the precise role of IL- 10 in the deve-
lopment of AIDS-re1ated 1ymphomagenesis is still unc1ear, a possible invoIvement is
suggested by the finding that high levels of IL- 10 are constituti veI y expressed by EB V _

positive B-cell lines derived from patients with AIDS-related small non-c1eaved-cell

1ymphoma (Benjamin et al., 1992). Furthermore, an autocrine growth mechanism
involving IL-l 0 can occur in AIDS-re1ated lymphoma cells (Masood et al., 1995).

(c) Genetic abnormalities

Various genetic abnormalities have been found in AIDS-related non-Hodgkin's
lymphoma (Ballerini et aL., 1993; Gaidano et aL., 1993) (see Table 32 and Figures 11 and
12).

Table 32. Frequency of genetic lesions iD AIDS-related Don-Hodgkin's Iymphomas

Histology c-myc p53 BCL-6 6q ras EBV HHV-8
deletions

Small flon-cleaved-celllymphomas 100% 60% Neg. Neg. 15% 30% Neg.
(Ballerini et al., l 993; Hamilton-
Dutoit et al., 1993a; Gaidano et al.,
1 994b; Cesarman et al., 1995;
Carbone et al., 1996b; Pastore et al.,
1996)"

Diffuse large B-celllymphomas 20% Neg. 20% 40% 15% 80% Neg.
(Ballerini et aL., 1993; Hamilton-
Dutoit et al., 1993a; Gaidano et al.,
1 994b; Cesarman et al., 1995; Pastore
et al., 1996)

Anaplastic large-cell (CD30/Ki-l +) Neg. Neg. ND Neg. ND 90% Neg.
lymphomas (Carbone et aL., 1993b;
Chadburn et al., 1993; Cesarman
et al., 1995; Carbone et al., 1996b;
Pastore et al., 1996)

Body cavity-based lymphomas Neg. Neg. ND ND Neg. ;:50% ;:70%
(Cesarman et al., 1995; Carbone et al.,
1 996a) 

ND, not done
"Chromosome Iq abnormalities have been detected in AIDS-related small non-c1eaved-cell Iympho-
mas (Bernfieim & Berger, 1988; Polito et al., 1995)

(i) c-myc

Several reports have pointed to an association of AIDS-reIated non-Hodgkin's

lymphoma with chromosomal translocations invoIving the c-myc oncogene. Activation
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of c-myc has been detected in 100% of AIDS-related small non-cleaved-cell lymphomas,
incIuding Burkitts lymphoma (Figures IL and 14). ln diffuse 1arge-cell lymphomas

including large non-cIeaved-cell lymphomas and large-cell immunob1astic plasmacytoid
lymphomas, activation is restricted to a minority (approximately 20%) of tumours
(Ballerini et al., 1993; Delecluse et al., 1993; Bhathia et al., 1994). Tumours with an
intermediate morphology between small non-cleaved-cell and large-cell immunobIastic
lymphomas have been shown to harbour ac-mye rearrangement. This finding is con-
sistent with the notion that such a tumour may represent a small non-cIeaved-cell

lymphoma that has adopted an immunoblastic morphotype in the context of AIDS
(De1ecluse et al., 1993). ln contrast, no AlDS-related anaplastic 1arge-cell lymphoma or
body cavity-based lymphoma has shown c-myc alterations (Chadburn et al., 1993;
Cesarman et al., 1995).

As in sporadic Burkitts lymphoma, c-myc activation in AlDS-re1ated non-Hodgkin's
lymphoma occurs through gene rearrangements following chromosomal translocations
between 8q24, the site of the c-myc proto-oncogene, and an immunogIobulin chromo-
somaI locus, most commonIy the immunoglobulin heavy-chain genes at I4q32 (Chaganti
et al., 1983). B-1ymphocyte clones harbouring similar translocations can persist and be
detected in peripheral blood of lymphoma-free HIV-positive homosexua1 men but are
rare in HIV -negative controls (Müller et aL., 1995).

(ii) BCL-6

Chromosomal translocations in AIDS-re1ated non-Hodgkin's lymphoma also involve
BCL-6, a proto-oncogene affecting B-cell maturation, that maps to 3q27 (Ye et al.,
1993). Gross rearrangements of BCL-6 are mostly associated with AlDS-related diffuse
Iarge-cell lymphomas (20%) (Figures 12 and 15), and are consistently absent in AIDS-
related small non-cleaved-cell lymphomas. This is similar ta the chromosomal aberra-
tions seen in the same histological subtypes of non- HlV -related non-Hodgkin' s

lymphoma. ln diffuse large-cell lymphoma, gross rearrangements of BCL-6 and of c-myc
appear to be mutually exclusive genetic les ions (Gaidano et al., 1994b).

(iii) ras

Other dominantly acting oncogenes commonly invo1ved in the pathogenesis of
lymphomas in immunocompetent hosts (e.g., BCL- l, BCL-2) do not seem to play a ro1e
in AIDS-related lymphomagenesis (reviewed by Gaidano & Dalla-Favera, 1992). On the
other hand, mutations of K-ras or N-ras genes, which have not been detected in B-cell
non-Hodgkin's Iymphoma of immunocompetent hosts, were present in 4/27 (15%) of
AIDS-related non-Hodgkin's Iymphoma (Ballerini et aL., 1993).

(iv) p53

A raIe of tumour-suppressor gene inactivation in AIDS-reIated lymphomagenesis is
supported by a number of observations. Mutations and/or los ses of p53 have been found
in 60% of AIDS-reIated small non-cleaved-cell Iymphomas (Ballerini et al., 1993;
Gaidano et al., 1993), but not in the other types of AIDS-related non-Hodgkin's

Iymphoma (Gaidano et al., 1991; Ballerini et al., 1993; De Re et aL., 1994). ln the small
non-cleaved-cell Iymphomas series examined (Ballerini et al., 1993), p53 mutations were
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Figure 14

Small non-cleaved-celllymphoma Small non-cleaved-celllymphoma

with plasma cell differentiation
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The tumour is eomposed of small to
medium-sized monomorphie eohesive eells
interspersed with large phagoeytosine

histioeytes (starry sky pattern). Haemato-
xylin--osin, x 400

Tumour eells have round or irregular,
frequently eeeentrie, nuclei eontaining

randomly loeated nucleoli. Larger baso-
philie eells with large nucleoli are recog-
nizable (arrows). Haematoxylin--osin, x
400

Figure IS. Diffuse large-cell Iymphoma of the im-
munoblastic type with plasmacytic features

Gastrie involvement by diffuse large-eell lymphoma of the
immunoblastie type with plasmaeytie features. Most tumour
eells have large, solitary nucleoli. ln this field mueosal

glandular epithelium is surrounded, but not destroyed, by

tumour growth. Haematoxylin--osin, x 400.
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seen on1y in tumours carrying a rearranged c-myc gene. p53 protein overexpression was
observed in 3/3 lymphomas with a morphology intermediate between smaII non-cleaved-
cell and large-cell immunoblastic lymphomas. It is unknown whether this overexpression
was due to p53 mutations (Carbone et al., 1 995b).

Little is known about the frequency of p53 aberrations in anapIastic large-cell
lymphomas. ln contrast to small non-cIeaved ceII lymphoma, AIDS-related anapIastic
large-cell Iymphoma has been reported not to contain p53 mutations, but accumulation of
wild-type p53 protein has been observed by immunohistochemistry (lnghirarni et aL.,
1994; Carbone et al., 1 996b), as reported previously for this type of Iymphoma in
immunocompetent hosts (Cesarman et al., 1993).

(v) 6q deletions

Deletions of the long arm of chromosome 6 at band q27 occur in non-Hodgkin's
lymphoma (both AlDS-reIated and -unrelated) and represent the putative site of a distinct
tumour-suppressor gene. 6q deletions among AlDS-reIated non-Hodgkin's lymphoma
were restricted to diffuse large-cell lymphomas (5/13 cases) (Pas tore et al., 1996),
whereas, among non-Hodgkin's lymphoma in immunocompetent hosts, 6q deletions
occur throughout the entire histological spectrum, including both diffuse large-celland
smaII non-cleaved-cell Iymphomas (Gaidano et al., 1992).

(vi) Chromosome 1 q abnormalities
ln AlDS-reIated small non-cleaved-ceII lymphomas, structural changes of chromo-

some 1 have been found (Bernheim & Berger, 1988). CeII lines derived from such
tumours have aIso been found to contain chromosome lq abnormalities (Polito et al.,
1995). These chromosomal changes are very simiIar to those previousIy detected in
AlDS-unrelated small non-cleaved-cell Iymphomas or cell lines (Gurtsevitch et al., 1988;
KornbIau et al., 1991). Owing to its very frequent invo1vement, chromosome lq 21-25 is
a site that shouId be examined in greater detail for genetic alterations that may play a
pathogenetic role in small non-cleaved-cell Iymphomas (Polito et aL., 1995).

4.3.2 Lymphotropic viruses

(a) EB V

EBV appears to play an important role in the deveIopment of sorne AlDS-related non-
Hodgkin's lymphoma (Knowles, 1993; Herndier et al., 1994b; Rabkin, 1994). The best
evidence so far for its pathogenetic role is the ability of EBV -infected B cells to cause
EBV-positive B-cell Iymphomas in SClD mi ce (Mosier et al., 1989; Rowe et al., 1991).
Other studies have dernonstrated that the introduction of activated c-myc genes into
EBV -transformed Iymphoblasts confers tumorigenicity in nude mice (Lombardi et al.,
1987).

HlV - infected indi viduals possess abnormall y high numbers of circulating EB V-
infected B ceIIs (Birx et al., 1986). Moreover, EBV infection precedes the expansion of
the tumour clone (Neri et aL., 1991), and a large fraction (see below) of AlDS-reIated
non-Hodgkin's Iymphoma cells contain EBV sequences and express at least sorne EBV
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latent proteins known to have transforming properties (Hamilton-Dutoit et al., 1989;
BaIIerini et al., 1993; Hamilton-Dutoit et al., 1993b).

It is likely that HIV-reIated immunosuppression permits the deveIopment of EBV-
infected and immortalized B-ceIl clones. Such clones are susceptible to further genetic
alterations resuIting in the development of an EB V -containing monoclonal lympho-
proliferation (Pelicci et al., 1986).

The frequency of EBV infection in AIDS-re1ated non-Hodgkin's Iymphoma has been
a matter of controversy (reviewed by Gaidano et aL., 1994a; Shibata, 1994). Discre-
pancies may depend on the different methods used for viral detection (Southern blot,
PCR or in-situ hybridization) and on the different histological types or sites of disease
investigated.

ln contrast to systemic non-Hodgkin's lymphoma, AIDS-associated primary

Iymphomas of the central nervous system were positive for EBV in most studies
(MacMahon et al., 1991; Hamilton-Dutoit et aL., 1993a; CamiIeri-Broet et al., 1995;
Cinque et aL., 1993) (see Table 20). However, GuntheI et al. (1994) reported a few
primary Iymphomas of the central nervous system that were negative for EBV by a sensi-
tive PCR assay. Almost aIl lymphomas primarily involving body cavities contain clonaI
EBV genome (KnowIes et al., 1989; Cesarman et al., 1995).

Most molecu1ar studies have indicated that the presence of EBV within systemic
AIDS-related non-Hodgkin's Iymphoma varies according to the histopathoIogical type
(Table 21). EBV infection is found in the majority of diffuse large-ceIl 1ymphomas, parti-
cularly in the Iarge-ceIl immunobIastic lymphoma subtype (80%), but in a much smaIler
fraction (30-50%) of smaIl non-cleaved-ceIl lymphomas (Hamilton-Dutoit et al., 1991;
BaIlerini et al., 1993). A high frequency of EBV association has been shown in ana-
plastic large-cell Iymphoma (80-90%) and Hodgkin' s disease (90-100%) tissues from
AIDS patients (Carbone et al., 1993a; Hamilton-Dutoit et al., 1993a; Tirelli et al.,
1995b). The EBV genomes in such cases have been reported to be episomaI and clonai
(Boiocchi et al., 1993a), even when detected in multiple, independent 1esions (Boiocchi
et al., 1993b).

There are two EBV subtypes which differ in the genomic region encoding the EBV
nuclear antigen-2 (EBNA-2) (Adldinger et al., 1985). Type 1 EBV is a more potent
lymphocyte transformer than type 2 (Rickinson et aL., 1987). WhiIe type 2 virus rareIy
occUlS in immunocompetent hosts in developed countries, it is found in a much higher
proportion of subjects with HIV -related immunosuppression. The elevated frequency of
type 2 virus in AIDS-reIated lymphoproliferative diseases appears to miffor the excess
seen in HIV -infected subjects without such disease (Boyle et al., 1991, 1993; De Re
et al., 1993).

A roIe of EBV in the pathogenesis of AIDS-reIated non-Hodgkin's Iymphoma is

further supported by data showing that the EBV-transforming proteins, EBV-encoded
latent membrane protein-l (LMP-l) and/or EBNA-2 may be expressed in EBV -positive
cases.

Expression of LMP-l has been detected in AIDS-reIated Iymphomas of various loca-
lizations and histological types. ln primary AIDS-related immunobIastic Iymphomas of
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the central nervous system, 10/1 1 (90%) of tumours expressed LMP-1 and 21/57 (54%)
expressed EBNA-2, as assessed by immunohistochemistry. Expression of both BCL-2
and LMP-1 in EBV-positive AIDS-related primary brain Iymphomas in vivo has been
described (Camilleri-Broët et al., 1995). This is in agreement with in-vitro findings
showing that BCL-2 can be transactivated by LMP-1 in small non-cleaved-cell
lymphoma cell IInes. AIso, BCL-2 expression induced by LMP-l may protect tumour B
cells from apoptosis and lead to a higher proIiferati ve rate (Henderson et al., 1991; Finke
et al., 1992). Body cavity-based lymphoma cells exhibiting pIeomorphic and anaplastic
morphology are also associated with LMP-l expression (Carbone et al., 1996a,c).

Regarding AIDS-re1ated systemic Iymphomas, sorne investigators have reported that
LMP-1 expression is restricted to anaplastic 1arge-cell Iymphomas (Carbone et aL.,
1993a, 1994) and Hodgkin' s disease (Audouin et aL., 1992; Carbone et aL., 1993a;
Siebert et al., 1995), whi1e AIDS-related 1arge-cell immunoblastic lymphomas show
heterogeneity in both EBV presence and latency patterns (Carbone et al., 1993a;
Hamilton-Dutoit et al., 1993b). ln Hodgkin's disease, EBV adopts a Iatency type 2
pattern (LMP-1 +, EBNA-T) (Boiocchi et al., 1993a), whiIe AIDS-associated anapIastic
Iarge-cell 1ymphomas appear to be heterogeneous and both the type 2 patterns and, Iess
frequently, a type 3 pattern (LMP-r, EBNA-2+ phenotype) have been described

(Carbone et al., 1996b).

ln contras t, EBV -positive AIDS-reIated small non-cleaved-cell lymphomas usually
show the restricted Iatency pattern of EB V gene expression (latency type 1 pattern;
EBNA-1 +, EBNA-T, LMP- i-) also found in endemic Burkitts lymphoma (Carbone
et al., 1993a; Hamilton-Dutoit et al., 1993a). However, in some EBV -positive cases of
small non-cIeaved-ceIllymphoma, a limited number of tumour cells express LMP-1 but
not EBNA-2 (Hamilton-Dutoit et al., 1993b; Carbone et al., 1996b). Furthermore, both
EBV latency type 2 pattern and a new Iatency pattern (EBNA-2+, LMP- i-) have been
found in endemic, sporadic and AIDS-related small non-cleaved-cell lymphomas

(Niedobitek et al., 1995; Carbone et al., 1996c). Altogether, these data document hetero-
geneous expression of EBV latent proteins throughout the entire spectrum of small non-
cleaved-ceIllymphomas.

LMP-1 expression has not been found in cases of EBV-associated plasmacytomas
(V oelkerding et al., 1989; Carbone et al., 1993a).

ln summary, EBV is more frequentIy present in large-cell AIDS-related lymphomas,
including body cavity-based lymphomas, large-cell immunoblastic Iymphomas, either
systemic or arising in the brain, and anapIastic large-cell Iymphomas. The two subtypes
of EBV (types 1 and 2) are almost equally represented, and three types of EBV latency
pattern (Iatency 1 - EBNA-1 +, EBNA-T, LMP- i-; latency 2 - EBNA- r, EBNA-T,
LMP-1 t; latency 3 - EBNA-1 +, EBNA-2+, LMP-1 +) have been detected. Therefore, a
large fraction of AIDS-related diffuse Iarge-cell lymphomas can be considered as EBV-
dnven Iymphoproliferations ansing in the absence of effective cell-mediated immunity
against EBV. Since EBV-transforming antigens are expressed by EBV-positive AIDS-
related diffuse Iarge-cell Iymphomas, it is plausible that EB V is indeed a driving force
for tUffOur growth and expansion. Moreover, whiIe Hodgkin's disease may not be more
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common in HIV-infected persons, it is more frequently associated with EBV infection in
such individuals.

The grouping of the different pathologica1 subtypes of AIDS-related Iymphomas
based on EBV association and EBV latent gene expression is shown in Table 33 (see also
Figure 16).

Table 33. Grouping of pathological types of AIDS-related Iymphomas
based on EBV latent gene expression and genetic abnormalities

'Blastic,a celllymphomas not associated with expression of Epstein-Barr virus-encoded
latent membrane protein-l

· Large non-c1eaved cell
· Small non-c1eaved cell (al ways associated with c-myc rearrangements and

frequently with p53 inactivation)
· Extramedullary (plasmacytoma)h

· Blastic cells with 'intermediate' features

'Blastic ,,, celllymphomas that may be assocIated with expression (~f Epstein-Barr virus-
encoded latent membrane protein-I expression

· Immunoblastic (either systemic or arising ¡n the brain as a primary site)
· Occasional cases of small non-c1eaved cell

'Anaplastic ,h celllymphomas associated with monoclonal Epstein-Barr virus infection
and latent membrane protein-I expression

· Anaplastic large-cell (CD30/Ki- 1 +) Iymphomas
· Body cavity-based Iymphomas (associated with HHV -8 infection)"
· Hodgkin's Iymphoma (mixed cellularity and lymphocyte depletion)h

Updated and adapted from Carbone et aL. (1 993b)
"The term 'blastic' is used in analogy with the suffix 'blastic' used in the Kiel classi-
fication (Stansfeld et al., 1988).
hWhether extramedullary plasmacytomas and Hodgkin's Iymphomas should be included

among HIV-related Iymphomas is still debated.
'The term 'anaplastic' is used in anal ogy with the term used in the definition of CD30-
positive anaplastic large-cell Iymphomas; it indicates blastic large cells which display
marked pleomorphism, with giant cells possessing bizarre and irregular nuclei and large
nucleoli (Harris et al., 1994).
"The morphology of body cavity-based Iymphoma cells includes both immunoblastic
and anaplastic features (Ansari et al., 1996)

The frequent association between EBV infection and some lymphomas in HIV-
positive persons, including those arising primarily in the brain and body cavities, as weIl
as anaplastic large-ceIllymphoma and Hodgkin's disease types, suggests that EBV is an
important cofactor in their pathogenesis. Thus, the presence of EBV in these lymphoma
cells appears important for their neoplastic transformation as weIl as for the expression of
certain morphological and immunophenotypic features in the context of HIV infection
(Cesarman et al., 1995; Gaidano & Carbone, 1995). This conclusion is consistent with
the observation discussed in Section 3.2.2, indicating that B-cell Iymphoma in SIV-
infected macaques is frequently associated with an EBV -related virus.
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Figure 16

EBV -encoded latent membrane protein-l

(LMP-I) expression in AIDS-related
CD30+ anaplastic large celllymphoma

EBV-encoded latent membrane protein-l
(LMP-I) expression in Hodgkin's disease
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plasmic staining. Bouin-fixed paraffin-embedded
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Reed-Sternberg cells of HOdgkin's disease, mixed

cellularity subtype, show strong cytoplasmic stain-
ing for EBV -encoded LMP-1. Bouin-fixed paraffin-
embedded tissue section, AP AAP method, haemato-
xylin counterstain, x 400

(h) HHV-6

Human herpesvirus-6 (HHV-6) is a member of the herpesviridae famiIy, and was ori-
ginaIly iso1ated from peripheral b100d mononuc1ear ceIls of patients with lymphoproli-
ferative disorders or AIDS (Salahuddin et al., 1986). HHV -6, like the human retroviruses
HIV, HTL V - 1 and HTL V - II, predominant1y infects T lymphocytes but can also infect

other ceIl types including fibroblasts, epitheliaI cells, natural killer cells, mega-
karyocytes, neural cells and, occasionaIly, B lymphocytes.

Like other herpesviruses, HHV -6 is responsible for a latent, Iifelong infection of the
host and can reactivate during immunosuppression (Carrigan et al., 1991; Knox &
Carrigan, 1994).

The role of this virus in the pathogenesis of AIDS-reIated non-Hodgkin's lymphoma
is still obscure. It has been hypothesized that HHV -6 may contribute to the deveIopment
of Iymphoproliferative disorders by stimulating polyclonal B-ceIl activation as a conse-
quence of persistent active viral infection (Krueger et al., i 989). A combined molecuIar
and immunohistochemical study has shown that HHV-6 DNA sequences are signifi-
cantly more prevalent in persistent generalized Iymphadenopathy biopsies than in HIV-
unreIated reactive lymphadenopathies. The presence of HHV-6 sequences cIosely
correlates with follcular hyperplasia, while follicular involution is HHV -6-negative.

Therefore, persistent generalized lymphadenopathy lymph nodes with B-cell hyperplasia
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constitute one of the sites where biologically relevant interactions between HHV -6 and
HIV may occur (Dolcetti et al., 1996).

However, the prevalence of HHV-6 DNA in Hodgkin's disease and B-cell non-
Hodgkin's lymphoma from HIV-infected patients is remarkabIy low (Carbone et al.,
1996b) and similar to that observed in Iymphoproliferative disorders from HIV-sero-
negative patients (Di Luca et al., 1994; Dolcetti et al., 1996). These results suggest that
HHV-6 may have no direct role in the pathogenesis of AIDS-related non-Hodgkin's
1ymphoma and Hodgkin's disease.

(c) HHV-8

HHV-8 (see Section 4.2.4) has been associated with several lymphoproIiferative
disorders. It has been found in the majority of body cavity-based lymphomas arising in
patients with or without HIV infection (Cesarman et al., 1995; Karcher & Alkan, 1995;
Nador et al., 1995; Pastore et al., 1995) as well as in all (14/14) HIV-associated and a
proportion (21/75) of HIV-unrelated muIticentric CastIeman's disease tissues (Soulier
et al., 1995). Both in fresh body cavity-based lymphoma samples and in cell lines
derived from such tumours, HHV -8 is present in multiple episomal copies. Body cavity-
based lymphomas are frequently co-infected with EBV (Cesarman et al., 1995), but a
few cases which contain only HHV -8 have b_een reported (Renne et al., 1996) and a few
others do not contain HHV -8 (Carbone et al., 1996b; Hermine et aL., 1996).

Cell Iines latently infected with HHV -8 and severaI cases aIso with EB V have been
estabIished from body cavity-based lymphoma effusions (Cesarman et al., 1995;
Gaidano et aL., 1996). HHV -8 is aIso present in peripheral blood B cells in some HIV-
infected individuals with neither lymphoma nor Kaposi's sarcoma (Whitby et aL., 1995).
ln addition, HHV -8 has been detected in PMBCs and lymphoid tissue of less than 10%
of HIV -uninfected individuaIs (Bigoni et al., 1996). The issue of how common HHV -8 is
in the generaI population is discussed in Section 2.1.5.

Whether HHV -8 , Iike its close relative EBV, is oncogenic in its own right is not yet
clear. Mechanisms of pathogenesis that might operate in HHV -8-positive Iymphomas
include cooperation with EBV, and participation of an HHV -8-encoded cyclin homo-
logue or HHV -8-induced lymphokines (Levy, 1995; Hermine et al., 1996).

4.3.3 Conclusion

The putative roIe of cofactors differs substantially according to the pathoIogical type
and site of disease; moreover, several independent pathways in AIDS-reIated Iymphoma-
genesis can be identified.

The first pathway of pathogenesis is associated with small non-cleaved-cell lym-

phomas (Figure 11). More than in other AIDS-reIated non-Hodgkin's lymphomas,

antigen stimulation appears to play an important roIe in this form of non-Hodgkin' s

lymphoma (Riboldi et al., 1994). At the moIecuIar level, genetic changes appear to be
fairly homogeneous (Table 32). They are characterized by rearrangement of c-myc
(100%), mutation of p53 (60%) and the presence of EBV infection (30%) (Ballerini
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et al., 1993; Gaidano et al., 1993); however, expression of EBV transforming protein is
usually absent (Carbone et al., 1993a; HamiIton-Dutoit et al., 1 993b).

A second pathway of pathogenesis is associated with diffuse 1arge-cell lymphomas
(Figure 12 and Table 32). Because of the very high frequency of EBV infection (60-
100%) (HamiIton-Dutoit et al., 1991; MacMahon et al., 1991; Ballerini et al., 1993),
AIDS-reIated diffuse Iarge-cell lymphomas, including those arising primariIy in the
brain, can be considered as EBV -driven lymphoproliferations developing in the context
of a disrupted immunosurveillance against EBV (Birx et al., 1986). Viral transforming
proteins EBNA-2 and LMP- 1 may be expressed by EBV -positive diffuse large-cell
1ymphomas (Carbone et al., 1993a; Hami1ton-Dutoit et al., 1993b). The vast majority
(80-90%) of AIDS-related anaplastic Iarge-cell lymphomas are also associated with
EBV infection (Carbone et al., 1993b) (Table 33) and EBV-infected tumour cells consis-
tently express LMP- 1 (Carbone et al., 1994) (Figure 16).

A third pathway may appIy in the pathogenesis of body cavity-based lymphomas.

This pathway includes EBV infection and consistent presence of HHV-8, at 1east in most
cases, but not other known genetic Iesions (Cesarman et al., 1995) (Table 32).

Finally, Hodgkin's disease in HIV-infected persons appears to be an EBV-reIated

lymphoma expressing LMP- 1 (Audouin et al., 1992; Carbone et aL., 1994; Siebert et aL.,
1995), whereas multicentric Castleman' s disease seems to be an HHV -8-related disorder
in the HIV setting (Soulier et al., 1995).

ln summary, understanding of the mechanisms of lymphomagenesis is hampered by
the heterogeneity of non-Hodgkin's Iymphoma and the substantial number of cofactors
examined. These have been studied independently, generally on relatively small numbers
of tumours. Se1dom have different mechanisms of lymphomagenesis been examined in
the same study.

4.4 Cofactors In anal and cervical carcinomas and other cancers

As discussed in Section 2.3, preneoplastic anogenitaI Iesions and HPV-related

changes (koilocytosis) are associated with HIV infection, whereas no such association
has been convincingly demonstrated for invasive cancer. DysreguIation of the expression
of early proteins E6 and E7 of high-risk HPV types is strongIy suggested by in-vitro
studies to be an important factor in malignant progression, as well as by data from human
tumours (see IARC, 1995).

Little is known about the pathogenetic mechanisms invoIved in anogenital onco-
genesis associated with other viral and chemical agents; indirect and/or direct modulation
of HPV expression, however, seems to be the most relevant pathway. There are two
possible, not mutually exclusive, ways in which HIV may contribute to HPV-reIated
carcinogenesis: the major indirect mechanism is immunosuppression; possible direct
mechanisms include transactivation of HPV oncogenic early-gene expression and ab-
normal expression of cellular genes.
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4.4.1 The role of HPV in the molecular pathogenesis of anogenital cancers in immuno-

competent pClients

HPV s have been recognized as sexually transmitted etiological agents for human
Iower genital tract maIignancies (zur Hausen, 1989; IARC, 1995). Over 70 types of HPV
have been identified, of which only a small subset (HPV-16, -18, -31, -33, -35, -45 and,
more recently, -51 and -52) have been associated with anogenitaI cancers. Many more
subtypes are associated with benign, epithelial neoplasms. During the life cycle of HPV,
most of the viral DNA is maintained episomally in the nucleus of the infected cens.
Integration of viral DNA sequences is frequently associated with malignant progression
(Schwarz et aL., 1985; Jeon et al., 1995), being detected more frequently in carcinomas
than in cervical intraepithe1ial neopIasia (CIN) (Cunen et al., 1991). ln CIN, the mainly
episomal HPV actively replicates (productive infection), whereas in cervical epithe1iaI
cancers the HPV DNA is prevaIentIy integrated (latent infection). This transition results
in changes at the level of viral DNA as weIl as of RNA and protein.

(a) Status and level of HPV DNA in the natural history ofinfection

ln CIN lesions, the leve1 of predominantly episomal, infecting viral genome detected
varies according to the techniques used. PCR, with a detection limit of 10 copies per
sample, detects HPV genomes in 72-91% of 'low-grade lesions' and in 90- 100% of
'high-grade les ions ' (van den Brule et aL., 1991; Bergeron et al., 1992; Lungu et aL.,
1992); procedures with a 10wer sensitivity (3 x 105 viral genomes per sample or 0.1 viral
copy per cell when testing 1.5 x 105 cens = 1 !-g genomic DNA), such as Southern b10t,
dot blot and ViraPapTM, detect HPV genomes in only 36-55% of 'low-grade Iesions' and
in 43-81 % of 'high-grade lesions' (Fuchs et aL., 1988; Lim-Tan et aL., 1988; McNicoI
et aL., 1989).

ln invasive cancer, HPV DNA is present at ? L viral copy per cell, because of the
predominant1y integrated high-risk HPVs in genomic DNA and the homogeneity of the
clonaI neoplastic population. At this level, both high- and low-sensitivity analytical
techniques detect HPV in ? 90% of samples. Furthermore, the HPV -type specificity of
PCR equals that of Southern bIot hybridization, with HPV-16 identified in over 60% of
cervical cancers (Riou et aL., 1990; van den Brule et aL., 1991; Higgins et aL., 1991 b;
Lörincz et aL., 1992). ln penile cancers, 'high-risk' genital HPV s were detected in more
than 48% of the biopsies by both techniques, with no major geographical differences in
the detection frequency (McCance et aL., 1986; Tornesello et aL., 1992; Wiener et aL.,
1992).

(h) Expression of HPV proteins in the natural history of infection

ln benign Iesions, Iate HPV proteins are expressed, with viral transcription patterns
that vary by epitheliallayer: weak expression of early genes occurs in the basal Iayers of
Iow-grade cervical dyspIasias induced by HPV-16 or HPV-33 and in sorne HPV-6- or
HPV - 11 -induced condylomas; Iate genes are expressed in terminally differentiated

keratinocytes of the superficial strata (Dürst et aL., 1992; Stoler et aL., 1992). Studies in

HPV - 16- and HPV - 1 8-infected female renal transplant recipients demonstrate that,
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following immunosuppression, antibodies to the late proteins decrease, whereas anti-
bodies against early proteins E2, E4 and E7 significantly increase. This pattern suggests
reactivation of latent virus (Lewensohn-Fuchs et aL., 1993). The regulation of gene
expression is compIex and is controlled by various cellular and viral transcription factors,
different promoter usage, differential splicing, differential transcription termination and
stability of mRNA.

ln malignant lesions, integration of HPV DNA, generally concomitant with the
disruption of E2/El gene sequences, determines the major transcriptional changes. E6
and E7 are always transcribed activeIy in tumour cells (Schwarz et aL., 1985). The E2
and/or El disruption could Iead to derepression of the P97 promoter. This, in turn, would
modulate the expression of transforming genes and increase the transforming potential of
HPVs (Lambert & Howley, 1988; Schiler et aL., 1989; Romanczuk & Howley, 1992;
Jeon et aL., 1995).

(c) Molecular mechanisms oftransforming activity of HPV

The transforming activity of HPV seems to be associated main1y with E6 and E7 open
reading frames, which are consistently expressed in cervical cancers and cell Iines
derived from them (Smotkin & Wettstein, 1986; Hsu et aL., 1993). HPV-16 and HPV-18
E6 and E7 early genes, when expressed by a L TR promoter and transduced into cells by
retroviraI infection, immortalize human primary keratinocytes in vitro (Pirisi et aL., 1987;
Schlegel et aL., 1988; Ha1bert et aL., 1991).

(i) lntrinsic properties of high-risk HPV E6 and E7
The HPV strains associated with malignant tumours (mainly HPV-16, -18, -31, -33,

-35) are designated 'high-risk' HPV (IARC, 1995).

The E6 zinc finger protein of HPV-I6 and HPV-18, like SV40 T antigen and adeno-
virus 5EIB, interacts specifically with the p53 tumour-suppressor protein. The p53-E6
complexes are then targeted to destruction through the ubiquitin-mediated proteoIysis
pathway (Scheffner et aL., 1990; Crook et aL., 1991). Thus it has been shown that
expression of E6 in transfected cells abrogates a p53-controlled G liS cell-cycle check-
point (Kessis et aL., 1993; Foster et aL., 1994; Gu et aL., 1994; Canman et aL., 1995).

The E7 protein of high-risk HPV shares sequence homology with conserved regions 1
and 2 of the adenovifUs Ela 243- and 289-amino-acid proteins. Like Ela, it binds to the
product of the retinobIastoma gene, pRB (Dyson et al., 1989; Münger et aL., 1989; Gage
et aL., 1990). The RB protein is a phosphoprotein which, in its underphosphoryIated
form, appears to negativeIy regulate entry into the S-phase of the cell cycle; the initiation
of S-phase is accompanied by pRB phosphoryIation, via cyclin-dependent kinases.
Binding of HPV E7 to pRB indirectly enhances transcription of severa1 genes involved in
cycle control, such as c-myc, c-myb, cdc2, DNA polymerase alpha, ribonucleotide reduc-
tase and thymidyIate synthetase (Mudryi et aL., 1990; Nevins, 1992).

(ii) Regulation of E6 and E7 expression

Early gene expression is controlled by the long control region (LCR), extending over
400-900 bp, which may be considered to consist of three functional units. The 5' region,
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adjacent to the LI gene, contains the first E2 binding site as weIl as negative regu1atory

eIements acting at the level of 1ate mRNA stability (Kennedy et aL., 1991). The 3'
segment con tains a single El binding site (which identifies the origin of repIication), an
Sp 1 transcription binding site, two E2 binding sites and the E6Æ7 transcription promoter
(PheIps & Howley, 1987; Swift et al., 1987; Guis et aL., 1988). Between these two
regions lies the HPV enhancer, the activity of which depends on cellular nuclear factors
(Nakshatri et aL., 1990). ln particular, the HPV-16 and HPV-18 enhancers contain
recognition sites for cellular transcription factors such as jun/Jos (Cripe et aL., 1990;
Thierry et aL., 1992), nuc1ear factor 1 (NFI), transcription factor Sp l, activator protein
APl, glucocorticoid receptor and other papillomavirus enhancer-associated, but not yet
characterized, factors (Chong et aL., 1990; Hoppe-Sey1er & Butz, 1992). The activities of
individuaI cis-acting elements contribute to the full enhancer activity. PubIished data
suggest that HPV enhancer function depends on the cooperative interaction of multiple
factors. Short segments of the enhancer have on1y a weak transactivating function.
Frequently, recognition sites bind multiple proteins, and individua1 factors can interact
with different recognition sequences (Chong et al., 1990; Cripe et aL., 1990; Hoppe-
Seyler & Butz, 1992; Thierry et aL., 1992).

Thus the expression of E6 and E7 couId be enhanced by several mechanisms:

mutationaI inactivation of E2 or El genes during HPV integration events; extracelluIar
stimuli (growth factors, promoting agents, cytokines, etc.) via membrane receptors; or
intracelluIar factors that bind the regulatory LCR, either directly or through activation of
nuc1ear factors. For exampIe, expression of HPV E6 and E7 can be moduIated by the
tumour promoter 12-0-tetradecanoylphorbol 13-acetate, which activates protein kinase C
in the plasma membrane, eventually activating the nuc1ear transcription factor APl
(Chan et aL., 1990).

4.4.2 Interactions between HIV and HPV

HIV is transmitted sexually (see Section 1.3.1). A1though infection of squamous and
coIorectal epitheIiaI celllines or primary cultures has been reported (Adachi et al., 1987;
Tan et aL., 1993; Philips et al., 1994b), there is no convincing evidence of infection of
epitheIiaI cells by HIV in vivo.

Epithelial Langerhans' cells and related antigen-presenting cells in the Iayers beneath
the mucosaI epithe1ium are thought to be a major route of genitaI infection by HIV or
SIV (Spira et al., 1996). It is thus un1ikeIy that the same cells in vivo wil be co-infected
by HIV and HPV. Even where HIV has been detected in CIN II biopsies, immunohisto-
chemica1 evidence indicates that the HIV is 10ca1ized to celIs resembling lymphocytes or
macrophages in the subepithelial stroma11ayer (Vernon et al., 1994).

Infection and malfunction of Langerhans' cells could affect the local immune control
of other HIV-infected cells. Furthermore, Spinillo et al. (1993) reported that counts of
Langerhans' celIs in CIN biopsies from HIV-infected women with CDC stage iv disease
were significantly Iower than those in CIN biopsies from HIV -negative matched

contraIs.
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(a) £ffects ofHIV-related immunosuppression an HPV replication and HPV-

associated anogenitallesions

There are no experimental data addressing the effects of HIV -induced immuno-
suppression on HPV replication and transformation.

The epidemiological data reviewed in Section 2.3 suggest an increase in HPV genome
copy numbers with immunosuppression. Higher HPV load may increase the probability
of chromosoma1 integration of viral DNA and subsequent neoplastic events, as described
above. Besides the increase in the number of HPV copies, HIV-infected immunosup-
pressed homosexual men as well as female transplant recipients often have multiple
types of HPV (Palefsky et al., 1992; Brown et aL., 1994b). However, the role of multiple
HPV infection in the pathogenesis of anogenital neopIasia is unknown.

(b) HIV Tat stimulation of cytokines and their rale in genitallesions

Cytokines have been shown to stimulate HPV -transformed epithelial cells. ln
particular, the pro-inflammatory cytokines IL-l a and TNFa, the expression of which is
induced by Tat (Philippon et aL., 1994; Biswas et aL., 1995), inhibit proliferation of
normal epithelial cells cultured from human cervix. However, they aIso significantly
stimuIate proliferation of cervical cell Iines immortalized by transfection with HPV -16 or
HPV-18 DNAs and of HPV-positive celllines derived from cervical carcinoma. Growth
stimulation by IL-la or TNFa is accompanied by a 6-1O-foId increase in RNA encoding
amphiregu1in, an epidermal growth factor receptor ligand (Woodworth et aL., 1995).
However, whether this chain of events occurs in vivo is not known.

(c) Possible effect of HIV-l Tat on HPV £6/£7 expression

Tornesello et al. (1991) reported that transfection of HIV -1 tat increased the expres-
sion of HPV -18 E7 in HeLa cells constitutiveIy harbouring 10-20 copies of HPV -18.
Expression of the HPV-16 LCR is a1so enhanced by HIV-l Tat (Tornesello et aL., 1993;
Vernon et al., 1993). ln addition, Tat increased the efficiency of E6Æ7-mediated
transformation of NIH 3T3 cells (Buonaguro et al., 1994). V ogel et al. (1995) reported
that transgenic mi ce carrying the HIV -1 tat gene express Tat protein in their kerati-
nocytes. This is not sufficient to cause epidermaI tumours, but is able to promote tumours
after a single subthreshold dose of a carcinogenic initiator. Such tumour promotion has
an effect additive to that of phorbol esters.

Although, as discussed above, HIV -1 and HPV are unlikely to co-infect the same cell,
HIV -1 Tat has been shown to be released from infected cells (Frankel & Pabo, 1988).
Extracellular Tat can be taken up by cervical epithelial celllines (Frankel & Pabo, 1988;
Frankel et al., 1989; Ensoli et al., 1993) and couId thus allow the direct transactivation of
HPV promoters.

ln conclusion, both the immunosuppressive effect of HIV -1 infection and the
secretion of HIV -1 Tat could promote the deveIopment of HIV -related precancerous ano-
genital Iesions. SimiIar mechanisms might account for the increased incidence of other
HPV -related and unrelated neopIasms in HIV infection.
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5. Summary of Data Reported and Evaluation

5.1 Exposure data

The human immunodeficiency viruses (HIV -1 and HIV -2), the etiological agents of
the acquired immune deficiency syndrome (AIDS), beIong to the lentivirus subfamily of
the Retroviridae famiIy. Sequence ana1ysis of viral DNA indicates a separate ancestral
lineage for HIV - 1 and HIV -2. PhyIogenetic anaIysis of diverse geographical isolates has
shown HIV-l to cluster into two distinct major groups and HIV-2 into another. Multiple
viral clades (subtypes) exist on the basis of sequence diversity within these groups, but
these are not the same as virus serotypes which are based on antigenic diversity.

HIV - 1 interaction with the cellular receptor (CD4) and its co-receptor helps to explain
why the virus is tropic for CD4+ lymphocytes and macrophages.

HIV - 1 and HIV - 2 have simi1ar, but not identical, comp1ex genomes consisting of three
genes encoding structural proteins, two genes which are essentia1 for virus repIication and
four accessory genes which contribute to the efficiency of rep1ication. Once the virus has
bound to its receptor on the cell membrane, it internalizes by fusion and releases its core in
which the RNA undergoes reverse transcription. The resultant proviral DNA, once inte-
grated into the host cell DNA, exploits the biochemicaI machinery of the cell to synthesize
new viral proteins which assemble intracytoplasmically, mature and are released at the cell
membrane.

Diagnosis of infection with HIV - 1 and HIV - 2 relies on the identification of specifie
antibodies to, or the direct detection of, the viruses. The direct detection of virus or viral
protein provides the definitive diagnosis for HIV-l and HIV-2.

The main routes of HIV - 1 transmission are sexuaI intercourse, blood-blood contact
and from mother to infant, including breast-feeding. The risk of transmission through aIl
routes is associated with viral 10ad in the infected person. Other factors which increase
the rate of sexual transmission are the presence of other sexually transmitted diseases,

especially genital ulcerative disease, and the type of sexual intercourse. Transmission
from mother to child is associated with vaginal delivery and with breast-feeding.

Patterns of HIV -1 transmission vary substantially with time and geographicaI area.

Most developed countries experienced early waves of HIV - 1 infection among homo-
sexual men, and in some of these countries intravenous drug use is an important mode of
transmission. ln Africa, heterosexua1 contact has remained the predominant mode of
transmission, with transmission from mother to chiId aIso occuITing extensively. There
have been substantial increases in HIV -1 transmission in certain Asian countries in the
past decade, initially through homosexuaI contact between men and through injecting
drug use, but increasingly through heterosexual contact.

Infection with HIV -1 and HIV - 2 has protean clinicaI manifestations. As early as one

to six weeks after HIV -1 infection, many adult patients have a seroconversion syndrome.
The timing of HIV -1-related symptoms and diseases reflects viroIogical and immuno-
logical changes that occur. ln the first few weeks after HIV -1 infection, the leveI of CD4 +
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lymphocytes and the CD4 + ceIl: CD8+ ceIl ratio decrease and viral Ioad increases.
GeneraIly the immunoIogicaI parameters stabiIize, although not to normal IeveIs, after
the initial phase of infection. This is foIlowed by a long period of cIinicaI latency,
marked by graduaIly declining CD4+ counts, and then the appearance of a range of
symptoms (constitutional, oral, puImonary or skin conditions). The deveIopment of
AIDS is defined by the occurrence of one or more specific opportunistic infections, mali-
gnancies and reIated diseases occurring in patients with HIV -1 and HIV - 2 infection. The

median incubation period (from infection to AIDS) for HIV -1 in deveIoped countries is
10 years, and may be longer for persons infected with HIV-2.

ln the absence of an effective treatment or vaccine, control and prevention of HIV-1
and HIV-2 infection continue to reIy mainly on behaviouraI interventions. ln preventing
sexua1 transmission, reducing the number and modifying the types of sexual contact, and
the consistent and correct use of condoms are essentiaI. Drug-dependence treatment

programmes and improving the availability of sterile needIes are putativeIy effective
ways of stemming the HIV epidemic among intravenous drug users.

Screening the b100d of donors for HIV -1 and HIV - 2 antibody has virtually eliminated
transmission of these viruses in bIood products in man y countries. A significant
reduction in perinatal transmission of HIV - 1 can be achieved by maternaI use of zido-
vudine during pregnancy and delivery, and by treatment of newborns immediately after
delivery. This has become clinical practice in man y countries. DeIivery by Caesarian
section has been associated with a reduction in mother-to-chiId transmission in most

studies.
New approaches to the treatment of HIV -1-infected people include combination

therapy and use of new classes of drugs such as protease inhibitors. The development of
a safe, effective and economical preventive vaccine for HIV -1 and HIV -2 faces many
obstacles.

5.2 HUffan carcinogenicity data

Epidemiological evidence indicates that the incidence of Kaposi's sarcoma is greatly
increased in persons infected with HIV -1. Sorne studies in developed countries point to a
relative risk of more th an 1000-fold. The incidence increases markedIy as HIV-1-related
immunosuppression progresses. Within deveIoped countries, the risk varies between
HIV - 1 -transmission categories, with homosexual and bisexual men having a 5-10-fold
greater risk th an other HIV-I-infected groups. ln parts of Africa, Kaposi's sarcoma

incidence is rapidly increasing, probabIy as a resuIt of HIV -1 infection. These variations
suggest the existence of cofactor(s), for which human herpesvirus type 8 (HHV-8) is the
leading candidate.

Non-Hodgkin's Iymphoma incidence is greatly increased in persons with HIV-1-
infection. Case-control and cohort studies of HIV -l-infected individuaIs have consis-
tently demonstrated large increases in risk for non-Hodgkin's lymphoma in deve10ped
countries. ln AIDS patients, the rate may be at Ieast 100-fold increased. This increased
risk has been found to be similar in aH HIV -l-transmission groups. It appears that the

association is mediated by HIV -l-reIated immune dysregulation. Co-infections with
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specifie viruses are associated with primary Iymphoma of the brain (Epstein-Barr virus;
EBV) and body-cavity Iymphomas and multicentric Castleman's disease (HHV -8).
Viruses may be involved in sorne other cases of HIV -I-associated lymphomagenesis.

ln HIV - 1 -infected persons, total cancer incidence does not appear to be increased,
after exclusion of Kaposi' s sarcoma and non- Hodgkin' s 1ymphoma. However, increases
have been observed for several specific cancers. Studies of women with HIV show
increases in cervical carcinoma il1 situ among HIV - 1 -infected women. The risk increases
with increasing immunodeficiency. However, there may be confounding due to corn mon
exposure factors between HIV - 1 and human papillomavirus (HPV). This confounding
has made assessment of the re1ationship between HIV - 1 and carcinoma il1 situ difficult.
To date, there is no association between invasive cervical cancer and HIV - 1 infection.

Anal cancer incidence has been increasing for several decades and the trend has not
increased in the AIDS era. However, homosexual men have a high risk for anal HPV
infection and anal cancer, which appears to be associated with their 1ifestyle.

There are severa1 reports suggesting an association with HIV - 1 -infection with
leiomyosarcoma in children, conjunctival squamous-cell tumours in Africa and, to a
lesser extent, Hodgkin' s disease. Studies reported to date have not documented a
relationship between HIV - 1 and any other form of cancer.

Kaposi's sarcoma has also been seen in sorne HIV-2-infected persons, but the
strength of any association has not been determined.

There are a few case reports and one case-control study suggesting that HIV-2
infection may be associated with non-Hodgkin's lymphoma.

There are no reports of an association of HIV - 2 with cancers other than Kaposi' s

sarcoma and non-Hodgkin's 1ymphoma.

5.3 Animal carcinogenicity data

ln nonhuman primates infected with HIV -1 or HIV -2, a single case of fibromatosis
has been observed in a baboon infected with HIV -2.

Lymphomas occur more frequently in simian immunodeficiency virus (SIV)-infected
macaques than in uninfected macaques. Most malignant Iymphomas are of B-cell origin
and are associated with an EBV -like simian herpesvirus and with immunodeficiency.

Lymphosarcoma in the cat is associated with experimental and naturally acquired
feline immunodeficiency virus (FIV) infection. Lymphosarcoma is a B-cell lymphoma
which has siinilar morphological, immunophenotypic and mo1ecular characteristics to
HIV - and SIV -associated Iymphomas. There is no evidence of FIV sequence integration
into tumour cells, indicating that the role of the virus in tumour development is possibly
indirect.
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5.4 Other relevant data and mechanistIc considerations on HIV -l-associated

neoplasms

Patients with non-HIV-associated forms of acquired immunodeficiency - primari1y
as a resu1t of organ transplantation - have a substantially increased risk for neoplastic
lesions. These include consistent excesses of non-Hodgkin's lymphoma, Kaposi's
sarcoma and skin cancers, particu1arly of squamous-cell origin. The increased relative
risk for most of these ma1ignancies is seen within the first few years after initiation of
treatment and remains relatively constant over time. The exception to this is that the
relative risk for skin cancer increases with time. Removal of the immunosuppressive
therapy can lead to regression of both non-Hodgkin's 1ymphoma and Kaposi's sarcoma.
Among patients with a variety of inborn immune dysfunctions, a substantia1 excess of
haematopoietic ma1ignancies is also documented. It may therefore be concluded that, in
the se patients, immunosuppression causes this excess of neop1astic 1esions. Inherited
immunodeficiencies of various kinds are also limited to increased cancer incidence.

It is likely that the immunosuppressive effect of HIV - 1 is a major factor in the deve-
lopment of Kaposi's sarcoma. Kaposi's sarcoma 1esions are composed of various cellular
lineages, probably main1y endothelial cells and fibroblastoid cells, which proliferate in
response to several growth factors. The HIV - 1 Tat protein has been shown to have
angiogenic properties in animal models and to stimu1ate the growth of Kaposi's sarcoma
spindle cells in vitro, and may therefore be a factor for the deve10pment of Kaposi's
sarcoma 1esions. ln addition to extracellular Tat, increased cytokine levels found in AIDS
patients may be responsible for this effect. The production of these growth factors and
the proliferation of spind1e and endothelial cells may be associated with an additiona1
infectious agent. HHV -8 seems the best candidate reported so far, but its role in the
pathogenesis of Kaposi' s sarcoma remains to be clarified.

Regarding non-Hodgkin's lymphoma, consistent failure to unequivocally detect
HIV -1 sequences within the tumour clone suggests that HIV - 1 does not directly cause
transformation of B-cell lymphocytes. its role in Iymphomagenesis seems to be indirect
and related to an effect of HIV - 1 on immunoregulation. Several host factors (disrupted
immunosurveillance, chronic antigen stimulation and cytokine dysregulation) play a role
in Iymphoma pathogenesis in HIV - 1 -infected persons. This results in oligoclona1
expansion, which common1y occurs in the early phases of HIV - 1 infection, corres-
ponding to B-cell proliferation.

The potential ro1e of cofactors in AIDS-related lymphomagenesis differs depending
on the histopathological type and site of disease. Patho10gica1 and molecular data show
that somatic genetic changes are frequentIy invo1ved in the development of AIDS-related
non-Hodgkin' s lymphomas. These genetic changes c1uster in distinct molecular path-
ways which corre1ate with different patho10gica1 types.

The frequent association of c-myc deregulation and p53 inactivation in small non-
cleaved-cell lymphoma may imply a synergistic involvement of these two events in the
pathogenesis of this tumour. The striking association betweenEBV infection and specific
types of 1ymphomas in HIV - 1 -infected persons (those arising primarily in the brain and
body cavities as well as CD30+ anaplastic large-cell 1ymphoma and Hodgkin 's disease)
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suggests that EBV may be important in their pathogenesis. The putative transforming
role of EBV is further strengthened by data showing that the transforming genes of EBV,
encoding EBV nuclear antigen-2 and EBV latent membrane protein- 1, are expressed in
EBV -positive tumour cells.

Preliminary evidence suggests that HHV -8 has a role in inducing some AIDS-related
Iymphoproliferative disorders in HIV - 1 -infected persons such as body cavity-based
lymphoma and multicentric Castleman' s disease.

The immunosuppressive effect of HIV - 1 infection may promote the developmentof
HPV -related precancerous and anogenital lesions. HIV - 1 tat may also enhance their
development.

5.5 Evaluation 1

There is sufficient evidence .In humans for the carcinogenicity of infection with
HIV - 1.

There IS inadequate evidence in humans for the carcinogenicity of infection with
HIV-2.

Overall evaluation

Infection with HIV - 1 is carcinogenic to humans (Croup 1).

Infection with HIV -2 is possibly carcinogenic to humans (Croup 28).
ln making this eva1uation, the Working Group took into account data indicating that

HIV -2 infection can show the same c1inica1 manifestations, including severe immune
deficiency, as HIV - 1 infection.
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1. Exposure Data

1.1 Structure, taxonomy and biology

1.1.1 Structure

The structure of retroviruses is reviewed in the monograph on human immuno-
deficiency viruses (HIV) in this volume. The human T-cell lymphotropic (T-cell Ieu-
kaemia/lymphoma) viruses (HTL V) are enveloped viruses with a diameter of approxi-
mately 80-100 nm (Figure 1). The HTLV virions contain two covalently bound genomic
RNA strands, which are complexed with the viral enzymes reverse transcriptase (RT;
with associated RNase H activity), integrase and protease and the capsid proteins. The
outer part of the virions consists of a membrane-associated matrix protein and a lipid
Iayer intersected by the envelope proteins (GeIderbIom, 1991).

Figure 1. An electron micrograph of HTL V -1 virus

Courtes y of Dr Bernard Kramarsky, Advanced Biotechnologies,
Inc., Columbia, MD, USA

1.1.2 T axonomy and phylogeny

Traditionally, retroviruses (family Retroviridae) have been cIassified according to a
combination of criteria incIuding disease association, morphoIogy and cytopathic effects
in vitro. On this basis three subfamiIies were defined. The oncoviruses (Greek,

onkos = mass, swelling) consist of four morphological subtypes which are associated
with tumours in naturally or experimentally infected animaIs, and non-oncogenic related
viruses. The second group, the Ientiviruses (Latin, lentus = slow), cause a variety of
diseases including immunodeficiency and wasting syndromes, usually after a long period
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of clinical latency. The third subfamily, the spumaviruses (Latin, spuma = foam), so
called because of the characteristic 'foamy' appearance induced in infected cells in vitro,
have not been conclusively 1inked to any disease. More recently, the International
Committee on the Taxonomy of Viruses has divided the Retroviridae family into seven
genera on the basis of genetic structure. The 1entiviruses and spumaviruses each consti-
tute a genus; the oncoviruses have been subdivided into five genera (Coffin, 1996). The
HTL V s form one of these genera, a10ng with the related bovine and simian viruses (see
Section 1.1.4), and in turn can be divided into type 1 (HTLV-I) and type II (HTLV-II)
according to their genetic composition and serotype. The genotypes of HTL V types 1 and
II are re1ated to each other; within these types, genetic variability is greater in the type 1
group. By the use of the po1ymerase chain reaction (PCR) and sequencing, strain

variation within types has been characterized in viruses l'rom humans residing in
different geographica1 areas.

The term HTL V -III was assigned to a virus which was later defined as HIV - 1 (see the
monograph in this volume).

Three subtypes of HTL V -1 (known as clades (Myers et al., 1993), which are defined
as groups of viral strains with corn mon nucleotides at any given position in the DNA
sequence analysed) can be recognized using several analytical methods and by studying
different viral genes (Figure 2) (Koralnik et (fI., 1(94).

The cosmopo1itan clade (HTL V -1(,,,,), found in many populations across the world
(also known as HTL V -lA), represents a very homogeneous group of viruses. ln the New
World, HTL V -1(,,,,,, was probably introduced by the slave trade (Gallo et (fI., 1983;
Gessain et (fI., 1992a; Koralnik et aL., 1994) (see Figure 2).

'-

The second clade (HTL V -I/;ir)' also known as HTL V -IB, was identified in central
African populations in the Zairian basin (Figure 2) (Gessain et al., 1992a).

The third clade (HTL V -lM) was identified in inhabitants of Papua-New Guinea and
the Solomon Islands and later in Australian Aboriginals (Bastian et al., 1993; Gessain
et al., 1993). Phylogenetic analysis has shown that this clade (a1so known as HTL V -IC)
and HTL V -1(,,,,,, probably evolved independent1y from a common ancestor (Figure 2).
Analysis of sequence variations among these viral strains suggests that the HTL V -l,ici
clade diverged earliest, before the split between the HTL V -IZaire and HTL V -I("'ll groups.

Two other subgroups have been proposed within the HTL V -1(,,,,, clade, but rigorous
phylogenetic ana1ysis does not appear to support this notion.

Phylogenetically, HTL V -II separates into three clades: lia, IIb and I1c. HTL V -lIa

and b can be further divided into severa1 subgroups (Dube et al.,1993; Neel et al., 1994;
Eirakuetal., 1995; Gessain et al., 1995a;Switzeretal., 1995; Biggaretal., 1996; Eiraku
et al., 1996). Approximately 70% of HTL V -II from intravenous drug users has been
found to be HTL V -lIa. Amerindian tribes from Central and North America have the
distinct type IIb, whereas remote Amazonian tribes harbour mainly subtype lIa (Biggar
et al., 1996; Eiraku et aL., i 996). These findings suggest that ancestral Amerindians who
migrated to the New World brought at least two and possibly three genetic subtypes of
HTL V-II (Neel et aL., i 994; Biggar et aL., i 996; Eiraku et aL., i 996).
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Figure 2. Relationships between HTL V and STL V clades
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Top: Geographical origin of the samples studied. Hl corresponds to the
HTLv-ic",,, clade, H2 to the HTLV-IzaifC and H3 to HTLV-IMei. The
simian clades (5) are numbered according to the species of origin and
their geographical origin.
Based on the data presented by Koralnik et aL. (1994)

1.1.3 Host range

HTL V -1 and HTL V -II have been iso1ated from humans (Poiesz et al., 1980;

Kalyanaraman et aL., 1982). Under experimenta1 conditions, both HTL V -1 and HTL V-II
infect rabbits (Miyoshi et aL., i 985; Cockerell et aL., i 99 1) and HTL V - 1 can a1so infect

rats (Yoshiki et aL., 1987; Ibrahim et aL., 1994). Among non-human primates, HTLV-I
isolates have been shown to infect rhesus macaques (Macaca mulatta) (Lerche et aL.,
1987), cynomo1gus monkeys (M. jascicularis) and squirrel monkeys (Saimiri sciureus)
(Yamamoto et aL., 1984; Nakamura et aL., i 986). (See also Section 3).
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1.1.4 Related non-human primate viruses

Viruses reIated to HTL V have been isoIated from non-human primates. These are
known as simian T-cell 1ymphotropic viruses (5TLVs). DNA analysis of STLV-I strains
of African and Asian origin has led to several conclusions. 5TL V - 1 from a single species

can be sorted into genetically distinct clades. The distribution of STL V - 1 phylogenetic

clades from Cercopithecus aethiops (African green monkey), Pan troglodytes (the
common chimpanzee) and Papio (baboon) (respectiveIy S3 and S6; 52 and S5; 54 and
S7 in Figure 2) indicates that these retroviruses did not evolve within each species and
suggests interspecies transfer within the primate genera, including man.

The human HTLV-IZaire and the cornmon chimpanzee clade S5 are closely re1ated
(Figure 2), suggesting that the human clade may have resuIted from cross-species trans-
mission of chimpanzee STL V -1 to humans. Two additionaI examp1es of interspecies
transmission which are suggested by the phy10genetic analysis of STL V - 1 from African
primates with different geographical origins (KoraInik et al., 1994) are shown in
Figure 2. ln the equatoriaI region of Africa, the STL V - 1 clades S2, S3 and S5 and HTL V-
IZaire are grouped by geographical region rather th an species. Similarly, 5TLV-I clades S6
and 57 cluster in the eastem part of the continent. ln addition, viral strains obtained from
a West African baboon aIso cluster with the HTL V - Icosm clade.

The SI clade, from Asia, con tains heterogeneous members and is close1y reIated to
HTL V -IMci' These results indicate the evo1ution of three clades in the human species and
suggest that at least three independent introductions of HTL V - 1 into humans occurred
during the evolution of these retroviruses. A simple interpretation of the global dissemi-
nation of these retroviruses might be the following. Ancestors of HTL V - 1 and STL V - 1

entered primates in Asia and were transmitted to several species. Primates infected with
STL V s migrated to Africa, where the viruses were transmitted to local primate genera

(Cercopithecus, Papio, Pan and humans). Meanwhile, HTL V - IMel emerged by a separate
primate-to-human transfer in Melanesia. More recent human migratory patterns, inclu-
ding the slave trade, led to the dissemination of the cosmopolitan HTL V -1 clade

worldwide. This hypothesis implies the existence of STL V for over 30 000 000 years, at
Ieast since the end of the Oligocene epoch and the beginning of the Miocene era, when
the continents were Iinked, favouring contacts between primate species (Martin, 1990).

The recent description of STL V s in two species of African primates, the pygmy
chimpanzees (Pan paniscus) and baboons from Ethiopia, adds further complexity to our
picture of the evolution of the STL V sand HTL V s. Two closely related viruses (Giri
et al., 1994; Liu et aL., 1994) isoIated from pygmy chimpanzees that Iive exclusively in
central Africa (Kano, 1984; de Waal, 1995) are nearer to HTLV-II th an to HTLV-I (Giri
et al., 1994; Liu et al., 1994). This finding, in addition to the discovery of sporadic cases
of HTLV-II infection in human pygmies (Goubau et aL., 1992; Gessain et aL., 1995a),
raises questions concerning the origin and evolution of HTL V-II, previous1y thought to

be a New WorId virus. Another STL V, designated primate T-lymphotropic virus-L
(PTL V -L) (Goubau et al., 1994), appears to be phylogenetically equidistant between

HTLV-I and HTLV-II.
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The observations of interspecies transmission of these phyIogenetically distinct
vifUses among non-human primates (Saksena et aL., 1994) (see Section 3.2) and of inde-
terminate seroIogicaI profiles of HTL V s (see Section 1.2) found in sorne human popu-
lations raise the question of the existence of other HTL V -related vifUses in addition ta
HTLV-I and HTLV-II in humans (see aIso Figure 3).

Figure 3. Phylogenetic analysis of HTL V - I/STL V - 1 and HTL V - II/STL V-II

0.2H5

0.1

., 1.0
H70.3

5

O.

1

1. H19

O.

50

1.
Hatk

1.t PPA-5x28
O.

24
PTR-114.1

1.5
117

HZ15

O. 3.4
55 CAE-59

2.11 CAE-9306
O.

5
1.11

PTR-X901.3 O.t
97 65

1.11
PTR-2042

2.2 1.4 PCY -2304
100

2.7
CAE-6242

5.0
HMEL1

4.t
MNE-PTM3

5.5
MFA-C194

Il.0
MMU-39.83

0.2 HPYGCAM

1.3

99 .Z
HG12

100 0.2 HTLV-2

Z.O

1000.4
HTLV-2

0.7
lU

12.5
100

7.7

9.3

100

HTL V-I

Cosmopolitan

JS4

JS5
J HllV-1Zairian

JS6

JS4

JS2

JS7
JS6

J HTLV-IMelanesian

J,

HTL V-II

13.2
STLV pan-p J STLV-II

The DNA sequence of a 522 bp envelope fragment from various STL V and HTL V strains was used in a
neighbour-joining analysis to define their phylogenetic relationship.
Adapted from Koralnik et aL. (1994)



266 IARC MONOGRAPHS VOLUME 67

1.1.5 Target tissue (in vitro and in vivo)

HTLV-I infects CD4+ T-cells and occasionally CD8+ T-cells in vitro (Markham et aL.,
1983; Popovic et aL., 1983) and, less efficiently, other cells inc1uding macrophages, B-
cells and glial cells (Longo et aL., 1984; Hoffman et al., 1992; Koralnik et aL., I992a).
ln vivo, HTL V -1 is mainly, if not exc1usively, associated with CD4+ T-cells (Richardson
et aL., 1990). HTLV-II infects main1y CD8+ T-cells in vitro and a1most exc1usive1y CD8+
T-cells in vivo (Rosenblatt et aL., 1988a; Hall et aL., 1994).

1.1.6 Genomic structure and properties ofgene products

The HTLV-I genome (Seiki et al., 1983) of approximately 9 kb encodes structural
proteins (Gag and Env), enzymes (RT, integrase and protease) and regulatory proteins
(Tax and Rex). The two long terminal repeats (L TR) located at the 5' and 3' ends of the
viral genome contain the viral promoter and other regulatory elements. HTL V -1 increases

its comp1exity by alternative splicing of viral messenger ribonucleic acid (mRNA) in the
region at the 3' end of the genome known as pX (Seiki et al., 1985; Aldovini et al., 1986;
Nagashima et al., 1986; Furukawa et al., 1991; Orita et al., 1991; Berneman et al.,
1992a; Koralnik et aL., 1992b; Orita et al., 1993), which contains at least four open-
reading frames (Git1in et aL., 1993), and possibly by the use of an internaI promoter
(Nosaka et al., 1993). The regulatory proteins Tax and Rex are derived from this region.
Rex, a post-transcriptional regulator of viral expression (Kiyokawa et aL., 1985; Hidaka
et al., 1988; Inoue et al., 1991), and Tax, the viral transactivator of transcription
(Sodroski et al., 1984; Cann et al., 1985; Felber et al., 1985), are both encoded by
double-spliced polycistronic mRNAs in open reading frames III and IV.

Tax, the 42 kDa viral transactivator, is a nucIear phosphoprotein which exerts its
effect on the Tax-responsive e1ements (TRE- 1 and TRE-2) located in the U3 region of
the viral L TR (Sodroski et al., 1984; Felber et al., 1985). Tax does not bind direct1y to
TRE- 1 or TRE-2, but activates other transcriptional factors which do so. Members of the
cyc1ic AMP (c-AMP)-responsive element-binding proteins and activating transcription
factor (CREB/A TF) family (leucine zipper protein) have been shown to interact with
TRE-1 (a 21-bp repeated element) (Jeang et al., 1988a; Willems et al., 1992a; Suzuki
et al., 1993; Adam et al., 1994), whereas TRE-2 contains binding sites for other
transcriptional factors such as Sp 1, TIF-l, Ets 1 and Myb (Bosse1ut et al., 1990; Gitlin
et al., 1991; Bosselut et al., 1992; Franchini, 1995) (reviewed in Git1in et aL., 1993;
y oshida, 1994). ln addition to this complex transactivation of the viral L TR U3 region,
Tax also positive1y transactivates cellular genes. Tax-mediated transactivation pathways
and the resulting effects on cellular gene expression are discussed in detai1 in Section 4.3.

Rex (Kiyokawa et al., 1985; Nagashima et al., 1986; Hidaka et aL., 1988; Inoue et al.,
1991), generated by the same double-spliced mRN A that encodes Tax, is a 27 kDa
nucleo1ar phosphoprotein which regulates the balance of single- and double-spliced
versus unspIieed viral mRNAs necessary for viral replication. Rex stimulates the
expression of both the single-splieed mRNA for the envelope gene and the unspliced
viral genomic RNA for the Gag/Pol proteins. However, it inhibits the splicing and
transport of double-spliced mRNAs which encode for Rex itself, Tax and the other
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alternatively spliced mRNAs in the pX region. The effect of Rex on mRNA level is
exerted in trans on the cis-acting Rex response e1ement (Rex RE), a highly stable RNA
stem-loop structure in the U3/R region of the 3' L TR (Seiki et al., 1985; y oshida &
Seiki, 1987; Hanly et al., 1989). Since the Rex RE stem structure is present in all viral
mRNAs, the differential regu1ation of sp!iced versus unsp!iced mRNA by Rex also relies
on other cis elements in the viral genome (Black et al., 1994a). Rex also stabilizes the
mRNA for the interleukin (lL)-2Ra chain by acting in trans on the coding sequence of
the IL-2Ra chain gene (Kanamori et al., 1990), as well as indirectly potentiating IL-2
gene expression in concert with Tax (McGuire et al., 1993).

1.1.7 Other genes encoded 17)' open reading ¡rames L, Il and III in the HTL V-I pX
regLOn

The doub1e-spliced mRNA that encodes Tax and Rex also encodes another protein,
p21 "'.111, a cytoplasmic protein of unknown function (Furukawa et al., 1991), that has been
identified in severa1 HTL V -I-infected ceIl lines. Transcripts for p2 )',.''11 have been found
to be highly expressed a1so in uncu1tured adult T -cell leukaemia/lymphoma (A TLL)
samp1es (Berneman et al., 1 992b). Three other proteins are encoded by alternative
sp1icing of the pX region and transcripts for these mRNAs have been demonstrated in
infected cells in vitro and in ex-vivo samples from hea1thy individua1s as weIl as from
patients with A TLL and tropical spastic paraparesis/HTL V -I-associated myelopathy

(TSP/HAM) (Berneman et al., 1 992b; Ciminale et al., 1992; Koralnik et al., 1 992b; OrIta
et al., 1993). Double- and sing1e-sp1iced mRNAs from open reading frame 1 encode a
single protein of 12 kDa (p 12') in transfected cells (Kora1nik et al., 1993).

The p 1311 and p3011 proteins, encoded by open reading frame II in the pX region, are

expressed in the nucleus and nucleoli, respectively, of transfected cells (Koralnik et aL.,
1993). Neither pi 311 nor p3011 influences the activity of the regu1atory genes tax and rex

(Roithmann et al., 1994).
Four additional proteins are expressed in HTL V -II from open-reading frames l, II, III

and V (Ciminale et aL., 1995). Schematic representations of the most recent genomic
maps of HTL V -1 and HTL V -II are presented in Figure 4.

Spliced genes from the pX region of the bovine leukaemia virus (BL V) have also

been described. This distant relative of HTL V causes B-cell leukaemia in caule
(Alexandersen et aL., 1993; Kettmann et al., 1994), of which the c1inical stages mirror
those of HTL V -I-induced A TLL in humans (see Section 3.3). BL V encodes genes
functionally equivalent to Tax and Rex and other proteins from the pX region. ln a
leukaemogenic BL V molecu1ar clone, deletion of the R3 and G4 open reading frames
(which are topologically equivalent to HTL V -1 open reading frames 1 and II) results in an
attenuated viral phenotype in vivo (Willems et al., 1994) (see also Section 3.3.2).
Whether there is a bio10gical re1ationship between these proteins encoded by the BL V
and HTL V - 1 pX region is uncertain. ln the case of HTL V-II, deletion of the region

encoding these proteins but sparing the tax and rex genes does not alter its ability to
immortalize T-cells in vitro (Green et aL., 1995).
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Figure 4. Schematic representation of the genomic structure
ofHTLV-I and HTLV-II
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1.2 Methods of detection

The confirmed presence of HTL V - 1 or HTL V-II antibodies is considered to represent
current infection, because, as with other human retroviruses, once acquired, infection is
lifeIong. This has been confirmed by viroIogical and molecular studies.

1.2.1 Serological detection of specifie antibodies

Two successive steps are generally necessary to demonstrate the presence of specific
antibodies against HTL V - 1 or HTL V - II in serum, plasma, cerebrospinal fluid or other

body fluids (Verdier et al., 1990; Lai & Heinene, 1996). The first is a screening assay,
while the second is a confirmatory test which can also discriminate between antibodies
directed specifically against HTL V - 1 or HTL V-II. The screening assays include enzyme-
Iinked immunosorbent assay (ELISA), particle agglutination assay and immunofIuo-
rescence. AlI three methods can be used quantitatively (Gessain et al., 1988).

Commercial ELISA tests use, either alone or in combination, disrupted purified
virions or specific peptides and recombinant proteins of HTLV-I or HTLV-II (Chen
et al., 1990; LilIehoj et al., 1990; Lai et al., 1991; Washitani et al., 1991; Bonis et al.,
1993; Rudolph et al., 1993, 1994; LaI, 1996). The specificity and sensitivity of these
assays have been defined (Kline et al., 1991; Wiktor et al., 1991; Cossen et al., 1992;
KaropoIous et al., 1993; J ang et aL. 1995). The use of additional specific peptides or
recombinant proteins in earIier assays has increased their specificity.

The particle agglutination test uses gelatin paricles sensitized with HTL V - 1 antigens

(Ikeda et aL., 1984; Fujino et al., 1991).
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The indirect immunofluorescence test uses HTL V - 1 - and HTL V - II -producing cell
lines as antigens (Aoki et al., 1985; Gallo et al., 1991).

Confirmatory assays use western blot, radioimmuno-precipitation and immunofluo-
rescence. AIl commercial western bIots contain disrupted purified HTL V - 1 virions (Gallo
et al., 1994a). Generally, HTLV-I and HTLV-II induce antibodies directed against Gag
proteins (p19 and p24) and their p53 precursor and Env glycoproteins (gp21 and gp46).
Due to significant differences between HTL V - 1 and HTL V - II in the sequences of pl 9
and p24, HTLV-I-infected serum generally exhibits a stronger reactivity against p19 than
against p24, whiIe the opposite is true for HTL V-II (Wiktor et al., 1990). Some of these
western b10t assays have been suppIemented by the addition of native gp46 specific ta
HTLV-I or recombinant gp21, recognized by both anti-HTLV-I and anti-HTLV-II anti-
bodies (LaI et al., 1992a,b; Kleinman et al., 1994; Had10ck et al., 1995). HTL V -1 and

HTL V -II antibodies can be discriminated by the addition of synthetic specific peptides
from the gp46 of HTLV-I (MTAI) and HTLV-II (K55) (Lipka et al., 1990; Hadlock
et al., 1992; Lipka et al., 1992; Roberts et aL., 1993).

A WHO working committee (WHO, 1990) proposed that confirmation of HTL V-I
seropositivity must be based upon reactivity both to at least one gag-encoded protein
(p19, p24) and to one or two env-encoded glycoproteins (gp2I, gp46). However, more
stringent criteria for HTL V -1 and HTL V -II serodiagnosis have been proposed (HTL V
European Research Network, 1996).

Indirect immunofluorescence has been used as a confirmatory assay to discriminate
between HTLV-I and HTLV-II infection (Gallo et aL., 1991).

Radioimmuno-precipitation is more sensitive than western blot, but is rarely used as a
confirmatory assay because it is time-consuming, expensive and uses radioactive
material. It has been useful in the detection of gp21 and gp46 seroreactivities in sorne
unusua1 sero-indeterminate western bIot patterns (Aboulafia et al., 1993; Gallo et aL.,
1994b ).

Most of the immunoglobulins detected are IgG (LaI et al., 1993), but IgA and IgM
can aIso be detected at certain periods of infection (Robert -Guroff et al., 1981; Manns
et al., 1991, 1994).

Severa1 algorithms have been used for the detection and confirmation of HTL V - 1 - or
HTLV-II-positive serum specimens at blood banksin Japan (Aoki et al., 1985), the
United States (Busch et al., 1994) and Europe (Tosswill et al., 1992; Taylor, 1996).
However, sorne of the assays used for screening are less sensitive for HTL V-II than for
HTLV-I and several studies have shown that HTLV-II may go undetected in blood
donors (Hjelle et al., 1993; Weiss, 1994; Zehender et al., 1996).

1.2.2 Detection and characterization of viral nucleic acids

HTL V - 1 and HTL V-II are mainl y cell-associated viruses. PCR allows the direct

detection of pro viral DNA sequences of HTLV-I or HTLV-II in cellular DNA (Ehrlich
et al., 1990), which is usually obtained from peripheral bIood mononuclear celIs

(PBMCs) found not only in bIood but aIso in semen, breast miIk and other body fluids
(Iwahara et al., 1990). Primer pairs specific for HTLV-I and/or HTLV-II have been
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deve10ped from the pol and tax regions (Ehrlich et aL., 1990). The genetic variability of
both HTL V -1 and HTL V -II is sufficiently 10w to permit the detection of the great

majority of the existing viral strains.
Single-round PCR with 30/35 cycles can detect specific HTL V -1 or HTL V -II provira1

sequences in the DNA of PBMCs of persons with A TLL or TSP/HAM and in most
healthy carriers. However, nested PCR is required for the detection of HTL V-I provira1
sequences in a few individuals with a 10w viral 1eveL. The viral DNA can be sequenced
either directly after PCR (Komurian et al., 1991) or after cloning in one of several
possible vectors (Gessain et al., 1993). A simp1er method to determine HTL V -1 or
HTL V -II viral subtype involves restriction fragment 1ength polymorphism (RFLP) ana-
lysis of either LTR or the env gene (Ureta-Vidal et al., 1994).

The clonaI integration of provirus(es) in A TLL cells can be demonstrated by Southern
b10t ana1ysis (Yamaguchi et al., 1984) and/or inverse PCR (Takemoto et al., 1994).

ln-vivo expression of HTLV-I or HTLV-II viral antigens is very low. Detection of
viral RNA can generally be achieved only by very sensitive methods such as RT/PCR or
in-situ hybridization (Gessain et al., 1991). ln-situ PCR has recently been applied to
HTLV-I infection (Levin et al., 1996).

Quantification of the provira1 copy number in the DNA of PBMCs can be achieved by
several techniques (Tachibana et al., 1992; Matsumura et al., 1993; Cimarelli et al.,
1995; Miyata et al., 1995; Morand-Joubert et al., 1995) (see Section 4.3. 1).

1.2.3 Isolation of HTLV-I and HTLV-I/

Culture, in the presence of IL-2, of PBMCs from HTLV-I- or HTLV-II-infected
individuals can 1ead, usually after several months, to the establishment of long-term T-
cell lines which are either CD4+ or CD8+ cells expressing markers of activation (CD25,
HLA-DR) (Gessain et al., 1 990a; Dezzutti et al., 1993). These clonaI T-cell lines, which
can also be established by co-culture of PBMCs with phytohaemagg1utinin-stimulated
cord b100d, produce viral particles, visible by electron microscopy, and viral antigens, as
demonstrated by specific immunofluorescence using either po1yc1ona1 or monoclonal

antibodies directed against pl 9 (Robert-Guroff et al., 1981), p24 (Gessain et aL., i 990b)
or gp46 (Edouard et al., 1994). These cell lines re1ease viral Gag antigens into the culture
supernatant, detectable by an antigen capture assay. The use of the BJAB cell line is very
useful to iso1ate HTLV-II from cultured PBMCs of a patient co-infected with HTLV-II
and HIV (Hall et al., 1992).

1.2.4 Sero-indetenninate HTLV-I western blots

There are difficu1ties in interpreting sorne western b10ts of HTL V -1 or HTL V -II in
serum specimens, particularly those from tropical areas (Weber et aL., 1989; Verdier
et al., 1990; Gessain et al., 1995a). A high percentage of western blots of specimens
from equatorial Africa and Me1anesia exhibit indeterminate patterns, with reactivities to
'gag-encoded proteins' p19, and/or p24 and/or p53 and/or proteins of uncertain origin
(p26, p28, p32 and p36), but without reactivity to Env glycoproteins gp2l and gp46
(Garin et aL., 1994). As a consequence, a number of studies have overestimated the
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HTL V -1 seroprevalence in these regions (Biggar et al., 1985; Brabin et al., 1989; Garin

et al., 1994). ln an effort to standardize results, more stringent criteria for western b10t

positivity have been proposed by WHO (1990) and by the Centers for Disease Control
and Prevention (CDC) (1992).

With commercial HTL V -1 western blot kits that contain only low amounts of native
glycoprotein (gp2 1, gp46), only persons with high HTL V -1 titres, such as patients with
TSP/HAM, exhibit a clear Env reactivity. Despite significant progress in specificity of
western blot assays, sorne problems remain; for example, the low specificity of sero-
reactivity directed against the recombinant Env gp21 1eads to fa1se-positive inter-
pretations. A modified version of this recombinant antigen with higher specificity is now
available (Vanna et al., 1995). The WHO and the CDC diagnostic guidelines need to be
further validated for samples originating from tropical areas (Gessain et al., 1995b).

1.2.5 Seronegative HTLV-I-infected individuals

A few individuals have been described who are seronegative for both HTL V -1 and

HTL V-II, but in whom fragments of HTL V - 1 provirus in their PBMCs have been
detected by PCR. ln sorne West Indian HTL V -I-seronegative patients with a c1inical
TSP/HAM syndrome, sorne investigators have demonstrated the presence of HTL V -1-
re1ated sequences in their PBMC DNA. ln most such cases, the detected sequences were
small fragments of the tax and/or pol genes. Recently, an HTLV-I-seronegative

TSP/HAM patient harbouring a defective HTL V -1 virus in his PBMCs was reported
(Daenke et al., 1994). However, most studies indicate that, in healthy individua1s, this is
very rare, even in HTLV-I endemic areas. Thus, several studies performed in Japan, in
the Caribbean region and in the United States have failed to detect HTL V -1 proviraI
sequences in the DNA of PBMCs from seronegative subjects, even children born to
HTLV-I-seropositive parents. The possibility of a cryptic infection in which HTLV-I
resides elsewhere than in the peripheral blood remains, however, a possibility.

The issue of detection of proviral HTL V sequences in seronegative patients with
cutaneous T-cell lymphomas other than A TLL is discussed in Section 2.1.2.

1.3 Epidemiology of HTL V infection

1.3.1 HTLV- 1 transmission

Three modes of transmission have been demonstrated for HTL V - i.

(a) Mother-to-child transmission

Mother-to-chi1d transmission represents a major mode of transmission of HTLV-I in
endemic areas, mainly due to breast-feeding beyond six months (Hino, 1990a; Tajima
et aL., 1990a; Takahashi et al., 1991; Monplaisir et aL., 1993; Wiktor et aL., 1993; Hino
et al., 1994), after which time the protective IgG maternaI antibodies decline (Takahashi
et aL., 1991). Seroconversion (the development of detectable specific antibodies to the
virus in the serum) in children occurs between 18 and 24 months of age (Takahashi et al.,
1991). Depending on the population studied, 10-25% of breast-fed children from
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HTL V -I-seropositive mothers become infected with the virus (Ando et al., 1987; Hino

et al., 1987a,b; Hino, 1990a; Tajima et aL., 1990a; Takahashi et al., 1991; Ando et al.,
1993; Monplaisir et aL., 1993; Hino et al., 1994). This transmission is linked to the
presence of HTL V -1 provirus in mononuc1ear ceIls in breast milk (Kinoshita et al., 1984,
1985a). MaternaI factors associated with transmission, which correIate with high HTL v-
1 viral Ioad, are: high HTL V -1 antibody titres directed against the whole virus, presence
of anti-Tax antibodies and in-vitro maternaI HTLV-I antigen expression in short-term
culture (Sugiyama et aL., 1986; Hino et aL., 1987 a; Sawada et al., 1989; Kashiwagi et aL.,
1990; Wiktor et al., 1993). Other factors inc1ude the presence of antibodies directed
against certain immunogenic epitopes of the gp46 envelope glycoprotein and maternaI
age:: 30 years (Wiktor et al., 1993).

Strong evidence that breast-feeding plays the pr.edominant role in mother-to-child
transmission cornes from Japanese studies in which advice to HTL V -I-seropositive
mothers not to breast-feed their babies resulted in a significant decrease in mother-to-
child transmission of the virus, aIbeit with unexp1ained regional variation (Ando et al.,
1987; Hino et al., 1987a; Tsuji et aL., 1990; Hino et al., 1994; Katamine et al., 1994).
Thus in Nagasaki prefecture, the risk of the maternaI transmission was reduced from 20-
30% to 3% by bottle feeding (Hino et al., 1994; Takezaki et al., 1996), whereas in
Okinawa prefecture about 13% of bottle-fed chiIdren (aIl under 10 years of age and none
transfused) born to carrier mothers were infected by HTL V - I. Evidence against trans-
placental transmission cornes from a study in which no ne of seven children with HTL V-I
proviral DNA-positive cord bIood ceIls seroconverted by 24--8 months. The observation
that no ne of the cord blood sampIes of ni ne formula- fed children, who were Iater
confirmed to be infected, was positive for HTL V - 1 suggests that intrauterine infection
was not the cause of viral transmission (Katamine et al., 1994).

There are no data on the role of vaginal deIi very in HTL V - 1 transmission.

(b) Sexual transmission

HTL V - 1 is sexually transmissible and this transmission is more efficient from men to
women than the reverse (Tajima et aL., 1982; Kajiyama et al., 1986; Stuver et aL., 1993;
Take et al., 1993; Figueroa et al., 1995; Takezaki et al., 1995). The risk for transmission,
over 10 years, from seropositive husbands to wives has been calculated at 60%, whereas
that for transmission from wives to husbands was onIy 0.4% (Kajiyama et aL., 1986).
Another study reported that over 50% of the wives of HTL V - 1 seropositive husbands

were infected within one to four years after marriage (Take et al., 1993). Female prosti-
tutes of Fukuoka (J apan) had a significantly higher seroprevaIence of HTL V - 1 antibodies
than various control populations (Nakashima et aL., 1995). ln prostitutes in Peru, HTL V-I
seropositivity was Iinked to duration of prostitution, Iack of consistent condom use and
past infection with Chlamydia trachomatis (WignaIl et al., 1992; Gotuzzo et al., 1994).
ln a group of 409 Zairian prostitutes from Kinshasa, the annual incidence of HTL V - 1 was

0.7% (DeIaporte et al., 1995). Risk factors for HTLV-I infection in Jamaican women
attending sexuaIly transmitted disease c1inics included multiple sexuaI parnership, a
CUITent diagnosis of syphilis and the presence of other venere al diseases (Murphy et al.,
1989a). Further strong evidence for sexuaIly transmitted infection comes from a
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prospective study of 600 subjects over the age of 40 years tested during 1976-93; eight
seroconverted, of whom five had an HTLV-I-seropositive spouse and two seroconverted
after bIood transfusions (Takezaki et al., 1995). ln Europe, HTLV-I-infected blood
donors, who are usually fema1e, are a1most always from an endemic area or have had
sexual intercourse with a person from an HTL V -1 endemic area (The HTL V Europe
Research Network, 1996; Taylor, 1996). Seroconversion in the female partner of a trans-
plant recipient infected by blood transfusion has aIso been documented (Gout et aL.,
1990) .

(c) Transmission by blood

Infection by blood transfusion appears to be the most efficient mode of HTL V - 1 trans-
mission, with a 15-60% risk of infection among recipients of a contaminated cellular
blood product (Okochi et al., 1984; Inaba et al., 1989; Manns et al., 1991; Sandler et al.,
1991; Manns et al., 1992; Donegan et al., 1994). Fresh frozen plasma, which is acellu1ar,
is not infectious. PlateIets are more Iikely th an red bIood cells to transmit HTL V - 1

infection when transfused, probab1y because they are more heavily contaminated by T
lymphocytes (Okochi et al., 1984; Lairmore et al., 1989; Manns et aL., 1991; Sandler et
aL., 1991; Manns et al., 1992). Infectivity decreases with increasing duration of storage at
4°C, a temperature at which lymphocyte survival is reduced. ln a study in Jamaica,
immunosuppressive therapy at the time of transfusion was found to increase the risk of
HTL V-I seroconversion (Manns et al., 1992).

ln highIy endemic areas such as southern Japan and the West Indies, with a 0.5-5%
HTLV-I seroprevaIence among b100d donors (Gessain et aL., 1984; Minamoto et al.,
1988), multi-transfused patients (Barbara, 1994) including renaI transplant recipients
(Linhares et al., 1994) have high HTL V - 1 seroprevaIence. Screening of bIood donations

has been implemented in Japan (Maeda et al., 1984; Okochi et al., 1984), French Guiana
and the Caribbean isIands of Martinique and Guadeloupe (Massari et aL., 1994; PilloneI
et aL., 1994), the United States (Williams et al., 1988; Lee et al., 1991; SandIer et al.,
1991), Canada, France (Couroucé et al., 1993; Massari et al., 1994; PiloneI et al., 1994)
and Denmark (Bohn Christian sen et aL., 1995) and Netherlands during the 1ast decade.
The issues in relation to testing blood donors in other European countries have been
discussed (Salker et al., 1990; Brennan et al., 1993; Soriano et aL., 1993; Taylor, 1996).
ln areas of low endemicity (0.002-0.02% among blood donors) such as metropoIitan
France and the United States, HTLV-I seropositivity among donors is associated main1y
with birth in highly endemic regions (such as the West Indies) or with having sexuaI
partners from endemic areas. ln various African and South American countries, where
HTL V-I seroprevalence in bIood donors ranges from 0.2% to 1 %, it has been suggested
that compulsory HTL V -1 screening of donors shouId be considered (Gutfraind et al.,
1994; Ferreira et al., 1995).

Transmission of both HTL V - 1 and HTL V-II between intravenous drug users has been
documented, with a higher rate for HTLV-II than for HTLV-I (Hall et aL., 1994;
Schwebke et aL., 1994; Hall et aL., 1996).
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1.3.2 Animal modeL'ì of HTL V-i transmission

Experiments have demonstrated that HTL V - 1 can be transmitted to and infect several
species of monkeys (Yamamoto et al., 1984; Nakamura et aL., 1986), rabbits (Miyoshi
et aL., 1985; Cockerell et aL., 1991) and rats (Ibrahim et aL., 1994) by either intravenous
or intraperitoneal inoculation of autologous or hetero10gous HTL V -I-transformed cell

lines. HTL V - 1 infection of rabbits or marmosets has been effected by intravenous or oral
inoculation of HTL V -I-transformed and virus-producing cells (Kinoshita et al., 1985a;
Yamanouchi et al., 1985; Uemura et al., 1986; Iwahara et al., 1990). Inoculation of
rabbits with cell-free concentrated HTLV-I virions 1ed to only a transient seroconversion,
without detectable virus remaining after a few months (Miyoshi, 1994). Experimental
transmission of HTL V -1 by b100d transfusion and from mother to offspring has also been

observed in rabbits (Uemura et aL., 1986; Iwahara et al., 1990); as little as 0.01 mL of
infected blood (corresponding to 1.7 x 104 lymphocytes) was capable of transmitting the
virus. Hori et al. (1995) have demonstrated intrauterine transmission of HTL V -1 in rats,
a1beit at a 10w rate.

1.3.3 Geographical distribution of HTLV-I

HTL V - 1 is not a ubiquitous virus but is spread throughout the world with small
c1usters of hyperendemicity located within endemic areas (Levine et al., 1988; Mueller,
1991; Blattner & Gallo, 1994). Information on seroprevalence has been based on surveys
of highly variable size and quality and may not be reliable. On1y in Japan have
popu1ation-based studies been conducted. ln endemic areas, the HTL V - L antibody preva-
lence in the adult population varies from 0.2% to 15% (see Figure 5). Based on strict
diagnostic criteria using confirmatory assays (western blot; WHO, 1990; Gessain &
Mathieux, 1995) and/or specifie immunofluorescence (Gallo et aL., 1991), 10w HTL V-I
seropreva1ence refers to seropositivity in adu1ts ranging from 0.2% to 2%, whi1e higher
rates in adults define high1y endemic areas. The latter inc1ude the south-western islands
of Japan, the Caribbean, South America, intertropical Africa, parts of the Middle East
(Iran) and Melanesia.

ln the Far East, the Japanese islands of Okinawa, Kyushu and Shikoku represent
highly endemic areas, with an estimated one million HTL V-I carriers (Tajima et aL.,
1982; Hino et al., 1984; Ishida et al., 1985; Hinuma, 1986; Tajima et al., 1986, 1987;
Kosaka et al., 1989; Tajima & Hinuma, 1992; Morofuji-Hirata et al., 1993; Tajima et al.,
1994; Brodine et al., 1995). Most other parts of Japan have lower seroprevalence. The
rest of the Far East region has a low level of HTL V - 1 endemicity, with sporadic cases

reported in Taiwan (Wang et al., 1988; Chen et al., 1994), in sorne areas of India (Babu
et al., 1993; Singha1 et al., 1993), China (Pan et al., 1991), Korea (Lee et aL., 1986),
Nepal (Ishida et al., 1992) and the Philippines (Ishida et al., 1988). Few data are
availab1e re1ating to Siberia (Gessain et aL., 1996a) or Mongolia (Batsuuri et aL., 1993),
but sporadic cases of HTL V - 1 infection in individuals living in the central part of

Sakhalin island have been reported (Gurtsevitch et al., 1995; Gessain et al., 1 996a). ln
spite of sorne reported cases of HTL V -1 infection, circumpo1ar populations cannot be
considered as endemicallyinfected (Robert-Guroff et al., 1985; Davidson et al., 1990).
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Figure 5. Estimated percentage of HTL V - 1 carriers among
blood donors ~ 40 years) in Japanese prefectures in 1983

. 3.5~

. 2. 5~3. 5
~ i.5~2.5
ET 0. 5~1. 5D ~0.5

Kyushu

From Maeda et aL. (i 984)

Africa is often considered to be the 1argest reservoir for HTL V - 1 infection. It has been
estimated that 5-10 million individuals may be infected (Hunsmann et al., 1984;
Saxinger et al., 1 984; Verdier et al., 1994), in most tropical countries including Benin,
Burkina-Fasso, Equatorial Guinea, Ghana, Guinea, Guinea Bissau, Ivory Coast, Mali,
Nigeria, Senega1 and Tchad in west Africa (Biggar et al., 1984; Hunsmann et al., 1984;
Saxinger et al., 1984; de Thé et al., 1985; de Thé & Gessain, 1986; De1aporte et aL.,

1989a; Ouattara et al., 1989; Verdier et al., 1989; Dumas et al., 1991; Biggar et aL.,
1993; Dada et al., 1993; Del Mistro et al., 1994; Verdier et al., 1994; Jeanne1 et al.,
1995) and Cameroon, Central African Republic, the Congo, Gabon and Zaire in central
Africa (Hunsmann et al., 1984; Saxinger et al., 1984; De1aporte et aL., 1989b; Goubau
et al., 1990; De1aporte et al., 1991; Schrijvers et al., 1991; Goubau et al., 1993a; Garin et
al., 1994; Mauclere et al., 1994; Tuppin et al., 1996). WhiIe most of these countries

ex hi bit low HTL V -1 seropreva1ence overaII, areas of high prevalence have been detected
in southern Gabon (Delaporte et al., 1989, 1991; Schrijvers et aL., 1991) and northern
Zaire (Goubau et al., 1990, I993a; Garin et al., 1994). ln north Africa (EI-Farrash et aL.,
1988; Farouqi et al., 1992), east and South Africa (Hunsmann et al., 1984; Saxinger

et aL., 1984; Bhigjee et al., 1990, 1993; Verdier et al., 1994) and Indian Ocean islands
(Mahieux et al., 1994), the 1evel of endemicity seems very low, despite occasiona1

clusters, such as in the Seychelles (Román et aL., 1987).

ln the Americas, highly endemic areas include the Caribbean islands of Haiti,
Jamaica, Martinique and Trinidad (Schaffar-Deshayes et al., 1984; Clark et al., 1985a;
Miler et al., 1986; Gibbs et al., 1987; Riedel et al., 1989; Blattner et aL., 1990; Fréry

et al., 1991; Maloney et al., 1991; Murphy et al., 1991; Ramirez et al., 1991; Allain
et al., 1992; Manns et al., 1992; Miller et al., 1994) and limited areas of South America
such as Tumaco in CoIombia (Trujilo et al., 1992) and the Noir-Marron territory in
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French Guiana (Gessain et al., 1984; Gérard et al., 1995; Tuppin et al., 1995). Low-leveI
HTL V - 1 endemicity has been reported in large regions of Latin America (Ohtsu et al.,

1987; Maloney et al., 1989; Cevallos et aL., 1990; Pombo de Oliveira et al., 1990;
Zamora et aL., 1990; Guerena-Burgueno et al., 1992; Duenas-Barajas et al., 1993). ln the
United States and Canada, prevalence is low except in Afro-Americans and in recent
immigrants from endemic areas (Weinberg et al., 1988; Wiliams et al., 1988; Khabbaz
et al., 1990; Chadbum et al., 1991; Eble et al., 1993; Dekaban et al., 1994; Harrington
et al., 1995).

There is no known HTLV-I endemic area in Europe; early reports from southern Italy
(Manzari et aL., 1985) are disputed (de Stasio et al., 1989; Chironna et al., 1994) and
most cases of HTLV - 1 infection have been in immigrants from the West Indies, Africa or

the Middle East, or in persons who had sexual relationships with such immigrants

(Cruickshank et al., 1989; Wyld et al., 1990; Taylor, 1996). However, sporadic cases of
HTL V - 1 infection without evidence of a link with an endemic area have been reported in
Greece (DaIekos et al., 1995), Romania (Paun et al., 1994), Georgia (Sen juta et al.,
1991), SiciIy (Boeii et al., 1995; Mansueto et aL., 1995) and the United Kingdom (Wyld
et al., 1990).

WhiIe in European countries the great majority of HTL V -seropositive blood donors
are infected with HTLV-I (Taylor, 1996), in the United States (Lee et al., 1991),60-70%
are infected with HTL V - iL.

ln the Middle East, the Mashhad region in northern Iran appears to be an important
reservoir of HTLV-I infection (Achiron et aL., 1993; Nerurkar et al., 1995), with sero-
positive emigrants from this region now living in Israel, the United States (Mey tes et al.,
1990) and northem ItaIy (Achiron et al., 1993). Furthermore, sporadic cases of HTLV-I
infection have been reported in Iraq (Denic et aL., 1990) and Kuwait (Voevodin et al.,
1995).

ln the Pacific region, isoIated clusters of HTL V -1 have been described, especially in
two tribes of Papua New Guinea (Garrto et al., 1990; Yanagihara et al., 1990; LaI et al.,
1992c; Nerurkar et al., 1992; Yanagihara, 1994) and in the Australian AboriginaI
population (Mayet aL., 1988; Bastian et al., 1993; Bolton et aL., 1994). Furthermore,
HTLV-I is endemic in the Solomon Islands (Garruto et aL., 1990; Yanagihara et al.,
1991), but seems very rare in most other Pacific islands (Garruto et al., 1990).

The origin of this puzzIing geographicaI clustering is not well understood, but is
probably linked to a founder effect in certain communities, with persistence due to a
putatively high mother-to-child transmission of the virus under favourable environmental
and cultural conditions (Tajima et aL., 1990a; Mueller, 1991; Kaplan & Khabbaz, 1993;
BIattner"& Gallo, 1994; Tajima et al., 1994). Such clustering Iinked to the background of
the population has been studied in French Guiana (Tuppin et al., 1995): among 1873
pregnant women (the HTL V - 1 serological status could be estabIished for 1716 of them),
the HTLV-I seroprevalence rate differed significantly between ethnic groups: 5.7% for
Noir-Marron (70/1302), 6.3% for Haitian (3/50) and 0% for Creole (0/126), Amerindians
(0/166) and Hmong (0/64). Thus, the Noir-Marron, descendants of fugitive slaves of
African origin, with limited contact with other groups, represent a major reservoir for
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HTL V -1 infection (Gessain et aL., 1984; Gérard et al., 1995; Tuppin et al., 1995). ln

Trinidad, among a samp1e of persons selected from a government register, 3.2% of 1025
persons of African descent were HTL V -I-seropositive compared with 0.2% among 487
persons of Asian descent, while the prevalence of HTL V -1 infection was 1 1.4% among
persons of African ancestry in a coastal village of Tobago (B1attner et al., 1990).

1.3.4 HTLV-I prevalence and demographicfeatures of HTLV-I Ù~tectiol1

It has been estimated that worldwide between 15 and 20 million individua1s are
infected with HTLV-I, with 2-10% developing an HTLV-I-associated disease during
their lifetime (de Thé & Bomford, 1993; Blattner & Gallo, 1994) (described in Sections
1.4 and 2.1). ln highly endemic areas, and despite widely different socioeconomic and
cultural environments, the HTL V -1 seropreva1ence is 10w and stable among chi1dren but
increases gradually with age, most markedly in women over 50 years of age, but a1so in
men (Tajima & Hinuma, 1984; Tajima et al., 1987; Ma10ney et al., 1991; Mueller, 1991;
Murphy et al., 1991; Blattner & Gallo, 1994). Severa1 exp1anations for this significant
age-dependent increase in HTL V -1 seropreva1ence in women have been proposed. First,
it cou1d be the resu1t of an accumulation of sexua1 exposure with increasing age.

However, for most sexually transmitted infections, transmission occurs mainly during the
period when sexual activity is at its peak (Mueller, 1991). Second, the apparent age-
dependence may be confounded by a cohort effect (Blattner et al., 1986; Chavance et al.,
1989; Ueda et al., 1989; Chavance & Fréry, 1993; Takezaki et al., 1995), suggested in
some but not all cross-sectional surveys in Japan. Finally, these infections in older
persons might be due to reactivation of silent infection which becomes apparent on
account of immuno-dysregulation that occurs with aging. However, several studies using
PCR methods have failed to detect provira1 DNA sequences in the PBMCs of HTL V -1-
seronegative hea1thy individuals (Nakashima et al., 1990). Thus, there is at present no
consistent exp1anation for the excess preva1ence among older people (Figure 6).

ln Kumamoto (Japan), the annual age- and sex-specific HTL V -1 carrier prevalence in
b100d donors below 50 years of age dec1ined between 1986 to 1990 in both sexes, and it
has been suggested that the HTL V-I carrier state of individua1s below the age of 50 years
will become negligible in southern Japan within the first ha1f of the next century
(Oguma, 1990; Oguma et al., 1992, 1995).

1.3.5 Epidemiology (~f tropical spastic pa rapa resis/HTL V-I-associated myelopathy

The etio10gical link between HTL V -1 and tropical spastic paraparesis/HTL V -1-

associated myelopathy (TSP/HAM) is based on: (1) observations of very high prevalence
(up to 90%) of HTL V -1 infection in patients with TSP, (2) the occurrence of TSP/HAM
following transfusion with HTL V -I-contaminated blood and (3) the decreased incidence

of TSP/HAM in transfusion recipients after the introduction of bIood donor screening for
HTLV-I in Japan (Gessain et al., 1985; Osame et aL., 1986a,b; Gout et aL., 1990; Kaplan
et aL., 1990).
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Figure 6. Age- and sex -specific HTL V - 1 . seroprevalence in
Japan (Miyazaki cohort study) and Jamaica (applicants for
food-handling licences)
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The association between HTL V -1 and tropical spastic paraparesis (TSP) in the French
West Indies (Martinique) was described in i 985 (Gessain et al., i 985) and was soon
confirmed in Jamaica (Rodgers-Johnson et aL., i 988) and in Colombia (Rodgers-Johnson
et aL., i 985), and subsequently in Japan, where the same cIinica1 entity was named
HTL V -I-associated myelopathy (HAM) by Osame et al. (1 986a). TSP/HAM is more
frequent in women (sex ratio ranging from i : 1.5 in Japan i : 3.5 in Martinique) and is
common in most HTL V - L endemic areas, but is very rare in children (Osame et al.,
I986a; Román et al., 1987; Shibasaki et al., 1989; Kaplan et aL., 1990; Kayembe et aL.,
1990; Janssen et al., 1991; Ramiandrisoa et al., 1991; Gessain & Gout, 1992; Jeannel
et aL., 1993), where it can be one of the major neurological diseases. Reliable estimates
of TSPIHAM incidence and prevaIence are available only for Japan, sorne Caribbean
areas and rare clusters in Africa and South America (Gessain & Gout, 1992). Thus, the
prevaIence of TSPIHAM ranges from 8.6/100000 inhabitants in Kyushu (Japan)
(Shibasaki et al., 1989; Kaplan et al., 1990; Osame et al., 1990) to 128/100000 in Mahé
(Seychelles) (Gessain & Gout, 1992). Estimates of the annual incidence range from
0.04/100000 in Kyushu (Shibasaki et al., 1989; Kaplan et al., 1990) to 3/100000 in
Lisala (Zaire) (Kayembe et al., 1990). The femaIe predominance seems to be less marked
in South America (Araújo et aL., 1993), where TSPIHAM affects aH racial groups
(Araújo et aL., 1993; Rodgers-Johnson, 1994; Domingues et aL., 1995).

The prevaIence of TSPIHAM varies greatly across geographical areas despite similar
leveIs of HTL V-I seropositivity (Román et aL., 1987; Kaplan et al., 1990; Kayembe
et al., 1990; Trujilo et al., 1992; Jeannel et al., 1993). Thus, southern Japan and
Martinique have simiIar seroprevalence of HTL V-l, but in Martinique, the prevalence of

TSPIHAM among HTLV-I carriers (around 250 cases among 6000-10000
HTLV-I carriers in a total population of 333000) is estimated at 1.5-3%, whiIe in Japan,
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the prevalence of TSP/HAM in HTL V -I-infected persons is estImated to be on1y 0.08%
(Kaplan et al., 1990).

Within a partIcular geographical area, the prevaIence of TSPIHAM can vary accor-
ding to ethnic group. Thus in Inongo, Zaire (Jeannel et al., 1993), among the five major
ethnic groups, the BolIa exhibit the highest prevaIence of HTL V -1 (6.5%) without any
detected TSP/HAM cases, while six TSP/HAM cases were found among the Ntomba,
whose HTL V -1 preva1ence rate was only 2.2%. Such findings suggest that, besides
HTL V -1 infection, environ mental and/or genetic cofactors play a part in the deve10pment
of TSP/HAM.

People infected with HTL V -1 through blood transfusion have a higher risk for

developing TSP/HAM than people infected by other means (Gout et al., 1990; Osame
et al., 1990). ln Japan and Martinique, up to 20% of TSP/HAM patients had a blood
transfusion in the five years preceding onset of the disease. ln the first t\yoyears of

screening of the blood supply in J apan for HTL V - l, started at the end of 1986, a 16%
decrease in patients with TSP/HAM was reported (Osame et aL., 1990). Direct evidence
for a causal relationship between HTLV-I and TSPIHAM was obtained when a
seronegatIve cardiac graft recipient seroconverted 14 weeks after an HTL V-I-positive
b100d transfusion and, four weeks later, exhibited a severe disorder of the pyramidal tract
identicaI to that seen in TSP/HAM. HTL V - 1 was isoIated from mononuclear cell cultures
from his peripheraI bIood and from his cerebrospinal fluid (Gout et al., 1990).

ln contrast, development of A TLL after HTL V -1 infection by bIood transfusion seems
extremely rare, if it exists (Williams et al., 1991).

1.3.6 Natural history of HTLV-I primary infection

Among the several dozen documented cases of HTL V-I seroconversion, no acute
seroconversion ilness has been reported. Following infection with HTL V - 1 by blood

transfusion, viral IgG-specific antibodies are detectable within one to four months in
most cases. ln the first two months after infection, antibody to Gag protein predominates,
with anti-p24 generally appearing before anti-pI9. Antibody to recombinant gp21 is
frequently the earliest Env reactivity detected, with anti-gp46 appearing Iater. Anti- Tax
antibodies appear much later (Manns et al., 1991, 1994). ln the first three months, IgM
are the most frequent isotypes, although IgG and IgA can aIso be detected. HTLV-I-
specific antibody responses persist in all Ig isotypes during the next four to six months
and remain for many years (Manns et al., 1994).

1.3.7 Molecular epidemiology of HTLV-I

Based on sequence and/or RFLP analysis of more th an 250 HTLV-I isolates origi-
nating from the main viral endemic areas, three major clades have emerged (Gessain
et al., 1996b). Between the three clades (HTLV-ICosmor HTLV-IA, HTLV-IZaire or HTLV-
IB and HTLV-IMe1or HTLV-IC (see Section 1.1.2), depending on the gene, the nucleotide
changes range from 0.5 to 10%. DNA sequence analyses indicate that, within the three
clades, there exist molecuIar subgroups c1early defined by several specific mutations, but
these are not aIways consistent with phylogenetic analyses. For example, there is evi-
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dence for two ancestral HTLV-I lineages in Japan (Mahieux et al., 1995): the c1assical
cosmopolitan genotype, that represents around 25% of the Japanese HTL V -1 and is found
mainly in the southern islands, and another re1ated subgroup called the 'Japanese' group,
that differs at the nucleotide 1evel by around 1.6% in the L TR and is evenly distributed in
the Japanese archipe1ago (Ureta- Vidal et al., 1994). Simi1arly, within the central African
clade (HTL V -IzaiJ, there are molecu1ar subgroups defined by specifie substitutions in
either the Env or the L TR sequences.

1.3.8 HTLV-lI epidemiology

ln 1982, HTL V -II was iso1ated from a cell line derived from the splenic cells of a

patient with a lymphoproliferative disease originally considered to be a 'T variant of

hairy-cell leukaemia' (Ka1yanaraman et al., 1982).

Whi1e the modes of transmission of HTL V-II appear to be basically the same as those
of HTLV-I, the global distribution of HTLV-II is very different. HTLV-II is highly
endemic among sorne scattered Amerindian tribes including the Navajo and PuebIo in
New Mexico, the Seminole in Florida, the Guaymi in Panama, the Cayapo (Kayapo) and
Kraho in Brazil, the Wayu and Guahido in Colombia and the Tobas and Matacos in
northern Argentina (Heneine et aL., 1991; Gabbai et al., 1993; Black et aL., 1994b;
Bouzas et al., 1994) (reviewed in Hall et al., 1994, 1996). ln these populations, HTL V-II
seropreva1ence varies great1y but can reach 20% of the general adult population and up to

50% in women aged over 50 years, as in Cayapo groups living in Brazil (Black et al.,
1994b). HTLV-II also appears to be endemic in sorne pygmy tribes from Zaire and
Cameroon (Goubau et aL., 1993b) (reviewed in Gessain et al., 1995a; Gessain & de Thé,
1996), in contradiction to the earlier idea that HTLV-II was exclusive1y a 'New World
virus' brought to the Americas by migrations of infected Mongoloid populations, who
were the ancestors of the present-day Amerindians.

ln aboriginal groups, mother-to-chiId transmission of HTL V -II through breast-feeding
and sexual transmission appears to be important (B1ack et al., 1 994b). ln the developed
countries, HTL V -II is found almost exclusiveIy in intravenous drug users and their
sexual partners (Tedder et al., 1984; Lee et al., 1989; ZeIIa et al., 1990; Parry et al.,
1991; Khabbaz et al., 1992; Al et al., 1993; Coste et al., 1993; B10mberg et al., 1994;
Vallejo & Garcia-Saiz, 1994; Henrard et al., 1995); transmission occurs mainly through
sharing contaminated needIes (among intravenous drug users) (Lee et al., 1989; Khabbaz
et al., 1992) and blood transfusion (Lee et al., 1991).

1.4 Clinical description of non-neoplastic disorders

1.4.1 HTL V-I infection

(a) Tropical spastic paraparesisIHTLV-I-associated myelopathy

TSP/HAM is a progressive form of chronic spastic myelopathy associated with
demyelination of the spinal cord motor neurons (Gessain et aL., 1985; Osame et al.,
1986a; Da1g1eish et al., 1988; SaIazar-Grueso et al., 1990; Cruickshank et al., 1992;

Araújo et al., 1993; Domingues et aL., 1995; Harrington et al., 1995). It usually has an
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insidious onset but rare cases of more rapid onset have been described, particularly
following b100d transfusion. The main clinical manifestations are weakness and stiffness
of the 10wer 1imbs, urinary bladder disturbances, paraesthesias, lumbar pain and impo-
tence. Difficulty in walking develops severa1 months after presentation (Cruickshank
et al., 1992; Rodgers-Johnson, 1994; St Clair Morgan, 1994). Cerebellar signs, cranial
nerve pa1sies and convulsions are rare. Neurologica1 examination reveals spasticity
and/or hyperreflexia and muscle weakness in the 10wer extremities; ha1f of the patients
have mild sensory abnormalities. Objective c1inical criteria for the diagnosis of
TSP/HAM have been pub1ished by a WHO working group (WHO, 1989). (The diagnosis
of TSP/HAM requires differentiation from multiple sclerosis, spinal cord compression,
spinal canal stenosis and cervical spondylosis.)

The main immuno-viro1ogical features of TSP/HAM are: the presence of high titres of
anti-HTL V -1 antibodies in serum and cerebrospinal fluid (Dalgleish et al., 1988); pleo-

cytosis in the cerebrospina1 fluid with intratheca1 IgG synthesis with 0ligoclona1 bands
that react with HTLV-I (Gessain et al., 1988); a high proviral load in the PBMCs
(Yoshida et aL., 1989; Gessain et aL., 1990b); ex-vivo spontaneous Iymphoid proliferation
(ltoyama et al., 1988); circu1ating activated T-cell subpopu1ations (Minato et al., 1989;
Shibayama et al., 1992) and presence of cytotoxic T -cells which recognize epitopes of
the products of the tax gene (Jacobson et al., 1990). All of these features except those in
the cerebrospinal fluid have been described in asymptomatic carriers.

A small number of circu1ating abnormal 'flower-like' lymphocytes similar to those of
A TLL are present in about ha1f of the patients (Da1gleish et al., 1988; St Clair Morgan,
1994).

Magnetic resonance imaging may revea1 abnormalities in the white matter of the brain
and electrophysio1ogy often demonstrates latency delays of visua1, brain stem audi tory
and somatosensory evoked potentials with normal periphera1 nerve conduction (St Clair
Morgan, 1994).

Histological data are derived mainly from post-mortem examinations. The patho-
logical changes affect the grey and white matter of the spinal cord, particu1arly the 1ateral
columns; the brain is grossly normal and the leptomeninges are thickened (St Clair
Morgan, 1994). The main features are marked demyelination and axonal destruction with
an inflammatory mononuclear-cell infi1trate; astrocytic gliosis and meningeal thickening
are common. By immunohisto10gy, perivascular infiltrating mononuc1ear cells are T
cells, mainly CD4+ at early stages and CD8+ in the later stages. Macrophages may also be
found. HTL V -1 has been detected in the nervous tissue by PCR with primers against pol,

env and pX genes and by in-sItu hybridization (Kira et al., 199 l, 1992a; Kira, 1994;
Kuroda et al., 1994; Sueyoshi et aL., 1994; Umehara et aL., 1994), but there is no direct
evidence that HTL V -1 infects neurons in vivo (St Clair Morgan, 1994) and it is uncertain

which cell type (T lymphocytes, microglia or neural cells) is infected.

The clinical course of TSP/HAM is progressive. Oral corticosteroids may produce a
transient benefIcial effect, particularly when given in the early phases of the disease.
Other drugs including azathioprine, danazol, intrathecal hydrocortisone and a-interferon
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can provide temporary relief. ln addition, symptomatic treatment with diazepam or
dantroIene can be used to relieve spasticity (St Clair Morgan, 1994).

The pathogenesis of TSP/HAM is uncertain, but viral load, specifie moIecuIar viral
strain, specific and non-specific immune response and human leukocyte antigen (HLA)
variability have been considered as potential factors in disease development (Gessain &
Gout, 1992; Bangham, 1993; Bangham et al., 1996). Extensive sequence studies mainly
of the L TR region and the env gene have failed to define any specific nucIeotide changes
linked to disease (Mahieux et al., 1995). Although Tax-specific cytotoxic T-cells were
first described in the PBMCs of TSP/HAM patients (Jacobson et al., 1990), their pre-
valence and frequency have been reported to be the same in TSP/HAM cases and asymp-
tomatic carriers (Parker et al., 1994; Daenke et al., 1996). Central nervous system (CNS)
inflammation is characterized by perivascu1ar infiltration of lymphocytes (mainly CD8+),
but HTLV-I is rareIy detected in the CNS. It has therefore been suggested that the CNS
damage may be a non-specific consequence ofT-cells activated by HTLV-I Ieaving the
circulation and causing bystander damage (Bangham et al., 1996).

(h) Uveitis

Uveitis is an inflammatory condition of the uveaI tract. The majority of cases of
uveitis are idiopathic, but sorne are caused by bacterial or viral infections and sorne are
associated with autoimmune diseases, such as in Behçet s syndrome. Idiopathic uveitis in
Japan is more frequent in HTL V -1 endemic areas, such as southern Kyushu, and the

seroprevalence of HTLV-I in these patients is significantIy higher (up to 38%) than in
patients with uveitis of other known etiologies (Mochizuki et al., 1992, 1994). Because
the seroprevalence of HTL V -1 is much higher in young patients, it has been suggested

that early exposure to the virus, such as at birth, is important in the development of
uveitis (Mochizuki et aL., 1994).

HTL V -I-associated uveitis affects younger adults, usually under 50 years of age, and
can be uni- or bilateraI. It has a subacute onset, presenting with blurred vision but with
little or no decrease in visuaI acuity. The main physicaI sign of HTL V-I uveitis is
vitreous opacity (Mochizuki et aL., 1994). The course is progressive in the absence of

treatment with topical or systemic corticosteroids. Recurrence of uveitis is common but
remission may Iast for years (Ohba et al., 1994). Familial occurrence of HTLV-I uveitis
has been described (A raki et al., 1993), as well as its association with TSP/HAM and
hyperthyroidism (Nakao et al., 1994; Ohba et al., 1994).

An association between HTL V - 1 -associated uveitis and Graves' disease has been
reported, evoking speculation that thyroid hormones may modify the host response to the
virus and/or activate viral replication (Mochizuki et al., 1994).

Inflammatory cellular infiltrates with HTL V -I-infected cells are present in the ocular
tissues. Infiltrating lymphocytes in the vitreous and aqueous humour contain integrated
proviral tax gene (Mochizuki et al., 1994; Sagawa et al., 1995) and express mRNA for
HTL V - 1 proteins (Sagawa et al., 1995). These lymphocytes dispIay an activated T -cell
phenotype (CD3+, CD4+, CD25+) and reIease a variety of cytokines (such as ILs and
tumour necrosis factor (TNF) a), which may be responsible for the inflammation
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(Sagawa et al., 1995). Sequencing of the L TR region of HTL V - 1 has shown that uveitis
is not associated with a specific viral strain (Ono et al., 1994). Although the etiopatho-
genesis is unknown, the evidence avaiIabIe supports an autoimmune mechanism
mediated by HTL V - 1 -activated T cells.

(c) Other inflammatory disorders

Patients with TSPIHAM additionally have inflammation in tissues other than the
CNS, that is characterized by infiltration with activated T-lymphocytes and antibodies in
the relevant body fluids. HTL V - 1 has been detected by moIecular methods in these
tissues, usually in lymphocytes, but epidemio10gicaI data 1inking HTL V -1 with these
conditions are weaker than for TSP/HAM. ln particu1ar, there is ascertainment bias, with
most conditions initially described in patients with TSP/HAM. These inflammatory
disorders have also been reported in HTL V-i infected persons without TSPIHAM.

(i) Injective dermatitis

Infective dermatitis, an exudative dermatitis affecting the scalp, ears, axillae and
groin, characterized by the presence of non-pathogenic bacteria, has been almost
exclusively reported in HTLV-I-seropositive Jamaican chiIdren (LaGrenade et al., 1990),
with an average age at onset of two years. These children require Iong-term antibiotic
therapy. There Is miId Iymphocytosis in peripheral blood with an increase in CD4 + cells

and often polyclonaI hypergammagiobulinaemia. Retrospective analysis has suggested
that children with infective dermatitis may be at increased risk of Iater developing
TSP/HAM or A TLL (Bunker et aL., 1990; Pagliuca et aL., 1990; Hanchard et aL., 1991;
LaGrenade, 1994).

(ii) Polymyositis

Polymyositis is an inflammatory myopathy characterized by proximal muscle weak-
ness and wasting, raised serum IeveIs of muscle enzymes (serum lactate dehydrogenase,
creatine kinase and aminotransferase) and distinct histoIogicaI changes. The cause is
largeIy unknown, although sorne cases are linked to auto immune disease or infections
with viruses such as Coxsackie B. ln HTL V-I-endemic areas, the prevalence of HTL V-I
antibodies in patients with polymyositis has been found to be substantially higher th an in
corresponding control groups (85% against 8%: St Clair Morgan et al., 1989; 28%
against 11.6%: Higuchi et al., 1992) (reviewed in Dalakas, 1993). HTLV-I-positive poly-
myositis affects women more frequently th an men, appears to be more common in
Caribbean than in Japanese patients and seems to be associated with TSP/HAM (St Clair
Morgan et al., 1989; Smadja et al., 1993; Sherman et aL., 1995). Both IgM and IgG
HTL V - 1 antibodies are detected in most cases. EIectromyography shows changes
consistent with an inflammatory myopathy, such as short duration of poIyphasic motor
unit potentials (St Clair Morgan et al., 1989; Sherman et al., 1995).

HistoIogical features are those of a myositis (Sherman et al., 1995), with atrophy,
necrosis, oedema, fibrosis and interstitial cellular infiltrates composed of macrophages
and lymphocytes (mainly CD8+ with some CD4+). HTL V-I sequences have not been
found in the muscle cells (Higuchi et aL., 1992; Sherman et aL., 1995).
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(iii) Alveo!itis

ln the original description, asymptomatic alveo!itis was found at bronchoalveolar
lavage (BAL) in patients with TSP/HAM (Sugimoto et al., 1987). Asymptomatic

a1veolitis may occur in HL TV -1 carriers and in patients with HTL V -I-associated uveitis
(Maruyama et al., 1988; Sugimoto et al., i 993). However, a few patients have a persis-
tent cough and/or a variable degree of dyspnoea. The chest X-ray is usually normal, but
loca1ized or patchy reticular shadows, pleural thickening and/or 1ung fibrosis have been
described. Antibodies to HTL V -1 are detected in both serum and BAL fluid. BAL fluid
may contain lymphocytes predominantly of the CD4+ phenotype (Maruyama et al., 1988)
or have a normal distribution of CD4 + and CD8+ cells (Sugimoto et al., 1993) and disp1ay
an immune response to HTL V -1 (Maruyama et al., 1988). An increased number of acti-
vated T cells (CD3+, CD4+ or CD8+) expressing HLA-DR determinants and CD25 have
been found in the blood and BAL fluid from these patients (Mukae et al., i 994). Patients
with alveo!itis associated with TSP/HAM have increased soluble IL-2 receptors in the
BAL fluid (Sugimoto et al., 1989). Patients with alveolitis associated with uveitis have
increased viral load in both blood and BAL fluid (Sugimoto et al., 1993).

(iv) Arthritis (HTL V-I-assocIated arthropathy)

HTL V -I-associated arthropathy is a chronic inflammatory oligoarthritis of large

joints, which preferentially affects midd1e-aged or elderly female HTL V -1 carriers

(Nishioka et al., 1989; Ijichi et al., 1990; Nishioka et al., 1993) and is often associated
with TSP/HAM (Kitajima et al., 1989). Antibodies to HTL V -1 are detected in both the
serum and synovial fluid. Most patients have IgG antibodies, but up to two thirds also
have IgM antibodies, suggesting active replication of the virus in the synovial fluid.
Rheumatoid factor and features of autoimmune disease are usually absent and X-rays of
the affected joints show marginal erosions and narrowing of the joint spaces (Kitajima
et al., 1989). Arthroscopy revea1s synovial proliferation, while mild changes in the
cartilage and subchondria1 bone are seen histologically, with mononuclear infiltrates
composed of lymphocytes with mu1tilobulated nuc1ei (Nishioka et al., 1989, 1993).
Immunostaining demonstrates HLA-DR expression by the synovial cells and by lympho-
cytes that are main1y CD4+ and CD8+ T-cells expressing retroviral proteins (Nishioka
et al., 1993). By PCR, HTLV-I proviral sequences have been detected in both lympho-
cytes and synovial cells purified by T-cell depletion (Kitajima et al., 1991). Cultured

synovial cells express mRNA for HTLV-I tax/rex as well as HTLV-1 core and enve10pe
proteins, as detected by immunostaining (Kitajima et al., i 99 1; Nishioka et aL., 1993). In-
vitro studies have a1so demonstrated that synovial cells are susceptible to infection by
HTL V -l, proliferate vigorously and produce large amounts of granulocyte-macrophage
colony-stimu1ating factor (Sakai et al., 1993).

The importance of HTL V - 1 tax in the pathogenesis of this condition is supported by
studies in which transgenic mice with the HTL V -1 pX gene develop a simi1ar poly-
arthritis (lwakura et al., 1991; Yamamoto et al., 1993). Whether this is mediated by
HTL V -1-infected lymphocytes secreting cytokines which stimulate the proliferation of

synovial ce Ils or by a direct stimulation of synovial cells by HTL V -1 is unknown.
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(v) Thyroiditis

An association between HTL V -1 infection and Hashimoto's thyroiditis (inflammation
of the thyroid gland with autoantibodies) has been reported from Japan (Kawai et aL.,
199 1, 1992; Smadja et aL., 1993; Mizokami et al., 1995). The seroprevalence of HTL V-I
in these patients was significantly higher than that in the corresponding general popu-
lation (6.3% versus 2.2%) (Kawai et al., 1992). This condition is often found in patients
with TSP/HAM (Kawai et al., 199 1, 1992) and uveitis (Mizokami et al., 1995).

(vi) SjÖgren 's syndrome

Sjögren's syndrome, a keratoconjunctivitis, with dryness of the eyes and mouth and
hypertrophy and lymphocytic infiltration of the salivary glands, has been observed in
HTL V -1 carriers and in patients with HTL V -I-associated diseases (Merle et al., 1 994~

Eguchi et al., 1992; Plumelle et al., 1993). As with other inflammatory diseases asso-
ciated with HTL V -l, there is an increase in circulating activated cells (CD3 +, CD25+,

HLA-DR) that display spontaneous proliferation (Egiichi et al., i 992). ln sorne HTL V -1-
seronegative patients with Sjögren's syndrome, HTL V -1 tax but not pol, gag and env
sequences have been detected in labial salivary glands (Mariette et al., 1993, 1994;
Sumida et al., 1994).

Transgenic mice with the HTL V -1 tax gene have been shown to develop a condition
similar to Sjögren's syndrome. Lymphocytic infiltration of the salivary glands with the
presence of tax in the epithelial cells has been demonstrated in thesc mice (Green et al.,
1989a).

(d) Immune suppression

T-cell subsets and CD4/CD8 ratios do not appear to be affected by HTL V -1 infection
(Matutes et al., 1986; Welles et al., 1(94).

Evidence of mild immune suppression due to HTL V -1 infection has been seen in
studies of hea1thy carriers who had decreased delayed hypersensitivity to the purifieu
protein derivative of tubercu1in (Tachibana et al., 1988) and marked suppression of T-
cell control of B cells infected with Epstein-Barr virus (EBV) (Katsuki et al., 1(87).
Indirect evidence of impaired cellular immunity has come from studies showing that
HTL V -1 carriers have a reduced ability to clear infection with Strongyloides stercoralis

(Nakada et aL., 1 (87). S. stercoralis infection is associated with A TLL and, when
present, is otten severe (Nakada et al., 1987; Dixon et al., 1989; Phels et al., 1991; Patey
et al., 1992: Plumelle et al., 1993).

1.4.2 HTL V-II Ù?lectiOll

HTL V -II has occasionally been associated with a myeloneuropathy resembling

TSP/HAM with ataxia (Hjelle et al., 1992~ Murphy et al., 1993; Harrington et al., 1993;
Murphy et al., 1996). Few studies have attempted to investigate the association between
HTL V -II and diseases in populations in which the infection is endemic.
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1.4.3 HTL V/HIV co-infection

Co-infection with HIV and HTLV-I or HTLV-I1 is common among HIV-1-infected
intravenous drug users and patients attending c1inics for sexually transmitted diseases in
areas where both viroses are endemic (Harper et al., 1986; Wiley et al., 1989; Manzari
et al., 1990; Khabaz et al., 1992; Beilke et al., 1994; Harrington et al., 1995). Although
the clinical consequences of the co-infection are IargeIy unknown, it has been suggested
that HTLV-I but not HTLV-I1 may accelerate the course of HIV-l infection. Patients
with HTL V -1 and HIV -1 co-infection deveIop specific HIV - 1 -related disease manifes-
tation at higher CD4+ T-cell count than patients with HIV-l infection onIy (Beilke et al.,
1994; Harrington et al., 1995; Schechter et al., 1994).

There have been sorne case reports of co-infected persons developing either asso-
ciated haematoIogical disease or inflammatory disease (Harper et aL., 1986).

1.5 Control and prevention

Prevention of HTL V - 1 and HTL V - Il infection must be directed at the main modes of
HTL V -1 transmission: perinatal, especially postnatal though breast-feeding; parenteral,
through blood transfusion or exposure to contaminated needles; and sexual, essentially
male to femaIe (Hino, 1990b; Sato & Okochi, 1990; Bentrem et al., 1994).

Prevention of HTL V - 1 infection in neonates appears to be particularly important
because of the association of A TLL with childhood infection. MaternaI antibodies may
protect infants during short-term (less than six months) exposure but, as this wanes,
susceptibility to infection appears to increase (Takahashi et al., 1991). An intervention
programme to screen and counseI HTL V -I-seropositive mothers against breast-feeding
began in Japan in the late 1980s and has been shown to prevent 90% of maternaI infec-
tion of infants (Hino, 1990b). More recentl y, these recommendations have been changed
to permit short-duration breast-feeding. Such a policy can be adopted on1y where safe
and sustainable alternatives to breast-feeding are available.

Transmission of HTL V - 1 in cellular blood products is highIy efficient, with a sero-
conversion rate of 63% (Bentrem et al., 1994), and TSP/HAM and other inflammatory
HTL V -I-linked diseases develop within a relatively short time following blood trans-

fusion (Osame et aL., 1986b). Transfusion-reIated transmission can be prevented by
systematic screening of blood donors for HTL V - 1 and HTL V - Il antibodies, as is
practised in severaI countries (see Section 1.3.1). Infection of a heaIth worker with
HTLV-I by puncture with a contaminated needle has been known to occur (Bentrem
et al., 1994), emphasizing the need for universaI precautions in deaIing with bioIogicaI
materials.

Use of condoms during sexuaI intercourse shouId be considered by couples when onIy
one partner is infected with HTL V - 1 or HTL V-II.

Passive immunization has been shown to be effective in rabbits: hyperimmune IgG
prepared from seropositive healthy persons given 24 h before transfusion with infected
bIood appeared to protect the recipient rabbit from infection (Takehara et al., 1989;
Kataoka et al., 1990).
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Although such policies may heIp to control the spread of HTL V -1 and HTL V -II, the
ideal intervention wouId be immunization with a preventive vaccine. PrecIinica1 studies
in animal modeIs have suggested the feasibi1ity of an HTL V -1 vaccine. Various 1ive
recombinant pox virus vectors carrying the HTL V -1 envelope protein have conferred

protection against a cell-associated HTL V - 1 challenge in non-human primates (Shida
et al., 1987) and rabbits (Franchini et al., 1995). Certain lIve recombinant enve10pe

proteins a10ne have also conferred protection in non-human primates (Nakamura et al.,
1987). However, no trials of HTL V - 1 vaccines in humans have yet been undertaken.

2. Studies of Cancer in Humans

2.1 T -Cell malignancies

2.1.1 RTL V-I-infection and adult T-cellleukaemia/lymphoma

AduIt T-cell Ieukaemia/1ymphoma (A TLL) was described as a distinct cIinicopatho-
10gicaI entity by Uchiyama et al. (1977). SeroepidemioIogicaI surveys on lymphoid
neop1asms and healthy populations in the early 1980s demonstrated that HTL V -1 and

A TLL were both clustered in south-western Japan and in Caribbean isIands (Hinuma
et al., 1982; B1attner et al., 1983). ln the mid- 1980s and early 1990s, a number of other
HTLV-I endemic areas with evidence of ATLL were recognized, chiefly in central and
west Africa, South America and the Middle East, and the disease was also found among
immigrants from these countries to Europe and the United States (Catovsky et al., 1982;
Hahn et al., 1984; Wiliams et al., 1984; Delaporte et al., 1989b; Denic et aL., 1990;
Mey tes et al., 1990; Sidi et al., 1990; Cabrera et al., 1994; Matutes & Catovsky, 1994;
Pombo de Oliveira et al., 1995).

(a) Clinical description

ATLL is a mature (post-thymic) T-ceII malignancy which may be considered within
the 1eukaemia/ymphoma syndromes. The disease arises in periphera1 1ymphoid tissues,
e.g., nodes or skin, but a 1eukaemic picture is frequent.

(i) Distribution by subtype

A TLL has been cIassified into four subtypes: acute type, 1ymphoma type, chronic
type and smou1dering type, according to the cIinicopatho10gicaI features (Shimoyama
et al., 1991). The distinguishing features of the various forms of ATLL are summarized
in Table 1. Among 1400 cases of A TLL registered throughout J apan during 1990-1993,
914 cases (65%) were classified as the acute type (prototype of ATLL), 330 cases (24%)
as the 1ymphoma type, 83 cases (6%) as the chronic type and 73 cases (5%) as the
smou1dering type (šee Table 1) (T- and B-CeII Ma1ignancy Study Group, 1996).
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Table i. Average age, sex ratio and clinical findings in patients with
adult T-cellieukaemialymphoma by subtype in Japan (1990-93)

Subtype No. of Age (:: SE) Sex ratio Skin lesion Hypercal-
cases (%) (male: female) (%)" caemia (%)""

Acute 914 (65.3) 58.2 :: 0.39 1.2 31A % 32.8
Lymphoma 330 (23.6) 59.4 :: 0.66 1.2 14.0% i 5A
Chronic 83 (5.9) 58.8 :: 1 AI 0.9 31.8% L. l

Smouldering 73 (5.2) 58.5 :: 1.59 1.0 55.7% 0
Total 1400 ( 1(0) 58.6 :: 0.32 1.2 28.5% 25.0

From T- and B-Cell Malignancy Study Group (1996); SE, standard error

"Calculated by the Working Group

" Adjusted Ca" value;: 5.5 mEq/L

'One case of chronic-type A TLL showed 5.8 mEq/L (unadjusted value, 5.4 mEq/L)

As the c1inical spectrum of conditions now accepted as part of A TLL has extended,
these conditions have become increasingly difficult to distinguish from other types of
T-cell malignancy and sometimes diagnoses have depended on the identification of
HTL V -1 antibody or genomic materia1 in the subjects, making the understanding of the
relationship between this virus and these manifestations difficult to disentangle.

Ocular manifestations, particu1arly retinitis, resulting from intraocular infiltration by
leukaemic cells, can precede or occur during the course of A TLL (Kohno et al., i 993;
Kumar et al., 1994).

Acute adult T-cell leukaemiallymphoma

This is the most frequent presentation of A TLL, corresponding to two thirds of the
cases. The main c1inical manifestations are organomega1y, high white blood cell count
with lymphocytosis and often skin invo1vement. Lactate dehydrogenase 1evels are

e1evated and hypercalcaemia is frequent, although these two parameters are not essential
diagnostic criteria of this c1inica1 form. Other 1ess frequent manifestations inc1ude CNS
involvement, pleural effusions or ascites, 1ung infi1trates due either to opportunistic
infections or to leukaemic infiltration of the lungs and, more rare1y, primary involvement
of the gastrointestina1 tract (Hattori et al., 1991; Nishimura et al., 1994), the Waldeyer's
ring (Ohguro et al., 1993) or the cardiac valves (Gabarre et al., 1993).

Lymphomatous adult T-cellieukaemiallymphoma

This corresponds to the tissue-based A TLL with no evidence of periphera1 b100d

invo1vement and no Iymphocytosis at onset. Many cases deve10p to leukaemic status at
terminal stage. Otherwise, the symptoms are identical to those of the acute (or prototype)
form of A TLL, although hypercalcaemia is 1ess common.
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Chronic adult T-cellleukaemia/lymphoma

This form is characterized by persistent T-cell Iymphocytosis (;: 4 x ioY/L) with
atypical cells, minor or no 1ymphoid organ or skin invo1vement and 1ack of systemic
symptoms. The lactate dehydrogenase leve1 may be elevated. ln both smouldering and
chronic A TLL, serum calcium levels are within the normal range.

Smouldering adult T-cellleukaemia/lymphoma

Smouldering A TLL, sometimes referred to as pre-A TLL or pre-1ellaemic A TLL
(Kinoshita et al., 1985b), is characterized by skin 1esions (which usually respond to
topica1 corticosteroids), frequent1y 1ung infi1trates and an absence of systemic symptoms

(Yamaguchi et al., 1983; Takatsuki et al., 1985; Shimoyama et al., 1991). Patients may
be asymptomatic, the disease being discovered during incidenta1 examination. The white
blood cell count is normal except for the presence of a few (-: 4%) circu1ating abnorma1

lymphocytes. Abnormal lymphocytes are sometimes seen in healthy carriers of HTL V-i
(Matutes et al., 1986), but in smou1dering A TLL, there is clonaI integration of viral
DNA, as demonstrated by Southern blot.

Smouldering A TLL can be considered to be an early stage of the acute and lymphoma
types of A TLL. There does not seem to be a natural progression from the smouldering
stage to acute A TLL within a period of months to years (Yamaguchi et al., 1983; Cabrera
et al., 1994; Matutes & Catovsky, 1994; Pombo di Oliveira et al., 1995).

Pre-Ieukaemic cases of A TLL with monoclonal proliferation of abnormal lym-
phocytes (see 'Histologica1 characteristics' below) without c1inical signs or symptoms
were studied in south-western Japan (Ikeda et al., 1990). The prevalence rate of pre-
1eukaemic A TLL among HTL V -1 carriers over 30 years of age was estimated as 2% and
the age distribution of pre-1eukaemic cases, ranging from 30 to 77 years, was no different
from that of overt cases of A TLL. The pre-Ieukaemic stage is presumed to be the c1inica1
stage which precedes A TLL, but it remains possible that an HTL V -1 carrier may develop
symptoms of A TLL directly, without going through the pre-1eukaemic stage. (The
Working Group noted that the distinction between pre-A TLL and smouldering A TLL is
not well defined.)

(ii) Laborctory./ndings (Table 2)

Hypercalcaemia is the rnost distinctive abnorma1ity re1ated to A TLL because it is
extremely rare in other lymphoid neoplasms (Gross man et al., 1981; Matutes &

Catovsky, 1992; Yamaguchi, 1994). It is more frequent in the acute form with high white
blood cell count and is rare1y associated with osteo1ytic 1esions. Hypercalcaemia is

related to the release of cytokines (chìefly a parathyroid-hormone-re1ated protein

(PTH-rP), IL- 1 and TNF-ß) by the ma1ignant cells, with serum leve1s of parathyroid
hormone and vitamin Di remaining within the normal range. This cytokine-mediated
mechanism is supported by the findings that the gene encoding PTH-rP is continuous1y
transcribed in A TLL cells (Watanabe et al., 1990), that the cells express a high 1evel of
PTH-rP rnRNA and that, when cultured, the y release PTH-rP into the medium (Honda
et al., 1988). Other biochemical abnormalities that are a1so found in other T-cell
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malignancies are high Ieve1s of lactate dehydrogenase and ß2-microgIobulin; the latter is
reIeased either by the tumour cells or secondary to cytokine secretion by non-malignant
cells. Both parameters are related to a poor outcome and survival (Shimamoto et al.,
1990a; Tsuda et al., 1992).

Table 2. Diagnostic criteria of cUnical subtypes of adult T -celI leukae-
mia/ymphoma

Feature Smouldering Chronic Lymphoma Acute

Lymphocytosis" -: 4 x lO~/L :;4xIO"/L -: 4 x io"/L :; 4 x IO~/L
Lactate dehydrogenase Normal or -: 1.5 -: 2 the normal Variable" Variable"

the normallimit IImit
Calcium Normal Normal Variable" Variable"
Skin Involved Variable" Variable" Variable"
Lung Often involved Variable" Variable" Variable"
Systemic involvement No No or minor Variable" Variable"

Adapted from Shimoyama et aL. (1991) and Cann & Chen (i 996)
" With :; 5% atypical 'flower' cells except in the Iymphoma form
b Not considered for the classification of the A TLL subtype

, Enlargement of Iymph nodes, spleen, liver, central nervous system, gastrointestinal
tract or other organ involvement

(iiI) Histological characteristics

The diagnosis of A TLL is based on c1inicopathological features and a number of
laboratory parameters, including peripheral bIood cell morphoIogy, histopathoIogy,

immunologicaI markers and demonstration of the presence of HTL V - 1 by serology or
moIecular analysis. The blood picture in the leukaemic forms of A TLL is pleomorphic,
the predominant cell being a medium-sized lymphocyte with a highly irregu1ar,
frequently poIylobated nucleus, that is often called a 'flower' cell. Circulating immuno-
bIasts may be present in small numbers but they usually predominate in the lymphoid
tissues. This bIood picture is usually, but not aIways, distinguishabIe from that seen in
Sézary syndrome, in which the cells have a hyperchromatic cerebriform nucleus

(Matutes & Catovsky, 1992). The bone marrow is usually not heavily involved but
trephine biopsy may show proliferation of osteoc1asts and bone reabsorption, features
which relate to the hypercalcaemia.

Histological analysis is essential in the Iymphoma form of A TLL. However, there is
no unique histological pattern of Iymphoid involvement in A TLL, which may be very
simiIar to that of other peripheral T-cell lymphomas. The lymph nodes show effacement
of the normal architecture by lymphoid cells of different size, varying from small to large
(mixed-cell pattern) (Lennert et al., 1985). Cases with unusual histoIogy or even with a
c1inical picture resembling that of Hodgkin's disease have been described (Duggan et aL.,
1988; Ohshima et al., 1991a; Picard et al., 1990). The histologicaI pattern of skin
infiltration is not specific either; dermal infiltration by pIeomorphic cells is often
observed, but in sorne cases epidermotropism and Pautrier' s microabscesses are seen.
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These may also occur in Sézary syndrome and mycosis fungoides (Matutes & Catovsky,
1992; Whittaker et al., 1993; Arai et al., 1994; Pombo de Oliveira et al., 1995).
Therefore, differentiating between Sézary syndrome or other T -cell lymphomas and
A TLL can be difficuIt on the basis of histoIogica1 resuIts.

Immunologica1 markers reveal that A TLL ceIIs have a mature post-thymic T-cell
phenotype. The most common phenotype of A TLL ceIIs is CD4 +, CD8-, but a few
patients may have unusual phenotypes such as CD4 Ioss, CD8 expression or both. ln the
rare cases with CD4+, CD8+ T-ceIIs, the disease appears to have a more aggressive course

(Tamura et al., 1985). The thymic markers TdT and CDla are aIways absent. Tumour
ceIIs are often positive for CD2 and CD5 markers but usually negative for CD7 (Matutes
& Catovsky, 1992). CD3 may be absent or only weakly expressed on the membrane
(Tsuda & Takatsuki, 1984) but is, as a rule, expressed in the cytoplasm (Matutes &
Catovsky, 1992). A characteristic, but not specific, feature of A TLL ceIIs is the strong
expression of the p55 a-chain of the IL-2 receptor, detected by the monoclonal antibody
CD25 (Uchiyama et al., 1985; Y odoi & Uchiyama, 1986; Matutes & Catovsky, 1992;
Yamaguchi, 1994); other T-ceII activation antigens, such as HLA-DR determinants and
CD38, may also be expressed. ln addition, soluble IL-2 receptors can be detected in the
serum of these patients and the levels seem to relate to tumour burden (Yamaguchi et al.,
1989). lt has been shown that the high numbers of IL-2 receptors in the membrane of
A TLL ceIIs result from the continuous transcription of the IL- 2 receptor gene (Y odoi &
Uchiyama, 1986). These observations suggest that IL-2 receptors play a key roIe in the
etiopathogenesis or progression of the disease.

ln spite of the CD4 +, CD8- phenotype, A TLL ceIIs are not helper ceIIs functionally
but act as potent suppressors of B-ceII differentiation (Yamada, 1983; Miedema et al.,
1984). lt is uncertain whether this function is direct or is mediated by an indirect
mechanism through a suppressor CD8+ T-cell subset. One consequence may be that sorne
patients have concomitant disease reIated to immune suppression.

(iv) Genetic studies

ln A TLL, a range of chromos omal abnorma1ities occur but, unlike those seen in sorne
lymphoid malignancies, such as Burkitt' s Iymphoma, they are not specific. Abnorma-
lities may involve chromosomes 3, 7 and X, and/or affect 6q, 14q, 3q, lq and 10p
(Shimoyama et al., 1987; Kamada et al., 1990). They are often more complex and are
more frequently found in the acute and Iymphomatous forms than in smouIdering or
chronic A TLL, which suggests that they correIate with disease progression.

Familial ATLL has been documented in HTLV-I endemic regions (Kawano et al.,
1984; Miyamoto et al., 1985; Matutes & Catovsky, 1994) and less frequently in countries
with low HTLV-I seroprevaIence such as the United Kingdom (Matutes et al., 1995a). ln
sorne families, severaI cases of TSP/HAM and A TLL have been seen (Uozumi et al.,
1991; Plumelle et al., 1993) and the coexistence of the two diseases in the same patient
has been described (Cartier et al., 1995; Harrington et al., 1995). The fact that, in the
familial clusters, patients did not al ways share the same househo1d suggests that it was
the genetic background rather than the environment which influenced the development of
ATLL. Early exposure to HTLV-I, e.g., neonatal or during childhood, seems to be
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important for the deve10pment of A TLL, as the disease occurs many years after the
retrovira1 infection, in contrast to TSP/HAM, which may develop shortly after infection
by HTL V-1.

(v) Prof!l1osis

A TLL is an aggressive malignancy with poor prognosis and short median survival
ranging from 5 to 13 months in aIl areas (Shimamoto et al., 1990a,b; Lymphoma Study
Group (1984- 1987), 1991; Shih et al., 1991; Plumelle et al., 1993; Matutes & Catovsky,
1994; Yamaguchi, 1994). Patients respond poorly to chemotherapeutic schedules used
successfully against other high-grade lymphomas (Shimamoto et (/1., 1 LJ90b; Matutes &
Catovsky, 1994; Mercieca et al., 1994). Experimental approaches such as therapy with
antibody against the IL-2 receptor anti-Tac have yie1ded only transient responses
(Wa1dmann et al., 1988, 1995). There have, however, been reports of good response to a
combination of cx-interferon and zidovudine (Gallo, 1995; Gill et al., 1995; Hermine
et al., 1995). The mechanism of action of this therapy is unknown. Furthermore, the
duration of the response remains to be evaluated.

Patients with the smouldering and chronic forms of A TLL usually have a stable or
very slowly progressive course and, during this phase, c1inical problems are easier to
control than in the acute forms. Generally, such patients are not treated aggressively.

(vi) Prel'elilÌOI1 otA TLL

Prevention of A TLL and/or cancers associated with HTL V -1 is difficulC as the secon-
dary factors promoting the evolution from healthy carrier status to A TLL or neoplasia are
unknown. Although spontaneous remission of A TLL has been reported (Shimamoto

et aL., 1993), this appears to be extreme1y rare. Experimental work has shown that
inhibitors of thioredoxin reductase, such as retinoic acid derivatives. are ahle to inhibit
DNA synthesis and growth and replication of HTLV-l-infectcd cells and thcrefore have a
potential role in the treatnient of HTL V -1 carriers (U- Taiiiguchi el (/1.. ILJLJ5).

(h) £ìJideliiology

Consideration of the epidemiological evidence concerning the relationship between
HTL V -1 and A TLL must be viewed in the light of the history of HTL V -ls discovery in
A TLL-endemic parts of the world. Reports in the early 1980s from these regions

(discussed above) found a very high prevalence (:? 90%) of HTL V infection in A TLL
patients, compared with much lower population preva1ence in the area from which the
cases came. A few patients with clinical features indistinguishable from those of A TLL
have, however, been reported in whom HTL V -1 infection cannot be demonstrated
(Shimoyama et al., 1986, 1987; Pombo de Oliveira et al., 1995).

The concordance between HTL V -1 positivity and A TLL was so high in the endemic
areas that HTL V - 1 became widel y accepted as the cause of A TLL, and the presence of
HTL V -1 infection was adopted as an additional diagnostic criterion for A TLL for les ions
in which the c1inica1 findings were ambiguous. This practice complicates assessment of
the association between HTL V - 1 and A TLL.
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When the c1inica1 and laboratory features characteristic of A TLL are present, sero-
10gical assays for HTL V -1 antibodies almost always show a strong1y reactive test.
However, if the features are atypica1, DNA analysis by Southern b10t using probes
specific to HTL V -1 sequences may be needed to demonstrate the clonai integration of
HTL V -1 in the tumour cells. Ali cases of A TLL have proviral HTL V -1 DNA integrated
in a monoclonal fashion, according to Y oshida et al. (1984). Therefore, the absence of
HTL V -1 clonaI integration may be construed as evidence against this diagnosis in a case.
ln addition, DNA analysis helps to distinguish cases of smouldering A TLL from healthy
carriers.

(i) Geographical distribution

Following the first report of ATLL cases from Japan by Uchiyama et al. (1977), 10
familial cases of A TLL were reported in the south-western part of Japan (Ichimaru et al.,
1 (79), where A TLL is high1y endemic. A nationwide study, imp1emented in Japan soon
after the original description, revealed that 50% of A TLL patients were registered in the
southern Japanese island of Kyushu (see Figure 7). Only 25% were from major cities
(Takatsuki et al., 1977; Uchiyama et al., 1977; Tajima et aL., 1 990b; T- and B-cell Mali-
gnancy Study Group, 1988; Tajima, 1990; Tajima et al., 1994), and 80% of these cases
had been born in Kyushu. The sex ratio (ma1e/fema1e) is around 1.2 in Japan (T and B-
cell Malignancy Study Group, 1 (96).

T-Cell leukaemia/lymphomas are not reported routinely as a separate diagnostic
group in cancer incidence and mortality statistics. Their geographical distribution cao,
thus, be derived only from specifie reports (or surveys) and the picture obtained is
heavily influenced by the extent to which disease surveillance has been carried out in
various areas. Studies in Brazil (Pombo de Oliveira et al., 1990; Matutes et aL., 1994;
Pombo de Oliveira et aL., 1995), in Gabon (Delaporte et aL., 1993) and in French Guiana
(Gérard et al., 1995) have demonstrated that the incidence of A TLL will continue to be
greatly underestimated unless a specifie search is carried out. This is mainly due to the
acuteness and rapid evolution of the disease, so that many patients die before diagnosis
can be made, as well as to confusion of A TLL with patho10gically similar diseases, such
as Sézary syndrome, mycosis fungoides and other types of T-cell non-Hodgkin 's
1ymphoma (Gessain et aL., 1992b; Matutes & Catovsky, 1994; Pombo de Oliveira et al.,
1995). Furthermore, serologica1 confirmatory tests for HTL V-L, such as western blot
and/or mo1ecular analyses, are not readily avai1able in most countries. However, the
geographical distribution of A TLL appears to be similar to that of HTL V -1, with rough
correspondence of the relative preva1ences of the conditions in different areas (see
Section 1.3). A TLL has a high incidence in the south-western regions of the Japanese
archipelago (Hinuma et al., 1982; Clark et aL., 1985b; T- and B-cell Malignancy Study
Group, 1985; Tajima & Cartier, 1995; T- and B-cell Malignancy Study Group, 1996). It
is also prevalent in most other HTL V - 1 -endemic areas, including intertropical Africa,
South and Central America and Iran (Clark et aL., 1988; Pombo de Oliveira et al., 1990;
Rio et aL., 1990; Gessain et aL., 1992a; B1ank et aL., 1993; Delaporte et aL., 1993;

Plumelle et aL., 1993; Pombo de Oliveira et aL., 1995). Furthermore, sporadic cases of
ATLL have been described in Europe and the United States, mostly in immigrants
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originating from regions of endemic HTL V - 1 infection (Rio et aL., 1990; Patey et al.,
1992; Matutes & Catovsky, 1994).

Figure 7. Estimated incidence rate of A TLL in persons
(~ 40 years) per 1 000000 in Japanese prefectures du ring
1988-93
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Kyushu

From the T - and B-cell Malignancy Study Group (1996)

Extensive reliable data concerning the occurrence of A TLL are avai1abIe on1y for

Japan and some Caribbean areas.

(ii) Age- and sex-distribution of ATLL

The average ages and sex ratios among A TLL cases are presented in Table 3. The
average age of A TLL patients at diagnosis in Japan is 57 years (T- and B-cell Mali-
gnancy Study Group, 1988). The age pattern in Japan and the Caribbean is presented in
Table 4 and Figure 8. No case of A TLL has been reported in chiIdren in Japan. ln the
Caribbean, South America and Africa, the me an age at A TLL onset is around 15 years
younger, nameIy 40-45 years of age (BarthoIomew et al., 1985; Gibbs et al., 1987;
Gérard et al., 1995; Pombo de Oliveira et al., 1995). ln addition, cases have been
reported among chi1dren in Brazil (Pombo de Oliveira et al., 1995). This suggests the
presence of still unknown cofactors in the pathogenesis of this disease in areas of
different environmental and cultural conditions or of a cohort effect on the proportion of
HTL V -1 carriers infected in early chi1dhood (Manns, 1993).

ln Japan, the estimated annua1 incidence of ATLL lies in the range 0.6-1.5 per 1000
HTLV-l carriers aged 40-59 years (Tajima & Kuroishi, 1985; Kondo et al., 1989;
Tokudome et aL., 1989). The rate appears to be similar in Jamaica (Murphy et aL.,
1989b), but higher (6/1000) in the Noir-Marron population in French Guiana (Gérard
et aL., 1995). The cumulative lifetime risk for A TLL among carriers has been estimated
to lie in the range of 1-5% in both sexes in Japan and Jamaica (Kondo et aL., 1987, 1989;
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Table 3. Average age, sex ratio and frequencies of abnormal clinIcaI findings in patients with adult T -cell leukaemia/-
lymphoma

Japan" Japanb Taiwan' USA" Jamaica' Trinidacf French Brazil" UK
(1984-85) (1992-93) (1983-90) (until Dec. ( 1982-85) and Tobago GuianaR (1989-93) (1982-94)

1991) (1982-83) (1990-93 )

Number of cases 181 712 27 102 52 12 19 53k 52
Average age (years) 56.9 58.9 48 - 50 40 49.1 42.1 41 47
Age range (years) 24-90 25-87 28-71 7-75 20-70 22-84 21-71 2-65 19-77
Sex ratio (male versus fema1e) 1.4 1. 2.0 0.8 0.9 2.0 0.5 1.0 0.6
Skin lesions (%) 29.3 26.5 44 57 20 66.7 16 53 41
Hypercalcaemia (:; 5.5 mEq/LY 17.1 23.6 37 72.5 48 58 53 34 51

(%)

Clinical findings on admission in Japanese cases in HTLV-I antibody positive cases
"T- and B-cell Ma1ignancy Study Group (1988); bT_ and B-cell Malignancy Study Group (1996); 'Shih et al. (1992); dLevine et al. (1994); 'Gibbs et al.
(1987); fBartho10mew et al. (1985); RGérard et al. (1995); "Pombo de Oliveira et al. (1995); iMatutes & Catovsky (1994); JIn sorne of these series, calcium
levels were measured on more than one occasion and this partially explains the variability of hypercalcaemia rates; kFive cases were HTLV-I negative by
serology and PCR; there was 1 child and 52 adults.
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Table 4. Estimated incidence of aduIt T-cellleukaemia/ymphoma per 1000 HTLV-I carriers per year in
adult T-cellleukaemia/ymphoma endemic areas of Japan and Jamaica

Age (years) Japan (Uwajima): Kondo Japan (Saga): Tokudome Jamaica: Murphy et al. Jamaica: Murphy et aL. -et aL. (1989) et al. (1989) (1989b) ( 1 989b)" ;i;;
("Men W omen Total Men W omen Total Men W omen Total Men W omen Total 3:
020-29 0 0 0 0 0 0 (0.31 ) (0.34 ) (0.33 ) (0.45) (0.76) (0.62)
Z
030-39 0.95 0.41 0.61 0.00 0.48 (0.26) (0.47) (0.31 ) (0.36) (0.94) (1.10) (1.03) 0
;;40-49 0.83 0.66 0.72 1.19 0.63 (0.88) (0.64) (0.28) (0.38) (1.12) (1.10) ( 1.11 ) ;i50-59 2.10 0.33 0.82 1.16 0.58 (0.83 ) (0.61 ) (0.18) (0.29) (1.26) (0.83) (1.03 ) -0
:i60 ( 1 .45) (0.68) (0.95) (0.96) (0.63) (0.75) (0.1 1) (0.07) (0.08) (0.31 ) (0.38) (0.34 ) l.
..
0~40 ( 1.50) (0.58) (0.89) (1.06 ) (0.61 ) (0.93) (0.34 ) (0.15) (0.21 ) (0.80) (0.71 ) (0.75) rc
3:Cumulative rate
tT(40-69) (49.3) (19.7) (28.9) (35.5) (19.9) (26.4) (13.6) (5.3) (1 i. 1 ) (26.9) (23.1 ) (24.8) 0\--(30-69) (58.8) (23.8) (35.0) (35.5) (24.7) (29.0) (18.3) (8.4 ) (14.4 ) (36.3) (34.1 ) (35.1 )

" Calcu1ated from HTLV-I carriers defined as people who might have been infected with HTLV-I as a newborn baby.
( ) Calcu1ated by the W orking Group
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Murphy et aL., 1989b; Tokudome et aL., 1989) (Table 4). The age distributions of A TLL
incidence for men and women in Kyushu, Japan, are shown in Figure 9.

Figure 8. Estimated annual age-specific incidence rates
(per 100 000) of aduIt T-cell leukaemialymphoma
among HTL V - 1 carriers in J apan and J amaIca
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Sources: Japan, 1981-1987: Kondo et aL. (1989); Japan, 1981-83:
Tokudome et al. (1989); Jamaica: Murphy et al. (1989b)
Jamaica 2: calculated from HTL V -1 carriers defined as people who
might have been infected with HTL V-I as a newborn baby

(iii) Cohort .s,tudIes

Tokudome et aL. (1991) followed 3991 HTL V -l-seropositive blood donors aged 2: 40
years trom four blood centres in Kyushu who had donated blood between 1984 and 1987.
Positivity for HTL V -1 was determined by a particle agglutination antibody assay
confirmed by indirect immunotluorescence in two centres. Mortality was ascertained
through to August 1989; the average 1ength of follow-up was 2.7 years for a total of 4403
person-years for men and 5591 person-years for women. The crude mortality rates for
A TLL (3 deaths in men and 2 in women) were 68.1 per 100 000 for men and 35.8 for
women. There were two additiona1 deaths from malignant B-cell 1ymphoma (one in each
sex).

1 wata et al. (1994) followed a total of 1997 individuals aged ;: 30 years from an
HTLV-I-endemic community in Nagasaki Prefecture who were screened between 1984
and 1990. Of these, 503 (25.3%) were seropositive for HTL V -1 by a particle aggluti-
nation antibody assay. The cohort was followed up to mid- 1 992, the average follow-up
being 5.3 years for a total of 2581 person-years at risk. There were two deaths from
A TLL (one in each sex). The crude morta1ity rate was 77 per 100 000 person-years. (No
expected value was given but it must be very smal1.J

(iv) Case-control studIes on co-factors

ln A TLL-endemic areas, a1most all A TLL cases diagnosed by clinicopathological
features show seropositivity for HTL V - L (see Table 5). ln areas of low A TLL incidence,
a small proportion of cases lack HTL V - L antibody (T - and B-Cell Malignancy Group,
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1985; Pombo de Oliveira, 1995), but the vast majority (;: 90%) of cases are seropositive.
The majority (;: 60%) of aIl T-ceIllymphomas in Jamaica and in Trinidad and Tobago
are HTL V -I-seropositive versus less than 10% of other lymphoma cases (Manns et aL.,
1993).

Figure 9. Estimated annual sex- and age-specific incidence rates (per
1000000) of adult T-cell leukaemialymphoma in Kyushu, Japan, 1992-
93
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From T- and B-cell Malignancy Study Group (1996)

Several case-control studies on A TLL have been conducted in Japan (T - and B-Cell
MaIignancy Study Group, 1985; Tokudome et al., 1993). ln one, 66 cases were
compared with the same number of hospital controls without cancer se1ected by indi-
vidual matching to each case for sex and age (within five years) (T- and B-Cell Ma1i-

gnancy Study Group, 1985). The investigators checked factors such as blood type (A, B,
0), occupation, famiIy history of cancer, habit of raising animaIs and habit of eating raw
meat, but found no association of A TLL with any specifie environ mental risk factor.
They found negative associations with hepatitis and blood transfusion. Tokudome et al.
( 1993) reported that the preva1ence of smoking among 141 A TLL cases from northern
Kyushu (Fukuoka and Saga) (65% of 75 men, 17% of 66 women) was significantly
higher than that reported in the generaI population (53% and 4%, respectively). (The
W orking Group noted that smoking data from these cases may not be directly compa-
rable to the generaI population rates, and that the inverse associations reported with

hepatitis and transfusion history may be due to selection bias resulting from the use of
hospitalized controls.)

To examine the importance of exposure to HTL V - 1 during early life (presumably
from breast feeding), two groups have studied mothers of patients with A TLL and
TSP/HAM. ln both Jamaica (Wilks et al., 1996) and Trinidad (Bartholomew et al.,
1994), 100% of mothers of ATLL patients were HTLV-I-infected compared with
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Table 5. Proportion of anti-HTL V -1 antibody-positive individuals in lymphoma cases and controIs in Japan and
Central/South America

Japan (Kyushu)" Japan (other districts)" Brazi¡t Jamaicad Trinidad & Tobagod

Positive/tested (%) Positive/tested (%) Positive/tested (%) Positive/tested (%) Positive/tested (%)

162/192 (84.4)
130/130 (100.0)
32/62 (51.6)

12/49 (24.5)
241/3026 (8.0)

"T- and B-cell Malignancy Study Group (1985)
b Pombo de Oliveira et aL. (1995) except when noted

'Matutes et al. (1994)
dManns et al. (1993)
e Cleghorn et aL. (1990)

60/142 (42.3)
49/54 (90.7)
1 1/88 (12.5)

5011 88 (26.5)

48/53 (90.5)
1/29 (3.4)
0/54 (0)

41/70 (58.6) 34/43 (79.1)
45/48 (94 r

T-cell lymphoma
ATLL
Other T-cell Iymphoma
Cutaneous T -cell lymphoma
Non- T -cell Iymphoma
Healthy adults

4/117 (3.4)
95112090 (0.8)

1/24 (4.2)
27/376 (7.2)

1/25 (4.0)
20/355 (5.6)697/93 087 (0.7)'
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27-30% of mothers of TSP/HAM patients. The results indicate that infection early in 1ife
may be very important for the development of A TLL but that some cases of TSP/HAM
occur following transmission of the virus 1ater in life.

Studies of the role of the HLA system in relation to HTL V -I-associated disease are
presented in Section 4.2.

2.1.2 HTLV-I Ù~fecti()l1 and cutaneous T-celllymphomas

Cutaneous T-cell lymphoma is an uncoml1on malignancy, with an estimated inci-
dence of 800- 1 000 new cases per year in the United States (Weinstock et al., 1988). It
represents a small proportion (2-5%) of malignant Iymphomas. A three-fold increase in
the incidence of cutaneous T-cell 1ymphoma has occurred over the 1ast couple of
decades, although sorne of this increase may be due to improved diagnosis. The inci-
dence of cutaneous T-cell 1ymphomas rises sharply with age and the average age of a
patient at diagnosis is 52 years; the majority of new cases are over 30 years old. Men are
affected more frequent1y than women. ln the United States, cutaneous T-cell lymphoma
has been found to be more prevalent in blacks than in whites (Pancake et al., 1995).

When A TLL presents predominant1y with cutaneous manifestations, it is sometimes
indistinguishab1e from cutaneous T-cell lymphoma on c1inical and patho10gica1 grounds
(Arai et al., 1994). Both are mature T-cell malignancies of CD4+, CD8- phenotype and
affect the skin with a similar histologica1 pattern of infiltration (Whittaker & Luzzatto,
1993; Whittaker et al., 1993).

Over the past few years, a number of reports have indicated finding of HTL V -1 and/or

a related or partially deleted retrovirus in a subset of cutaneous T-cell lymphomas
occurring in non-endemic areas (Hall et al., 1991; Zucker-Franklin et al., 1991;
Srivastava et al., 1992; Zucker-Franklin et al., 1992; Pancake & Zucker-Franklin, 1993;
Zucker-Franklin & Pancake, 1994; Manca et al., 1994). However, HTLV-I-related
sequences have not been found in other studies (Capésius et al., 1991; Bazarbachi et al.,
1993,1995; Matutes etal., 1995b).

Even in the studies suggesting presence of the virus, the patients either lack anti bodies
to HTL V -1 (Hall et aL., 1991; Zucker-Frank1in et al., 1991; Pancake & Zucker-Franklin,
1993) or show an indeterminate pattern of seroreactivity by the radioimmuno-
precipitation assay (RIPA) and western blot, with weak p24 (Gag) reactivity but no anti-
Tax or pl 9 (Gag) antibodies (Srivastava et al., 1992). ln one notable case, Picard et al.
(1990) described one case first described as A TLL who was initially seronegative but
produced antibodies several months after chemotherapy had begun; antibody studies
were carried out with immunotluoresceiice techniques. ln cases of cutaneous T-cell

lymphoma positive for some part of HTLV-I (Gag, Pol or Env) by PCR, no ne contained
a full-length proviral DNA; only one study has shown conservation of the pX region in
cutaneous T-cell lymphoma, which is considered to be essential in the pathogenesis of
ATLL (Manca et al., 1994). Finally, with one possible exception (Hall et al., 1994), no
study has documented monoclonal or oligoc1ona1 integration of HTL V -1 in the neoplastic
cells, another essential feature of HTL V -associated A TLL.
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lt is possible that, on occasion, endogenous retrovira1 sequences have been amp1ified
accidentally using HTL V -I-specific PCR primers (Bangham et al., 1988; Fujihara et al.,
1994). Another possibility is that sorne patients may have an incorrect diagnosis and are
considered as having c,utaneous T-cell lymphomas, when in fact they have a cutaneous
form of A TLL with partial expression of the HTL V -1 genome. It is therefore doubtful
whether non-A TLL T-cell lymphomas are really associated with HTL V -1 sequences.

2.1.3 HTL V-II j¡~tectiol1

The role of HTL V -II in the pathogenesis of lymphoid neop1asms remains uncertain
(Fouchard et al., 1995). HTL V -II was first iso1ated from spleen cells of a patient with a
T-cell malignancy diagnosed as a T-cell variant of hairy-cell leukaemia (Kalyanaraman
et al., 1982). ln a subsequent case (Rosenblatt et aL., 1986), the patient was found to have
two distinct neop1asms: a typical B-cell hairy-cell leukaemia in which HTL V -II was not
detected and a CD8+ T-cell disorder equiva1ent to large granular-1ymphocyte leukaemia
in which HTL V -II was o!igoclonally integrated (Rosenblatt et al., 1988a,b). As the T-cell
variant form of hairy-cell 1eukaemia is not a recognized entity among lympho-
proliferative disorders, the original patient may have had a condition other th an hairy-cell
1eukaemia.

ln 1987, two groups reported finding that patients with large granular-Iymphocyte

leukaemia had a high preva1ence (7/27 and 6/12, respectively) of antibodies against
HTL V -II (Pandolfi et al., 1987; Starkebaum et al., 1987). The antibody profile seemed
incomp1ete in most instances, prompting speculation that the response might be due to a
related retrovirus. This leukaemia is a rare, chronic T-cell lymphoproliferation with a
CD8+, CD4- phenotype. The patients otten present with splenomega1y and have an
indolent course lasting for years.

Loughran et aL. (1994) reported that six out of 28 patients with large granuIar-
lymphocyte leukaemia were serologically positive for HTL V -1 or HTL V -II by ELISA,
a1though sorne had indeterminate patterns in which the western b10t reacted on1y with

either Gag protein or recombinant Env p21. Of these, only one patient with large
granular-Iymphocyte leukaemia was reported to have HTL V -II sequences in the
lymphocytes, detected by PCR (using Pol and/or pX region primers) (Loughran et al.,
1992). However, in other cases reported, clonaI integration of the retrovirus in the
lymphoma cells was not found by Martin et al. (1993) and not investigated by Loughran
et al. (1992, 1994), even though the patients had HTL V -II infection. Furthermore,
Heneine et al. (1994) screened 51 patients with large granu1ar-Iymphocyte Ieukaemia but
found only one to have HTL V -II antibodies. An unusual case of HTL V -I-positive A TLL
with a blood picture simi1ar to that of large granular-1ymphocyte 1eukaemia has been
reported in Japan (Sakamoto et al., 1994).

Therefore, it remains doubtfu1 whether HTL V - II plays a pathogenic role in large
granu1ar-Iymphocyte leukaemia; undetected retroviruses or variant virus might be

responsible (as proposed by Loughran et al., 1994) or an indirect and non-specifie
mechanism may be invo1ved (as proposed by Martin et al., 1993).
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One patient with mycosis fungoides associated with HTL V - II has been described
(Zucker-FrankIin et al., 1992).

2.2 Other malignancies

2.2.1 HTLV-I

(a) Case reports and case series

One approach to studying the risk of other malignancies in HTLV-I-infected persons
is to look at multiple cancers in A TLL patients. Most reports of such cases come from
populations in J apan, where HTL V - 1 infection is endemic.

Ono et aL. (1989) reported that, of 43 consecutive patients with A TLL seen in
northern Kyushu (Saga) between 1982 and 1987, five (all aged 270 years) had additional
multiple cancers, inc1uding two pers ons with triple separatemaIignancies.This was
significantIy higher than the two multiple cancers seen in 36 similarly aged cases with
other haematological malignancies during the same time period (not adjusted for age or
sex). The other second primary cancers seen in the cases of A TLL were tumours of the
colon, larynx, thyroid, stomach (three), liver and kidney. Simi1arly, Imamura et al.
(1993) found that five of 15 ATLL cases seen at one institution between 1963 and 1985
had a second malignancy (of the thyroid, stomach, larynx, lip and lung); this was
significantly higher than the 44 multiple primaries among 1 156 patients with other
haematological malignancies (not adjusted for age or sex).

There have been various case reports of second non- T -cell primary malignancies in
cases of A TLL, including two cases of Kaposi' s sarcoma (Greenberg et aL., 1990;
Veyssier-Belot et al., 1990), an EBV-positive B-cell Iymphoma (Tobinai et aL., 1991), an
acute monoblastic 1eukaemia (Tokioka et al., 1992) and a cerebral small-cell lymphoma
(Komori et aL., 1995). Shibata et aL. (1995) described a Japanese HTL V -1 carrier with a
high prevalence (13%) of circulating ab normal lymphocytes and a long history of
lymphadenopathy, having a tumour diagnosed as mantle-cell lymphoma with features of
mucosa-associated lymphoid tissue lymphoma. EBV genome was not detectable in this
B-cell tumour. ln these case reports, no integrated HTL V -1 provirus was found in the

non-ATLL tumour. (The Working Group noted that in the reports of Ono et aL. and
Veyssier-Belot et aL., it is unclear whether the non-ATLL cases were tested for the
presence of HTL V - 1 genome.)

A number of cases have been reported of HTLV-I detected by PCR in tumours other
than A TLL. Since PCR will detect HTL V -1 in infiltrating lymphocytes, the significance
of such findings is open to question (Matsuzati et al., 1990; Imajo et aL., 1993; Inoue

et aL., 1994a).

Several reports dealing mainl y with HTL V - 1 -endemic populations outside J apan

describe chronic lymphocytic Ieukaemia in HTL V -1 carriers. Blattner et aL. (1983)
reported that, of 14 cases of chronic lymphocytic Ieukaemia identified among a series of
haematopoietic malignancies in Jamaica, four were HTL V -I-seropositive but were
negative for HTL V - 1 provirus. Mann et aL. (1987) reported experiments using tumour
cells from two HTLV-I-seropositive Jamaicans with B-cell chronic Iymphocytic
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1eukaemia. ln theseexperiments, the cells were fused with a human B-1ymphob1astoid
cell line, and the secreted immunog10bu1in was then characterized as to its antigen speci-
ficity for HTL V - 1 proteins. ln one case, the antibodies reacted to the p24 Gag protein of
HTL V - l, and in the other case, to the gp61 Env protein. The authors specu1ated that
HTL V -1 infection pIayed an indirect ro1e in the oncogenesis of antigen-committed B
ceUs responding to the infection. (The Working Group noted that it was not clear whether
the cases reported by Blattner et aL. were of B-ceU origin.)

Although there is a suggestion from case series of an excess of cancers other th an
A TLL among persons infected with HTL V -l, this is not supported by cohort studies (see
below).

(h) Cohort studies

Tokudome et aL. (1991) followed 3991 HTLV-I-seropositive blood donors aged ~ 40
years from four communities in Kyushu who had donated blood between 1984 and 1987.
Positivity for HTL V -1 was determined by a partic1e agglutination antibody assay (see
p. 297). Mortality was ascertained through to August 1989; the average 1ength of foUow-
up was 2.7 years. Twenty-six deaths were reported in the cohort, four from ma1ignancies
(exc1uding those from A TLL and malignant 1ymphoma). Expected numbers were
calculated on the basis of national age-specific rates. There was a significant deficIt
among HTL V -1 carriers for deaths from other cancers: observed/expected, 0.32 (95% Ci,
0.07-0.93) for men and 0.13 (95% Ci, 0.00-0.71) for women. The authors noted that
these findings are underestimates because of the healthy donor effect.

Iwata et aL. (1994) foUowed up a total of 1997 individua1s aged ~ 30 years from an
HTL V -I-endemic community in Nagasaki Prefecture for an average of 5.3 years (see
p. 297). Population registries, death certificates and hospita1 records were used to identify
a total of 120 deaths within the cohort; of these, 45 occurred among 503 HTL V -1 carriers
and included 10 non-A TLL malignancies. Based on proportionate morta1ity hazard, the
risk for death from aU other malignancies associated with HTL V -1 infection was 1.2

(95% Ci, 0.39-3.5) for men and 1.8 (0.61-5.2) for women.

(c) Case-control studies

ln order to examine the association between HTL V -I infection and non-A TLL

malignancies, Asou et aL. (1986) identified 685 patients with ma1ignancies other th an
ATLL (average age, 60 years) in II hospitals in central Kyushu (Kumamoto), Japan,
between February and March 1985. Patients with an unknown history of blood
transfusion were excluded. Seven patients had double malignancies. The comparison
group inc1uded 22 726 hea1thy individuals who were part of a hea1th survey by the

Japanese Red Cross Health Service Center; aU had !ived in the Prefecture since early
chiIdhood. The two groups were compared for seropreva1ence of HTL V - l as determined
by ELISA, wIth adjustment for age and sex. The resu1ts were reported separate1y for
cases according to whether or not they had a history of bIood transfusion. The overaII

seroprevaIence in the 394 non-transfused cases with other maIignancies was 15.5% and
for the 291 with a history of transfusion was 26.1 %. The corresponding cru de prevalence
rate in the comparison population was 3.0%. The relative risk associated with HTL V-I
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infection for malignancies other than A TLL was 2.2 (p -( 0.01) among the non-transfused
cases and 4.2 among the transfused cases (p -( 0.03). (The Working Group noted that the
controls were like1y to be more healthy than the general population and were not
stratified by transfusion history.)

A series of reports described an association of HTL V -1 with hepatocellular carcinoma
in Japan, which is common1y due to either hepatitis B virus (HBV) or hepatitis C virus
(HCV) (see IARC, 1994). Iida et aL. (1988) evaluated the HTL V - 1 antibody status of 380
patients with various liver diseases including hepatocellu1ar carcinoma in Kyushu
(Kumamoto), Japan. HTL V -1 seropositivity was determined by ELISA with western blot
confirmation. For comparison, the overall seroprevalence rate in 62 000 b100d donors
from the area was 4.7%. The crude seroprevalence rate of 17.5% among the 40 cases of
hepatocellular carcinoma was significantly higher than the comparison rates (p -( 0.001);
however, six of the seven seropositive cases had a history of transfusion. Among 93
cases of liver cirrhosis, a condition which a1most always precedes the deve10pment of
hepatocellu1ar carcinoma, the HTL V -1 seropreva1ence of 10.8% was also significantly
higher (p -( 0.01), but 6 of the 10 seropositive cases had a history of transfusion. (The
Working Group noted that it was unclear whether the higher HTL V -1 infection rate in
cases was due to disease-related transfusions or whether HTL V - 1 contributed to the
occurrence of hepatocellular carcinoma. The data given are not sufficient to calcu1ate
age- and sex-adjusted estimates of relative risk.)

Kamihira et al. (1994) examined the prevalence of co-infection with HTL V -1 and

HCV and HBV in cases of liver disease including hepatocelIu1ar carcinoma in blood
donors in Nagasaki. Cases included 181 cases of hepatocellu1ar carcinoma seen at

Nagasaki University Hospital and 228 cases of either chronic hepatitis or cirrhosis.
Control data were obtained from 77 540 local blood donors. HTL V -1 positivity was
determined by particle agglutination assay and ELISA, with confirmation by western b10t
if necessary. (The Working Group noted that it was unclear whether positivity was based
on either particle agglutination or ELISA or whether all sera were screened by both
assays. J HBV status was detected by particle agglutination assays and HCV status by the
first-generation ELISA. Among the control data, there was a significant association
between HCV and HTL V -1 infection (1.9% HCV -positive among 2907 HTL V-I
seropositive versus 1. 1 % among 74 633 HTL V - 1 seronegative (p = 0.04)), but not
between HBV and HTL V -1 infections (p = 0.70). The mean age at hepatocellu1ar carci-
noma diagnosis among the 31 patients with HTL V -1 antibody (61.5 years) was signifi-
cantly lower than that of the 112 HTLV-I-seronegative cases (64.8 years; p = 0.04).

Okayama et aL. (1995) examined the effect of HTLV-I co-infection on risk for HCV-
positive hepatocellular carcinoma in comparison to HCV -positive chronic hepatitis. The
cases included 43 sequentially seen hepatocellular carcinoma patients (33 men and 10
women) in southern Kyushu (Miyazaki), Japan, with a mean age of 62.4 years. The
control group consisted of 127 biopsy-proven HCV -positive chronic hepatitis patients
(86 men and 41 women) with a mean age of 51.7 years. AlI subjects were seropositive
for HCV antibody and negative for HBV surface antigen. HTLV-I antibody status was
determined by the particle agglutination assay, with confirmation by western blot. HCV
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antibody status was determined by a second-generation ELISA. The HTL V -1 sero-
prevalence among the cases of hepatocellu1ar carcinoma was 30.2% and that among the
chronic hepatitis contro1s was 9.5%. Among the 41 cases aged ;; 50 years, 31.7% were
HTLV-I carriers compared with 7.3% among the 82 HCV-positive chronic hepatitis
patients of the same age (p = 0.001). With adjustment for broad age groups, the relative
risk for HCV -positive hepatocellu1ar carcinoma associated with co-infection with HTL V-
1 was 12.8 (95% CI, 3.3-52.3) among men; among women, there was no significant
difference (relative risk, 1.3; 0.17-10.1). ln this study, the preva1ence of history of
transfusion was similar among cases (42.9%) and chronic hepatitis controls (38.9%).

Several studies have examined the re1ationship between HTL V -1 infection and human
papillomavirus (HPV)-associated gynaeco10gical malignancies (see IARC, 1995).

Miyazaki et aL. (1991) examined the association of HTLV-I infection with gynaeco-
logical malignancies in patients from central Kyushu, Japan. Cases included 226 patients
with gynaecological malignancies new1y treated between April 1986 and July 1989,
exc1uding those with a history of b100d transfusion. The case group included 153 cervical
cancer patients, 28 endometrial carcinoma patients, 37 ovarian carcinoma patients and 8
vaginal carcinoma patients. For comparison, the HTL V -1 seroprevalence among 6701
healthy women seen at a mass health screening was used. HTL V -1 status was determined
by both immunofluorescence and ELISA assays. The relative risk for HTL V-I
seroprevalence associated with cervical cancer among the 88 women aged ~ 59 years
was 2.9 (p ~ 0.005) and that for older cases was 1.7. Similarly, based on eight cases of
vaginal carcinoma, the relative risk was 7.4 (p ~ 0.001). One of the latter cases a1so had
smouldering A TLL. However, for the cases of endometrial and ovarian cancer, there was
no association with HTL V -1 (relative risks, 0.97 and 0.87, respectively). There was no
significant association between HTL V - 1 status and stage of cervical cancer or the

presence of regional node metastases in 59 patients who had primary radical surgery.
However, HTL V - 1 status was predictive of recurrence among the cases of cervical and
vaginal cancer combined (p ~ 0.05).

Strickler et aL. (1995) evaluated the association between HTL V -1 infection and the
degree of cervical epithelial abnormalities. Cases for this case-control study were 49 out-
patients with cervical intraepithelial neoplasia (CIN)-III or invasive carcinoma of the
cervix sequentially seen at a co1poscopy clinic in Jamaica between March 1992 and
August 1993, from whom adequate tissue for ana1ysis was avai1able. Contro1s were 120
women diagnosed with benign, atypica1 squamous cells of unknown significance
(ASCUS), CIN 1 or koilocytotic atypia. HTLV-I antibody status was determined by
either a who1e virus or recombinant gp21 ELISA with western blot confirmation. HPV
DNA was detected by PCR, with typing for i 1 sub-types (low, intermediate, high risk).
As expected, there was a strong association with the detection of HPV DNA: 92.1 % of
cases were positive versus 25.7% in benign, 50% in ASCUS and 49.2% of the CIN 1 and
koilocytotic atypia control subjects. HTL V -1 seropositivity was greater among cases,
who had more advanced stage (14.3%) than the contro1s (2.9%) (age-adjusted relative
risk, 3.8; 95% CI, 1.03-14.2).
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These case-control studies are summarized in Table 6. Overall, case-control studies
of HTL V -1 and risk of malignancies other than A TLL are few and may be int1uenced by
selection bias (e.g., use of blood donors as controls). Significant positive associations
were found for hepatocellular carcinoma and cancers of the female lower genital tract,
which showed associations with HBV and HCV and with HPV, respectively. However,
since these viruses are transmissible by simiIar routes to HTL V -1, the reported asso-

ciations may be confounded.

2.2.2 RTL V-II

The majority of studies investigating an association between HTL V - 1 and malignancy
have used assays which would also detect HTL V -II, and none has reported an association
of HTL V-II with malignancy.

3. Studies of Cancer in Animais

During the study of natura1 retroviral infection in non-human primates, it became
apparent that many African and Asian non-human primate species had serum antibodies
that cross-reacted with HTL V - 1 antigens. Prevalence of serum antibodies found in these
populations varied from -: 10 to ? 80% and generally increased with age. African green
monkeys (Cercopithecus aethiops) and macaque species generally had the highest sero-
prevalence (Miyoshi et al., 1983; Hayami et al., 1984; Ishikawa et al., 1987; Fultz,
1994). A virus isolated from Iymphoid cell lines established from seropositive monkeys
was shown by Southern blot analysis of genomic DNA, nucleotide sequence analysis and
type-specific synthetic peptide epitopes to be 90-95% homo10gous to HTL V-I (Komuro
et al., 1984; Tsujimoto et al., 1985; Watanabe et al., 1985; Ishikawa et al., 1987;

Rudolph et aL., 1991) and was designated as simian T -cell 1 ymphotropic virus type 1
(STL V-I).

3.1 HTLV-I in animal models

3.1.1 Non-human primates

Six cynomolgus (Macaca jascicularis) and two squirrel (Saimiri sciureus) monkeys
were infected experimentally with HTL V -1 by inoculation with autoIogous Iymphoid cell
lines immortalized by and producing HTLV-1. To produce the cell lines, monkey peri-
pheral bIood mononuclear cells were co-cultivated with Iethally irradiated MT-2 cells
producing HTL V -1. AIl the cell lines had monkey karyotypes, grew continuousIy and
expressed IL- 2 and virus-specific proteins of HTL V - 1. Specific antibodies against
HTL V-I and transformed HTL V-I-infected peripheral blood cells were found in the ino-
culated monkeys. No neoplastic lesion was detected up to two years after inoculation
(Nakamura et al., i 986).
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Table 6. Case-control studies of the association of HTL V - 1 infection with malignancies other than adult T -cell
leukaemia/ymphoma

Reference Cancer site Cases HTLV-I+ Controls HTLV-I+ Odds ratio Comments
(%) (%)

::
Asou et aL. Ail sites except 394 15.5 Hea1thy v01unteers 3.0 2.2 Exc1udes cases with c:

$:( 1986) ATLL history of b100d ;i
Liver on1y 33 15.2 Healthy volunteers 3.0 2.6 transfusion Z

..
1

Iida et aL. Liver 40 17.5 Local blood donors 4.7 NG 6/7 HTL V -r cases had n
(1988) been transfused

rr
L'

Miyazaki Cervix c: 59 years 88 10.2 Healthy volunteers (3.3)
L'

2.9 L'et al. (1991) ? 60 years 65 16.9 Healthy volunteers 10.2 1.7 ~
Ovary 37 2.7 Healthy volunteers 0.87 $:

""Vagina 8 50.0 Healthy vo1unteers 7.4 ::0Endometrium 28 7.1 Healthy volunteers 0.97 ..
Kamihira Liver 181 20.4 Local blood donors 3.8 NG HTL V - L seropositi vit 

Y 

;:0et aL. (1994) was associated with HCV ""..
seropositivity n

~Okayama Liver 43 30.2 HCV-positive 9.5 12.8 Transfusion preva1ence ..;:et al. (1995) chronic hepatitis (males) similar in cases and c:
C/

1.3 con troIs tT

(females)
C/

Strickler Cervix 49 14.3 Benign, ASCUS, 3.3 3.8 Cases had invasive
et aL. (1995) koi10cytotic atypia or carcinoma or CIN II

CIN L

NG, not given; CIN, cervical intraepithe1ial neop1asia; ASCUS, atypical squamous cells of unknown significance

w0--
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3.1.2 Gther models

Adult T-cell leukaemia-like disease was experimentally induced by injection of an
HTL V -I-transformed rabbit T-cell line into syngenic rabbits. The cell line was obtained
from peripheral b100d of a two-month-old virus-infected (B/J x Chbb:HM) FI rabbit.
Fifty per cent of 13 intraperitoneally inoculated newborn rabbits died or were moribund
within seven days. Four rabbits surviving for four weeks had detectable cellular cytotoxic
activity against transformed cells, increased leukocyte counts and abnormal lymphocytes
with convoluted or lobu1ated nuclei. Histologically, 1eukaemic infi1trates, probably direct
cell-line progeny, were seen in the liver, lung, spleen and mesenteric 1ymph nodes. The
same cell line and dosage killed two syngenic adu1t rabbits when given intravenous1y.

Three adult virus carriers, 8-15 months of age, were resistant to similar doses (Seto
et aL., 1988). (The Working Group noted the incomp1ete description of the 1ymphoid
infiltrates and that this system was not sufficiently characterized to be accepted as a
useful model.)

L TR-tax transgenic and HTL V -1 infected severe combined immunodeficient (SCID)
mou se mode1s are discussed in Sections 4.3.2 and 4.3.4 respectively.

3.2 STL V -1 in non-human primates

3.2.1 STL V-I-associated lymphomas (see also Table 7)

Ma1ignant Iymphoma is the most commonly occurring neop1asm in non-human
primates and is found most frequently in 01d World species (reviewed in Beniashvili,
1989).

Homma et al. (1984) detected serum antibodies to membrane antigens of HTL V -1-
infected cells in 1 1 of 13 macaques (Macaca cyclopis, M. mulatta, M. fascicularis) with
malignant lymphoma or lymphoproliferative disease. ln contrast, these antibodies were
found in only 7 of 95 healthy macaques of the same colony.

V oevodin et al. (1985) reported that, among Sukhumi Iymphoma-prone baboons
(Papio hamadryas), serum antibodies to HTL V -1 antigens were found by the indirect
immunofluorescence test in 57 of 58 lymphomatous baboons but in only 80 of 177

hea1thy baboons from the same 'lymphoma-prone' co10ny. The preva1ence of HTLV-I
antibodies in baboon populations considered to be 'lymphoma-free' was 5-8%. (The
Working Group noted that interpretation of these data was complicated by the intro-
duction of human 1eukaemic blood into the baboon colony. This b100d was not evaluated
for viral infection before use (Lapin, 1969). Herpesvirus papio (HVP) was a1so endemic
in the colony.) Later it was shown that monoc1onally integrated STLV-I provira1

information of rhesus origin was present in the lymphomatous tissue of these baboons
(V oevodin et al., i 996).

Srivastava et al. (1986) detected antibodies reactive against HTL V-I by severa1

assays, inc1uding western blot analysis, in three serum samples collected over a period of
approximately four years from a 24-year-old fema1e gorilla (Gorila gorilla graueri) with

non-Hodgkin's lymphoma. Morphologically, the neoplasm was diagnosed as a T-cell
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Table 7. Lymphoid neoplasia in STL V -I-positive nonhuman primates

Genus, species Country No. of Neoplasm Proviral Comments Reference
animaIs integration

Papio spp. Georgia 57 Lymphoma Monoclonal Rhesus STL V-l V oevodin et al.

(1985, 1996) :i
C

Papio spp. USA 27 Lymphoma (11 with ND - Hubbard et al. ~
leukaemia) ( 1 993) ~

Z
Papio spp. USA 1 Leukaemia/lymphoma ND - McCarthy et al. -i

( 1 990)
1n

Cercopithecus aethiops USA 1 Lymphoproliferative Monoclonal SIV+/STL V-l Traina-Dorge
mr

disease et al. (l 992) rr
Cercopithecus aethiops J apan 6 Leukaemia (l) Monoclonal STL V-l Tsujimoto et al. ~

~Pre-leukaemic (5) (1987) '"
Cercopithecus aethiops Japan 1 Lymphoma Monoclonal - Sakakibara et al. :i0

( 1986) -i;:
Cercopithecus aethiops USA 1 Lymphoma ND - Jayo et al. 0

(1 990)
'"
n

Cercocebus atys USA 3 Lymphocytosis (i) ND SIVsMM+/STL V-l McClure et al. ..
Leukaemia (1) (1992)

-
;:

Lymphoma (l) C
vi

Macaca cyclops USA 3 Lymphoproliferati ve ND - Homma et al. m
vi

Macaca mu/arta 5 disease (1984)
Macaca jascicularis 3

Gorilla gorilla graueri USA 1 Lymphoma Monoclonal - Srivastava et al.

(1986)

ND, not detected

'-l0
\0
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histiocytic lymphoma. (The Working Group noted the lack of immunochemical infor-
mation to confirm the T-cell origin of the neop1asm.) Southern blot analysis of DNA
from BamHI-digested neoplastic tissue using a complete HTL V-i genome probe yie1ded
one 10-kb fragment and a L.05-kb internaI fragment corn mon to aIl HTL V - 1 isolates.
This confirmed that the gorilla was infected with HTL V -1 or a close1y related virus. The
gorilla was also seropositive for cytomegalovirus, Epstein-Barr-like virus and Y aba

virus.

Sakakibara et al. (1986) reported lymphoma and leukaemia in a wi1d-caught female
green monkey (Cercopithecus aethiops) that was very similar to human A TLL. Neo-
plastic lymphocyte antigens reacted specifically with antibodies to HTL V -1 and were

CD2+ (Leu 2a+), CDJ (Leu3a) and negative for surface immunog10bulin.

Spontaneous malignant lymphomas, including 12 cases with 1eukaemia and lym-
phoma, were reported in 28 baboons and one African green monkey. All the Iymphoma
cases were seropositive for HTL V -1 antigen, while the prevalence in the 3200-member
baboon colony was about 40%. The disease in these monkeys had many similarities to
A TLL in humans, including skin invo1vement, adu1t onset, generalized 1ymphadeno-
pathy, hepatosp1enomegaly, anaemia, leukaemia, hypercalcaemia, pulmonary involve-
ment and similar histological and immunocytochemical features. Immunohisto-

chemicaIly, 24 of the lymphomas were of T-cell origin, two of B-cell lineage, two could
not be identified as B- or T-cell origin and one was not evaluated (Jayo et al., 1990;

McCarthy et al., 1990; Hubbard et al., 1993).

McClure et al. (1992) found T -ce il leukaemia, lymphocytosis and 1ymphoma, respec-
tive1y, in three 10-23 year-old sooty mangabeys (Cercocebus atys) naturally infected
with SIV SMM and STL V - 1. Another dual infection of S1V and STL V - 1 together with a

1ymphoproliferative disease was observed in an African green monkey (Traina-Dorge
et al., 1992).

3.2.2 Pathological and molecular aspects

1shikawa et al. (1987) established Il cell lines of virus-producing 1ymphoid cells in

the presence of IL-2 from five species of STL V -1 antibody-positive non-human primates.
The cell 1ines expressed T-cell activation markers and either CD3+ or CD2+, expressed
viral antigens that reacted with sera from human A TLL patients and monoclonal anti-
bodies against pl 9 and p24 of HTL V - L core protein, and produced virus partic1es with
RNA-dependent DNA polymerase activity. DNA from these cell lines contained proviral
sequences similar to HTL V - L but with different restriction patterns.

Peripheral blood lymphocyte chromosoma1 DNA taken from 31 wild-caught captive
STLV-I-seropositive African green monkeys was evaluated for proviral integration of
STL V -1. One of the se monkeys was overtly leukaemic and five were pre-Ieukaemic. Pre-
leukaemia was diagnosed by finding ab normal lymphocytes in the periphera1 blood. The
monoclonal integration sites of the proviral genome in these six monkeys indicated
proliferation of STL V -1-infected cells. Restriction patterns with Pst1 and SstI were the
same as those for prior isolates from African green monkeys, except that three animaIs
had deletions of one Pst1 site, suggesting that the virus could be defective in these cases.
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Lymphocytes from seropositive monkeys without leukaemic changes did not contain
provirus detectab1e by Southern blot and were polyclonal. The deve10pment of A TLL-
1ike disease with monoclonal integration of STL V -1 provira1 genome indicated that

STLV-I has simi1ar leukaemogenicity to HTLV-I (Tsujimoto et aL., 1987). (The Working
Group noted that the pre-leukaemic diagnosis in five animaIs was tentative, as abnorma1
lymphocytes were found in STL V -I-seronegative monkeys, and it is difficult to correlate
the occurrence of abnormal lymphocytes with seropositivity.)

Lymphoproliferative disease was diagnosed in an African green monkey with mono-
c10nally integrated STL V -1. STL V-related sequences were identified by Southern b10t
ana1ysis of DNA extracted from hyperp1astic 1ymphoid tissue. This animal was also
infected with SIV and was immunodeficient, as suggested by wasting, cryptosporidial
intestinal infection and re1atively low 1evels of CD4 + and high leve1s of CD8+ lym-
phocytes (Traina-Dorge et al., 1992). (The Working Group noted that the immunodefi-
ciency diagnosis was questionable.)

Moné et al. (1992) established a cell line from a non-Hodgkin's 1ymphoma of a
baboon and detected monoclonally integrated STL V -1 proviral DNA, using Southern blot
assay and HTLV-I PCR.

An STLV-I rhesus strain (M. mulatta) has been characterized in lymphomas from
Sukhumi baboons (Papio hamadryas). Thirty-seven STL V-I isolates were investigated
by PCR which discriminated rhesus-type and baboon-type STL V -1 strains. The PCR
results were confirmed by DNA sequence data. Partial nucleotide sequences of both
STL V - 1 isolates from 1 ymphomatous baboons were 97-100% homologous to known
rhesus STLV-I and 85% homologous to conventional baboon STLV-1. This macaque-to-
baboon inter-species transfer of STL V -1 may have initiated the outbreak and increased
the incidence of 1ymphoma among Sukhumi baboon colonies (V oevodin et al., 1996).

3.3 Bovine leukaemia virus In sheep and cattle

Bovine 1eukaemia virus (BL V), HTL V -1, HTL V -II and STL V constitute a unique
subgroup within the retrovirus family, characterized by a distinct genetic content,
genomic organization and strategy for gene expression (Cann & Chen, 1990; Gallo &
Wong-Staal, 1990; Burny et al., 1994; Kettmann et al., 1994). A1though BL V is not as
c10sely related to HTLV-I as are the STLVs, much more is known about its pathogenicity
and transmission. Therefore the carcinogenicity of BL V is considered here. BL V
infection has been eradicated from western European cattle. No evidence of human
infection has been documented.

BL V is a transactivating retrovirus recognized as the etiological agent of enzootic
bovine leukosis (reviewed in Burny et al., 1994; Kettmann et al., 1994; Schwartz &
Lévy, 1994). Presence of the virus has been reported in cattle, sheep, water-buffaloes and
capybaras (a South American rodent, Hydrochoerus hydrochaeris). Experimental
induction of tumours by BL V has been carried out in cattle, sheep and goats (Kettmann
et aL., 1984), but it is not known if tumours can be induced in water-buffaloes and
capybaras.
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Replication of these viruses is regu1ated at the transcriptiona1 and post-transcriptional
1eve1s by their own regulatory proteins, notably Tax and Rex. Infection is followed by a
long latent period, and only a small proportion of infected individua1s deve10p the

terminal neoplastic disease. BL V virions are difficult to identify in neop1astic tissue, but
can be found in normal or neop1astic lymphoid cells from BL V -infected catt1e or sheep
(Jensen et aL., 1991; Powers & Radke, 1992). Apart from the difference in host range, a
notable difference between BL V and HTL V is that infection by BL V is associated with
malignancy of B cells, whereas HTL V affects T cells (Paul et al., 1977).

BL V provirus comprises 8714 bp, making up the following genes (Figure 10):

- gag, representing the genetic information for the matrix (p 1 5), capsid (p24) and

nucleic acid-binding (p 1 2) proteins;

- prt, encoding the viral protease, p 14;

- pol, the gene for reverse transcriptase and integrase (852 amino acids);

- env, the gene for gp51 (268 amino acids) and gp30 (214 amino acids), the external
and transmembrane glycoproteins respective1y;

- tax, the genetic element coding for a transactivator protein, p34 Tax;

- rex, the sequence coding for the Rex protein (p 1 8), a molecule involved in the export
of genomic RNA from the nucleus;

- R3 and G4, two open reading frames coding for protein products of 44 amino acids
and 105 amino acids, respectively, that upregulate BL V expression in the infected
host.

Figure 10. GenomIc organization of BL V provirusa
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env ~
"From Schwarz & Lévy (1994)

Transmission of BL V occurs mainly via transfer of infected lymphocytes by
contaminated needles, syringes, etc. Transmission can also occur via milk and in utero
(Schwartz & Lévy, 1994). Infection can be experimentally transmitted to sheep, goats,
pigs, rabbits, monkeys and buffalos (Kettmann et aL., 1984; 1994). Tattooing, dehorning,
rectal palpation and vaccination procedures can be involved in the transmission of BL V
via contaminated blood (Foil & Issel, 1991). Once established, infection is 1ifelong. The
viral load of the inoculum, the time since infection, the efficiency of virus propagation

and clonaI expansion of BL V -infected cells are key factors determining the number of
infected cells at any given time and the probability of neoplastic transformation.

kajo
Pencil



HUMAN T-CELL L YMPHOTROPIC vlRUSES 313

Experimental transmission via biting insects (Foil & Issel, 1991) or intradermal ino-
culation of BL V proviral DNA into sheep (Willems et aL., 1992b; 1993) has been
reported.

The presence of BL V within a host is detected by agar-gel immunodiffusion and

ELISA. PCR is not useful because viral propagation is slow and the immunogenicity of
the virus is high. Seropositivity is detected by gp51 ELISA within two to three weeks
after infection (see Kettmann et al., 1994).

3.3.1 Disorders induced by BLV

BL V is associated with enzootic bovine leukosis (EBL) (a1so called bovine
1eukaemia, bovine lymphoma, bovine lymphosarcoma, bovine malignant lymphoma),
which is the most common neoplastic disease of caule. ln terms of the long-term pro-
gression of BL V infection, caule fan into three major groups (see Figure 1 1). The first
and largest of these groups includes those animaIs (about 60%) that develop a persistent
infection and humoral immune response but are normal in every other respect. The
second group, representing 30-35% of all BL V -infected cattle, deve10p persistent lym-
phocytosis, a disorder that resu1ts from polyclonal expansion of the B-1ymphocyte
population (Kettmann et al., 1980a,b). The third, and much smaller, group (about 5% of
infected animaIs), includes animaIs that develop leukaemia/lymphosarcoma.

Figure 11. BL V -induced pathogenesis in caUle

Tumour(s) Tumour(s) - 5%

(j
_ _ 1 nfectedPersistent lymphocytoSIS 30-35% _

animals

Asymptomatic carriers - 60%

BLV

Animais that were exposed but not infected
(frequency unknown)

Time

From Kettmann et aL. (i 994)

BL V is the etiological agent of not only bovine leukosis but a1so ovine 1eukosis.

AIthough 1ess than 5% of BL V -infected cattle go on to deve10p tumours, all experi-
mentally infected sheep progress to and die in the tumour phase of the disease and after
shorter latency periods than caUle (Djilali et al., 1987; DjilaIi & Parodi, 1989; Gatei
et al., 1989).
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(a) Caule

Three types of EBL are clinically recognized (International Committee on Bovine
Leukosis, 1968):

CalI multicentric type: This is characterized by rapidly growing genera1ized Iymph
node enlargement with bone marrow involvement. Lymphocytes infiltrate various
internai organs, particularly late in the disease.

Adult multicentric type: There is usually 1ymph node enlargement wh,ichmay be
either symmetrical or asymmetrical. Any tissue in the body may be infi1trated by neo-
plastic cells and clinical signs depend on the organs or organ systems involved.

Skin leukosis: The first sign may be an urticaria-like change in the skin, especially on
the neck, back, fUmp and thighs. Lymph nodes may be enlarged and the skin lesions may
become covered with a thick scab. There may be complete healing of skin les 

ions and
lymph node regression. However, the disease may take a fatal course with typical 1ymph
node involvement and neoplastic-cell infiltration of organs.

(h) Sheep

The haematological disorders associated with BL V infection are less well defined in
sheep. BL V -infected sheep do not develop a persistent lymphocytosis 1asting for years,
as is seen in cattle. Some infected animaIs develop lymphosarcoma with no previous
haematological disorder (Djilali & Parodi, 1989; Ohshima et al., 1991 b). Lymphoid
leukaemia and localized lymphosarcoma frequently occur together (Gatei et al., 1989;
Ohshima et al., 1991 a; Murakami et al., 1994a).

3.3.2 Pathological and molecular aspects

(a) Caule

BL V persists in peripheral B-Iymphocytes (Paul et al., 1977) and the proportion of B-
lymphocytes in the peripheral b100d of BL V -positive animaIs increases before any

potential increase in the number of circulating lymphocytes (Fossum et al., i 988).
Persistent Iymphocytosis, when it deve10ps (Figure 1 1), is a po1yclonal expansion of the
B-cell population, including BL V -infected and BL V -uninfected cells (Kenyon & Piper,
1977). The ratio of infected to uninfected cells is roughly i : 3 to 1 : 4 (Kettmann et al.,
1980a). AnimaIs are considered to be in persistent 1ymphocytosis when successive total
lymphocyte counts significantly exceed normal values (International Committee on
Bovine Leukosis, 1968).

Studies of the heritability of susceptibi1ity to persistent 1ymphocytosis 1ed to the
conclusion that persistent Iymphocytosis is familial (Abt et al., 1970; Lewin & Bernoco,
1986; Lewin et aL., 1988). BL V -infected B-cells from cows with persistent lympho-
cytosis expressed high levels of major histocompatibility complex (MHC) class II,
surface IgM and CD5 antigen. Cells expressing CD 1 1 b and CD 1 1 c, normally expressed
by cells of the mye10id lineage were a1so found. CD5+ cells from BL V -positive catt1e,
whether with persistent lymphocytosis or not, are activated, cycling cells that respond to
IL-2 (Matheise et aL., 1992).
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ln persistent lymphocytosis, proviral DNA is integrated at man y genomic sites in
BL V -positive circu1ating 1eukocytes. ln Iymphosarcoma, in contrast, proviral DNA is
integrated at only one or a few sites. Tumours resu1t from a mono- or 0!igoclona1 proli-
feration of cells. Integration sites, however, are not conserved from one animal to
another. For ex ample, DNAs from 25 independent hamster x bovine somatic-cell hybrids
were ana1ysed by Southern blot with probes made of unique cell DNA fragments adja-
cent to single-copy proviruses from three different bovine tumours. It appeared that these
cellular sequences, and thus the respective proviruses, belonged to three different
chromosomes in the three tumours examined (Grégoire et al., 1984). No realTangement
of cellular DNA sequences flanking a BL V provirus was found in 28 other BL V -induced
tumours (Kettmann et al., 1983). It can be concluded that tumour cells can accommodate
proviral DNA sequences at many sites in the genome.

Histological classification of BL V -induced lymphomas was carried out using the
National Cancer Institute Working Formulation (Vernau et al., 1992). The distribution of
cell types varied much more than in humans. Most of the bovine 1ymphomas (l067/l 198;
89%) were high-grade tumours. The diffuse 1arge-cell type and its cleaved variant
comprised 66% of the lymphomas. Follicular tumours were extremely rare (4/l 198;
0.3%), in marked contrast to human non-Hodgkin's 1ymphomas, of which at least 34%
are follicular.

Seventeen BL V -induced bovine lymphoid tumours were determined to be of B-cell

1ineage, based on their immunoglobulin gene rearrangements (Heeney & Valli, 1990).
Immunohistochemica1 studies of bovine lymphosarcomas using a pan- T monoclonal

antibody revealed that they all lacked detectable- T cells. A1though one tumour failed to
react with monoclonal antibodies directed against either T- or B-cell determinants, all
others were positive for various B-cell markers. The most frequent phenotype was la +,
cytoplasmic IgM+ or surface IgM+, with occasional concurrent appearance of the IgG

isotype. Cells positive for terminal deoxynucleotidy1 transferase (TdT+) occurred spora-
dically. It follows that BL V -induced tumours are composed of relatively mature B-cells.

(h) Sheep

BL V infection in sheep causes increases in circulating B-1ymphocytes. Tumours have
been described as polymorphic centroblastic lymphosarcoma (Parodi et al., 1982; Parodi,
1987), in which more th an 95% of the cells were positive for surface immunoglobulins
and MHC class II (Murakami et aL., 1994a,b). ln one study, coexpression of CD5 and B-
cell markers occurred in half of the cases (Dimmock et aL., 1990).

Tumours in sheep are monoclonal or oligoclonal expansions of cells carrying proviral
information. Most of the tumours tested contained one BL V provirus per genome. ln
contrast, peripheraI b100d lymphocytes from aleukaemic sheep and sheep with early
lymphocytosis are characterized by poIyclonally integrated provirus. Appearance of a
clonaI subpopulation among cells with polyclonally integrated provirus indicates the
onset of leukaemia (Rovnak et al., 1993). Tumours from different sheep harbour the
provirus at different sites, suggesting that the mechanisms for tumour initiation are
independent of the integration site.
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(c) Mechanistic studies

The mode of cell transformation by BL V remains conjectural. BL V Tax protein
probably p1ays a central ro1e, as it is a major determinant of the replication potential of
the virus. The sa me is true of the protein products of the viral genes R3 and/or G4
(Willems et al., 19(4) and of the YXXL motifs of the transmembrane glycoprotein

(Willems et al., 1995). Bovine Tax protein complements activated human ras p21 in
transtorming Fischer rat embryo fibrob1asts (Willems et al., 1990) and the Tax/ras p21

cooperative eftect is not hampered by a mutation that abrogates the transactivating
activity of Tax protein (Willems et aL., 1990; 1992c). It is thus c1ear that transactivation
by Tax and transformation by Tax in collaboration with ras p21 are separable functions
of the Tax molecule. No data yet demonstrate whether the induction of leukaemial-
1ymphoma is affected by cellular oncogenes in cattle, sheep or goats.

Alterations of the p53 tumour-suppressor gene have been examined in caule and
sheep. No p53 mutation was found in 10 BL V -induced sheep tumours. ln cattle, 5 out of
10 tumours harboured p53 mutations, whereas only one of seven samples trom animaIs

in persistent lymphocytosis showed an alteration of the p53 gene. It appears that p53
genomic a1terations are not frequently involved in BL V -induced leukaemogenesis in

sheep (Dequiedt et al., 1995).

3.3.3 Vaccination trials

Protection against retrovirus infection has been achieved in sheep by vatêination with
recombinant vaccinia viruses expressing the BL V Env protein (Ohishi et aL., i 99 1;
Portetelle et aL., 1991). Sheep protected against infection showed a CD4 response to Env
peptide 51-70 (Gatei et aL., 1993) and a high neutralizing antibody titre (Portetelle et aL.,
1991). Vaccinated sheep which become infected after challenge with the virus maintain a
low viral 10ad for several years without signs of disease.

4. Other Data Relevant to an Evaluation of Carcinogenesis

and its Mechanisms

4. i General observations on retro viral oncogenesis

Oncogenic retroviruses are naturally occurring infections of a large number of verte-
brate hosts ranging from fish to humans. Retroviruses cause many types of neoplasm,
inc1uding 1eukaemias, lymphomas, mammary and other carcinomas, and sarcomas
(Weiss et al., 1985; Levy, 1992-1995).

There are several distinct mechanisms by which animal retroviruses may elicit neo-
p1asms under experimentaI and natural conditions. An indirect oncogenic effect occurs
when neither the malignant cell nor its precursors are infected by the retrovirus. An
immunodeficiency virus may permit the appearance of neop1asms as opportunistic
events in the same sense as opportunistic infections occur in immunodeficient animaIs
and humans. A direct1y oncogenic retrovirus inserts its provirus into a cell destined to
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become malignant. Such viruses may either cause cancer after a long incubation period,
or do so acutely.

The majority of nonhuman retroviruses which are direct1y oncogenic are C-type
viruses with 'simple' genomes containing the long terminal repeats (L TR) and gag, pol
and env genes. Such viruses do not carry transforming genes but in the tumour cells, the
DNA provirus is integrated adjacent to specifie cellular proto-oncogenes. These cellular
genes become overexpressed through cis-acting promoter or enhancer functions of the
L TR. Oncogenesis usually depends on a period of high virus replication. The ectopic
activation of the proto-oncogene by the L TR is the crucial viral step in oncogenesis. The
viruses found in the tumour cells may be either replication competent or defective
variants.

Acutely transforming retroviruses carry viral oncogenes originally derived from
cellular oncogenes and which are not required for viral replication. These transduced
oncogenes can induce the growth of tumours with a short 1atency (days in contrast to
months or years). Acute1y transforming retroviruses are usually replication-defective, as
the oncogene is substituted for viral gene sequences in the genome. Their rep!ication
relies on replication-competent 'helper' viruses which provide the missing viral proteins.
Despite an excess of helper virus, acute1y transforming retroviruses are seldom trans-
mitted from one host to another.

The human T-cell leukaemia viruses, together with the re1ated STL V of primates and
bovine Ieukosis virus, differ from both the acutely transforming, oncogene-transducing
viruses and the sIowly oncogenic, rep!ication-competent viruses in having 'comp1ex'

genomes bearing regulatory genes, such as tax (Section 1.1.1), required for efficient viral
replication. The tax gene en codes a protein which a1so activates the expression of cellular
genes (transactivation) and this effect is re1ated to the immortalizing properties of these
viruses. The transactivating effect of tax probab1y plays an important role in HTL V-i
oncogenesis (Section 4.3.2). Whi1e the tax genes of both HTL V -1 and HTL V -II exert an
immortalizing effect on human T-Iymphocytes in vitro (Section 4.3.2), only HTL V -1 has
been strongly 1inked with malignancy on the basis of epidemiological evidence (Section
2). ln contrast to the cis-acting, slowly transforming retroviruses, the HTL V -1 provirus
integrates at many different chromosoma1 sites in A TLL cells in different patients
(Y oshida et al., 1984). it therefore appears that the site of integration of the viral genome
is not crucial for its oncogenic effect. However, the possibility that certain sites of
provira1 insertion predispose to ma1ignant transformation as a multistep process requires
further investigation.

4.2 Host factors

4.2.1 The role of the HIA system in HTLV-/ infection

HTL V -1 infection can result in no disease, 1eukaemia or one of a range of inflamma-
tory conditions, but particular genotypes of the virus do not appear to be associated with
these different manifestations (Bangham et aL., 1996). it is Iike1y that host factors
strong1y influence the outcome of HTL V -1 infection; the HLA system is a major



318 IARC MONOGRAPHS VOLUME 67

candidate for such a host factor, because of its association with many diseases, including
inflammatory and infectious diseases. The high degree of polymorphism of the HLA
system necessitates large sample and control sizes in studies designed to test for a
possible HLA association with disease. To date, large enough samples have not been
tested to allow a firm conclusion to be drawn about possible association between HLA
and HTL V - 1 infection, or to esti mate the strength of an association (relative risk of
disease) with confidence. However, there are strong suggestions that genetic factors,
including HLA, influence the outcome of HTL V -1 infection. Specifically, genetic factors
might influence either the proviral load and/or the development of HTL V -1 associated

disease.

Most of the work examining HLA genotypes in relation to HTL V -1 infection has been
carried out in the is1and of Kyushu in southern Japan, where the seropreva1ence of
HTL V -1 exceeds 10%. Furukawa et al. (1992) showed that clonaI proliferation of HTL V-
I-infected T cells (as shown by clonaI integration of HTLV-I provirus), which is
associated with a high provira1 10ad, is commoner in TSP/HAM patients and their first-
degree relatives than in unrelated healthy HTL V -I-seropositive individu aIs. Usuku et al.
(1988) examined the HLA types of 27 patients with TSP/HAM, 12 patients with A TLL
and healthy asymptomatic controls. They found a predominance of certain hap10types. ln
A TLL patients, the haplotype A26Bw62Cw3DR5 appeared to occur in excess, but no
statistical correction for multiple comparisons was applied. Sonoda et al. (1992)
extended these observations, and again found an apparent excess of certain A25 haplo-
types in A TLL patients. However, because of the way in which the study was designed, a
complete statistica1 analysis was not made, and so these interesting observations await
confirmation.

4.2.2 Imrnune surveillance and escape

(a) Antihodies

It seems un!ike1y that antibodies are effective in limiting viral replication In esta-
blished human HTL V -1 infections, because the viral load increases mainly by division of
infected provira1-DNA-containing cells (Watte1 et al., 1995). However, it appears that the
antibody titre reflects the HTL V -1 proviral load (Shinzato et aL., 1993; Ishihara et aL.,
1994; Miyata et aL., 1995).

(h) T-cells

The cytotoxic T-1ymphocyte (CTL) is the most important antigen-specific e1ement of
the immune system for contro1ling most established viral infections. Kannagi et aL.
(1983, 1984) detected a CTL response specific to HTL V - 1 in patients with a diagnosis of
ATLL. Notably, they reported that the CTL response was detectab1e only in those
patients in whom the A TLL was in remission, and disappeared when the patients
re1apsed.

It is now clear that there is a very powerful, chronically activated CTL response to
HTL V -1 in the majority of both TSP/HAM patients (Jacobson et al., 1990; Parker et aL.,
1992, 1994; Daenke et al., i 996) and healthy carriers of the virus (Parker et al., i 992,
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1994; Daenke et aL., 1996). The great majority of these CTLs are specifie to the Tax
protein of HTL V -1. There is evidence that the Tax-specific CTLs select antigenic
variants of the Tax protein (Niewiesk et al., 1995) that escape recognition by the

patients own CTLs. The selection process appears to be more efficient in healthy
carriers (Niewiesk et al., 1994).

The above evidence suggests that Tax-specific CTLs play a significant part in limiting
viral replication, but the precise role of CTLs in protection against HTL V -I-associated

diseases, or in the pathogenesis of these conditions, is not yet c1ear. There appears to be
little difference, if any, between hea1thy HTL V -1 carriers and TSP/HAM patients with
respect to the chronic activation state, the abundance in periphera1 blood, the antigen
specificity or the epitope specificity of these CTL.

The observations by Kannagi et al. (1983, 1984) suggested that the development of
A TLL might be associated with inetticient immune surveillance by CTLs. This would
probably be a result of the 10w expression of the Tax protein by leukaemic cells.

As observed in other viral infections and ma1ignancies, natural killer (NK) cells may
a1so play a part in surveillance of HTL V -1 infection and A TLL (see Section 4.3.3).

4.2.3 Host genetic factors required du ring the transition to A TLL

Host genetic factors are thought to be reqiiired for the transition from HTL V -1-

infection of a cell to A TLL. Chromosomal abnormalities have been described in A TLL,
but no specific pattern has been identified. This topic is discussed more extensive1y in
Section 2.1.1.

At the molecii1ar leve1, mutations in three tumour-suppressor genes, p53, pI6 and
pI5, have been identified in A TLL samples and/or HTL V-I-transformed human T-cell
1ines.

p53 missense mutations have been observed in 17-40% of fresh A TLL samples

(Sugito et al., 1991; Sakashita et al., 1992; Yamato et aL., 1993) as weIl as in sorne
HTL V -I-transformed T-cell lines. The aberrant expression of p53 protein, in the presence
or absence of p53 missense mutations, has also been noted in a proportion of both fresh
A TLL samples and HTL V -I-transformed T -cell lines (Sugito et aL., 1991; Reid et aL.,
1993; Yamamoto et aL., 1993). While one report noted a correlation between Tax
expression and p53 expression in HTL V -1 transformed T-cell lines which 1acked p53

mutations, another study did not observe any difference in p53 gene expression,

methylation, and chromatin structure between HTL V -1 transformed and mitogen-
activated human T-cells (Lübbert et aL., 1989). ln HTLV-I-transformed T-cells, p53 is
also functionally impaired, despite an increased expression of the cell-cycle control
protein p21 wafllcipl (Cereseto et al., 1996). Thus, p53 mutation and aberrant expression may
occur in less than half of A TLL cases and could conceivably play a ro1e in tumour
progression. Tax has a1so been demonstrated to impair pl 61NK function (Suzuki et al.,
1996). Homozygous deletions of the pl5 (MTS2) and/or pl6 (CDKN2/MTSI) tumour-
suppressor genes have been reported in 10/37 (27%) A TLL patients and individual cases
suggest a possible association of deletions in the genes and 1eukaemia progression (Hatta
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et aL., i 995). Deletion, mutation or aberrant expression of tumour-suppressor genes may
thus play a ro1e in the pathogenesis of A TLL.

4.3 Viral factors

4.3.1 Proviralload and clonaI integration of HTLV-I infection

The epidemiological evidence summarized in Section 2 links HTL V -1 with the
emergence of A TLL in a small proportion of HTL V -I-infected individua1s after a delay
of severa1 decades.

The proportion of peripheral blood mononuclear cells (PBMCs) that carry an HTLV-I
provirus - the provira1 load - is usually between 10 and 100 times higher in patients

with HTL V -1 associated inflammatory diseases such as TSP/HAM than in healthy
carriers of the virus (Y oshida et al., 1989; Kira et al., 1991; Gessain et al:, I990a,b; Kira
et aL., 1992a,b; Kubota et aL., 1993; Mita et aL., 1993; Sugimoto et aL., 1993), although
the ranges overlap. Typically about 10% of peripheral b100d lymphocytes are provirus-
positive in TSP/HAM patients, and .. 1 % in hea1thy carriers of the virus. However, the
fact that TSP/HAM and A TLL appear to occur independently suggests that a high
HTL V -1 proviral 10ad does not necessariJy predispose to A TLL. The proviral load in

A TLL is largely dependent on the number of 1eukaemic cells and may be very high.
However, no viral genes are expressed in A TLL cells (see be10w). ln BL V infection
(Section 3.3), a high virus Joad early after infection is associated with an e1evated risk for
development of leukaemia. it will be interesting to determine whether the same is true in
HTLV-I infection.

HTL V -I-infected human T-cells show clonaI expansion, even in asymptomatic
individua1s (Furukawa et aL., 1992; Watte1 et aL., 1995). It has been suggested that after
infection of human T-cells by HTL V -1 and following a few rounds of reverse trans-
cription, a clonaI expansion of the infected cells predominates (Wattel et aL., 1996).
Experiments using inverse or linker-mediated PCR have indeed indicated that HTL V-I
proviral copy numbers increase predominant1y via mitosis rather than via reverse
transcription (Cavrois et aL., 1996). These findings may explain the remarkable stability
of the HTL V -1 genome and the high provira1 load present in many HTL V -1 infected indi-
vidua1s (Wattel et al., 1995, 1996). The on1y viral mRNA to be reproducibly detected In
PBMCs of HTL V -I-infected people is the mRNA encoding Tax/Rex/p21/Rex (Kora1nik
et al., 1 992b). This could ex plain the predominance of chronically activated Tax-specific
CTLs in these individuals (see Section 4.2.2). ln HTLV-I-Infected PBMCs, the level of
Tax mRNA expression per infected cell is the same in asymptomatic carriers and in
TSP/HAM patients, but 10w or absent in uncu1tured A TLL samples (Franchini et aL.,
1984; Furukawa et aL., 1995).

Thus, although HTL V -I-infected individuals carry HTL V -1 provIrus in a significant
proportion of clonally expanded T-cell populations, the occurrence of A TLL is compara-
tive1y rare (Chen et aL., 1995).
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4.3.2 The role ofTax in cellular tran!'fonnation/immortalization

Following the discovery of the Tax protein of HTL V -1 (Seiki et aL., 1983), intense
efforts have been made to demonstrate its oncogenic properties in vitro and in animal
models. These, as well as the possible ro1e of other viral components in the development
of A TLL, are reviewed in this section.

(a) Tran4onning/immortalizing properties ofHTLV-l Tax in vitro

(i) lmmortalizing effects on T-cells in vitro

ln vitro, HTL V -l, as well as its close relative HTL V -II, can c1early cause human T-
cells to pro1iferate continuous1y (immortalization) and, with time, acquire IL-2 inde-
pendence (transformation). Co-cultivation of mitomycin-treated or lethally irradiated
HTL V -1 or HTL V -II producer cell 1ines with human periphera1 blood or cord blood
lymphocytes results in the immortalization of mainly CD4+ and, occasionaIly, CD8+ T-
lymphocytes (Miyoshi et al., 1981 ; Yamamoto et al., 1982; Chen et al., 1983; Popovic
et al., 1983). Several 1ines of evidence suggest that the viral transactivator Tax, encoded
by two exons flanking the enve10pe gene (see Section 1.1.6), is involved in this process.
Tax has immortalizing/transforming properties in vitro: when transduced into primary
human T -cells from adult or cord blood by a retrovira1 vector (Akagi & Shimotohno,
1993) or a recombinant herpesvirus saimiri (Grassmann et al., 1989, 1992), it is capable
of altering their growth properties. Transduction of tax into periphera1 blood T -cells by a
retroviral vector leads to enhancement of the proliferation caused by IL-2 and anti-CD3
antibody (Akagi & Shimotohno, 1993). These fax-transduced T-cells are still dependent
on IL-2, but do not require periodic restimulation with antigen and feeder cells (Akagi &
Shimotohno, 1993). Transduction of cord blood cells with tax using a herpesvirus saimiri
vector resulted in permanent1y growing, but still IL-2-dependent, T-cell lines
(Grassmann et al., 1989, 1992).

The abi1ity of Tax to immortalize primary human T-cells may be linked to its ability
to induce the expression of cellular genes which are normally involved in the early
response to mitogenic and antigenic stimuli (Kelly et al., 1992) as well as to a long 1ist of
cytokines and cytokine receptors (see below). However, it is possible that other viral and
cellular factors contribute to the efficient immorta1ization of human T-cells by HTL V-I
in vitro: whereas fax-transduced T-cells remain IL-2-dependent, T-cells infected in bu1k
culture by co-cultivation with HTL V -1 producer cell 1ines 10se their IL-2-dependence
after extended passage in vitro. If co-cultivation is carried out with limiting numbers of
HTL V -1 producer cells, the resulting transformed T -cell lines can be shown to maintain
their dependence on IL-2 for a longer time, and other lymphokines, such as IL-4 and IL-
7, can substitute for IL-2 to sorne extent (Persaud et al., 1995). The constitutive

activation of the JAK3 and STAT kinases in HTLV-I infected T-cells cou1d be a crucial
step during the acquisition of IL-2 independence: the JAK/ST A T pathway is normally
required for the downstream signalling triggered by the ß- and y-chain of the IL-2

receptor and by other cytokine receptors (Migone et al., 1995), suggesting that its
constitutive activation wou Id lead to IL-2 independence.
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Four infectious molecular clones of HTL V -1 have recently been reported (Nicot et al.,
1993; Kimata et aL., 1994; Derse et al., 1995; Zhao et aL., 1995), sorne of which produce
HTL V -1 capable of stimulating PBMCs. However, only one of these (Zhao et aL., i 995)
has been used successfully in vitro to transform (to IL-2 independence) human peripheral
blood T-cells. it is also possible to achieve transformation of human PBMCs in vitro with
a molecular clone of HTL V -II (Green et aL., 1995).

(ii) Tran.~l()rming eflect qlTax onfibroblast cultures in vitro

Transfection of tax into RA T- 1 or NIH 3T3 fibrob1asts resu1ts in colony formation in
soft agar and morphological changes (transformation), and the tax-transfected RAT - 1
cells arc tumorigenic in nude mice (Tanaka et al., 1990). This abi1ity to transform rat
fibrob1asts is dependent on the CREB/ A TF pathway of Tax action (see Section i. 1.6),
but does not require interaction of Tax with nuclear factor-KB (NF-KB) (see Section
4.3.3) (Smith & Greene, 1991), a pathway which is predominantly activated by Tax in T-
cells. Continuous expression of tax is required to maintain the transformed phenotype of
RA T- 1 fibrob1asts (Yamaoka et al., 1992). Fusion of tax-transformed rat fibroblasts with
normal human fibroblasts results in suppression of the transformed phenotype even in the
presence of continued tax expression, suggesting the existence of a dominant inhibitory
human factor actingdownstream of tax (Inoue et al., 1 994b). Tax has a1so been shown to
immorta1ize and, in combination with the activated Ha-ras protein, to transform primary
rat embryo fibrob1asts (Pozzatti et al., 1990). Sorne naturally occurring sequence variants
of Tax which are capable of activating the NF-KB or CREB/ATF pathways and of
transforming rat fibroblast cell 1ines lack the ability to cooperate with ras in this manner
(Matsumoto et al., 1994).

(h) Tumorigenic properties (~ltax in transgenic mice

Several groups have generated transgenic mice carrying different parts of the HTL V-I
genome. Transgenic mice with the tax gene under the control of the HTL V -1 L TR

(Nerenberg et aL., 1987) developed thymic atrophy and mesenchymal tumours (Hinrichs
et al., 1987; Nerenberg et aL., 1987), proliferation of ducta1 epithe1ial cells of the salivary
glands (Green et al., 1989b), muscle degeneration (Nerenberg & Wi1ey, 1989) and
adrenal medullary tumours characterized by proliferation of undifferentiated spindle cells
(Green et al., 1992). Thymic atrophy was also consistently observed in other 1ines of
mice transgenic for tax under the control of the SV 40 promoter, the Ig enhancer and the
mou se mammary tumour virus (MMTV) L TR (Furuta et al., 1989).

Environmenta1 variables may contribute to tumour formation in L TR-tax transgenic
mice, as the deve10pment of tumours can be delayed by feeding a 10w-folate diet (Bills
et al., 1992). No 1ymphomas or 1eukaemias have been seen in L TR-tax transgenic mice,
which may be related to the fact that the L TR-tax transgene was most strongly expressed
in muscle, bone and cartilage, brain, pituitary, skin and sali vary glands, but 1ess so in
lymphoid tissue (Bieberich et al., 1993). However, the use of a Thy- 1 promoter to target
the tax expression to the thymus of transgenic mice also resulted in the formation of
fibroblastic tumours accompanied by infiltration of other cell types, as in the case of the
L TR-tax transgenic mice, but did not lead to lymphoma formation. Nor was any
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expansion or phenotypic a1teration of circulating lymphocytes or lymphocytes of the
thymus or spleen seen in these animaIs (Nerenberg et al., 1991).

ln contrast, transgenic mice carrying the complete pX region (i.e., the genomic region
containing open reading frames l, II, ILL and IV; see Section 1.1.6 and Figure 4) under the
control of the granzyme B promoter, targeting the transgene expression to mature T-cells
and NK cells, deve10p large granular lymphocytic leukaemia and sol id tumours
composed of NK-Iarge granular lymphocytic (LGL)-like cells, which expressed FcyR,
Thy 1.2, CD 44 and lacked rearranged T-cell receptor ß and y genes, and neutrophils
(Gross man et al., 1995). While the phenotype of these NK-LGL-like cells is clearly
different from that of A TLL cells, this ex peri ment supports the transforming potentia1 of
Tax in lymphoid cells in vivo. The marked neutrophil infiltration of tumours in these
animaIs has a1so been noted in neurofibromas of L TR-tax transgenic mice and may be
related to the activation of granulocyte-macrophage co10ny-stimulating factor expression
by Tax (Green et al., 1989b). L TR-tax transgenic mice can also exhibit marked spleno-
megaly and 1ymphadenopathy, due to a striking increase in the percentage of B-cells in
these organs. This expansion of the B-1ymphocyte population may also be related to
cytokines secreted from tax-expressing fibroblastoid tumour cells, which were shown to
stimulate B-cell proliferation and IgM production (Peebles et aL., 1995). Transforming
growth factor ß 1 (TGF-ß 1) is overexpressed in several tissues from L TR-tax transgenic
mice and stimulates the growth of ce1l lInes derived from neurofibromas of the se
animaIs, and it has therefore been suggested that this cytokine might be involved in the
development of these tumours (Kim et aL., 1991). Mammary carcinomas observed in tax-
transgenic rats a1so expressed several cytokines, including the granulocyte chemo-
attractants Cro and MIP-2, but not TGF-ß 1 (Yamada et al., 1995). Simi1arly, the
increased bone turnover and skeleta1 abnorma1ities of L TR-tax transgenic mice may be
re1ated to Tax-induced local expression of cytokines (Ruddle et al., 1993). Thus, in addi-
tion to a direct1y transforming effect of Tax are demonstrated by these in-vivo experi-
ments, more indirect mechanisms, involving a variety of cytokines, contribute to tumour
formation and may underlie other pathologica1 effects seen in these animaIs.

The lymphomas described above differ from A TLL in 1acking CD4 expression.
Lymphomas of a CD4+ phenotype were observed in 70% of bitransgenic mice carrying
an L TR-c-myc and an Ig promoter/enhancer-tax construct. ln addition to CD4+, CDY,
CD8- Iymphomas, these animaIs develop brain tumours of neuronal 1ineage at very high
frequency (Benvenisty et al., 1992). However, the relative contributions of over-
expressed c-myc and tax to tumour deve10pment in this model remain unclear.

Transgenic mice carrying the env and pX region of HTL V -1 (i.e., with the potentia1 to
encode the envelope proteins, Tax, Rex, p21 fexiii, pl 2', p30", pl 311; see Section 1.1) under
the control of the HTL V -1 L TR deve10p an inflammatory arthropathy resemb1ing human
rheumatoid arthritis, in addition to the thymic atrophy, mesenchyma1 tumours and adeno-
carcinomas reported in LTR-tax transgenic mice (Iwakura et al., 199 l, 1994). ln addition
to increased c-fos and c-jun expression in the tumours and normal skin and muscle of
these animaIs (Iwakura et al., 1994), a variety of inflammatory cytokines, including IL-
L a, IL- 1 ß, IL-6, TNF-a, TGF-ß l, interferon-y and IL-2, as weIl as MHC genes, are over-
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expressed in transgenic joints (lwakura et al., 1995). This widespread activation of

components of the immune system is probably re1ated to the expression of the transgenic
construct in many organs, including brain, sa1ivary gland, spleen, thymus, skin, muscle
and mammary gland (lwakura et al., 1994, 1995).

Taken together, the evidence emerging from studies with these different lines of
HTL V -1 transgenic mice suggests that tax has a relatively weak oncogenic effect in vivo

which is apparent on1y in transgenic animaIs with high leve1s of tax expression. Lym-
phoid cells are not particularly sensitive to the transforming effect of Tax and T-cell
malignancies have been found only when a strong, non-HTL V -I-derived, promoter was
used, or after simultaneous expression of tax and c-myc. Sorne aspects of the pathology
induced by tax in vivo may be related to the aberrant expression of a variety of lympho-
kines, resulting in marked neutrophi1 infiltration of mesenchymal tumours and increased
bone turnover.

4.3.3 Pathways (~tTax-mediated transactivatio/1 (~tcellular genes

The transforming properties of the Tax protein, demonstrated in transgenic mice,
transduced T-cells and transfected fibroblasts (see above) are the result of its ability to
induce the expression of a wide variety of cellular genes in addition to the HTLV-I LTR
(see Table 8). Tax negatively regu1ates the expression of ß-po1ymerase, a cellular DNA
repair enzyme (Jeang et al., 1990), and the tumour-suppressor genes pS3 (Uittenbogaard
et al., 19(5) and p 16INK~A and represses the tumour-suppressor role (Suzuki et al., 1996).

Transcriptional activation by Tax of these various cellular and viral genes requires the
presence of specifie target sequences in the promoter DNA. Three different such target
sequences, the cyclic AMP-responsive element (CRE), the NF-KB binding site and the
serum response e1ement (SRE), are known to mediate the Tax-induced transactivation of
most of the cellular genes listed above. Additional, so far unidentified, pathways pro-
bably account for the activation of a few other Tax-responsive genes.

Modified CREs are present in the HTLV-I LTR within three 21-bp repeat elements, at
least two of which are required for Tax-induced transactivation (Fujisawa et al., 1986;
Shirnotohno et al., 1986). CRE binds members of the bZIP family of cellular trans-
cription factors which include CRE binding protein (CREB) (Zhao & Giarn, 1992;
Suzuki et aL., 1993), CRE modulator (CREM) (Fou1kes et aL., 1991), activating trans-
cription factor (A TF) (Hai et al., 1989), Tax-responsive e1ement binding protein (TREB)
(Yoshimura et aL., 1989) and HEB (21 -bp binding proteins) (Béraud et aL., 1991). Tax
activates transcription from the HTL V -1 L TR as well as the CRE-containing promoters
of the c-j'os, c-egr and nerve growth factor genes by binding to one or several of these
transcription factors and enhancing their interaction with the target DNA (Zhao & Giam,
1992) or altering their DNA-binding specificity (Paca-Uccara1ertkun et aL., 1994). Tax
achieves this by binding to the basic domain of bZIP transcription factors (Baranger
et aL., 1995; Perini et aL., 1995), thus enhancing their dimerization (Wagner & Green,
1993) and stabi1izing a comp1ex consisting of DNA, bZIP and Tax (Wagner & Green,
1993; Baranger et aL., 1995). As part of this process, Tax a1so a1ters the relative affinity
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Table 8. Tax-activated cellular genesa

325

Interleiikin (1 L)-related genes

IL-2Ra
IL-I
IL-2
IL-3
IL-6
IL-8

'Holisekeei)iiig' geiies
Virnentin
MHC class 1

GnlH'th)àctors/lulnlulle genes
Granu locyte-macrophage colony-sti rnulati ng

factor (GM-CSF)
Nerve growth factor (NGF)
Trans forrn i ng growth factor ß 1 (TGF-ß 1 )
Tumour necrosis factor ex (TNF-a)
Tumour necrosis factor ß (TNF- ß)
Parathyroid-hormone-related protein
Proenkephalin
Early response cellular genes

Celliilar oiicogenes
c-egr
cJo.l
c~/iin

C-II\'C

c-rel
c-.\'is

Viral prolloters
HTL V long terminal repeat

HIV long terminal repeat
Cytomegalovirus lE enhancer
SV40 promoter

Inoue el al. (1986)
Sawada el al. (1992)
Siekevitz et al. (i 987)
Wolin et al. (1993)
Yamashita et al. (1994)
Mori et al. (1995)

Lilienbaum et aL. (1990)
Sawada et al. (1990)

Miyatake et al. (1988)

Green ( 199 1 )

Kim et aL. (1990)
Dhib-Jalbut et al. (i 994)
Paul et aL. (1993)
Watanabe et aL. (1990)
Joshi & Dave (i 992)
Alexandre et aL. (199 l);
Kelly et aL. (1992)

Fujii et aL. (l 99 l)

Fujii et al. (1988)
Fujii et aL. (1991)
Duyao et al. (1992)
Li et al. (1993)
Pantazis et aL. (1987)

Sodroski et aL. (1984);
Felber et aL. (i 985)
Jeang et aL. (1 988b )

Moch et aL. (i 992)
Fujisawa et aL. (1988)

a Reterencing is not exhaustive

of a bZIP protein for different DNA binding sites, thus modifying DNA binding site
selection (Perini et aL., 1995). This explains the ability of Tax to transactivate a wide
range of promoters containing recognition sites for members of the bZIP family. There i
are, however, subtle differences between the activation of the CRE-re1ated sequences In
the HTL V -1 L TR and that of cellular CREs: in the case of the viral L TR, Tax binds to

unphosphorylated CREB, increases its association with the 21 bp repeats and thus
promotes interaction with CREB, an essentia1 component of the transcription factor
comp1ex (Chrivia et aL., 1993; Kwok et aL., 1996). ln contrast, Tax does not bind directly
to CREB associated with a cellular CRE (Kwok et aL., i 996), and phosphorylation of
CREB, which is required for its normal activation of cellular CRE-containing promoters
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and interaction with CREB (Chrivia et aL., 1993), is a1so necessary for the activation of
these cellular promoters by Tax. Rather, by also binding to CREB, Tax promotes its
interaction with phosphorylated CREB associated with a cellular CRE (Kwok et aL.,
1996). Thus, for activation of the viral L TR, Tax is able to bypass a normal control
mechanism of this pathway, whereas this control step is still operative in the case of Tax-
activated cellular genes.

ln a related manner, Tax binds to all members of the NF-KB fami1y of transcription
factors to activate transcription (Suzuki et al., 1994). The NF- KB binding site is present
in severa1 genes known to be activated by Tax, such as those encoding IL-2Rcx, GM-
CSF, TNF-ß and the HIV L TR. ln addition to binding to NF- KB in the nucleus, Tax a1so
interacts with the NF-KB pathway at an earlier, cytoplasmic stage, in a completely
different manner. Tax complexes with two proteins, I-KBcx and I-KBy, that are inhibitors
of NF-KB. I-KB proteins normally bind to members of the NF-KB family in the
cytop1asm and prevent their entry into the nucleus. Following stimulation of cells, 1- KB
proteins are phosphory1ated and the NF-KB/I-KB complex dissociates, allowing the free
NF-KB to enter the nucleus. Tax has been shown to bind to I-KBcx and I-KBy and it
causes dissociation of NF-KB/I-KB complexes, thus increasing the turnover of NF-KB
and its import into the nucleus (Hirai et al., 1994; Suzuki et al., 1995). As in the case of
members of the CREB/ATF family, binding of Tax thus mimics the effect of phos-
phory1ation and thus interferes with physiological control mechanisms of these different
pathways.

The third target sequence known to be involved in Tax-mediated activation of cellular
genes is the SRE. An SRE is found in the promoters of early response genes known to be
activated by Tax (Kelly et al., 1992) and interacts with the transcription factor SRF. Tax
binds to SRF, including unphosphorylated SRF, and the SRF/Tax complex activates
transcription (Fujii et al., 1992).

An additional Tax-responsive sequence, TRE-2, is present in the HTL V-I L TR.

TRE-2 a10ne is not sufficient to mediate a Tax response, but can do so in the presence of
one single 21 -bp e1ement (Marriott et al., 1990). A 36-kDa zinc finger protein, termed
TIF- 1 or THP and related to the GLI family of proteins, interacts with TRE-2 (Marriott
et al., 1990; Tanimura et al., 1993). Thus, cooperative binding of a CREB/ A TF protein
(binding to CRE in the 21 -bp element) and THP may be required for Tax-mediated acti-
vation of this target sequence.

Thus, the p1eiotropic effect of Tax on at least three different enhancer sequences is
expIained by its ability to interact with a variety of different transcription factors or
inhibitors. Binding of Tax to these proteins may substitute for modifications such as
phosphory1ation or dimerization which normally occur in these proteins as a result of
intracellu1ar signalling. Different regions in Tax are required for the activation of
individual pathways and mutants with specificity for individua1 pathways have been
designed (Smith & Greene, 1990, 1991). There is also evidence that extracellular Tax,
released from infected cells, may induce NF- KB-site-containing promoters, such as the
IL-2Rcx or TNF-ß promoter, and thus induce the activation of uninfected cells (Lindholm
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et al., 1992; Marriott et al., 1992). However, a role of extracellular Tax in the patho-
genesis of A TLL, over and above that of Tax produced within infected cells, is uncertain.

ln addition to its role in cellular activation, Tax may be involved in increasing the
likelihood of DNA damage in infected cells, possibly by increasing DNA instability
(Saggioro et al., 1(94) and/or through its inhibitory ettect on the expression of the repair
enzyme, ß-polymerase (Jeang et al., 1990).

4.3.4 DUferences between HTLV-J-tran~fonned T-cells and ATLL cells

Although the experiments summarized above indicate that tax has some transforming
potential in vitro, as well as in vivo, it is c1ear that HTL V-I-transformed T-celllines, or
T-cells transduced with tax, are not representative of A TLL.

Whereas HTL V - 1 -transformed T -cell lInes (either cell lines obtained by co-cultivation
of irradiated HTL V - 1 producer cell lines with fresh human primary T -cells, or non- A TLL
cells grown from HTL V -1 infected individuals) express viral mRNAs in vitro, cell 1ines
originating trom A TLL do not (Maeda et al., 1985; Imada et al., 1995). Early experi-
ments suggested that A TLL cells in vivo a1so do not express HTL V - 1 mRN As (Franchini
et al., 1984). Whi1e sorne expression of viral mRN A in fresh A TLL samples has been
seen using RT-PCR (Berneman et al., 1 992a; Koralnik et al., 1992b), It is unclear
whether this occurred in A TLL cells or other HTL V -1 infected T-cells. In-sItu hybri-
dization suggested sorne expression of tax mRNA in A TLL cells (Setoyama et al., 1994).
However, A TLL-derived cell lines which engraft in SCID mice show no, or reduced,
expression of viral mRNAs (lmada et al., 1995).

Leukaemic cells from A TLL patients do not usually grow in the presence of IL-2
(Maeda et al., 1985), but occasionally A TLL cells have been found to respond to IL-2,
and grow as permanently IL-2-dependent cell lines, suggesting that at some stage during
their deve10pment A TLL cells require IL-2 to pro!iferate (Maeda et al., 1985, 1987).

Primary cultures of A TLL cells, as well as A TLL-derived cell lines, can grow in
SCID mice to form tumours with the same phenotypic profile and HTL V - 1 integration
patterns as the A TLL samples from which they were estab1ished (Feuer et aL., 1993;
Kondo et al., 1993; Imada et al., 1995). While uncultured HTL V-I-infected T-cells from
a few asymptomatic individuals and those from about one third of TSP/HAM patients
will persist in SCID mice, they do not form tumours (Feuer et al., 1993). ln contrast to
ATLL cells or celllines, HTLV-I-transformed T-celllines not derived from ATLL ceIIs
will only grow in SCID mice which have been pretreated with antibodies to asia10 GM 1
(Ishihara et al., 1992; Feuer et al., 1995) to reduce NK cell activity. However, this dis-
tinction may not be absolute: untreated animaIs can be successfully engrafted using

increased numbers of an HTL V -I-transformed, non-Ieukaemic cell line (Ohsugi et aL.,
1994), while blocking of NK function with monoclonal antibody TM-ßl or the ß-chain
of the murine IL-2 receptor may enhance the rate of engraftment of fresh A TLL cells.
However, taken together, these reports suggest that A TLL cells have a higher tumori-
genic potential in vivo than HTL V - 1 -transformed T -cell lines because of their ability to
evade NK-mediated cell 1ysis (Feuer et al., 1995).
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Thus, infection of T-cells with HTL V -1 may provide some proliferative advantage
and oligoclonal expansion, probab1y related to the pleiotropic activating properties of tax.
NK-cell activity as weIl as CTL activity (see Section 4.2.3) may play an important role in
!imiting the expansion of HTL V-I-infected T-cells at this stage, and progression to A TLL
requires a number of additional events. Whereas HTL V - 1 producer T -cell lines express
high levels of the adhesion molecules LF A -1, LF A - 3 and ICAM -1, A TLL-deri ved cell
1ines show reduced expression of these surface markers (Fukudome et al., 1992). As
these mo1ecules play an important role in the recognition of tumour cells by the immune
system, it is conceivable that their reduced expression on A TLL cells may faci IItate their
escape from immunosurveillance. At present, there is no convincing evidence that
variation in viral sequences (see Section 4.2.3) will allow the emergence of more
'leukaemogenic' clones of HTL V-I-infected cells.

4.3.5 The role of other viral and host cel! proteins in lymphocyte stimulation and
leukaemogenesis

Apart from Tax, the HTL V - 1 envelope protein and the recently described pl 2' protein
have been investigated with regard to their potential roles in T-cell stimulation and/or
leukaemogenesis. Purified HTL V -1 viruses have been reported to stimulate human T-
cells via the HTLV-I envelope protein and a CD2/LFA-3-dependent pathway (Gazzolo &
Duc Dodon, 1987; Duc Dodon et al., 1989), but the interpretation of this phenomenon
remains controversiaI. Recombinant HTL V - 1 envelope protein, expressed in a vaccinia
virus vector (Cassé et al., 1994) does not induce T-cell proliferation. Whereas a

(YXXL/I)o signalling motif in the cytoplasmic domain of the BL V envelope protein

mediates activation of B-1ymphocytes in vitro (Beaufils et al., 1993), and is required for
efficient replication in vivo (Willems et aL., 1995), the cytoplasmic domain of the HTL V-
1 envelope has only a truncated (YXXL) motif which appears functionally inactive
(Beaufils et al., 1993).

Several adhesion molecules, such as LFA-3, ICAM-1, LFA-l, and the cell surface
markers CD28, CD69 and CD5 show increased expression on the surface of HTL V -1-
infected (Fukudome et al., 1992; Imai et al. 1993) or tax-transfected (Ch1ichlia et al.,
1995; Tanaka et al., 1995) cells. Antibodies to CD2 and LFA-3 inhibit the mitogenic
activity of HTLV-I-infected T-celllines (Kimata et al., 1993) and the spontaneous proli-
feration of PBMCs from HTL V -I-infected asymptomatic carriers or TSP/HAM patients
(Höllsberg et al., 1992; Wucherpfennig et al., 1992), suggesting that these molecules
contribute to the process of proliferation.

Contrary to this conclusion, results obtained with both the SCID model (see above)
and the rabbit model suggest that the potentia1 of HTL V -I-infected cell lines to stimulate
lymphocyte proliferation in vitro does not necessarily correlate with their leukaemogenic
potential in vivo. An experiment reported by Leno et al. (1995) suggests that the 1eukae-
mogenic potential of an HTL V -I-infected T -cell line could be linked to its ability to

"

induce apoptosis, which was demonstrated in thymic cells in vivo and periphera1 blood
T-cells in vitro, rather than its ability to induce T-cell stimulation, and that this

phenotype is due to a cellular, rather than viral, factor. However, in another report (Seto
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& Kumagai, 1993), the 1eukaemogenic potential of individual cell lines in (B/J x
Chbb:HM) FI rabbits did corre1ate with their abi1ity to induce leukocytosis in vivo in the
parental Chbb:HM rabbit strain and this phenotype seemed to be linked to the surface
expression of a cellular 65 kDa glycoprotein, the precise role of which remains to be
established. While these experiments may help to identify cellular factors promoting the
growth of HTL V -I-transformed cell !ines in rabbits, they do not necessarily reflect events
occurring in human A TLL.

The Tax protein itse1f has been shown to induce apoptosis in Jurkat cells (Chlichlia
et al., 1995), in particular when Tax-expressing Jurkat cells were stimu1ated via the T-
cell receptor. Tax-transfected RA T- 1 cells are also prone to apoptosis via a BCL-2-
dependent pathway when cu1tured in the absence of serum (Yamada et al., 1994). ln
RA T - 1 cells, tax induces apoptosis 1ess efficiently than the cellular oncogenes c-myc and
c-jos and through a different pathway (Fujita & Shiku, 1995). The ability of Tax to
induce apoptosis is probab1y related to its pleiotropic ettect on cellular promoters (see
above), and reflects an increased susceptibility of activated cells to undergo apoptosis in
the absence of essential stimuli. These experiments may not explain the observations
reported by Leno et al. (1995).

The pl 2' protein of HTL V -1 (Kora1nik et al. 1992b, 1993) has been shown to
cooperate with the E5 protein of bovine papilloma virus in the transformation of C 127
mouse cells (Franchini et al. 1993) and may thus have oncogenic properties. p 12' and E5
share sorne structural similarity: both proteins localize to the cellular endomembranes
and interact with another very hydrophobic protein, the 16 kDa subunit of H+ vacuolar
ATPase (Schlegel et al., 1986; Goldstein et aL., 1991; Franchini et aL., 1993). Both E5
and pl 2' interact with distinct growth factor receptors. E5 activates the p1atelet-derived
growth factor receptor (Petti et aL., 1991; Goldstein et aL., 1994) and pii specifically
interacts with the ß and y, but not the ex chains of the IL-2R (Mulloy et aL., 1994).
Possib1y, binding of p12' to the IL-2R chains could alter the receptor signalling by
inducing their cytoplasmic juxtaposition, an event thought to be crucial in kinase
activation and IL-2 signalling (Nelson et aL., 1994). ln this regard, it is noteworthy that
constitutive activation of ST A T and JAK3 kinases has been demonstrated in HTL V -1-
transformed T-cells (see Section 4.3.2). ln fact, constitutive activation of the IL-2R
signalling pathway is correlated with IL-2 independence (Migone et aL., 1995). The DNA
sequence of the HTLV-I p12' gene from 21 HTLV-I positive individuaIs (7 healthy
carriers, 8 TSP/HAM and 6 A TLL) has been found to be highly conserved (Franchini,
1995).

However, the precise role of pii in T -cells is not yet understood. pii is not required
for the transformation of cord blood lymphocytes in vitro (Ratner et al., 1985) and is
dispensable for tax, rex or envelope expression in vitro (Roithmann et al., 1994).

ln proviral D N A extracted from A TLL, the genes encoding pl 3" and p301l appear to
be subject to frequent mutations Ieading to premature trans1ational termination codons,

suggesting that these proteins might not be essential in maintaining disease (Berneman
et aL., 1992b; Chou et aL., 1995).
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4.3.6 Diferences between HTLV-I and HTLV-II

As discussed in section 2. l, HTL V -1 is associated with human leukaemia whereas
HTL V - II is not. Section 1.1.7 summarized the differences in genomic structure between
HTLV-I and HTLV-II.

It is unlikel y that there is a functiona1 homologue of HTL V - 1 pit i n HTL V - II, but
de1etions in the region between the HTL V-II env gene and the second tax exon, which
wou1d eliminate expression of any potential homologue of HTL V -1 pl 2', P l3" or p3011,
have no effect on virus production, envelope function or transforming potentia1 in vitro
(Green et al., 1995). The effect of disrupting the G4 and R3 reading frames of BL V,
10cated in a similar region of the BL V genome but of on1y limited similarity to HTL V-I
pI2', pl3" or p30" (Alexandersen et al., 1993), is discussed in Sections 1.1.7 and 3.3. ln
conclusion, it is not clear whether any of the small accessory proteins found only in
HTL V -1, e.g., p2 l, is responsib1e for the leukaemogenic properties of HTL V -1 in
humans, and the precise roi es of HTL V -1 pl 21, P 13" and p30" during in-vivo leukaemo-
genesis remain to be established.

It is also conceivable that as yet unidentified minor differences in the in-vitro trans-
fOl"ming potential between HTL V -1 and HTL V -II might translate into a weak oncogenic
effect in vivo (for example, a long 1atency period for leukaemia development) for

HTLV-I but not for HTLV-II.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Human T-1ymphotropic viruses (HTL V-I and HTL V-II), the on1y known human
oncornavirinae, have distinct genetic and structural features. Both HTL V -1 and HTL V-II
are comp1ex retroviruses. Their genomes encode structural core and envelope proteins,
regulatory proteins (Tax and Rex) and several additiona1 proteins which may play an
important role in the pathogenesis of the HTL V -I-associated diseases. Severa1 related

viruses (known as simian T-Iymphotropic viruses; STLVs) have been identified in
African and Asian non-human primates, and such primates appear to have been the ori-
ginal sources of the human retroviruses.

Serologica1 detection of specific reactivity to Gag and Env HTLV-I or HTLV-II anti-
gens, confIrmed if necessary by western blot, is indicative of CUITent infection. HTL V-I
and HTL V-II infection can also be confirmed by amplification of viral sequences by
polymerase chain reaction (PCR) from peripheral b100d mononuclear ceIls. Three major
clades of HTL V -1 with distinct geographical distribution have been distinguished by
PCR and sequencing or by restriction fragment length polymorphism. A higher pre-
valence among women, particularly over the age of 50 years, has been observed in highly
endemic areas.

Three modes of transmission have been described for HTLV-I and HTLV-II: mother-
to-child transmission, mainly due to breast-feeding beyond six months, sexua1 trans-

kajo
Pencil



HUMAN T-CELL L YMPHOTROPIC vlRUSES 331

mission predominantly from men to women and transmission by transfusion of cellular
blood products and through intravenous drug use.

HTL V -1 prevalence varies widely worldwide, with high levels in diverse geographic

areas: i.e., southwest Japan, the Caribbean basin, parts of South America, Central and
West Africa and parts of Me1anesia. Clusters of especially high endemicity occur within
these areas. HTL V -1 remains endemic among emigrants from the se areas.

It is estimated that worldwide between 15 and 20 million individua1s are infected by
HTL V-1.

Independent of the background of HTL V -1 seropreva1ence, geographical and ethnie
differences in the prevalence of tropical spastic paraparesis/HTL V -I-associated myelo-

pathy (TSP/HAM; a major HTL V-I-associated disease) have been reported. This is a
chronic spastic mye10pathy that preferentially affects middle-aged women. TSP/HAM
may deve10p shortly after transfusion-acquired HTL V -1 infection. Other inflammatory
conditions associated with HTL V -1 are uveitis, infective dermatitis, polymyositis, alveo-
litis, arthritis, thyroiditis and SjÖgren' s syndrome. Various combinations of these condi-
tions may co-exist in the same patient and are often found in patients with TSP/HAM.
HTL V -I-infected individua1s may have impairment of the immune system, and sorne
have reduced ability to clear Strongyloides stercoralis.

HTL V -II is endemic in severa1 African pygmy and Amerindian populations and is
epidemic among intravenous drug users in the Americas and parts of Europe. HTL V-II
has not been clearly associated with any non-neoplastic human disease.

Control and prevention of HTL V -1 and HTL V -II infection depend on reduced trans-
mission by the three major routes: perinatal, sexual and parenteral. Perinatal transmission
has been greatly reduced in Japan by avoidance of pro10nged breast-feeding. Passive and
active immunization is effective in animal models but no preventive vaccine is available
for humans. A number of countries have introduced universa1 screening of blood donors
to prevent transmission of HTL V -1 and HTL V -II and in Japan a decline in the incidence
of post-transfusion TSP/HAM has been demonstrated.

5.2 Huiian carcinogenicity data

Adult T-cell leukaemia/lymphoma (A TLL) occurs almost exc1usively in areas where
HTL V - 1 is endemic, such as J apan, the Caribbean and West Africa. Cases of A TLL
described in Europe and the United States have mostly been in immigrants from HTL V-I
endemic regions or their offspring. Evidence of HTL V -1 infection was originally found
in at 1east 90% of patients with A TLL in endemic regions. Subsequently, HTL V -1 has

become part of the diagnostic criteria for A TLL. ln A TLL, the virus is clonally inte-
grated into the tumour cells. A TLL develops in 2-5% of HTL V -1 -infected individuals.
Infection early in 1ife appears to be important for the development of A TLL. No environ-
mental cofactor promoting the progression to A TLL has so far been identified.

HTL V -1 has been associated with non-A TLL cutaneous T-cell malignancies by a few

investigators, but most studies have not found an association. Difficu1ties in distin-
guishing cutaneous T-cell lymphomas from ATLL may have contributed to these incon-
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sistent findings. Sorne investigators have detected HTLV-I genome sequences in HTLV-I
and HTL V -II-seronegative patients with cutaneous T-cell lymphomas, but this has not
been confirmed by others.

HTLV-II antibody has been reported in a few patients with large granular lymphocyte
leukaemia, but preva1ence surveys and a lack of clonaI integration of the virus have not
supported an association.

Several case-control studies have found an association between HTL V -1 sero-

prevalence and tumours of the vagina, cervix and liver, but confounding effects and bias
could not be excluded.

5.3 Animal carcinogenicity data

ln the few studies on HTL V -1 infection of animaIs, no neoplastic disease was

demonstrated.

While neoplastic disease has not been induced experimentally in non-human primates
by infection with STL V-L, there is strong evidence that 'natural' infection with STL V -1 is
associated with lymphoid neoplasia in non-human primates. The following evidence
supports this hypothesis: lymphoma is the most common malignancy in Old World non-
human primates; STL V-I is endemic in 01d World non-human primates; the disease in
monkeys is very similar to A TLL; STL V -1 is very simi1ar biologically, morphologically,
physicochemically and molecularly to HTL V -1; and STL V -1 has the ability to actIvate
and immorta1ize lymphocytes in culture. Monoclonally integrated provirus has been
identified in all neoplastic tissues from STLV-I-infected non-human primates that have
been evaluated.

Bovine leukaemia virus, which belongs to the same famil y as HTL V - l, is a good
model for the study of lymphomas induced by vifUses with fax and rex genes. This virus
induces 1ymphomas in approximately 5% of infected cattle and in all experimentally
infected sheep. Unlike HTL V -I-associated Iymphomas in humans, all tumours are of B-
cell origin.

5.4 Molecular mechanisms of leukaemogenesis

HTL V -l, as well as HTL V -II, is capable of immorta1izing human and rabbit T-cells
În vitro. Transfection of HTL V - 1 fax a10ne immortal izes and transforms primary human
T-cells and transforms cells of fibroblastoid lineage. ln transgenic mode1s, HTL V -1 fax

under the control of HTL V - 1 long terminal repeat induces tumours of mesenchymal
origin, whereas lymphomas have so far on1y been obtained by using a granzyme B
promoter to control fax expression, or by producing mice transgenic for both c-myc and
fax. Tax activates the expression of several cellular genes which are themselves involved
in the control of cell proliferation. Tax' achieves this pleiotropic effect by interfering with
at least three different classes of transcription factors, at either nuclear or cytoplasmic
levels. However, HTL V-I transformed cell lines, although capable of inducing lym-
phomas in severe combined immunodeficient mice (SCID) under certain conditions, are
different from A TLL cells, for the development of which subsequent cellular changes are
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required. ln keeping with this scenario, clonally expanded HTL V -I-infected T -cell popu-
lations can persist in vivo for long periods of time without progression to leukaemia.
While tax is expressed in non-neop1astic T -cell populations, its expression is 10st in
A TLL cells.

Observations made in tax-transgenic mice suggest that cytokines secreted by tax-
expressing cells are responsible for sorne aspects of the pathologies observed in these
animaIs; whether this applies to the pathogenesis of A TLL in hum ans is uncertain. The
expression of tax during the early stages of Ieukaemogenesis may interfere with

mechanisms of DNA repair by reducing the expression of ß-polymerase and p53, and
increasing chromosomal instability.

HTL V -1 and HTL V -II have similar transforming properties in vitro. HTL V -1 is asso-
ciated with leukaemia, whereas HTL V -II is not. HTL V -1 and HTL V -II differ in some of
their small accessory proteins. The role of sorne of these HTL V - 1 encoded viral proteins,
in particu1ar the small accessory protein pl 2', during the early stages of 1eukaemogenesis
is still uncertain, but in-vitro experiments suggest a possible involvement. There is no
indisputab1e evidence that these accessory proteins are expressed in A TLL cells.

Cellular alterations required during the transition from an HTL V -I-infected T-cell to a
ma1ignant A TLL cell are largely undefined, but constitutive activation of signal trans-
duction pathways may play a role. Mutations in several tumour-suppressor genes occur
in sorne A TLL samples and HTL V -I-transformed cell Iines and may play a role during
tumour progression.

Cytotoxic T-cell (CTL) immunity is directed mainly against the Tax protein and there
is evidence that CTLs play a ro1e in killing HTL V -1 expressing T-cells, but not A TLL
cells as the se do not express tax. The role of natural killer cells in human HTL V - 1

infection remains to be established, although such cells limit the growth of HTL V-I
transformed human cells in immunodeficient mice. Studies in Japan suggest an asso-
ciation of certain human leukocyte antigen (HLA) haplotypes with TSP/HAM and
A TLL. Different genotypes of HTL V -1 do not appear to be associated with different
diseases.

5.5 Evaluation 1

There is sufficient evidence in humans for the carcinogenicity of HTL V - 1.

There is inadequate evidence in humans for the carcinogenicity of HTL V - II.

Overall evaluation

HTLV-I is carcinogenic ta humans (Graup 1).
HTL V - II is nal classifable as ta ils carcinogenicily ta humans (Group 3).

IFor definition of the italicized terms, see Preamble, pp. 22-25.
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Abbreviations

AIDS - acquired immunodeficiency syndrome

AIDS/ ARC - AIDS-re1ated complex
AIN - anal intraepithelia1 neoplasia
ALCL - anaplastic large cell lymphoma
AL V - avian leukosis/sarcoma virus
AML - acute myeloid leukaemia
APl - activation protein 1
ASCUS - atypical squamous cells of unknown significance
ASIL - anal squamous intraepithelial les ion
A TF - activating transcription factor
A TLL - adult T -cell 1eukaemia/lymphoma
A TPase - adenosine triphosphatase
AZT - azidothymidine = zidovudine
BAL - bronchoalveo1ar lavage
BCBL - body cavity-based lymphoma
BCC - basal cell carcinoma of the skin
bFGF - basic fibroblast growth factor
BL - Burkitts lymphoma

BL V - bovine leukaemia virus
bp - base pair

BPV - bovine papillomavirus
c-AMP - cyclic AMP
CA - capsid
CDC Centers for Disease Control and Prevention (The CDC changed its name from

Centers for Disease Control to Centers for Disease Control and Prevention on
November 15, 1992)

CI - confidence interval

CIN - cervical intraepithelial neop1asia
CMV - cytomegalovirus
CNF - central nervous fluid
CNS - central nervous system
CPE - cytopathic effect
CRE - cyclic AMP-responsive element
CREB - cyclic AMP responsive element-binding protein
CREM - cyclic AMP responsive element modulator
CSF - cerebrospinal fluid (in HIV monograph); colony stimuIating factor (in HTL V

monograph)
CTL - cytotoxic T-Iymphocyte
ddC - dideoxycytidine = zalcitabine

-391-



392 IARC MONOGRAPHS VOLUME 67

ddl - dideoxyinosine = didanosine

DLCL - diffuse large-cell 1ymphoma
EBER - Epstein-Barr encoded RNA
EBL - enzootIc bovine leukosis
EBNA - Epstein-Barr nuc1ear antigen
EBV - Epstein-Barr virus
ECFG - endothe1ial cell growth factor
EGF - epidermal growth factor
ElA - enzyme immunoassay

ELISA - enzyme-1inked immunosorbent assay
ENAADS - European non-aggregate AIDS data set
FDC - follicu1ar dendritic cells
FeL V - feline leukaemia virus
FGF - fibroblast growth factor
FIV - fe1ine immunodeficiency virus

GAL V - gibbon ape leukaemia virus
GICA T - Italian Cooperative Group for AIDS-Re1ated Tumours
Gla-8 - Glasgow-8 strain
GM - granulocyte-macrophage
GVHD - graft versus hot disease
HCG - human chorionic gonadotropin
HBV - hepatitis B virus
HCV - hepatitis C virus
HFV - human foamy virus
HHV - human herpesvirus
HIV - human immunodeficiency virus
HLA - human leukocyte antigen
HPV - human papilomavirus
HTL V - human T-cell 1ymphotropic virus
HVP - herpesvirus papio
HVS - herpesvirus saimiri
IBL - immunoblastic lymphoma

ICD - International Classification of Disease
Ig - immunoglobulin

IL - interleukin

lN - integrase

10AC - insertive oro anal contact
ISH - in-situ hybridization
IVDU - intravenous drug user
kh - kilobase

kDa - kiIodaIton
KS - Kaposi' s sarcoma

KSHV - Kaposi' s sarcoma-associated herpes virus
LAM - leukocyte adhesion molecu1e
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LA V - lymphadenopathy-associated virus
LCDL - large cell diffuse lymphoma
LCG - human chronic gonadotropin
LCR - long control region
LDH - lactose dehydrogenase
LGL - large granu1ar lymphocytic
LMP - latent membrane protein
L TR - long terminal repeat
MA - matrix
MACS - multicentre AIDS cohort study
MCD - multicentric angiofoIlicu1ar dysplasia
MHC - major histocompatibility complex
ML V - murine leukaemia virus
MMSV - Mo10ney murine sarcoma virus
MMTV - mouse mammary tumour virus
MoMV - Moloney murine virus
MPMV - Mason-Pfizer monkey virus
mRNA - messenger ribonucleic acid
MVV - maedi-visna virus
NC - nucleocapsid
NCSUI - North Carolina State University 1 strain
NF - nuclear factor
NGF - nerve growth factor
NHL - non-Hodgkin's lymphoma
NK - natural killer
NSP - non-spastic paraparesis
OR - odds ratio
PAl - plasminogen activator inhibitor
Pattern II countries - countries in which extensive spread of HIV began in the mid-to-

late I970s or early 1980s and in which heterosexual transmission has predo-

minated and continues to
PBL - peripheral b100d lymphocyte
PBMC - peripheral blood mononuclear cell
PCP - Pneumocystis carinii pneumonia
PCR - polymerase chain reaction
PDGF - platelet-derived growth factor
PGL - persistent generalized lymphadenopathy
PHA - phytohaemagglutinin
PIDS - public information data set
PIR - proportionate incidence rate

PR - protease

pRB - retinoblastoma tumour suppressor protein
PTH-rP - parathyroid hormone-related protein
PTL V - primate T -ce il lymphoma virus
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Rex RE - Rex response element
RFLP - restriction fragment length po1ymorphism
RIPA - radioimmunoprecipitation assay
RIR - relative incidence ratio
RR - relative risk
RRE - Rev response e1ement
RT - reverse transcriptase
SCC - squamous-cell carcinoma of the skin
SC ID - severe combined immunodeficient

SEER - Surveillance, Epidemiology and End Results
SFV - simian foamy virus
SIL - squamous intraepithelial 1esion
SIR - standardized incidence ratio

SIV - simian immunodeficiency virus

SNCCL - small non-cleaved-cell lymphoma
SNV - spleen necrosis virus
SPF - specific pathogen free
SPI - subclinical papillomavirus infection

SRE - serum response element
SRF - serum response factor
SR V - simian retrovirus
SRV -2 - simian immunosuppressive type D retrovirus
SSA V - simian sarcoma-associated virus
STD - sexually transmitted disease
STLV - simian T-cell lymphotropic virus
SU - surface
T AR - transactivation response
Tat protein - transcriptional transactivating protein

Tax protein - transcriptional activating protein
TdT+ - terminal deoxynuc1eotidyl transferase
TGF - transforming growth factor
TM - transmembrane

TNF - tumour necrosis factor
TRE - Tax-responsive clement
TREB - Tax-responsive element binding protein
TSP - tropical spastic paraparesis
TSP/HAM - tropical spastic paraparesis/HTL V -I-associated myelopathy
uP A - urokinase plasminogen activator

vWF - von Willebrand factor
WF - international working formulation for non-Hodgkin's lymphomas
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SUPPLEMENTARY CORRIGENDA TO VOLUMES 1-67

Volume 49

pp. 352-353 Nickel salts, replace 'lung tumours' by 'local tumours' in the work cited
by Pott et al. (1989, 1990)
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CUMULA TIVE CROSS INDEX TO lARC MONOGRAPHS ON
THE EV ALVA TION OF CARCINOGENIC RISKS TO HVMANS

The volume, page and year of pub!ication are given. References to corrigenda are
given in parentheses.

A

A-a-C
Acetaldehyde

40, 245 (1986); Slippl. 7, 56 (1987)
36,101 (1985) (corr. 42, 263);
Slippl. 7. 77 ( 1 987)

Acetaldehyde tormylmethylhydrazone (sel' Gyromitrin)
Acelamide
Acetaminophen (sce Paracetamol)
Acridine orange
Acritlaviniiim chloride
Acrolein

7. 197 ( 1974); Slippl. 7, 389 ( 1987)

Acrylamide

16. 145 (1978); Slippl. 7, 56 (1987)
13, 31 (1977); Slippl. 7,56 (1987)
19, 479 ( 1979); 36, 133 (1985);
Slippl. 7,78 (1987); 63, 337 (1995)
(COlT. 65,549)
39. 41 (1986); Slippl. 7, 56 (1987);
60,389 (1994)

19, 47 ( 1979); Slippl. 7, 56 (1987)
19, 86 (i 979); Slippl. 7, 56 (1987)
/9, 73 ( 1979); Slippl. 7, 79 (1987)
19,91 (i 979); Slippl. 7, 56 (1987)

Acrylic acid

Acrylic fibres
Acrylonitrile
Acry Ion i tri le-biitad iene-styrene copol ymers
Actinolite (see Asbestos)
Actinomycins 10,29 (1976) (COlT. 42, 255);

Slippl. 7, 80 (1987)
10,43 (1976); Slippl. 7,82 (1987)
31, 47 ( 1983); Slippl. 7, 56 ( 1987)

1.145 (1972) (corr. 42, 251);
10,51 (1976); Slippl. 7, 83 (1987);
56,245 (1993)

Adriamycin
AF-2
Atlatoxins

Atlatoxin Bi (see Aflaioxins)
Allatoxin B, (see Atlatoxins)
Atlatoxin Gi (sa Aflatoxins)

Atlatoxin G, (sa Atlatoxins)

Atlatoxin Mi (sa Atlatoxins)

Agaritine
Alcoho! drinking
Aldicarb
Aldrin
Ally! chloride
Allyl isothiocyanate
Allyl isovalerate
Aluminium production

31, 63 ( 1983); Slippl. 7, 56 ( 1987)

44 (1988)
53,93 (1991)

5, 25 (1974); Slippl. 7, 88 (1987)
36, 39 (1985); Slippl. 7, 56 (1987)
36, 55 (1985); Slippl. 7, 56 (1987)
36, 69 (1985); Slippl. 7, 56 (1987)
34,37 (1984); Suppl. 7,89 (1987)
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Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone
para-Aminoazobenzene
ort!io- Am i noazotol uene

para-Aminobenzoic acid
4-Aminobiphenyl

2-Amino-3,4-dimeihylimidazo(4,5~fJquinoline (sel' MeIQ)
2-Amino-3,8-dimethylimidazo(4,5~t)quinoxaline (sec MelQx)
3-Amino-1 ,4-dimethyl-5H-pyrido( 4,3-h )indole (sel' Trp-P-I)
2-Aminodipyrido( 1 ,2-a:3',2'-djimidazole (sel' Glu-P-2)
I-Amino-2-methylanthraquinone
2-Amino-3-methylimidazo(4,5~fJquinoline (sel' IQ)
2-Amino-6-methyldipyrido( 1 ,2-a:3',2'-d)imidazole (sel' Glu-P-I)
2-Amino-l-methyl-6-phenylimidazo(4,5-h)pyridine (sel' PhIP)
2-Amino-3-methyl-9H-pyrido(2,3-h lindole (sel' MeA-a-C)
3-Amino-l-inethyl-5H-pyrido(4,3-hlindole (sel' Trp-P-2)
2-Amino-5-(5-nitro-2-turyl)-1,3,4-thiadiazole
2- Ami no-4-n i trophenol
2- Ami no- 5- n i trophenol

4-Ami no- 2-nitrophenol
2- Ami no- 5-n itroth iazole
2-Amino-9H-pyrido(2,3-hlindole (sel' A-a-C)
II-Aminoundecanoic acid
Amitrole

Ammonium potassium selenide (sel' Selenium and selenium compounds)
Amorphous silica (sel' also Silica)
Amosite (sec Asbestos)
Ampicillin
Anabolic steroids (sel' Androgenic (anabolic) steroids)
Anaesthetics, volatile
Analgesie mixtures containing phenacetin (sec also Phenacetin)
Androgenic (anabolic) steroids
Angelicin and some synthetic derivatives (sel' also Angelicins)
Angelicin plus ultraviolet radiation (sel' also Angelicin and some

synthetic derivatives)
Angelicins
Aniline

ort!io- Anisidi ne
para-Anisidine
Anthanthrene
Anthophyllite (sel' Asbestos)
Anthracene
Anthranilic acid

Antimony trioxide
Antimony trisultide
ANTU (see I-NaphthyIthiourea)
Apholate
AramiteCI
Areca nut (see Betel quid)
Arsanilic acid (see Arsenic and arsenic compounds)

H.41 (1975);SlIppl. 7,56(1987)
16,243 (1978); Slippl. 7,56 (1987)
27, 191 (1982); Slippl. 7.56 (1987)
H, 53 (1975); Slippl. 7,390 (1987)
H, 61 (1975) (corr. 42, 254);
Slippl. 7, 56 ( 1987)
16, 249 (1978); Slippl. 7,56 ( 1987)
1. 74 (1972) (co/T. 42, 251);
Slippl. 7,91 (1987)

27, 199 (1982); Suppl. 7.57 ( 1987)

7, 143 (1974); Suppl. 7,57 (1987)
57,167(1993)
57,177 (1993)

16,43 (1978); Siippl. 7,57 (1987)
31,71 (1983); Siippl. 7,57 (1987)

39, 239 (1986); Slippl. 7, 57 ( i 987)
7,31 (1974); 41, 293 (1986) (corr.
52, 513; Suppl. 7,92 (1987)

42, 39 (1987); Sllppl. 7, 341 (1987)

50, 153 (1990)

il, 285 (1976); Siippl. 7,93 ( 1987)

Slippl. 7,310 (i 987)
Suppl. 7. 96 (1987)
40,291 (1986)

Suppl. 7,57 (1987)

Siippl. 7, 57 (1987)
4,27 (1974) (corr. 42, 252);
27,39 (1982); Siippl. 7,99 (1987)
27, 63 (1982); Siippl. 7, 57 (1987)
27, 65 (1982); Suppl. 7, 57 (1987)
32,95 (1983); Suppl. 7,57 (1987)

32, 105 (l983);Suppl. 7,57(1987)
16, 265 (1978); Suppl. 7,57 (1987)
47,291 (1989)

47,291 (1989)

9,31 (1975);Suppl. 7,57(1987)
5, 39 (1974);Suppl. 7,57(1987)
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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
Atiapulgite
Auramine (technical-grade)

Auramine, manufacture of (see also Auramine, technical-grade)
Aurothioglucose
Azacitidine

5-Azacytidine (see Azacitidine)
Azaserine

Azathioprine
Aziridine
2-( 1 -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(alacridine
Benz(clacridine

Benzal chloride (see also -Chlorinated toluenes)

Benz(a lanthracene

Benzene

Benzidine

Benzidine-based dyes
Benzo( h J tl uoranthene

BenzoUltluoranthene

Benzo( k jtluoranthene

Benzo(ghij tl uoranthene
Benzo( a ltl uorene
Benzo(h ltluorene

Benzo( C ltl uorene

Benzoturan
Benzo(ghilperylene
Benzo(clphenanthrene

399

/,41 (1972);2,48(1973);

23, 39 (1980); Suppl. 7, 100 (1987)

2, 17 (1973) (corr. 42, 252);
14 (1977) (COlT. 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, i 18 (1987)
13, 39 (1977); Suppl. 7, 57 (1987)
26, 37 (1981); Suppl. 7, 57 (i 987);
50,47 (1990)

10, 73 (1976) (corr. 42,255);
Suppl. 7, 57 (1987)
26,47 (1981); Suppl. 7, 119 (1987)

9, 37 (1975); Suppl. 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 ( 1 987)
7,203 (1974) (corr. 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 (\987)

3,82 (1973); 32, 155 (1983);

Suppl. 7, 58 ( 1987)
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)
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Benzo(a)pyrene
3,91 (1973); 32,211 (1983);

Suppl. 7,58 (1987)
3, 137 (1973); 32, 225 (1983);

Suppl. 7, 58 (1987)
29, 185 (1982); Slippl. 7, 58 (1987)
29, 73 (1982);SlIppl. 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)
Il,217 (1976) (corr. 42,256); 29,

49 (1982);Suppl. 7, 148(1987)
16, 153 (1978); Suppl. 7,58 (1987)

Benzo( e )pyrene

para-Benzoquinone dioxime

Benzotrichloride (see alsa a-Chlorinated toluenes)
Benzoyl chloride

Benzoyl peroxide
Benzyl acetate
Benzyl chloride (see alsa a-Chlorinated toluenes)

Benzyl violet 4B
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds 1,17(1972);23,143(1980)

(corr. 42,260); Slippl. 7, 127

(1987);58,41 (1993)
Beryllium acetate (see Beryllum 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)
Beryllium 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 (Ùe Butylated hydroxytoluene)
Bis( I-aziridinyl)morpholinophosphine sulfide
B is(2-chloroethyl )ether

N, N- B i s(2 -ch loroeth y 1)- 2 - na ph th y lam i ne

37,141 (1985); Suppl. 7, 128 (1987)

Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2-Bis(chloromethoxy)ethane
1 A-Bis( chloromethoxymethyl )benzene
Bis( chloromethyl)ether

9,55 (1975); Suppl. 7,58 (1987)

9, 1 17 (1975); Suppl. 7,58 (1987)
4,119 (1974) (corr. 42,253);
Slippl. 7, 130 (1987)
26, 79 (1981); Slippl. 7, 150 (1987)
15,31 (1977); Slippl. 7,58 (1987)
15,37 (1977); Slippl. 7,58 (1987)
4,231 (1974) (corr. 42,253);
Slippl. 7, 131 (1987)
41, 149 (1986); Suppl. 7,59(1987)
47,231 (1989)

Bis(2-chloro-l-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)
Bitumens 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 Fern 40, 47 (1986); Slippl. 7, 135 (1987)
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CUMULATIVE INDEX

Brilliant Blue FCF, disodium salt

Bromochloroacetonitrile (see Halogenated acetonitriles)
Bromodichloromethane
Bromoethane
Bromoform
1,3-Butadiene

1,4-Butanediol dimethanesulfonate
Il-But yi 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

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 compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin
Caprolactam

Captafol
Cap tan
Carbary 1

Carbazole
3-Carbethoxypsoralen
Carbon black

Carbon tetrachloride

Carmoisine
Carpentry and joinery
Carrageenan

Catechol
CCNU (see 1-(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea)
Ceramic fibres (see Man-made minerai fibres)
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16,171 (1978) (corr. 42,257);
Suppl. 7, 59 ( 1987)

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)
IL, 225 (1976); Suppl. 7, 59 (1987)
1/,231 (1976); Suppl. 7,59 (1987)

2,74 (1973); Il,39 (1976)

(corr. 42,255); Suppl. 7, 139

(1987);58,119(1993)

56, 115 (1993)

51,291 (1991)

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)

30, 295 (1983); Suppl. 7, 59 (1987)
12,37 (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); 65, 149 (1996)

1,53(1972);20,371 (1979);
Suppl. 7, 143 (1987)

8, 83 (1975); Suppl. 7, 59 (1987)
25, 139 (1981); Suppl. 7.378 (1987)
10,181 (1976) (corr. 42,255);31,
79 (1983); Suppl. 7, 59 ( 1 (87)
15, 155 (1977); Suppl. 7,59 (1987)
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Chemotherapy, combined, including alkylating agents (see MOPP and
other combined chemotherapy including alkylating agents)

Chloral
Chloral hydrate

Chlorambucil

Chloramphenicol

Chlordane (see also Chlordane/Heptachlor)
Chlordane/Heptachlor
Chlordecone
Chlordimeform
Chlorendic acid
Chlorinated dibenzodioxins (other than TCDD)
Chlorinated drinking-water
Chlorinated paraffins
et-Chlorinated toluenes
Chlormadinone acetate (see also Progestins; Combined oral

contraceptives)
Chlornaphazine (see N.N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see Halogenated acetonitriles)
para-Chloroaniline
Chlorobenzilate

Chlorodibromomethane
Chlorodi tluoromethane

Chloroethane
1 -(2-Chloroethyl )-3-cyclohexyl-I-nitrosourea (see also Chloroethyl

nitrosoureas)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-I-nitrosourea (see also

Chloroethyl nitrosoureas)
Chloroethyl nitrosoureas
Chlorotluoromethane
Chloroform

Chloromethyl methyl ether (technical-grade) (see also
B is( ch lorometh y i )ether)

(4-Chloro-2-methylphenoxy)acetic acid (see MCPA)
I-Chloro-2-methylpropene
3-Chloro- 2-methy Ipropene
2-Chloronitrobenzene
3-Chloronitrobenzene
4-Chloronitrobenzene
Chlorophenols
Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupational exposures to)
4-Chl oro-o rtho- phen yi ened i am i ne

4-Ch 1 oro-me 1 a - ph en y le ned iam i ne

Chloroprene
Chloropropham
Chloroquine
Chlorothalonil

63,245 (1995)

63,245 (1995)

9,125 (1975); 26,115 (1981);
Supp!. 7. 144 (1987)

ID, 85 (1976); Suppl. 7,145 (1987);
50, 169 (1990)

20,45 (1979) (corr. 42, 258)
Suppl. 7, 146 (1987); 53, ILS (1991)
20,67 (1979); Suppl. 7,59 (1987)
30,61 (1983); Suppl. 7,59 (1987)
48,45 (1990)

15,41 (1977); Suppl. 7,59 (1987)
52,45(1991)
48, 55 (1990)

Supp!. 7, 148 (1987)
6,149 (1974); 21, 365 (1979)

57,305(1993)
5,75 (1974); 30,73 (1983);

Supp!. 7,60 (1987)
52,243(1991)
41,237 (1986) (corr. 51,483);
Supp!. 7, 149 (1987)
52, 315 (1991)
26,137 (1981) (corr. 42, 260);
Suppl. 7, 150 (1987)
Supp!. 7, i 50 (1987)

Suppl. 7, 150 (1987)
41,229 (1986); Suppl. 7,60 (1987)
1,61 (1972);20,401 (1979)

Suppl. 7, 152 (1987)

4,239 (1974); Suppl. 7, 131 (1987)

63,315 (1995)

63,325 (1995)

65, 263 (1996)
65,263 (1996)

65,263 (1996)

Suppl. 7, 154 (1987)
41, 3 19 ( 1986)

Suppl. 7, 156 (1987)
41,357 (1986)

27,81 (1982); Supp!. 7,60 (1987)
27,82 (1982); Suppl. 7,60 (1987)
19,131 (1979);Suppl. 7,160(1987)
12,55 (1976); Supp!. 7,60 (1987)
13,47 (1977); Suppl. 7,60 (1987)
30, 319 (1983); Suppl. 7, 60 (1987)
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CUMULATIVE INDEX

pa/"-Chloro-ort!io-toluidine and its strong acid salts
(see also Chlordiiieform)

Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro-l, l, I-tritluoroethane
Chlorozotocin
Cholesterol

Chromic acetate (see Chroiiium and chrorniurn coiipounds)
Chromic chloride (see Chromiuii and chroiiium compounds)
Chromic oxide (see Chromium and chromiurn cornpounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds

Chromium carbonyl (see Chromium and chromiurn coiipounds)
Chromium potassium sulfate (see Chromium and chromium cOllpounds)
Chromium sulfate (see Chromiull and chromium compounds)
Chromium trioxide (see Chromium and chromiiim 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

CI Pigment Red 53: 1 (see D&C Red No. 9)
Cisplatin
Citrinin
Citrus Red No. 2

Clofibrate

Clomiphene citrate
C!olZorcliis silZelsis (infection with)
Coal gasification
Coal-tar pitches (see also Coal-tars)

Coal-tars
Cobalt(II) 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 (seeCobalt and cobalt compounds)
Cobalt(II) oxide (see Cobalt and cobalt compoiinds)
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16,277 (1978); 30, 65 (1983);
Suppl. 7,60 (1987); 4K. 123 (1990)

21.139(1979)
41, 253 (1986); Suppl. 7. 60 (1987)
50, 65 ( 1990)

10,99 (1976); 31,95 (1983);

Slippl. 7, 16 i (i 987)

2.100 (1973); 23.205 (1980);
Supp/. 7. 165 (1987); 49. 49 (1990)
(("rr. 51, 483)

3,159 (1973); 32,247 (1983);
Suppl.7,60(1987)
K,91 (1975);Suppl. 7, 169(1987)

57,121 (1993)

57,247 (1993)

57,215(1993)
50, 77 ( 1990)
57,235 (1993)

50, 235 ( i 990)
16.287 (1978); 31,133 (1983);
Suppl. 7. 60 (1987)
57. 259 (1993)

26, 151 (1981); Suppl. 7, 170 ( 1987)

40,67 (1986); Suppl. 7,60 (1987)
8, 101 (1975) (corr. 42, 254)
Suppl. 7, 60 ( 1987)

24, 39 (1980); Siippl. 7, 171 (1987);

66,391 (1996)

21, 551 (1979); Suppl. 7, 172 (1987)

61, 1 2 1 (1 994 )

34, 65 (1984); Suppl. 7, 173 (1987)

35,83 (1985); Suppl. 7, 174 (1987)

35,83 (1985); Suppl. 7, 175 (1987)

52,363 (1991)
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Cobalt(I1,I1J oxide (sel' Cobalt and cobalt compounds)
Cobalt(I1J sulfide (sel' Cobalt and cobalt compounds)
Coffee
Coke production
Combined oral contraceptives (sel' also Oestrogens, progestins

and combinations)

Conjugated oestrogens (sel' also Steroidal oestrogens)
Contraceptives, oral (sel' Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline
Coronene
Coumarin
Creosotes (sel' also Coal-tars)
meta-Cresidine
para-Cresidine
Crocidolite (sel' Asbestos)
Crotonaldehyde
Crude oil
Crystalline silica (sel' also Silica)
Cycasin

51,41 (1991)(corr.52,513)
34,101 (1984); Siippl. 7, 176 (1987)
Suppl. 7,297 (1987)

21,147(1979)

15, 103(1977);SlIppl. 7,61 (1987)
32, 263 (1983); Siippl. 7.61 (1987)
10, 1 13 (1976); Slippl. 7,61 (1987)
35, 83 (1985); Slippl. 7, 177 (1987)
27,91 (1982);SlIppl. 7,61 (1987)
27,92 (1982); Slippl. 7,61 (i 987)

Cyclamates
Cyclamic acid (sel' Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (sel' Cyclamates)
Cyclopenta(cdlpyrene
Cyclopropane (sel' Anaesthetics, volatile)
Cyclophosphamide

63,373 (1995) (corr. 65,549)
45,119(1989)
42,39 (1987); Slippl. 7,341 (1987)
1, 157 (1972) (corr. 42, 251); 10,

121 (1976);SlIppl. 7,61 (1987)
22,55 (1980); Slippl. 7, 178 (i 987)

10, 139 (1976); Slippl. 7,61 (1987)
47, 157 (1989)

32, 269 (1983); Slippl. 7,61 (1987)

9,135(1975);26,165(1981);
Slippl. 7, 182 (1987)

D

2,4-0 (sel' also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine
Dantron
D&C Red No. 9

15, ill (1977)

Dapsone
Daunomycin
000 (sel' DDT)
ODE (sel' DDT)
DDT

26, 203 (1981 ); Slippl. 7, 184 ( 1987)
50,265 (1990) (corr. 59, 257)
8, 107 (1975); Slippl. 7,61 (1987);
57,203 (1993)

24,59 (1980); Slippl. 7, 185 (1987)
10,145 (1976); Slippl. 7,61 (1987)

Decabromodiphenyloxide
Deltamethrin
Deoxynivalenol (see Toxins derived from Flisariiim iraminearlil1,

F. cUll10rum and F. crookwellense)
Diacety lami noazotoluene
N,N' -Diacetylbenzidine
Diallate

5,83 (1974) (corr. 42,253);
Suppl. 7, 186 (1987); 53, 179 (1991)
48,73(1990)
53,251 (1991)

2,4-Diaminoanisole

8, 1 13 (1975); Slippl. 7, 61 (1987)
/6,293 (1978); Suppl. 7,61 (1987)

/2,69 (1976); 30,235 (1983);

Suppl. 7, 61 (1987)
16,51 (1978);27, 103(1982);

Suppl. 7,61 (1987)
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CUMULATIVE INDEX

4A'-Diaminodiphenyl ether

1,2-Diamino-4-nitrobenzene
1 A-Diamino-2-nitrobenzene

2,6-Diamino-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see also Toluene diisocyanates)
2,5-Diaiiinotoluene (see also Toluene diisocyanates)
ortho-Dianisidine (see 3,3' -Dimethoxybenzidine)
Diazepaii

Diazoiiethane
Dibenzra.hJacridine

Dibenzra.jJacridi ne

Di benzr a. c Janthracene

Dibenzr a.h Janthracene

Di benzr a.jJanthracene
7 H-Dibenzorc.g Jcarbazole

Dibenzodioxins, chlorinated (other than TCDD)
rsee Chlorinated dibenzodioxins (other than TCDD)J

Dibenzo(a. e Jfluoranthene
Di benzor h,rstl pentaphene
Dibenzora,e)pyrene

Dibenzo(a,hJpyrene

Dibenzora. iJpyrene

Di benzol a, lJ pyrene

Dibroiioacetonitrile (see Halogenated acetonitriles)

1,2-Dibroiio-3-chloropropane

Dichloroacetic acid

Dichloroacetonitrile (see Halogenated acetonitriles)
Dichloroacetylene
ortho- Dichlorobenzene

para-Dichlorobenzene

3,3' -Dichlorobenzidine

trans- 1,4-Dichlorobutene
3,3'-Dichloro-4,4'-diaminodiphenyl ether
1,2-Dichloroethane
Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

(2,4-Dichlorophenoxy)acetic acid (see 2A-D)
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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. 7,61 (1987)
16,97 (1978); Suppl. 7,61 (1987)

13,57 (1977): Suppl. 7, 189 (1987);

66,37 (1996)

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 (i 987)
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)

15, 139 (1977); 20, 83 (1979);
Suppl. 7, 191 (1987)

63, 271 (1995)

39,369 (1986); Suppl. 7,62 (1987)
7,231 (1974); 29, 213 (1982);
Suppl. 7, 192 (1987)

7,231 (1974); 29, 215 (1982);
Suppl. 7, 192 (1987)

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 (1987)
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2,6- Dich loro-pa ra-phen y lened iam i ne
L ,2-Dichloropropane
1 ,3-Dichloropropene (technical-grade)
Dichlorvos

Dicofol
Dicyclohexylamine (.la Cyclamates)
Dieldrin
Dienoestrol (.lce a/so Nonsteroidal oestrogens)
Diepox ybutane

Diesel and gasoline engine exhausts
Diesel fuels
Diethyl ether (.lCC Anaesthetics, volatile)

Di(2-ethylhexy 1 )adipale
Di(2-ethylhex yi )phthalate

1,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (.lCC Diethylstilboestrol)
Diethyl sulfate

Diglycidyl resorcinol ether

Dihydrosafrole

L ,8-Dihydroxyanthraquinone (.lCC Dantron)
Dihydroxybenzenes (.lce Catechol; Hydroquinone; Resorcinol)
Di hydrox ymeth yi turatri zi ne
Diisopropyl sulfate
Dimethisterone (.lCC a/so Progestins; Sequential oral contraceptives
Dimethoxane
3,3' -Dimethoxybenzidine
3,3' - Di methox ybenzidi ne-4,4' -d i isocyanate

pa ra- Di meth y lami noazobenzene

para-Dimethylaminoazobenzenediazo sodium sulfonate
trans- 2-( (Di methylamino )methyl imi no )-5-(2-(5-nitro- 2-furyl)-

vinyl)-I,3,4-oxadiazole
4,4'-Dimethylangelicin plus ultraviolet radiation (.lCC a/so

Angelicin and some synthetic derivatives)
4,5' -Dimethylangelicin plus ultraviolet radiation (.lCC a/so

Angelicin and some synthetic derivatives)
2,6-Dimethylaniline
N,N-Dimethylaniline
Dimethylarsinic acid (.lCC Arsenic and arsenic compounds)
3,3' -Dimethylbenzidine
Dimethylcarbamoyl chloride
Dimethyltormamide
I,I-Dimethylhydrazine
1,2-Dimethylhydrazine

Dimethyl hydrogen phosphite
1,4-Dimethylphenanthrene
Dimethyl sulfate

39,325 (1986); Suppl. 7,62 (1987)
41,131 (1986);Supp/. 7.62(1987)
41,113 (1986); Suppl. 7. 195 (1987)
20,97 (1979); Supp/. 7,62 (1987);
53,267 (1991)

30. 87 ( 1983); Supp/. 7, 62 ( 1987)

5,125 (1974); Supp/. 7,196 (1987)
21,161 (1979)

Il,115(1976)(corr.42,255);
Suppl. 7. 62 ( 1987)
46,41 (1989)

45, 219 ( 1989) (COlT. 47, SOS)

29, 257 (1982); Supp/. 7,62 (1987)
29.269 (1982) (corr. 42, 261 );

Supp/. 7,62 (1987)
4, 153 (1974); Supp/. 7, 62 ( 1987)

6,55 (1974); 21,173 (1979)

(corr. 42, 259); Suppl. 7,273 (1987)

4,277 (1974); Suppl. 7,198 (1987);
54,213 (1992) _

Il,125 (1976); 36,181 (1985);

Supp/. 7, 62 (1987)
1,170(1972); /0,233(1976)
Supp/. 7. 62 (1987)

24, 77 (1980); Supp/. 7, 62 (1987)
54, 229 (1992)

6,167 (1974); 21, 377 (1979))
15, i 77 (1977); Suppl. 7, 62 (1987)
4,41 (1974); Supp/. 7, 198 (1987)

39, 279 (1986); Supp/. 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)
Supp/. 7, 57 (1987)

Supp/. 7, 57 (1987)

57,323 (1993)

57,337 (1993)

L, 87 (i 972); Suppl. 7, 62 (1987)
12, 77 (1976); 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 (l 987)
4,271 (1974); Suppl. 7,200 (1987)
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CUMULATIVE INDEX

3,7 -Dinitrofluoranthene
3,9- Di ni trofl uoranthene
l ,3-Dinitropyrene
L ,6-Dinitropyrene
L ,8-Dinitropyrene

Di n itrosopentaineth y lenetetrain i ne

2,4-Dinitrotoluene
2,6-Dinitrotoluene
3,5- Dinitrotoluene
1,4-Dioxane
2,4'- Diphenyldiainine
Direct Black 38 (see 01.10 Benzidine-based dyes)
Direct Blue 6 (set also Benzidine-based dyes)
Direct Brown 95 (see 01.10 Benzidine-based dyes)
Disperse Blue 1

Disperse Yellow 3

Disulfiram
Dithranol
Divinyl ether (see Anaesthetics, volatile)
Doxefazepam
Droloxifene
Dry cleaning
Dulcin

E

Endrin
Enflurane (see Anaesthetics, volatile)
Eosin
Epichlorohydrin

L ,2-Epoxybutane
I-Epoxyethyl-3,4-epoxycyclohexane (see 4- Vinylcyclohexene diepoxide)
3,4- Epox y-6- meth y Icyc lohex y 1 inethy 1- 3 ,4epoxy -6-meth y 1-

cyclohexane carboxylate
cis-9, 10-Epoxystearic acid
Erionite
Estazolam
Ethinyloestradiol (see 01.10 Steroidal oestrogens)
Ethionamide
Ethyl acrylate

Ethylene

Ethylene dibromide
Ethylene oxide

Ethylene sulfide
Ethylene thiourea
2-Ethylhexyl acrylate
Ethyl methanesulfonate
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46, 189 (1989); 65, 297 (1996)
46. 195 (1989); 65,297 (1996)
46.201 (1989)

46,215 (1989)

33, 171 (1984); Siippl. 7,63 (1987);
46,231 (1989)

IL. 241 (1976); SlIfifil. 7, 63 ( 1987)
65, 309 (1996) (corr. 66,485)
65,309 (1996) (con'. 66,485)
65. 309 ( 1996)

Il,247 (1976);Slippl. 7,201 (1987)
16, 313 ( 1978); SLlppl. 7, 63 ( 1987)
29. 295 (1982) (corr. 42, 261)
29,311(1982)
29.321(1982)
48, 139 (1990)

8, 97 ( 1975); SLlppl. 7, 60 (1987);
48,149(1990)
12, 85 ( 1976); Sllfipl. 7, 63 (1987)
13, 75 (1977); SLlppl. 7,63 (1987)

66,97 (1996)

66,241 (1996)

63, 33 (1995)

12.97 (1976); Sllppl. 7,63 (1987)

5, 157 (1974); Siippl. 7,63 (1987)

15, 183 (1977); SLlppl. 7, 63 (1987)
Il,131 (1976) (corr. 42,256);
SLlppl. 7, 202 (1987)
47, 2 l 7 (1989)

/1,147 (1976); SLlppl. 7,63 (1987)

IL, 153 (1976); Sllppl. 7,63 (i 987)
42,225 (1987); SLlppl. 7, 203 (1987)
66,105 (1996)

6,77 (1974); 21,233 (1979)
/3,83 (1977); SLlppl. 7,63 (1987)

/9,57 (1979); 39, 81 (1986);

SLlppl. 7, 63 (1987)
19, 157 (1979); SLlppI. 7,63 (1987);
60,45 (l 994)
/5, 195 (1977); Supp/. 7, 204 (1987)

Il, 157(1976);36, 189(1985)

(corr. 42, 263); SLlppl. 7,205

(1987); 60, 73 (1994)
Il,257 (1976); Sllppl. 7,63 (1987)

7,45 (1974); Suppl. 7,207 (1987)

60,475 (1994)

7,245 (1974); SLlppl. 7,63 (1987)
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N- Ethy I-N-n i trosourea
l, 135 (1972); 17, 191 (1978);

Suppl. 7, 63 (1987)
12, 107 (1976); Suppl. 7, 63 (1987)
12, 115 (1976); Suppl. 7,63 (1987)
6, 173 (1974); 21, 387 (1979)

Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynodiol diacetate (see also ProgestIns; Combined oral

contracepti ves)
Eugenol
Evans blue

36, 75 (1985); Suppl. 7,63 (1987)
8, 151 (1975); Suppl. 7,63 (1987)

F

Fast Green FCF
Fenvalerate
Ferbam

16, 187 (1978); Suppl. 7,63 (1987)
53,309(1991)
12,121 (1976) (corr. 42, 256);
Suppl. 7, 63 (l 987)
1,29 (1972); Suppl. 7,216 (1987)Ferric oxide

Ferrochromium (see Chromiuin and chromium compounds)
Fluometuron
Fluoranthene
Fluorene
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

30, 245 (l 983); Suppl. 7, 63 (l 987)
32,355 (1983); Suppl. 7,63 (1987)
32,365 (1983); Suppl. 7,63 (1987)

27,237 (1982); Suppl. 7,208 (1987)
26,217 (1981); Suppl. 7,210 (1987)

2-(2- Form yi hydrazi no )-4-( 5- n i tro- 2- fury 1 )th iazole

29,345 (1982); Suppl. 7,211 (1987);
62,217 (1995) (corr. 65,549;
corr. 66,485)
7,151 (1974) (corr. 42,253);
Suppl. 7, 63 (1987)

Frusemide (see Furosemide)
Fuel oils (heating oils)
Fumonisin B, (see Toxins derived from Fusarium moniliforme)
Fumonisin B, (see Toxins derived From Fusarium monilifonne)
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 graminearum,

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)

45,239 (1989) (corr. 47,505)

63,393 (1995)

31, 141 (1983); Suppl. 7,63 (1987)
63,409 (1995)

25, 99 (1981); Suppl. 7, 380 ( l 987)
50, 277 (1990)

G

Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Gemfibrozil
Glass fibres (see Man-made minerai fibres)

45, 159 (1989) (corr. 47, 505)

66,427 (1996)
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Glass manufacturing industry, occupational exposures in
Glasswool (see Man-made minerai fïbres)
Glass filaments (see Man-made minerai fibres)
Glu-P-I
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
Haematite and ferric oxide
Haematite mining, underground, with exposure to radon
Hairdressers and barbers (occupational exposure as)
Hair dyes, epidemiology of
Halogenated acetonitri les
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 pylori (infection with)
Hepatitis B virus
Hepatitis C virus
Hepatitis 0 virus
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexach lorocyc lohexanes

Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)
Hexachloroethane
Hexachlorophene
Hexamethy 1 phosphoram ide

Hexoestrol (see Nonsteroidal oestrogens)
Human immunodeficiency viruses
Human papillomaviruses
Human T-cell lymphotropic viruses
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochloric acid
Hydrochlorothiazide

409

58,347 (1993)

40, 223 (1986); Siippl. 7, 64 (1987)
40, 235 ( 1986); Siippl. 7, 64 (1987)

IL, 175 (1976); Siippl. 7,64 (1987)
47, 237 (1989)
Il, 183 (1976); Siippl. 7,64(1987)
1/, 187 (1976); Siippl. 7,64 (1987)
10,153 (1976); Siippl. 7,391 (1987)
16,199 (1978); Suppl. 7,64(1987)
31, 163 (1983); Siippl. 7, 391 (1987)

1,29 (1972); Siippl. 7,216 (1987)
Siippl. 7, 216 (1987)
l, 29 (1972); Siippl. 7, 216 (1987)
57,43 (1993)

16,29 (1978); 27, 307 (1982);
52,269 (i 991)

57,129 (1993)

57,143 (1993)

57,153 (1993)

57,159 (1993)

61, 177 (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); Siippl. 7, 64 (1987)
20, 241 (1979); Suppl. 7, 64 (1987)

15, 2 i 1 (1977); Siippl. 7, 64 (1987)

67,31 (1996)

64 (1995) (corr. 66,485)
67,261 (1996)

13, 91 (1977); Suppl. 7, 64 (1987)
24, 85 (1980); Siippl. 7, 222 (i 987)
4,127 (1974); Siippl. 7,223 (1987)
54,189(1992)
50, 293 (1990)
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Hydrogen peroxide
Hydroquinone
4-Hydroxyazobenzene
17a-Hydroxyprogesterone caproate (see also Progestins)
8-Hydroxyquinoline
8-Hydroxysenkirkine
Hypochlorite salts

1

Indeno( L ,2,J-cdJpyrene

Inorganic acids (see Sulfuric acid and other strong iiiorganic acids,
occupational exposures to mists and vapours trom)

Insecticides, occupational exposures in spraying and application of
IQ

Iron and steel tounding
lron-dextran complex
Iron-dextrin complex

Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex
Isatidiiie
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, occupatioiial exposures to mists and vapours from)

Isopropyl oils
Isosatrole

J

Jacobine
Jet fuel

Joinery (see Carpentry and joinery)

K

Kaempterol
Kepone (see Chlordecone)

L

Lasiocarpine

36, 285 (1985); Suppl. 7, 64 (1987)
/5, 155 (1977); Suppl. 7,64 (1987)

8, 157 (1975); Suppl. 7,64 (1987)
2/,399 (1979) (corr. 42,259)
13,101 (1977); Suppl. 7,64(1987)
/0,265 (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);
56, 165 (1993)

34, 133 (1984); Suppl. 7,224 (1987)
2, i 6 1 (1973); Suppl. 7,226 (1987)
2,161 (1973) (corr. 42, 252);
Suppl. 7, 64 (1987)

2,161 (1973);Suppl. 7,64(1987)
/0,269 (1976); Suppl. 7,65 (1987)

4, 159 (1974); Suppl. 7,227 (1987)
26, 237 (1981); Suppl. 7,65 (1987)
60,215 (1994)

/5,223 (1977); Suppl. 7,229 (1987)

Suppl. 7, 229 (1987)

15, 223 (1977); Suppl. 7,229 (1987)
/, 169 (1972); /0,232 (1976);

Suppl. 7, 65 (1987)

/0,275 (1976); Suppl. 7,65 (1987)

45,203 (1989)

3/, 171 (1983); Suppl. 7,65 (1987)

/0,281 (1976); Suppl. 7,65 ( 1987)
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Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and lead compounds

Lead arsenate (see Arsenic and arsenic coinpounds)
Lead carbonate (see Lead and lead coinpounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chroiniuin coinpounds)
Lead chromate oxide (see Chroiniuin and chromium conipounds)
Leadnaphthenate (sec Lead andlead coinpounds)
Lead nitrate (sec Lead and lead coinpounds)
Lead oxide (see Lead andlead compounds)
Lead phosphate (.lce Lead and lead compounds)
Lead subacetate (.lce Lead and lead compounds)
Lead tetroxide (.lce Lead and Iead compounds)
Leather goods manufacture
Leather industries
Leather tanning and processing
Ledate (see also Lead and lead compounds)
Light Green SF
d-Limonene
Lindane (sec Hexachlorocyclohexanes)
Liver tlukes (sec C!oiiorchis siiiensis, Opisrhorchisfc/iiiciis and

Opisrhorchis vivariiii)
Lumber and sawmill industries (including logging)
Luteoskyrin
Lynoestrenol (.lce 01.10 Progestins; Coinbined 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
Medroxyprogesterone acetate

Megestrol acetate (see also Progestins; Combined oral contraceptives)
MeIQ

MeIQx
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36, 3 i 5 ( 1985); Siippl. 7, 65 (1987)

1,40 (1972) (COlT. 42, 251); 2, 52,
150(1973); 12,131 (1976);
23,40, 208,209,325 (1980);
Siippl. 7, 230 ( 1987)

25, 279 (1981); Sllppl. 7,235 (1987)
25, 199 (1981 ); Siippl. 7, 232 (1987)
25,201 (1981); Suppl. 7,236 (1987)
12, 13 1 (1976)
16,209 (1978); Siippl. 7,65 (1987)
56, 135 (1993)

25, 49 ( 1981 ); Suppl. 7, 383 ( 1987)
10, 163 (1976);Slippl. 7,65(1987)
21,407 (1979)

4,57 (1974) (COlT. 42, 252);
Suppl. 7,238 (1987); 57, 215 (1993)

Sllppl. 7,238 (1987); 57, 215 (1993)
30, 103 (1983); Suppl. 7, 65 (1987)

4,173 (1974) (COlT. 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)



412 IARC MONOGRAPHS VOLUME 67

Melamine
Melphalan
6-Mercaptopurine
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercury compounds
Merphalan
Mestranol (see also Steroidal oestrogens)

Metabisulfites (see Sulfur dioxide and some sulfites, bisulfites
and metabisulfites)

Metallic mercury (see Mercury and mercury compounds)
Methanearsonic acid, disodium salt (see Arsenic and arsenic cornpounds)
Methanearsonic acid, monosodium salI (see Arsenic and arsenic

compounds
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 some synthetic derivatives)

2-Methylaziridine
Meth y lazox ymethano i acetate

Methyl bromide

Methyl carbarnate
Methyl-CCNU (see 1 -(2-Chloroethyl)-3-( 4-methylcyclohexyl)-

1 -nitrosourea)
Methyl chloride
1-, 2-, 3-,4-,5- and 6-Methylchrysenes
N- Meth y I-NA-di n i trosoan il ine

4A'-Methylene bis(2-chloroaniline)

4A'- Methy lene bis(N. N-d i methy 1 )benzenami ne
4A'-Methylene bis(2-methylaniline)
4A'- Methylenedianiline

4,4'-Methylenediphenyl diisocyanate
2-Methylfluoranthene
3- Meth y 1 f1uoranthene

Methylglyoxal
Methyl iodide

Methylmercury chloride (see Mercury and mercury compounds)
Methylmercury compounds (see Mercury and mercury compounds)
Methyl methacrylate

Methylmethanesulfonate

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); 2/, 257 (1979)

(corr. 42, 259)

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)
/9,52 (1979); 3'9,99 (1986);

Suppl. 7, 66 (1987)

Suppl. 7, 57 (1987)
9,61 (1975);Suppl. 7,66(1987)
/,164 (1972); /0,131 (1976);

Suppl. 7, 66 ( 1987)
4/,187 (1986) (carl'. 45, 283);
Suppl. 7, 245 (1987)
/2, 151 (1976); Suppl. 7,66 (1987)

4/,161 (1986); Suppl. 7,246 (1987)

32,379 (1983); Suppl. 7,66 (1987)
/,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)
/9,314 (1979); Suppl. 7,66 (1987)

32, 399 (1983); Suppl. 7,66 (1987)
32, 399 (1983); Suppl. 7,66 (1987)
5/,443 (1991)

/5,245 (1977); 4/,213 (1986);

Suppl. 7, 66 (1987)

/9, 187 (1979); Suppl. 7,66 (1987);

60,445 (1994)

7,253 (1974); Suppl. 7,66 (1987)

..-,
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2-Methyl-l-nitroanthraquinone
N-Methyl-N -nitro-N-nitrosoguanidine
3- Methylnitrosaminopropionaldehyde lsee 3-(N-Nitrosomethylami no)-

propionaldehyde 1

3-Methy Initrosaminopropionitri le lsee 3-(N-Nitrosomethylamino)-
propionitrile j

4-(Methylnitrosamino )-4-(3-pyridyl)-l-butanal (see 4-(N-Nitrosomethyl-
amino )-4-(3-pyridyl )-I-butanalj

4-(Methylnitrosamino )-1-(3-pyridyl )-l-butanone (see 4-( -Nitrosomethyl-
amino )-I-(3-pyridyl )-l-biitanone j

N-Methy I-N-nitrosourea

N- Meth y I-N -n i trosoiirethane

N-Methylolacrylamide
Methyl parathion
I-Methylphenanthrene
7 -Methyl pyridol3,4c lpsoralen
Methyl red
Methyl selenac (see also Selenium and selenium compounds)
Methylthiouracil
Metronidazole
Mineral oils

Mirex

Mi~ts and vapours from sulfuric acid and other strong inorganic acids
Mitomycin C
MNNG lsee N-Methyl-N -nitro-N-nitrosoglianidineJ
MOCA ¡see 4,4'-Methylene bis(2-chloroaniline)J
Modacrylic fibres
Monocrotal i ne
Moniiron

MOPP and other combined chemotherapy incliiding
alkylating agents

Morpholine
5-(Morphol inoniethyl )-3-(( 5-nitrofurfiiry 1 idene )amino j- 2-

oxazolidinone
Musk arnbrette
MllSk xylene
Miistard gas

Myleran (see 1 ,4-Biitanediol dimethanesiilfonate)

N

Nafenopin
1,5-Naphthalenediarnine
1 ,5-Naphthalene diisocyanate
I-Naphthylamine

2-Naphthylamine
I-Naphthylthiourea
Nickel acetate (see Nickel and nickel compoiinds)
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27, 205 (1982); Suppl. 7,66 (1987)
4,183 (1974); Suppl. 7,248 (1987)

1,125 (1972); 17,227 (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 (i 974); Suppl. 7,66 (1987)
13, 1 i 3 (1977); Suppl. 7,250 (1987)
3,30 (1973); 33,87 (i 984)
(corr. 42, 262); Suppl. 7,252 (1987)
5,203 (1974); 20, 283 (1979)
(corr. 42,258); Suppl. 7,66 (1987)
54, 4 1 (i 992)
10,171 (1976); Suppl. 7,67 (1987)

19,86 (1979); Suppl. 7,67 (1987)
10,291 (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)

65,477 (1996)

65,477 (1996)

9,181 (1975) (corr. 42, 254);
Suppl. 7, 259 ( 1 987)

24,125 (1980); Suppl. 7,67 (1987)
27, 127 (1982);Suppl. 7,67(1987)
/9,311 (1979);Suppl. 7,67(1987)
4, 87 (1974) (corr. 42, 253);
Suppl. 7, 260 ( 1987)
4,97 (1974); Suppl. 7,261 (1987)

30,347 (\983); Suppl. 7,263 (1987)
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Nickel ammonium sulfate (see Nickel and nickel compounds)
Nickel and nickel coinpounds

Nickel carbonate (see Nickel and nickel coinpounds)
Nickel carbonyl (see Nickel and nickel coiipounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallium alloy (see Nickel and nickel coinpounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (,iee Nickel and nickel coinpounds)
Nickel oxide (see Nickel and nickel coinpounds)
Nickel subsulfide (see Nickel and nickel compounds)
Nickel sulfate (see Nickel and nickel compounds)
Niridazole
Nithiazide
Nitrilotriacetic acid and its salts
S-Nitroacenaphthene
5-N itro-ort!io-anisidi ne
2-Nitroanisole
9-Nitroanthracene
7 -Nitrobenzla lanthracene
Nitrobenzene
6-N itrobenzol a Ipyrene

4-Nitrobiphenyl
6-Nitrochrysene

Nitrofen (technical-grade)
3- Ni trotl uoranthene
2-Nitrofluorene
Nitrofural

S-Nitro-2-furaldehyde semicarbazone (.lce Nitrofural)
Nitrofurantoin
Nitrofurazone (see Nitrofural)
1-1 (S-Nitrofurturylidene)amino j-2-iinidazolidinone
N-14-(S-Nitro-2-turyl )-2-thiazolyl jacetamide

Nitrogen mustard

Nitrogen mustard N-oxide
I-Nitronaphthalene
2-N itronaphihalene

3-Nitroperylene
2-Nitro-para-phenylenedialiine (.lce 1,4-Diamino-2-nitrobenzene)

2-Nitropropane
l-Nitropyrene

2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs
N-Nitrosatable pesticides
N -Nitrosoanabasine
N -Nitrosoanatabine
N- Ni trosodi -Il-but Y lam i ne

2, 126 (1973) (COlT. 42,252); IL, 75

(1976); Suppl. 7,264 (1987)
(('OIT. 45,283); 49, 257 (1990)

13. 123 (1977); Suppl. 7,67(1987)
31, 179 (1983); Suppl. 7,67 (1987)
48,181 (1990)

16,319 (1978); Suppl. 7,67 (1987)
27, 133(1982);Suppl. 7,67(1987)
65,369(1996)
33, 179(1984);Suppl. 7,67(1987)
46,247 (1989)

65,381 (1996)

33, 187 (1984); Suppl. 7,67(1987);
46,255 (1989)

4,113 (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)
1,181 (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)
4, 197 (1974); 17, 51 (1978);

Suppl. 7,67 (1987)
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N- Ni trosod iethanol ami ne

N- Ni trosod ieth y lami ne

N-Nitrosodimethylami ne

N-Nitrosodi pheny lamine
pa ra - N i trosodi pheny lam i ne

N- Ni trosod i -/1- propy lam i ne

N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosotolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N- N itrosoh ydrox yprol i ne

3-(N- N itrosometh y lami no )propionaldehyde
3-(N- N itrosometh y lam ino )propion i tri le

4-(N-Nitrosomethylamino )-4-(3-pyridyl)- 1 -butanal
4-(N-Nitrosomethylamino )-I-(3-pyridyl)- 1 -butanone
N- Ni trosometh y lethy lami ne

N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N-Nitrosomethyl vi ny lami ne
N-Nitrosomorpholine
N -Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N-Nitrosopyrrolidine
N-Nitrososarcosine
Nitrosoureas, chloroethyl (see Chloroethylnitrosoureas)
5- Ni tro-or/ lw-toi u id i ne

2-Nitrotoluene
3-Nitrotoluene
4-Nitrotol uene
Nitrous oxide (see Anaestheiics, volatile)
Nitrovin
Nivalenol (set Toxins derived trom Fusariufl t;rmiiinearufl,

F. culmorufl and F. clOokwellense)

NNA (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)-I-butanal)
NNK (see 4- (N-Nitrosomethylamino)- 1 -(3-pyridyl)- 1 -butanonej
Nonsteroidal oestrogens (see also Oestrogens, progestins and

combinations)
Norethisterone (see also Progestins; Coinbined oral contraceptives)
Norethynodrel (see also Progestins; Combined oral contraceptives

Norgestrel (see also Progestins, Coinbined oral contraceptives)
Nylon 6

o

Ochratoxin A

415

17, 77 (1978); Suppl. 7,67 (1987)
1,107 (1972) (COlT. 42,251);
17, 83 (1978) (corr. 42,257);
Suppl. 7, 67 (1987)
1,95 (1972); 17,125 (1978)

(COlT. 42,257); Suppl. 7,67 (1987)

27, 213 (1982); Suppl. 7,67 (1987)
27,227 (1982) (corr. 42,261);
Suppl. 7, 68 ( i 987)
17,177 (1978); Suppl. 7,68 (1987)

17,217 (1978); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
17, 304 (1978); Suppl. 7,68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (i 987)
37, 205 (1985); Suppl. 7, 68 (1987)
37,209 (1985); Suppl. 7,68 (1987)
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);
Suppl. 7, 68 (1987)
17,287 (1978); Suppl. 7,68 (1987)
17, 303 ( 1978); Suppl. 7, 68 (1987)
17, 313 (1978); Suppl. 7,68 (1987)
17, 327 (1978); Suppl. 7, 68 (1987)

4B, 169 (1990)

65,409 (1996)

65,409 (1996)

65,409 (1996)

31,185 (1983); Suppl. 7,68 (1987)

Suppl. 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)

10,191 (1976);31,191 (1983)

(corr. 42, 262); Suppl. 7,271
(1987); 56, 489 ( 1993)
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Oestradiol- i 7ß (see also Steroidal oestrogens)
Oestradiol 3-benzoate (see Oestradiol- 1 7ß)
Oestradiol dipropionate (see Oestradiol-17ß)
Oestradiol mustard
Oestradiol-17ß-valerate (see Oestradiol~ 17ß)

Oestriol (see also Steroidal oestrogens)

Oestrogen-progestin coinbinations (see Oestrogens, progestins
and combinations)

Oestrogen-progestin replacement therapy (see also Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see also Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and coinbinations)
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
Opisthorchisfelineus (infection with)
Opisthorchis viverrini (infection with)
Oral contraceptives, coinbined (see Coinbined oral contraceptives)
Oral contraceptives, investigational (see Combined oral contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1

Orange G
Organolead coinpounds (see aIso Lead and lead coinpounds)
Oxazepam

Oxymetholone (see also Androgenic (anabolic) steroidsJ
Oxyphenbutazone

p

Paint manufacture and painting (occupational exposures in)
Panfuran S (see also Dihydroxyinethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol
Parasorbic acid

Parathion
Patulin

Penicillic acid
Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,

occupational exposures to)
Perinethrin
Perylene

6,99 (1974); 2/, 279 (1979)

9, 217 (1975); SuppI. 7,68 (1987)

6,117 (1974); 2/, 327 (1979);
SuppI. 7, 285 (1987)

SuppI. 7, 308 (1987)

SuppI. 7, 280 (1987)

6 (1974); 2/ (1979);

SuppI. 7, 272 (1987)

6, 123 (1974); 2/, 343 (1979)

(corr. 42,259)

8, 165 (1975); SuppI. 7,69 (1987)
6/, 1 2 1 (1994)

6/, 1 2 1 (1994)

8,173 (1975); SuppI. 7,69 (1987)
8,181 (1975);SuppI. 7,69(1987)
SuppI. 7, 230 (1987)
/3,58 (1977); Suppl. 7,69 (1987);

66, 1 1 5 (1996)
13,131 (1977)

/3,185 (1977); SlippI. 7,69 (1987)

47, 329 (1989)
24,77 (1980); Siippl. 7,69 (1987)

50, 307 (1990)
10,199 (1976) (corr. 42,255);
Suppl. 7, 69 ( 1987)
30, 153 (1983); SuppI. 7,69 (1987)
/0,205 (1976); 40,83 (1986);

Suppl. 7,69 (1987)

/0,211 (1976); SuppI. 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)
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Petasitenine
Petasites japonicus (sec Pyrrolizidine alkaloids)
Petroleum refining (occupational exposures in)
Petroleum soi vents
Phenacetin

Phenanthrene
Phenazopyridine hydrochloride

Phenelzine sulfate
Phenicarbazide
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (sec Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

Phenylbutazone
meta- Pheny lenediamine
pa ra- Pheny lenediami ne
Phenyl glycidyl ether (sec Glycidyl ethers)
N-Phenyl- 2-naphthy lamine

ortho-Phenylphenol
Phenytoin

PhIP
Pickled vegetables
Picloram
Piperazine oestrone sulfate (sec Conjugated oestrogens)
Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid

Polybrominated biphenyls

Polychlorinated biphenyls

Polychlorinated camphenes (sec Toxaphene)
Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate (see Oestradiol-17ß)
Polypropylene
Polystyrene
Pol ytetrafl uoroethy lene
Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol

Polyvinyl chloride

Polyvinyl pyrrolidone

Ponceau MX
Ponceau 3R
Ponceau SX
Potassium arsenate (see Arsenic and arsenic compounds)
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3/,207 (1983); Suppl. 7,69 (1987)

45,39 (1989)

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)
(corr. 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) (corr. 50, 385)

9, 223 (1975); 24, 185 (1980);
Suppl. 7, 70 (1987)
/3, 183 (l977);Suppl. 7,316(1987)
/6, ILL (1978); Suppl. 7, 70 (1987)

/6, 125 (1978); Suppl. 7, 70 (1987)

/6, 325 (1978) (corr. 42, 257);
Suppl. 7, 318 (1987)
30, 329 (1983); Suppl. 7, 70 (1987)
/3,201 (1977); Suppl. 7,319 (1987);

66,175 (1996)

56,229 (1993)

56,83 (1993)

53,481 (1991)

30, 183 (1983); Suppl. 7, 70 (1987)

/9,62 (1979); Suppl. 7, 70 (1987)

/8,107 (1978); 4/,261 (1986);

Suppl. 7, 321 (1987)
7,261 (1974); /8,43 (1978)

(corr. 42,258); Suppl. 7,322 (1987)

/9,141 (1979);Suppl. 7,70(1987)
/9, 164 (1979); Suppl. 7,70 (1987)
/9,314 (1979); Suppl. 7,70 (1987)

19, 195 (1979); Suppl. 7, 70 (1987)

/9,218 (1979); Suppl. 7, 70 (1987)

/9,245 (1979); Supp/. 7, 70 (1987)

/9,288 (1979); Suppl. 7, 70 (1987)

/9,320 (1979); Suppl. 7, 70 (1987)

/9,346 (1979); Suppl. 7, 70 (1987)

/9, 351 (1979); Suppl. 7, 70 (1987) .
7,306 (1974); /9,402 (1979);

Supp/. 7, 70 (1987)
/9,463 (1979); Supp/. 7, 70 (1987)

8, 189 (1975); Suppl. 7, 70 (1987)
8, 199 (1975); Suppl. 7, 70 (1987)
8, 207 (1975); Suppl. 7, 70 (1987)
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Potassium arseníte (set Arsenic and arsenic compounds)
Potassi u m bís(2- hydrox yeth yI )dithiocarbamate
Potassium bromate

Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (set Chromium and chromium compounds)
Prazepam
Prednimustine
Prednisone
Printing processes and printíng ínks

Procarbazine hydrochloride

Protlavine salts
Progesterone (see also Progestins; Combined oral contraceptives)

Progestins (set also Oestrogens, progestíns and combinations)
Pronetalol hydrochloride

1 ,3-Propane sultone

Propham
ß-Propiolactone

ii-Propyl carbamate
Propylene

Propylene oxide

Propylthiouracil
Ptaquiloside (see also Bracken tem)
Pulp and paper manufacture
Pyrene
Pyrido(3,4-c lpsoralen
Pyrí metham i ne

Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine;
Lasiocarpíne; Monocrotaline; Retrorsine; Riddelliine; Seneciphylline;
Senkirkine)

Q

Quercetin (see also Bracken fem)
para-Quinone
Quintozene

R

Radon
Reserpine

Resorcinol
Retrorsine
Rhodamine B

Rhodamine 6G
Riddelliine

12, 183 (1976); Suppl. 7, 70 (1987)
40, 207 (1986); Suppl. 7, 70 (1987)

66, 143 (1996)

50, 115 (1990)

26, 293 (1981); Supp/. 7,326 (1987)
65,33 (1996)

26, 311 (1981); Suppl. 7, 327 (1987)
24, 195 (1980); Suppl. 7, 70 (1987)
6,135 (1974); 21, 491 (1979)

(corr. 42, 259)
Suppl. 7, 289 (1987)
13,227 (1977) (COrT. 42, 256);
Suppl. 7, 70 ( 1987)
4,253 (1974) (corr. 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, 1 6 1 (1994)

Il,191 (1976); 36, 227 (1985)

(corr. 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)
32,431 (1983);Suppl. 7,71(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)
5,211 (1974); Suppl. 7,71 (1987)

43,173 (1988) (corr. 45,283)
10,2 i 7 (1976); 24, 211 (1980)
(corr. 42,260); Suppl. 7,330 (1987)
15,155 (1977);Suppl. 7,71 (1987)
10,303 (1976); Suppl. 7,71 (1987)
16,221 (1978); Suppl. 7,71(1987)
16, 233 (1978); Suppl. 7, 71 (1987)
/0,313 (1976);Supp/. 7,71 (1987)
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Rifampicin
Ripazepam
Rockwool (sec Man-made mineraI fibres)
Rubber industry

Rugulosin

s

Saccharated iron oxide
Saccharin

Satrole

Salted fish
Sawmill industry (including logging) ¡sec Lumber and

sawmill industry (including logging)j
Scarlet Red
Sc/¡isloso//w /¡aeiialohiuii (infection with)

Sc/¡isioso//w japoiiiclIn (in fection with)

Sc/¡iSlosoliia //wnsoiii (infection with)

Selenium and selenium compounds

Scltnium dioxide (sec Selenium and selenium compounds)
Selenium oxide (sec Selenium and selenium compounds)
Semicarbazide hydrochloride

Seneciojacoha(' L. (sec Pyrrolizidine alkaloids)
Seiie cio /ongi/ohliS (sec Pyrrolizidine alkaloids)
Seneciphylline

Scnkirkine

SepiolilC
Sequential oral contraceptives (sec a/so Oestrogens, progestins

and combinations)
Shale-oils
Shikimic acid (sec a/so Bracken fem)
Shoe manufacture and repair (sec Boot and shoe manufacture

and repair)
Silica (sel' a/so Amorphous silica; Crystalline silica)
Simazine
Slagwool (sel' Man-made minerai tïbres)
Sodium arsenate (sec Arsenic and arsenic compounds)
Sodium arsenile (sel' Arsenic and arsenic compounds)
Sodium cacodylate (sel' Arsenic and arsenic compounds)
Sodium chlorite
Sodium chromate (sel' Chromium and chromium compounds)
Sodium cyclamate (sel' Cyclamates)
Sodium dichromate (sel' Chromium and chromium compounds)
Sodium diethyldithiocarbamate
Sodium equilin sulfate (sel' Conjugated oestrogens)
Sodium f1uoride (sel' Fluorides)
Sodium monotluorophosphate (sel' Fluorides)

419

24,243 (1980); SuPP/. 7.71 (1987)
66, 1 57 ( 1996 )

2X ( 1982) (COlT. 42, 261 ); Supp/. 7.
332 (1987)
40, 99 ( 1986); SUPfJl. 7, 71 (1987)

2,161 (1973);Slippl. 7.71 (1987)

22, ILL (1980) (corr. 42,259);
Supp/. 7, 334 ( 1987)
/.169 (1972); 10,231 (1976);

SllfJp/. 7, 7 i (1987)
56.41 (1993)

X. 217 (1975); Supp/. 7,71 (1987)
6/,45 (1994)

6/, 45 ( 1(94)

6/,45(1994)
9.245 (1975) (COlT. 42,255);
Sllpp/. 7, 71 (1987)

/2, 209 ( 1976) (corr. 42, 256);

Supp/. 7, 71 (1987)

10,319,335 (1976); SUfJp/. 7,71
( 1(87)
10,327 (1976); 3/,231 (1983);

Sllpp/. 7, 71 (1987)
42, 175 (1987JSupp/. 7,71 (1987)
Sllpp/. 7, 296 ( 1(87)

35,161 (1985);Supp/. 7,339(1987)
40, 55 ( 1986); Sllppl. 7, 71 (1987)

42, 39 (i 987)
53,495(1991)

52,145 (1991)

12, 217 ( i 976); Suppl. 7, 71 (1987)
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Sodium oestrone sulfate (see Conjugated oestrogens)
Sodium ortho-phenylphenate (see aiso ortho-Phenylphenol)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicotluoride (see Fluorides)
Solar radiation
Soots

Spironolactone
Stan nous tluoride (see Fluorides)
Steel founding (.lee Iron and steel founding)
Sterigmatocystin

Steroidal oestrogens (see also Oestrogens, progestins and
combinations)

Streptozotocin

Strobane'") (.lee Terpene polychlorinates)
Strong-inorganic-acid mists containing sulfuric acid (see Mists and

vapours from sulfuric acid and other strong inorganic acids)
Strontium chromate (see Chromium and chromium compounds)
Styrene

Siyrene-acry Ion itri le-copol ymers
Styrene-butadiene copol ymers
Slyrene-7,8-oxi,de

Succinic anhydride
Sudan 1

Sudan Il
Sudan II

Sudan Brown RR
Sudan Red 7B
Sulfafurazole
Sulfallate
Sultamethoxazole
Sulfites (see Sultur dioxide and sorne sultïtes, bisulfites and metabisulfites)
Sulfur dioxide and sorne sulfites, bisulfites and metabisulfites
Sulfur mustard (see Mustard gas)
Sulturic 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

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)
(corr. 65,549)
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)
24, 285 (1980); Suppl. 7, 348 (1987)

54,131 (1992)

54,41 (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 ( 1 987)
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Taiioxiten
Tannic acid

Tannins (see also Tannic acid)
TCDD (see 2,3,7,8-Tetrachlorodibenzo-paru-dioxin)
TDE (see DDT)
Tea
Teiiazepaii
Terpene polychlorinates
Testosterone (see also Anclrogenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2',5,5' - Tetrachlorobenzidine
2,3,7,8- Tetrachlorodibenzo-paru-c1ioxin
1,1.1,2- Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene

2,3.4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures toi

Tetrachlorvinphos
Tetraethyllead (see Lead and lead coiipounds)
T etrat1 uoroeth y lene

Tetrakis(hydroxymethyl) phosphoniuii salts
Tetramethyllead (see Lead and leacl coiipounds)
Tetranitromethane
Textile manufacturing inclustry, exposures in
Theobromine
Theophylline
Th ioacetamicle

4.4' -Thioclianiline

Thiotepa

Thiouracil
Thiourea
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, u-chlorinated (see u-Chlorinated toluenes)
ortho- Toluenesulfonamide (see Saccharin)
ortho- Toluidine

421

66,253 (1996)

10,253 (1976) (corr. 42,255);
Suppl. 7, 72 (1987)
10,254 (1976); Suppl. 7,72(1987)

51, 207 (199 i )
66,161 (1996)

5,219 (1974); Suppl. 7,72(1987)
6,209 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7,72(1987)
/5,41 (1977);Slippl. 7,350(1987)
41, 87 (1986); Siippl. 7, 72 (1987)
20,477 (1979); Siippl. 7,354 (1987)
20, 491 (1979); Suppl. 7, 355 (1987);
63, 159 (1995) (corr. 65,549)

30, 197 (1983); Suppl. 7, 72 (1987)

19, 285 (1979); Suppl. 7, 72 (1987)
48, 95 (1990)

65,437 (1996)

48,215 (1990) (corr. 51,483)
51, 421 (199 i)
51, 391 (1991)

7, 77 ( 1974); Suppl. 7, 72 (1987)
16,343 (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); Siippl. 7, 72 (1987)
12,225 (1976); Suppl. 7,72(1987);
53, 403 (1 991 )
47, 307 (1989)

37 (1985) (corr. 42, 263; 52, 513);
Suppl. 7, 357 (1987)
38 (1986) (corr. 42, 263); Siippl. 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)
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Toremifene
Toxaphene
T-2 Toxin (see Toxins derived from Fusariuii sporo!richioides)
Toxins derived from Fusariuii K'WIÚiieal-lIl1, F. culiioruii and

F. crookli'elleiise

Toxins derived from Fusariuii iioiiil(fámie
Toxins derived from Fusariuii sporo!richioides

TremoJite (see Asbestos)
Treosulfan
Triaziquone (see Tris(aziridinyl )-para-benzoquinone 1
Trichlorfon
Trichlormethine

Trichloroaceiic acid

Trichloroacetonitrile (see Halogenated acetonitriles)
L, 1,1- Trichloroethane
l, L ,2- Trichloroethane

Trichloroethylene

2,4,5- Trichlorophenol (see 01.10 Chlorophenols; Chloroplienols
occupational exposures to)

2,46- Tricliloroplienol (see 01.10 Cliloroplienols; Cliloroplienols,

occupational exposures to)

(2,4,5-Trichloroplienoxy)acetic acid (see 2,4.5-T)
1,2,3- Tricliloropropane
Triclilorotriethy lamine-liydrocli loride (see Trichlormeth ine)
T~-Tricliotliecene (see Toxins derived from Fusariiiii ,\jwro!ricliioides)
Triethylene glycol diglycidyl etlier
Tritluralin
4,4',6-Trimetliylangelicin plus ultraviolet radiation (,\ee 01.10

Angelicin and SOme syntlietic derivatives)
2,4,5- Trimethylaniline
2,4,6- Trimethylaniline
4,5',8- Trimethylpsoralen
Trimustine liydrocliloride (see Triclilormetliine)
2,4,6- Trinitrotoluene
Triphenylene
Tris( azirid i ny 1 )-para-benzoqu i no ne
Tris( I-aziridinyl)pliosphine-oxide
Tris( I-aziridinyl)phosphine-sulphide (see Tliiotepa)
2,4,6- Tris( I-aziridinyl )-s-triazine

Tris(2-chloroethyl) phosphate
1,2,3- Tris( chloromethoxy )propane
Tris(2,3-di bromopropy 1 )phosphate
Tris(2-methyl-l-aziridinyl)phosphine-oxide
Trp-P-I
Trp-P-2
Trypan blue
Tussilago farfara L. (see Pyrrolizidine alkaloids)

66,367 (1996)

20, 327 (1979); 5uppl. 7, 72 (1987)

1/,169(1976);3/,153,279(1983);
Suppl. 7,64.74 (1987); 56,397
( 1993)
56.445 (1993)

31, 265 (1983); 5uppl. 7, 73 ( 1987);
56.467 (1993)

26, 341 (1981); Siippl. 7,363 ( 1987)

30. 207 (1983); 511ppl. 7,73(1987)
9, 229 (1975); Suppl. 7, 73 (1987);
50. 143 (1990)

63,291 (1995) (COlT. 65,549)

20,515 (1979); SlIppl. 7. 73 (1987)
20,533 (1979); Siippl. 7,73(1987);
52, 337 (1991)

//, 263 (1976); 20, 545 (1979);

Suppl. 7,364 (1987); 63, 75 (1995)
(COlT. 65,549)
20, 349 (1979)

20, 349 (1979)

63,223 (1995)

IL, 209 ( 1976); Suppl. 7, 73 (1987)
53, 5 1 5 (199 1 )

Suppl. 7, 57 ( 1987)

27,177 (1982); Suppl. 7,73(1987)
27,178 (1982); SlIppl. 7,73 (1987)
40, 357 ( 1986); Suppl. 7, 366 ( 1987)

65,449 (1996)

32,447 (1983); SlIppl. 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)

/5,301 (1977); Suppl. 7,73(1987)
20, 575 (1979); Suppl. 7, 369 (1987)
9,107 (1975); Suppl. 7,73(1987)
3/,247 (1983); Suppl. 7,73(1987)
3/,255 (1983); Suppl. 7,73 (1987)

8,267 (1975); Suppl. 7,73(1987)
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U

Ultraviolet radiation

Underground haematite mining with exposure to radon
Uracil mustard
Urethane

v

Vat Yellow 4
Vinblastine sulfate

Vincristine sulfate
Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- Vinylcyclohexene

4- Vinylcyclohexene diepoxide

Vinyl tluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers

Vinylidene tluoride
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)
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40, 379 (1986); 55 (1992)
1, 29 (1972); Suppl. 7, 216 (1987)
9, 235 (1975); Suppl. 7, 370 (1987)
7, III (1974); Suppl. 7,73(1987)

48,161 (1990)

26, 349 (1981) (corr. 42, 261);
Suppl. 7, 371 (1987)
26, 365 (1981); Suppl. 7, 372 (1987)
19,341 (1979); 39, 113 (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)

(corI'. 42,258); Suppl. 7,73 (1987)
Il,277 (1976); 39,181 (1986)

Suppl. 7, 73 (1987); 60, 347 (1994)
Il, 141 (1976); Suppl. 7,63 (1987);

60,361 (1994)

39, 147 (1986); Suppl. 7,73 (1987);
63,467 (1995)

19,439 (1979); 39,195 (1986);
Suppl. 7, 376 (1987)
19,448 (1979) (corr. 42, 258);
Suppl. 7, 73 (1987)
39,227 (1986); Suppl. 7, 73 (l 987)
19,461 (1979); Suppl. 7, 73 (l 987)
60,373 (1994)

49,447 (1990) (corI'. 52,513)
42, 145 (1987); Suppl. 7,377 (1987)
62,35(1995)

25 (1981); Suppl. 7, 378 (1987)

47, 125 (1989)

16,367 (1978); Suppl. 7,74 (1987)
16,377 (1978); Suppl. 7,74 (1987)
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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

8,279 (1975); Suppl. 7,74 (1987)
8, 287 (1975); Suppl. 7, 74 (1987)

12,237 (1976); Suppl. 7,74 (1987)

12,245 (1976); Suppl. 7,74 (1987)
12,259 (1976); Suppl. 7,74 (1987);
53,423 (1991)
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