IARC MONOGRAPHS ON THE EVALUATION OF
CARCINOGENIC RISKSTO HUMANS

PREAMBLE

The Preamble to tHARC Monographslescribes the objective and scope of
the programme, the scientific principles and pracesl used in developing a
Monograph the types of evidence considered and the seeatiferia that guide
the evaluations. The Preamble should be consulted veéading &onographor
list of evaluations.

A. GENERAL PRINCIPLES AND PROCEDURES

1. Background

Soon after IARC was established in 1965, it reckivequent requests for advice on
the carcinogenic risk of chemicals, including resgsidor lists of known and suspected
human carcinogens. It was clear that it would re@lsimple task to summarize ade-
quately the complexity of the information that waaikable, and IARC began to consider
means of obtaining international expert opiniorihag topic. In 1970, the IARC Advisory
Committee on Environmental Carcinogenesis recomatkndthat a compendium on
carcinogenic chemicals be prepared by expertsbidhagical activity and evaluation of
practical importance to public health should beneiced and documented.” The IARC
Governing Council adopted a resolution concernimg role of IARC in providing
government authorities with expert, independeriensific opinion on environmental
carcinogenesis. As one means to that end, the @ogeCouncil recommended that
IARC should prepare monographs on the evaluatiarainogenic risk of chemicals to
man, which became the initial title of the series.

In the succeeding years, the scope of the progrdonoaglened aglonographswere
developed for groups of related chemicals, compi@gures, occupational exposures,
physical and biological agents and lifestyle faxttm 1988, the phrase ‘of chemicals’ was
dropped from the title, which assumed its presemhfIARC Monographs on the Eva-
luation of Carcinogenic Risks to Humans

Through theMonographsprogramme, IARC seeks to identify the causes afidm
cancer. This is the first step in cancer prevention, whinbesled as much today as when
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IARC was established. The global burden of carsclhigh and continues to increase: the
annual number of new cases was estimated at 10iénnin 2000 and is expected to
reach 15 million by 2020 (Stewart & Kleihues, 2008jith current trends in demo-
graphics and exposure, the cancer burden has bggmgsfrom high-resource countries
to low- and medium-resource countries. As a rafullonographsevaluations, national
health agencies have been able, on scientific gmua take measures to reduce human
exposure to carcinogens in the workplace and ietiv@onment.

The criteria established in 1971 to evaluate cagenic risks to humans were
adopted by the Working Groups whose deliberatiesslted in the first 16 volumes of
the Monographsseries. Those criteria were subsequently updayeturtther ad-hoc
Advisory Groups (IARC, 1977, 1978, 1979, 1982, 19®B7, 1988, 1991; Vainiet al,
1992; IARC, 2005, 2006).

The Preamble is primarily a statement of sciengifinciples, rather than a specifica-
tion of working procedures. The procedures through whid¥orking Group implements
these principles are not specified in detail. They usuallylve operations that have been
established as being effective during previglamographmeetings but remain, predomi-
nantly, the prerogative of each individual WorkiBpup.

2. Objective and scope

The objective of the programme is to prepare, thiehhelp of international Working
Groups of experts, and to publish in the fornMafnographs critical reviews and eva-
luations of evidence on the carcinogenicity of @enrange of human exposures. The
Monographgepresent the first step in carcinogen risk assessment) imkidlves exami-
nation of all relevant information in order to asséhe strength of the available evidence
that an agent could alter the age-specific incideficancer in humans. Théonographs
may also indicate where additional research effarsneeded, specifically when data
immediately relevant to an evaluation are not atael

In this Preamble, the term ‘agent’ refers to artityear circumstance that is subject to
evaluation in avlonograph As the scope of the programme has broadenedjocis of
agents now include specific chemicals, groups leted chemicals, complex mixtures,
occupational or environmental exposures, culturabehavioural practices, biological
organisms and physical agents. This list of categanay expand as causation of, and
susceptibility to, malignant disease become mdhg tinderstood.

A cancer ‘hazard’ is an agent that is capable o$iog cancer under some circum-
stances, while a cancer ‘risk’ is an estimate ef ¢arcinogenic effects expected from
exposure to a cancer hazard. TMenographsare an exercise in evaluating cancer
hazards, despite the historical presence of the wizks’ in the title. The distinction
between hazard and risk is important, andMlemographsidentify cancer hazards even
when risks are very low at current exposure levels, beceuseises or unforeseen expo-
sures could engender risks that are significaidlyer.
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In theMonographsan agent is termed ‘carcinogenic’ if it is capable of irgingethe
incidence of malignant neoplasms, reducing théénkgy, or increasing their severity or
multiplicity. The induction of benign neoplasms maysome circumstances (see Part B,
Section 3a) contribute to the judgement that thentas carcinogenic. The terms ‘neo-
plasm’ and ‘tumour’ are used interchangeably.

The Preamble continues the previous usage of tas@lstrength of evidence’ as a
matter of historical continuity, although it shoulik understood thatlonographs
evaluations consider studies that support a finding cancer hazard as well as studies
that do not.

Some epidemiological and experimental studies atelithat different agents may act
at different stages in the carcinogenic process,sameral different mechanisms may be
involved. The aim of thonographshas been, from their inception, to evaluate eviden
of carcinogenicity at any stage in the carcinogerma®cess, independently of the under-
lying mechanisms. Information on mechanisms mayever, be used in making the
overall evaluation (IARC, 1991; Vainigt al, 1992; IARC, 2005, 2006; see also Part B,
Sections 4 and 6). As mechanisms of carcinogeresielucidated, IARC convenes
international scientific conferences to determirteetiver a broad-based consensus has
emerged on how specific mechanistic data can lkinsa: evaluation of human carcino-
genicity. The results of such conferences are tegan IARC Scientific Publications,
which, as long as they still reflect the curremttestof scientific knowledge, may guide
subsequent Working Groups.

Although theMonographshave emphasized hazard identification, importssiieés
may also involve dose-response assessment. In caaeg, the same epidemiological
and experimental studies used to evaluate a chazard can also be used to estimate a
dose—response relationship. Monograph may undertake to estimate dose—response
relationships within the range of the availablalepiiological data, or it may compare the
dose—response information from experimental andeepblogical studies. In some
cases, a subsequent publication may be prepared dgparate Working Group with
expertise in quantitative dose—response assessment.

The Monographsare used by national and international authoriiiesnake risk
assessments, formulate decisions concerning prevemteasures, provide effective
cancer control programmes and decide among aiwnaptions for public health
decisions. The evaluations of IARC Working Groups scientific, qualitative judge-
ments on the evidence for or against carcinoggmcitvided by the available data. These
evaluations represent only one part of the bodinfofmation on which public health
decisions may be based. Public health optionsfi@amy one situation to another and from
country to country and relate to many factors,uditlg different socioeconomic and
national priorities. Therefore, no recommendat®myiven with regard to regulation or
legislation, which are the responsibility of indiual governments or other international
organizations.
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3. Selection of agents for review

Agents are selected for review on the basis ofrham criteria: (a) there is evidence
of human exposure and (b) there is some evidence or sanspi@arcinogenicity. Mixed
exposures may occur in occupational and envirorehesgitings and as a result of
individual and cultural habits (such as tobaccolsngpand dietary practices). Chemical
analogues and compounds with biological or physibaracteristics similar to those of
suspected carcinogens may also be consideredijretlem absence of data on a possible
carcinogenic effect in humans or experimental alsima

The scientific literature is surveyed for publistaata relevant to an assessment of
carcinogenicity. Ad-hoc Advisory Groups convenedARC in 1984, 1989, 1991, 1993,
1998 and 2003 made recommendations as to whiclisagleould be evaluated in the
Monographsseries. Recent recommendations are available eMdmographsprog-
ramme website (http://monographs.iarc.fr). IARC rsakfiedule other agents for review
as it becomes aware of new scientific informatioa® national health agencies identify
an urgent public health need related to cancer.

As significant new data become available on antggemvhich aMonographexists,

a re-evaluation may be made at a subsequent meatidga nevivionographpublished.

In some cases it may be appropriate to review tmydata published since a prior
evaluation. This can be useful for updating a detapreviewing new data to resolve a
previously open question or identifying new tumsites associated with a carcinogenic
agent. Major changes in an evaluation (e.g. a nassification in Group 1 or a deter-

mination that a mechanism does not operate in hsinsae Part B, Section 6) are more
appropriately addressed by a full review.

4. Data for theMonographs

EachMonographreviews all pertinent epidemiological studies aadcer bioassays
in experimental animals. Those judged inadequabeadevant to the evaluation may be
cited but not summarized. If a group of similard#s is not reviewed, the reasons are
indicated.

Mechanistic and other relevant data are also redeMonographdoes not neces-
sarily cite all the mechanistic literature concegiihe agent being evaluated (see Part B,
Section 4). Only those data considered by the \Wgrldroup to be relevant to making
the evaluation are included.

With regard to epidemiological studies, cancer $sagis, and mechanistic and other
relevant data, only reports that have been pullisiteaccepted for publication in the
openly available scientific literature are reviewdthe same publication requirement
applies to studies originating from IARC, includingeta-analyses or pooled analyses
commissioned by IARC in advance of a meeting (s&# B, Section 2c). Data from
government agency reports that are publicly availate also considered. Exceptionally,
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doctoral theses and other material that are im fimail form and publicly available may
be reviewed.

Exposure data and other information on an agenéruconsideration are also re-
viewed. In the sections on chemical and physiagbgnties, on analysis, on production
and use and on occurrence, published and unpublsteces of information may be
considered.

Inclusion of a study does not imply acceptance of the adgafitiee study design or
of the analysis and interpretation of the resuatg] limitations are clearly outlined in
square brackets at the end of each study desorifgee Part B). The reasons for not
giving further consideration to an individual studiso are indicated in the square
brackets.

5. Meeting participants

Five categories of participant can be preseltatographmeetings.

(@ The Working Group is responsible for the aiticeviews and evaluations that
are developed during the meeting. The tasks of Wprieroup Members are: (i) to
ascertain that all appropriate data have beenctedle(ii) to select the data relevant for
the evaluation on the basis of scientific merit) {0 prepare accurate summaries of the
data to enable the reader to follow the reasoninbeoWorking Group; (iv) to evaluate
the results of epidemiological and experimentatlisgion cancer; (v) to evaluate data
relevant to the understanding of mechanisms ofircagenesis; and (vi) to make an
overall evaluation of the carcinogenicity of thepesure to humans. Working Group
Members generally have published significant reteeglated to the carcinogenicity of
the agents being reviewed, and IARC uses litersgaegches to identify most experts.
Working Group Members are selected on the bagis)dnowledge and experience and
(b) absence of real or apparent conflicts of ististeConsideration is also given to
demographic diversity and balance of scientifidifigs and views.

(b) Invited Specialists are experts who also haitieal knowledge and experience
but have a real or apparent conflict of intereEt®se experts are invited when necessary
to assist in the Working Group by contributing thaiique knowledge and experience
during subgroup and plenary discussions. They may eontribute text on non-
influential issues in the section on exposure, sakla general description of data on
production and use (see Part B, Section 1). Inv8pelcialists do not serve as meeting
chair or subgroup chair, draft text that pertamghe description or interpretation of
cancer data, or participate in the evaluations.

(c) Representatives of national and internationshlth agencies often attend
meetings because their agencies sponsor the programmedriegested in the subject of
a meeting. Representatives do not serve as meetingclsaingroup chair, draft any part
of aMonograph,or participate in the evaluations.

(d) Observers with relevant scientific credentiasy be admitted to a meeting by
IARC in limited numbers. Attention will be given thieving a balance of Observers
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from constituencies with differing perspectiveseylare invited to observe the meeting

and should not attempt to influence it. Observersok serve as meeting chair or sub-
group chair, draft any part oMonograph or participate in the evaluations. At the meet-
ing, the meeting chair and subgroup chairs mayt gaservers an opportunity to speak,

generally after they have observed a discussiorer@s agree to respect the Guidelines
for Observers dARC Monographsneetings (available at http://monographs.iarc.fr).

(e) The IARC Secretariat consists of scientists afeodesignated by IARC and who
have relevant expertise. They serve as rappoedrparticipate in all discussions. When
requested by the meeting chair or subgroup chagy tmay also draft text or prepare
tables and analyses.

Before an invitation is extended, each potentigigypant, including the IARC Secre-
tariat, completes the WHO Declaration of Interésteeport financial interests, employ-
ment and consulting, and individual and institugionesearch support related to the
subject of the meeting. IARC assesses these itgaiesletermine whether there is a
conflict that warrants some limitation on parti¢ipa. The declarations are updated and
reviewed again at the opening of the meeting. dsterrelated to the subject of the
meeting are disclosed to the meeting participamtsirathe published volume (Cogliano
et al, 2004).

The names and principal affiliations of particigaate available on tHdonographs
programme website (http://monographs.iarc.fr) agprately two months before each
meeting. It is not acceptable for Observers odtparties to contact other participants
before a meeting or to lobby them at any time. Meeting gaatits are asked to report all
such contacts to IARC (Cogliaeb al, 2005).

All participants are listed, with their principdifitations, at the beginning of each
volume. Each participant who is a Member of a Waglisroup serves as an individual
scientist and not as a representative of any argtomn, government or industry.

6. Working procedures

A separate Working Group is responsible for dewvetppach volume oMon-
ographs A volume contains one or mokdonographs which can cover either a single
agent or several related agents. Approximatelyyaae in advance of the meeting of a
Working Group, the agents to be reviewed are aroemlian thévlonographgprogramme
website (http://monographs.iarc.fr) and participaare selected by IARC staff in consult-
ation with other experts. Subsequently, relevaoiogical and epidemiological data are
collected by IARC from recognized sources of infation on carcinogenesis, including
data storage and retrieval systems such as Puldiésding participants who are asked to
prepare preliminary working papers for specifictises are expected to supplement the
IARC literature searches with their own searches.

For most chemicals and some complex mixtures, tijermollection of data and the
preparation of working papers for the sections loermdcal and physical properties, on
analysis, on production and use, and on occurraneecarried out under a separate
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contract funded by the US National Cancer Institui@dustrial associations, labour unions
and other knowledgeable organizations may be askprbvide input to the sections on
production and use, although this involvement i$ remuired as a general rule.
Information on production and trade is obtaineanfrgovernmental, trade and market
research publications and, in some cases, by dimuact with industries. Separate
production data on some agents may not be available variety of reasons (e.g. not
collected or made public in all producing countrig®duction is small). Information on
uses may be obtained from published sources bfieis complemented by direct contact
with manufacturers. Efforts are made to supplementrtfismation with data from other
national and international sources.

Six months before the meeting, the material obtamedrit to meeting participants to
prepare preliminary working papers. The working papersargiled by IARC staff and
sent, prior to the meeting, to Working Group Merstard Invited Specialists for review.

The Working Group meets at IARC for seven to eight days ¢tosisand finalize the
texts and to formulate the evaluations. The objestof the meeting are peer review and
consensus. During the first few days, four subgsdepvering exposure data, cancer in
humans, cancer in experimental animals, and mestiaand other relevant data) review
the working papers, develop a joint subgroup dnadt write summaries. Care is taken to
ensure that each study summary is written or rexdely someone not associated with
the study being considered. During the last fewsdthye Working Group meets in plen-
ary session to review the subgroup drafts and dpuble evaluations. As a result, the
entire volume is the joint product of the WorkingoGp, and there are no individually
authored sections.

IARC Working Groups strive to achieve a consensaduation. Consensus reflects
broad agreement among Working Group Members, buhewmessarily unanimity. The
chair may elect to poll Working Group Members ttedmine the diversity of scientific
opinion on issues where consensus is not readiigrapt.

After the meeting, the master copy is verified lapsulting the original literature,
edited and prepared for publication. The aim ipublish the volume within six months
of the Working Group meeting. A summary of the oute is available on thiglono-
graphsprogramme website soon after the meeting.

B. SCIENTIFIC REVIEW AND EVALUATION

The available studies are summarized by the Wortdraup, with particular regard
to the qualitative aspects discussed below. Inrgémaumerical findings are indicated as
they appear in the original report; units are caedewhen necessary for easier com-
parison. The Working Group may conduct additiomallygses of the published data and
use them in their assessment of the evidencegthults of such supplementary analyses
are given in square brackets. When an importamcasih a study that directly impinges
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on its interpretation should be brought to thentitte of the reader, a Working Group
comment is given in square brackets.

The scope of thtARC Monographgrogramme has expanded beyond chemicals to
include complex mixtures, occupational exposurégsigal and biological agents, life-
style factors and other potentially carcinogenipasxires. Over time, the structure of a
Monographhas evolved to include the following sections:

1. Exposure data

2. Studies of cancer in humans

3. Studies of cancer in experimental animals
4. Mechanistic and other relevant data

5. Summary

6. Evaluation and rationale

In addition, a section of General Remarks at tbatfof the volume discusses the
reasons the agents were scheduled for evaluatiosoanel key issues the Working Group
encountered during the meeting.

This part of the Preamble discusses the types of evidenseleed and summarized
in each section of Monograph followed by the scientific criteria that guidestieval-
uations.

1. Exposure data

EachMonographincludes general information on the agent: thfermation may
vary substantially between agents and must be ediagatcordingly. Also included is
information on production and use (when appropriatethods of analysis and detection,
occurrence, and sources and routes of human ocmagdsand environmental exposures.
Depending on the agent, regulations and guidelorasse may be presented.

(@) General information on the agent

For chemical agents, sections on chemical and gdlysiata are included: the
Chemical Abstracts Service Registry Number, thestaprimary name and the IUPAC
systematic name are recorded; other synonyms aee,diut the list is not necessarily
comprehensive. Information on chemical and physiraperties that are relevant to
identification, occurrence and biological activisyincluded. A description of technical
products of chemicals includes trade names, reiespecifications and available in-
formation on composition and impurities. Some of the trasees given may be those of
mixtures in which the agent being evaluated is only of the ingredients.

For biological agents, taxonomy, structure andolgiplare described, and the degree
of variability is indicated. Mode of replication, life cgctarget cells, persistence, latency,
host response and clinical disease other thanicarealso presented.

For physical agents that are forms of radiatioeyg@nand range of the radiation are
included. For foreign bodies, fibres and respirglaldicles, size range and relative dimen-
sions are indicated.
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For agents such as mixtures, drugs or lifestyleofaca description of the agent,
including its composition, is given.

Whenever appropriate, other information, such adotical perspectives or the
description of an industry or habit, may be inctiide

(b) Analysis and detection

An overview of methods of analysis and detection of thetag@nesented, including
their sensitivity, specificity and reproducibilitfethods widely used for regulatory
purposes are emphasized. Methods for monitoringahuexposure are also given. No
critical evaluation or recommendation of any metisagheant or implied.

(c) Production and use

The dates of first synthesis and of first commémmiaduction of a chemical, mixture
or other agent are provided when available; fontsgthat do not occur naturally, this
information may allow a reasonable estimate to laglerof the date before which no
human exposure to the agent could have occurreddates of first reported occurrence
of an exposure are also provided when availabladdfition, methods of synthesis used in
past and present commercial production and differethods of production, which may
give rise to different impurities, are described.

The countries where companies report productioth®fagent, and the number of
companies in each country, are identified. Avadlabbhta on production, international
trade and uses are obtained for representativensedi should not, however, be inferred
that those areas or nations are necessarily theosohajor sources or users of the agent.
Some identified uses may not be current or majplicgiions, and the coverage is not
necessarily comprehensive. In the case of drugstioneof their therapeutic uses does
not necessarily represent current practice nor doésply judgement as to their
therapeutic efficacy.

(d) Occurrence and exposure

Information on the occurrence of an agent in thérenment is obtained from data
derived from the monitoring and surveillance ofelevin occupational environments, air,
water, soil, plants, foods and animal and humasudis. When available, data on the
generation, persistence and bioaccumulation cidgieet are also included. Such data may
be available from national databases.

Data that indicate the extent of past and presamtah exposure, the sources of
exposure, the people most likely to be exposedthedactors that contribute to the
exposure are reported. Information is presentedherrange of human exposure, in-
cluding occupational and environmental exposurés ificludes relevant findings from
both developed and developing countries. Someesktidlata are not distributed widely
and may be available from government reports and otbhereso In the case of mixtures,
industries, occupations or processes, informasogivien about all agents known to be
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present. For processes, industries and occupatdmistorical description is also given,
noting variations in chemical composition, physjsaiperties and levels of occupational
exposure with date and place. For biological agehts epidemiology of infection is
described.

(e) Regulations and guidelines

Statements concerning regulations and guidelings gecupational exposure limits,
maximal levels permitted in foods and water, pihicegistrations) are included, but
they may not reflect the most recent situation, ssuch limits are continuously reviewed
and modified. The absence of information on regoagtatus for a country should not be
taken to imply that that country does not have legiguns with regard to the exposure. For
biological agents, legislation and control, inchglivaccination and therapy, are de-
scribed.

2. Studies of cancer in humans

This section includes all pertinent epidemiologistildies (see Part A, Section 4).
Studies of biomarkers are included when they devast to an evaluation of carcino-
genicity to humans.

(@) Types of study considered

Several types of epidemiological study contribatthe assessment of carcinogenicity
in humans — cohort studies, case—control studiggelation (or ecological) studies and
intervention studies. Rarely, results from randomirieds may be available. Case reports
and case series of cancer in humans may also ibeves/

Cohort and case—control studies relate individugdosures under study to the
occurrence of cancer in individuals and provideestimate of effect (such as relative
risk) as the main measure of association. InteiMenstudies may provide strong
evidence for making causal inferences, as exemglifiy cessation of smoking and the
subsequent decrease in risk for lung cancer.

In correlation studies, the units of investigatéwa usually whole populations (e.qg. in
particular geographical areas or at particular gynand cancer frequency is related to a
summary measure of the exposure of the populatidhe agent under study. In cor-
relation studies, individual exposure is not docot@e, which renders this kind of study
more prone to confounding. In some circumstana@setier, correlation studies may be
more informative than analytical study designs ,($ee example, theMonographon
arsenic in drinking-water; IARC, 2004).

In some instances, case reports and case seriepiwmided important information
about the carcinogenicity of an agent. These tgbestudy generally arise from a sus-
picion, based on clinical experience, that the ooeace of two events — that is, a
particular exposure and occurrence of a cancer s-happened rather more frequently
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than would be expected by chance. Case reportgas®series usually lack complete
ascertainment of cases in any population, defmitioenumeration of the population at
risk and estimation of the expected number of dastbe absence of exposure.

The uncertainties that surround the interpretatibrtase reports, case series and
correlation studies make them inadequate, excapréninstances, to form the sole basis
for inferring a causal relationship. When takenetbgr with case—control and cohort
studies, however, these types of study may addriaibte¢o the judgement that a causal
relationship exists.

Epidemiological studies of benign neoplasms, presupreneoplastic lesions and
other end-points thought to be relevant to caneeiakso reviewed. They may, in some
instances, strengthen inferences drawn from stodflieancer itself.

(b)  Quality of studies considered

It is necessary to take into account the possilhs rof bias, confounding and chance
in the interpretation of epidemiological studiemd$s the effect of factors in study design
or execution that lead erroneously to a strongevesker association than in fact exists
between an agent and disease. Confounding is a dbrhias that occurs when the
relationship with disease is made to appear strargeeaker than it truly is as a result of
an association between the apparent causal faotbam@other factor that is associated
with either an increase or decrease in the incelef¢he disease. The role of chance is
related to biological variability and the influenoesample size on the precision of esti-
mates of effect.

In evaluating the extent to which these factoreha®en minimized in an individual
study, consideration is given to a number of aspéatesign and analysis as described in
the report of the study. For example, when suspiobcarcinogenicity arises largely
from a single small study, careful consideratiomgiigen when interpreting subsequent
studies that included these data in an enlargedigtmm. Most of these considerations
apply equally to case—control, cohort and cormtastudies. Lack of clarity of any of
these aspects in the reporting of a study can aeeiiés credibility and the weight given
to it in the final evaluation of the exposure.

Firstly, the study population, disease (or disgagad exposure should have been
well defined by the authors. Cases of diseaseeirstidy population should have been
identified in a way that was independent of theosype of interest, and exposure should
have been assessed in a way that was not reladestése status.

Secondly, the authors should have taken into atceurin the study design and
analysis — other variables that can influence thle of disease and may have been
related to the exposure of interest. Potentialaamding by such variables should have
been dealt with either in the design of the stedigh as by matching, or in the analysis,
by statistical adjustment. In cohort studies, compasigath local rates of disease may or
may not be more appropriate than those with ndtigatas. Internal comparisons of
frequency of disease among individuals at diffetemtls of exposure are also desirable
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in cohort studies, since they minimize the potémiaconfounding related to the differ-
ence in risk factors between an external refergragp and the study population.

Thirdly, the authors should have reported the ldesia on which the conclusions are
founded, even if sophisticated statistical analyge® employed. At the very least, they
should have given the numbers of exposed and usegpases and controls in a case—
control study and the numbers of cases observeéxgetted in a cohort study. Further
tabulations by time since exposure began and tehggoral factors are also important. In
a cohort study, data on all cancer sites and a#iesaof death should have been given, to
reveal the possibility of reporting bias. In a easmtrol study, the effects of investigated
factors other than the exposure of interest shualg been reported.

Finally, the statistical methods used to obtainreges of relative risk, absolute rates
of cancer, confidence intervals and significanasteand to adjust for confounding
should have been clearly stated by the authorseTheethods have been reviewed for
case—control studies (Breslow & Day, 1980) andcfmnort studies (Breslow & Day,
1987).

(c) Meta-analyses and pooled analyses

Independent epidemiological studies of the samatagay lead to results that are
difficult to interpret. Combined analyses of datanf multiple studies are a means of
resolving this ambiguity, and well-conducted anedysan be considered. There are two
types of combined analysis. The first involves ciminlg summary statistics such as
relative risks from individual studies (meta-anaysnd the second involves a pooled
analysis of the raw data from the individual sted@oled analysis) (Greenland, 1998).

The advantages of combined analyses are increasgdiqn due to increased sample
size and the opportunity to explore potential canters, interactions and modifying
effects that may explain heterogeneity among stuidienore detail. A disadvantage of
combined analyses is the possible lack of comtistibf data from various studies due
to differences in subject recruitment, proceduffedata collection, methods of measure-
ment and effects of unmeasured co-variates thatdiff@gy among studies. Despite these
limitations, well-conducted combined analyses may peogi firmer basis than individual
studies for drawing conclusions about the poteo&iatinogenicity of agents.

IARC may commission a meta-analysis or pooled aiwlthat is pertinent to a
particularMonograph(see Part A, Section 4). Additionally, as a mezrgaining insight
from the results of multiple individual studies, laat: calculations that combine data from
different studies may be conducted by the Workimgu during the course ofMono-
graph meeting. The results of such original calculatiovisich would be specified in the
text by presentation in square brackets, mightlmvapdates of previously conducted
analyses that incorporate the results of more testrdies or de-novo analyses.
Irrespective of the source of data for the metdyana and pooled analyses, it is im-
portant that the same criteria for data qualitppplied as those that would be applied to
individual studies and to ensure also that souofdseterogeneity between studies be
taken into account.
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(d) Temporal effects

Detailed analyses of both relative and absoluke iis relation to temporal variables,
such as age at first exposure, time since firsbsx@, duration of exposure, cumulative
exposure, peak exposure (when appropriate) anddinoe cessation of exposure, are
reviewed and summarized when available. Analysermporal relationships may be
useful in making causal inferences. In additiorchsanalyses may suggest whether a
carcinogen acts early or late in the process of carcinsigeatthough, at best, they allow
only indirect inferences about mechanisms of cagenesis.

(e)  Use of biomarkers in epidemiological studies

Biomarkers indicate molecular, cellular or othesldigical changes and are increas-
ingly used in epidemiological studies for variouspgmses (IARC, 1991; Vainiet al,
1992; Tonioloet al, 1997; Vineiset al, 1999; Buffleret al, 2004). These may include
evidence of exposure, of early effects, of celluiasue or organism responses, of indi-
vidual susceptibility or host responses, and imiegeof a mechanism (see Part B, Section
4b). This is a rapidly evolving field that encomges developments in genomics, epi-
genomics and other emerging technologies.

Molecular epidemiological data that identify asations between genetic poly-
morphisms and interindividual differences in sutibéity to the agent(s) being evaluated
may contribute to the identification of carcinogemiazards to humans. If the poly-
morphism has been demonstrated experimentally thifyritne functional activity of the
gene product in a manner that is consistent witreased susceptibility, these data may
be useful in making causal inferences. Similarlpletular epidemiological studies that
measure cell functions, enzymes or metabolites dhatthought to be the basis of
susceptibility may provide evidence that reinforb&slogical plausibility. It should be
noted, however, that when data on genetic susdiyptiriginate from multiple com-
parisons that arise from subgroup analyses, tisgeaerate false-positive results and
inconsistencies across studies, and such datddieerequire careful evaluation. If the
known phenotype of a genetic polymorphism can éxpiiee carcinogenic mechanism of
the agent being evaluated, data on this phenotgyeb® useful in making causal infer-
ences.

(f)  Criteria for causality

After the quality of individual epidemiological slies of cancer has been summarized
and assessed, a judgement is made concerningehgtlktof evidence that the agent in
guestion is carcinogenic to humans. In makingutggment, the Working Group con-
siders several criteria for causality (Hill, 1968)strong association (e.g. a large relative
risk) is more likely to indicate causality than a weak @iasion, although it is recognized
that estimates of effect of small magnitude doingtly lack of causality and may be
important if the disease or exposure is commono@atons that are replicated in several
studies of the same design or that use differeittespological approaches or under
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different circumstances of exposure are more likelygoesent a causal relationship than

isolated observations from single studies. If tl@reinconsistent results among investig-

ations, possible reasons are sought (such asediffes in exposure), and results of studies
that are judged to be of high quality are givenengeight than those of studies that are
judged to be methodologically less sound.

If the risk increases with the exposure, this iss@ered to be a strong indication of
causality, although the absence of a graded respem®t necessarily evidence against a
causal relationship. The demonstration of a dedtiresk after cessation of or reduction
in exposure in individuals or in whole populati@so supports a causal interpretation of
the findings.

A number of scenarios may increase confidenceciauaal relationship. On the one
hand, an agent may be specific in causing tumdups& site or of one morphological
type. On the other, carcinogenicity may be evidarmugh the causation of multiple
tumour types. Temporality, precision of estimates oteffeological plausibility and co-
herence of the overall database are considered.ddabiomarkers may be employed in
an assessment of the biological plausibility oflepiiological observations.

Although rarely available, results from randominéals that show different rates of
cancer among exposed and unexposed individualsdprgarticularly strong evidence
for causality.

When several epidemiological studies show littlenorindication of an association
between an exposure and cancer, a judgement manadhe that, in the aggregate, they
show evidence of lack of carcinogenicity. Such dg@ment requires firstly that the
studies meet, to a sufficient degree, the stanadrdssign and analysis described above.
Specifically, the possibility that bias, confounding dsatassification of exposure or out-
come could explain the observed results should desidered and excluded with
reasonable certainty. In addition, all studies #natjudged to be methodologically sound
should (a) be consistent with an estimate of efféainity for any observed level of
exposure, (b) when considered together, provideoted estimate of relative risk that is
at or near to unity, and (c) have a narrow confidenterval, due to sufficient population
size. Moreover, no individual study nor the podlesults of all the studies should show
any consistent tendency that the relative riskamicer increases with increasing level of
exposure. It is important to note that evidencéaok of carcinogenicity obtained from
several epidemiological studies can apply onhéotype(s) of cancer studied, to the dose
levels reported, and to the intervals between dxgiosure and disease onset observed in
these studies. Experience with human cancer irdidhat the period from first exposure
to the development of clinical cancer is sometitpager than 20 years; latent periods
substantially shorter than 30 years cannot prasidtdence for lack of carcinogenicity.

3. Studies of cancer in experimental animals

All known human carcinogens that have been stualiiedjuately for carcinogenicity
in experimental animals have produced positiveltesu one or more animal species
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(Wilbourn et al, 1986; Tomati®t al, 1989). For several agents (e.g. aflatoxins, dieth
stilbestrol, solar radiation, vinyl chloride), camgenicity in experimental animals was
established or highly suspected before epidemicdbgitudies confirmed their carcino-
genicity in humans (Vainiet al, 1995). Although this association cannot estalihist

all agents that cause cancer in experimental asialab cause cancer in humans, it is
biologically plausible that agents for which thersufficient evidence of carcinogenicity
in experimental animals (see Part B, Section 6k) ptesent a carcinogenic hazard to
humans. Accordingly, in the absence of addition@rific information, these agents are
considered to pose a carcinogenic hazard to huriaasnples of additional scientific
information are data that demonstrate that a gigemt causes cancer in animals through
a species-specific mechanism that does not operdtemans or data that demonstrate
that the mechanism in experimental animals alscatg®in humans (see Part B, Section
6).

Consideration is given to all available long-tertudges of cancer in experimental
animals with the agent under review (see Part Ati@e4). In all experimental settings,
the nature and extent of impurities or contaminpngsent in the agent being evaluated
are given when available. Animal species, straiolding genetic background where
applicable), sex, numbers per group, age at stdreatment, route of exposure, dose
levels, duration of exposure, survival and infoioraton tumours (incidence, latency,
severity or multiplicity of neoplasms or preneoptakesions) are reported. Those studies
in experimental animals that are judged to beewaat to the evaluation or judged to be
inadequate (e.g. too short a duration, too few alsinpoor survival; see below) may be
omitted. Guidelines for conducting long-term capgenicity experiments have been
published (e.g. OECD, 2002).

Other studies considered may include: experimentghich the agent was adminis-
tered in the presence of factors that modify carcinogefactsf(e.g. initiation—promotion
studies, co-carcinogenicity studies and studies in igafigtmodified animals); studies in
which the end-point was not cancer but a definedgmeerous lesion; experiments on the
carcinogenicity of known metabolites and derivatjvand studies of cancer in non-
laboratory animals (e.qg. livestock and companidmals) exposed to the agent.

For studies of mixtures, consideration is giverth® possibility that changes in the
physicochemical properties of the individual substés may occur during collection,
storage, extraction, concentration and deliverotAar consideration is that chemical and
toxicological interactions of components in a migtunay alter dose—response relation-
ships. The relevance to human exposure of thartiestire administered in the animal
experiment is also assessed. This may involve deration of the following aspects of
the mixture tested: (i) physical and chemical otteréstics, (i) identified constituents
that may indicate the presence of a class of suledaand (i) the results of genetic
toxicity and related tests.

The relevance of results obtained with an agerit ithanalogous (e.g. similar in
structure or of a similar virus genus) to that besévaluated is also considered. Such
results may provide biological and mechanistic rimiation that is relevant to the
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understanding of the process of carcinogenesisiinahs and may strengthen the bio-
logical plausibility that the agent being evaluagedarcinogenic to humans (see Part B,
Section 2f).

(@ Qualitative aspects

An assessment of carcinogenicity involves severakiderations of qualitative im-
portance, including (i) the experimental conditiomsler which the test was performed,
including route, schedule and duration of exposapecies, strain (including genetic
background where applicable), sex, age and durafiéwillow-up; (ii) the consistency of
the results, for example, across species and tanggn(s); (iii) the spectrum of neoplastic
response, from preneoplastic lesions and benigioutsto malignant neoplasms; and
(iv) the possible role of modifying factors.

Considerations of importance in the interpretation antliatian of a particular study
include: (i) how clearly the agent was defined aimdthe case of mixtures, how
adequately the sample characterization was repdiijeahether the dose was monitored
adequately, particularly in inhalation experimerii§] whether the doses, duration of
treatment and route of exposure were approprisewhether the survival of treated
animals was similar to that of controls; (v) whettigere were adequate numbers of
animals per group; (vi) whether both male and fenaaiimals were used; (vii) whether
animals were allocated randomly to groups; (viliether the duration of observation was
adequate; and (ix) whether the data were repongduaalysed adequately.

When benign tumours (a) occur together with angirmate from the same cell type as
malignant tumours in an organ or tissue in a paaicstudy and (b) appear to represent a
stage in the progression to malignancy, they amallyscombined in the assessment of
tumour incidence (Hufet al, 1989). The occurrence of lesions presumed toree p
neoplastic may in certain instances aid in assgpdbia biological plausibility of any
neoplastic response observed. If an agent indutgbenign neoplasms that appear to be
end-points that do not readily undergo transitmmalignancy, the agent should never-
theless be suspected of being carcinogenic andesdurther investigation.

(b) Quantitative aspects

The probability that tumours will occur may depemdl the species, sex, strain,
genetic background and age of the animal, andeddke, route, timing and duration of
the exposure. Evidence of an increased incidenceaglasms with increasing levels of
exposure strengthens the inference of a causatiatsso between the exposure and the
development of neoplasms.

The form of the dose-response relationship can wvadgly, depending on the
particular agent under study and the target ofgachanisms such as induction of DNA
damage or inhibition of repair, altered cell diwisiand cell death rates and changes in
intercellular communication are important determtsaof dose—response relationships
for some carcinogens. Since many chemicals reqguitabolic activation before being
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converted to their reactive intermediates, bothabwlic and toxicokinetic aspects are
important in determining the dose—response patt8aturation of steps such as
absorption, activation, inactivation and eliminatimay produce non-linearity in the
dose—response relationship (Heglal, 1983; Gartet al, 1986), as could saturation of
processes such as DNA repair. The dose-respoigionship can also be affected by
differences in survival among the treatment groups.

(c) Statistical analyses

Factors considered include the adequacy of thenmaftion given for each treatment
group: (i) number of animals studied and numbemixed histologically, (i) number of
animals with a given tumour type and (i) length of surviVdle statistical methods used
should be clearly stated and should be the geperatiepted techniques refined for this
purpose (Petet al, 1980; Garet al, 1986; Portier & Bailer, 1989; Bieler & Williams,
1993). The choice of the most appropriate stagisticethod requires consideration of
whether or not there are differences in survivabagrthe treatment groups; for example,
reduced survival because of non-tumour-relatedatityrtan preclude the occurrence of
tumours later in life. When detailed informationsmvival is not available, comparisons
of the proportions of tumour-bearing animals amtmg effective number of animals
(alive at the time the first tumour was discovereaf) be useful when significant differ-
ences in survival occur before tumours appear.ldthality of the tumour also requires
consideration: for rapidly fatal tumours, the tiofedeath provides an indication of the
time of tumour onset and can be assessed usirighife methods; non-fatal or incidental
tumours that do not affect survival can be assegsim) methods such as the Mantel-
Haenzel test for changes in tumour prevalence.lBectmour lethality is often difficult
to determine, methods such as the Poly-K testdibatot require such information can
also be used. When results are available on théoeuand size of tumours seen in
experimental animals (e.g. papillomas on mouse, $ikier tumours observed through
nuclear magnetic resonance tomography), other swrplicated statistical procedures
may be needed (Shermairal, 1994; Dunsost al, 2003).

Formal statistical methods have been developeadctwporate historical control data
into the analysis of data from a given experim&hese methods assign an appropriate
weight to historical and concurrent controls on lbasis of the extent of between-study
and within-study variability: less weight is givemhistorical controls when they show a
high degree of variability, and greater weight whkay show little variability. It is
generally not appropriate to discount a tumouramse that is significantly increased
compared with concurrent controls by arguing théalis within the range of historical
controls, particularly when historical controls shbigh between-study variability and
are, thus, of little relevance to the current eixpent. In analysing results for uncommon
tumours, however, the analysis may be improveddmgidering historical control data,
particularly when between-study variability is loMistorical controls should be selected
to resemble the concurrent controls as closelyoasilgle with respect to species, gender
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and strain, as well as other factors such as dastand general laboratory environment,
which may affect tumour-response rates in contrishals (Hasemaet al, 1984; Fungpt
al., 1996; Greirret al, 2003).

Although meta-analyses and combined analyses angucted less frequently for
animal experiments than for epidemiological studies to differences in animal strains,
they can be useful aids in interpreting animal datan the experimental protocols are
sufficiently similar.

4. Mechanistic and other relevant data

Mechanistic and other relevant data may provide aggef carcinogenicity and also
help in assessing the relevance and importancimdif@s of cancer in animals and in
humans. The nature of the mechanistic and othevaet data depends on the biological
activity of the agent being considered. The Work@gpup considers representative
studies to give a concise description of the reledata and issues that they consider to
be important; thus, not every available studytsdciRelevant topics may include toxico-
kinetics, mechanisms of carcinogenesis, suscefptiligiduals, populations and life-
stages, other relevant data and other adversdsefiéthen data on biomarkers are in-
formative about the mechanisms of carcinogenésyg,dre included in this section.

These topics are not mutually exclusive; thus stmae studies may be discussed in
more than one subsection. For example, a mutatiengene that codes for an enzyme
that metabolizes the agent under study could mishied in the subsections on toxico-
kinetics, mechanisms and individual susceptibifitif also exists as an inherited poly-
morphism.

(@) Toxicokinetic data

Toxicokinetics refers to the absorption, distribati metabolism and elimination of
agents in humans, experimental animals and, whkéreant, cellular systems. Examples
of kinetic factors that may affect dose—responkioaships include uptake, deposition,
biopersistence and half-life in tissues, proteindiig, metabolic activation and de-
toxification. Studies that indicate the metabdiitefof the agent in humans and in experi-
mental animals are summarized briefly, and compasisof data from humans and
animals are made when possible. Comparative infman the relationship between
exposure and the dose that reaches the targenajtdse important for the extrapolation
of hazards between species and in clarifying tleeafin-vitro findings.

(b) Data on mechanisms of carcinogenesis

To provide focus, the Working Group attempts taniife the possible mechanisms
by which the agent may increase the risk of carfeer.each possible mechanism, a
representative selection of key data from humars experimental systems is sum-
marized. Attention is given to gaps in the datatardhta that suggests that more than one
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mechanism may be operating. The relevance of theanisch to humans is discussed, in
particular, when mechanistic data are derived from exgeatal model systems. Changes
in the affected organs, tissues or cells can bidativinto three non-exclusive levels as
described below.

(i)  Changes in physiology
Physiological changes refer to exposure-relatedifivations to the physiology
and/or response of cells, tissues and organs. Heanmgd potentially adverse
physiological changes include mitogenesis, compensaell division, escape from
apoptosis and/or senescence, presence of inflaommatyperplasia, metaplasia

and/or preneoplasia, angiogenesis, alterations elfular adhesion, changes in
steroidal hormones and changes in immune survedllan

(i)  Functional changes at the cellular level

Functional changes refer to exposure-related #tieg in the signalling
pathways used by cells to manage critical procebs¢sre related to increased risk
for cancer. Examples of functional changes inclombelified activities of enzymes
involved in the metabolism of xenobiotics, alteasi in the expression of key genes
that regulate DNA repair, alterations in cyclin-degent kinases that govern cell
cycle progression, changes in the patterns of tpas$lational modifications of
proteins, changes in regulatory factors that aigoptotic rates, changes in the
secretion of factors related to the stimulatiorDdfA replication and transcription
and changes in gap—junction-mediated interceledarmunication.

(i) Changes at the molecular level

Molecular changes refer to exposure-related changesy cellular structures at
the molecular level, including, in particular, gemacity. Examples of molecular
changes include formation of DNA adducts and DNvarst breaks, mutations in
genes, chromosomal aberrations, aneuploidy andgebaim DNA methylation
patterns. Greater emphasis is given to irreversitiets.

The use of mechanistic data in the identificatiba carcinogenic hazard is specific to
the mechanism being addressed and is not readityibed for every possible level and
mechanism discussed above.

Genotoxicity data are discussed here to illustiaekey issues involved in the eval-
uation of mechanistic data.

Tests for genetic and related effects are desciibe@w of the relevance of
gene mutation and chromosomal aberration/aneuploidgircinogenesis (Vainio

et al, 1992; McGregoet al, 1999). The adequacy of the reporting of sample

characterization is considered and, when necessampmented upon; with

regard to complex mixtures, such comments are airtol those described for
animal carcinogenicity tests. The available dagairterpreted critically accord-

ing to the end-points detected, which may incluééAllamage, gene mutation,
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sister chromatid exchange, micronucleus formatbromosomal aberrations and

aneuploidy. The concentrations employed are gie@ad, mention is made of

whether the use of an exogenous metabolic syisteitro affected the test result.

These data are listed in tabular form by phylodemtssification.

Positive results in tests using prokaryotes, loaugaryotes, insects, plants
and cultured mammalian cells suggest that genetic aatddedffects could occur
in mammals. Results from such tests may also gile@ration on the types of
genetic effect produced and on the involvement efabyolic activation. Some
end-points described are clearly genetic in naferg. gene mutations), while
others are associated with genetic effects (egchatuled DNA synthesis). In-
vitro tests for tumour promotion, cell transformatiand gap—junction inter-
cellular communication may be sensitive to charigasare not necessarily the
result of genetic alterations but that may haveipeelevance to the process of
carcinogenesis. Critical appraisals of these teste been published (Montesano
et al, 1986; McGregoet al, 1999).

Genetic or other activity manifest in humans angegrental mammals is
regarded to be of greater relevance than thathar airganisms. The demon-
stration that an agent can induce gene and chranabsoutations in mammails
vivo indicates that it may have carcinogenic activitgghltive results in tests for
mutagenicity in selected tissues from animals eéddat vivo provide less weight,
partly because they do not exclude the possibility of antéfféissues other than
those examined. Moreover, negative results in sbort tests with genetic end-
points cannot be considered to provide evidendedles out the carcinogenicity
of agents that act through other mechanisms (eagptor-mediated effects,
cellular toxicity with regenerative cell divisioperoxisome proliferation) (Vainio
et al, 1992). Factors that may give misleading redualtshort-term tests have
been discussed in detail elsewhere (Montesdnal, 1986; McGregoeet al,

1999).

When there is evidence that an agent acts by afispeechanism that does not
involve genotoxicity (e.g. hormonal dysregulationmune suppression, and formation of
calculi and other deposits that cause chroniaiion), that evidence is presented and
reviewed critically in the context of rigorous eritr for the operation of that mechanism
in carcinogenesis (e.g. Capetral, 1999).

For biological agents such as viruses, bacteriapandsites, other data relevant to
carcinogenicity may include descriptions of thehphiigy of infection, integration and
expression of viruses, and genetic alterations selaman tumours. Other observations
that might comprise cellular and tissue resporsa@sféction, immune response and the
presence of tumour markers are also considered.

For physical agents that are forms of radiationeiotiata relevant to carcinogenicity
may include descriptions of damaging effects apthysiological, cellular and molecular
level, as for chemical agents, and descriptionhiaf these effects occur. ‘Physical
agents’ may also be considered to comprise foleiglies, such as surgical implants of
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various kinds, and poorly soluble fibres, dusts padicles of various sizes, the patho-
genic effects of which are a result of their phgisjresence in tissues or body cavities.
Other relevant data for such materials may inctigeacterization of cellular, tissue and
physiological reactions to these materials and rgg®mns of pathological conditions
other than neoplasia with which they may be astamutia

(c) Other data relevant to mechanisms

A description is provided of any structure—activigyationships that may be relevant
to an evaluation of the carcinogenicity of an agtm toxicological implications of the
physical and chemical properties, and any other @ddvant to the evaluation that are not
included elsewhere.

High-output data, such as those derived from ggpeession microarrays, and high-
throughput data, such as those that result from testingdusdf agents for a single end-
point, pose a unique problem for the use of meshiardata in the evaluation of a car-
cinogenic hazard. In the case of high-output dhtge is the possibility to overinterpret
changes in individual end-points (e.g. changesxpression in one gene) without con-
sidering the consistency of that finding in the broaderestatf the other end-points (e.qg.
other genes with linked transcriptional control). Higlpoti data can be used in assessing
mechanisms, but all end-points measured in a singleriment need to be considered in
the proper context. For high-throughput data, whbee number of observations far
exceeds the number of end-points measured, thieyr far identifying common mechan-
isms across multiple agents is enhanced. Theseaathe used to identify mechanisms
that not only seem plausible, but also have a stamgipattern of carcinogenic response
across entire classes of related compounds.

(d)  Susceptibility data

Individuals, populations and life-stages may haeaigr or lesser susceptibility to an
agent, based on toxicokinetics, mechanisms ofreagenesis and other factors. Examples
of host and genetic factors that affect individsiaceptibility include sex, genetic poly-
morphisms of genes involved in the metabolism ofthent under evaluation, differences
in metabolic capacity due to life-stage or the gmes of disease, differences in DNA re-
pair capacity, competition for or alteration of afalic capacity by medications or other
chemical exposures, pre-existing hormonal imbaldhatis exacerbated by a chemical
exposure, a suppressed immune system, periodgloérithan-usual tissue growth or
regeneration and genetic polymorphisms that leadlifferences in behaviour (e.g.
addiction). Such data can substantially increase dinength of the evidence from
epidemiological data and enhance the linkage wivio-and in-vitro laboratory studies to
humans.
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(e) Data on other adverse effects

Data on acute, subchronic and chronic adverseteffetevant to the cancer eval-
uation are summarized. Adverse effects that cordistribution and biological effects at
the sites of tumour development, or alterationphisiology that could lead to tumour
development, are emphasized. Effects on reprodyaimbryonic and fetal survival and
development are summarized briefly. The adequa@piolemiological studies of repro-
ductive outcome and genetic and related effedisimans is judged by the same criteria
as those applied to epidemiological studies of@arit fewer details are given.

5. Summary

This section is a summary of data presented in the precgatitigns. Summaries can
be found on th&onographgprogramme website (http://monographs.iarc.fr).

(@) Exposure data

Data are summarized, as appropriate, on the bhsiements such as production,
use, occurrence and exposure levels in the workplace ainonenent and measurements
in human tissues and body fluids. Quantitative dathtime trends are given to compare
exposures in different occupations and environnhesgtings. Exposure to biological
agents is described in terms of transmission, f@awa and persistence of infection.

(b) Cancer in humans

Results of epidemiological studies pertinent toagsessment of human carcino-
genicity are summarized. When relevant, case e@ortl correlation studies are also
summarized. The target organ(s) or tissue(s) iclnan increase in cancer was observed
is identified. Dose-response and other quantitatia& may be summarized when
available.

(c) Cancer in experimental animals

Data relevant to an evaluation of carcinogenicitgrimals are summarized. For each
animal species, study design and route of adnatiisty, it is stated whether an increased
incidence, reduced latency, or increased severityndtiplicity of neoplasms or pre-
neoplastic lesions were observed, and the tumtmg aie indicated. If the agent produced
tumours after prenatal exposure or in single-dogeraments, this is also mentioned.
Negative findings, inverse relationships, dose-aesp and other quantitative data are
also summarized.

(d) Mechanistic and other relevant data

Data relevant to the toxicokinetics (absorptiosfritiution, metabolism, elimination)
and the possible mechanism(s) of carcinogenesgisgenetic toxicity, epigenetic effects)
are summarized. In addition, information on susbipindividuals, populations and life-
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stages is summarized. This section also reporistior toxic effects, including repro-
ductive and developmental effects, as well as iaddit relevant data that are considered
to be important.

6. Evaluation and rationale

Evaluations of the strength of the evidence focinagenicity arising from human
and experimental animal data are made, using sthtelans. The strength of the mech-
anistic evidence is also characterized.

It is recognized that the criteria for these eu#bna, described below, cannot
encompass all of the factors that may be relevaanhtevaluation of carcinogenicity. In
considering all of the relevant scientific data Working Group may assign the agent to
a higher or lower category than a strict interpi@teof these criteria would indicate.

These categories refer only to the strength of @vidence that an exposure is
carcinogenic and not to the extent of its carcinageactivity (potency). A classification
may change as new information becomes available.

An evaluation of the degree of evidence is limtiedhe materials tested, as defined
physically, chemically or biologically. When theesfs evaluated are considered by the
Working Group to be sufficiently closely relatedey may be grouped together for the
purpose of a single evaluation of the degree aferve.

(@) Carcinogenicity in humans

The evidence relevant to carcinogenicity from studiesiinams is classified into one
of the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between exptstiine agent and human cancer.
That is, a positive relationship has been obsdretaeen the exposure and cancer in
studies in which chance, bias and confounding cbelduled out with reasonable
confidence. A statement that theresigficient evidencés followed by a separate
sentence that identifies the target organ(s) sueis) where an increased risk of
cancer was observed in humans. Identification pkaific target organ or tissue does
not preclude the possibility that the agent mageaancer at other sites.

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent and cancer for which a cautegbretation is considered by the
Working Group to be credible, but chance, bias ofamding could not be ruled out
with reasonable confidence.

I nadequate evidence of carcinogenicity: The available studies are of insufficient quality,
consistency or statistical power to permit a casiolu regarding the presence or
absence of a causal association between exposlicaacer, or no data on cancer in
humans are available.



32 IARC MONOGRAPHS VOLUME 97

Evidence suggesting lack of carcinogenicity: There are several adequate studies covering
the full range of levels of exposure that humaeskmown to encounter, which are
mutually consistent in not showing a positive asdimn between exposure to the
agent and any studied cancer at any observed déwiposure. The results from
these studies alone or combined should have naszomfidence intervals with an
upper limit close to the null value (e.g. a relatiisk of 1.0). Bias and confounding
should be ruled out with reasonable confidence, thedstudies should have an
adequate length of follow-up. A conclusionesidence suggesting lack of carcino-
genicity is inevitably limited to the cancer sites, comufis and levels of exposure,
and length of observation covered by the availastldies. In addition, the possibility
of a very small risk at the levels of exposureistidan never be excluded.

In some instances, the above categories may betoisgdssify the degree of evi-
dence related to carcinogenicity in specific orgartissues.

When the available epidemiological studies petiaia mixture, process, occupation
or industry, the Working Group seeks to identify $becific agent considered most likely
to be responsible for any excess risk. The evaluadi focused as narrowly as the avail-
able data on exposure and other aspects permit.

(b) Carcinogenicity in experimental animals

Carcinogenicity in experimental animals can be watald using conventional bio-
assays, hioassays that employ genetically modiigahals, and other in-vivo bioassays
that focus on one or more of the critical stagesanfinogenesis. In the absence of data
from conventional long-term bioassays or from ass@yh neoplasia as the end-point,
consistently positive results in several models thatsddseveral stages in the multistage
process of carcinogenesis should be consideredainating the degree of evidence of
carcinogenicity in experimental animals.

The evidence relevant to carcinogenicity in expenital animals is classified into one
of the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between the agenan increased incidence of
malignant neoplasms or of an appropriate combimatib benign and malignant
neoplasms in (a) two or more species of animalfptwo or more independent
studies in one species carried out at differenedirar in different laboratories or
under different protocols. An increased incidence of tusim both sexes of a single
species in a well-conducted study, ideally condlctmder Good Laboratory
Practices, can also providefficient evidence
A single study in one species and sex might beideresl to providesufficient
evidence of carcinogenicitwhen malignant neoplasms occur to an unusual eegre
with regard to incidence, site, type of tumour or age at omsethen there are strong
findings of tumours at multiple sites.
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Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are
limited for making a definitive evaluation becausey. (a) the evidence of carcino-
genicity is restricted to a single experiment; (b) thereiaresolved questions regard-
ing the adequacy of the design, conduct or int&afoa of the studies; (c) the agent
increases the incidence only of benign neoplasnies@ns of uncertain neoplastic
potential; or (d) the evidence of carcinogenicityréstricted to studies that demon-
strate only promoting activity in a narrow rangeisgues or organs.

I nadequate evidence of carcinogenicity: The studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effeciskesfamajor qualitative or
quantitative limitations, or no data on cancendpegimental animals are available.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within itmitd of the tests used, the agent is
not carcinogenic. A conclusion @vidence suggesting lack of carcinogenidgty
inevitably limited to the species, tumour sitese af) exposure, and conditions and
levels of exposure studied.

(c) Mechanistic and other relevant data

Mechanistic and other evidence judged to be reteteaan evaluation of carcino-
genicity and of sufficient importance to affect theerall evaluation is highlighted. This
may include data on preneoplastic lesions, tumatirglogy, genetic and related effects,
structure—activity relationships, metabolism angictkinetics, physicochemical para-
meters and analogous biological agents.

The strength of the evidence that any carcinogeffiect observed is due to a
particular mechanism is evaluated, using terms sgchiveak’, ‘moderate’ or ‘strong’.
The Working Group then assesses whether that yarticmechanism is likely to be
operative in humans. The strongest indications ahparticular mechanism operates in
humans derive from data on humans or biologicatisgmns obtained from exposed
humans. The data may be considered to be espeaeiaiant if they show that the agent
in question has caused changes in exposed humanar¢hon the causal pathway to
carcinogenesis. Such data may, however, never leeeonilable, because it is at least
conceivable that certain compounds may be kept framan use solely on the basis of
evidence of their toxicity and/or carcinogenicityeixperimental systems.

The conclusion that a mechanism operates in expet@frenimals is strengthened by
findings of consistent results in different expaenmal systems, by the demonstration of
biological plausibility and by coherence of the mlledatabase. Strong support can be
obtained from studies that challenge the hypotbdsimechanism experimentally, by
demonstrating that the suppression of key meclhapigicesses leads to the suppression
of tumour development. The Working Group considengther multiple mechanisms
might contribute to tumour development, whetheiediint mechanisms might operate in
different dose ranges, whether separate mechanigghs operate in humans and experi-
mental animals and whether a uniqgue mechanism rojggriate in a susceptible group.
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The possible contribution of alternative mechanismsst be considered before con-
cluding that tumours observed in experimental alsirage not relevant to humans. An
uneven level of experimental support for differemtchanisms may reflect that dis-
proportionate resources have been focused on igatiist) a favoured mechanism.

For complex exposures, including occupational awldistrial exposures, the chem-
ical composition and the potential contributioncafcinogens known to be present are
considered by the Working Group in its overall evaluatibhuman carcinogenicity. The
Working Group also determines the extent to whitghrhaterials tested in experimental
systems are related to those to which humans posed.

(d) Overall evaluation

Finally, the body of evidence is considered as aleyhn order to reach an overall
evaluation of the carcinogenicity of the agentumhns.

An evaluation may be made for a group of agentstthee been evaluated by the
Working Group. In addition, when supporting datdiéate that other related agents, for
which there is no direct evidence of their capatityinduce cancer in humans or in
animals, may also be carcinogenic, a statement diegrthe rationale for this conclusion
is added to the evaluation narrative; an additiemaluation may be made for this broader
group of agents if the strength of the evidenceams it.

The agent is described according to the wordingnef of the following categories,
and the designated group is given. The categanzafi an agent is a matter of scientific
judgement that reflects the strength of the evideec®ed from studies in humans and in
experimental animals and from mechanistic and otlevant data.

Group 1: The agent iscarcinogenic to humans.

This category is used when theresidgficient evidence of carcinogenicity
humans. Exceptionally, an agent may be placedisnctitegory when evidence of
carcinogenicity in humans is less thsuificientbut there issufficient evidence of
carcinogenicityin experimental animals and strong evidence irgsgp humans that
the agent acts through a relevant mechanism dhogemnicity.

Group 2.

This category includes agents for which, at onesex, the degree of evidence
of carcinogenicity in humans is almasifficient as well as those for which, at the
other extreme, there are no human data but forhnathiere is evidence of carcino-
genicity in experimental animals. Agents are assigio either Group 2Ap(obably
carcinogenic to humahsr Group 2B fossibly carcinogenic to humaren the basis
of epidemiological and experimental evidence oticagenicity and mechanistic and
other relevant data. The termbably carcinogeniandpossibly carcinogenibave
no guantitative significance and are used simplgezgriptors of different levels of
evidence of human carcinogenicity, wjthobably carcinogenisignifying a higher
level of evidence thapossibly carcinogenic
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Group 2A: The agent isprobably carcinogenic to humans.

This category is used when therdingted evidence of carcinogenicity humans
andsufficient evidence of carcinogenicityexperimental animals. In some cases, an
agent may be classified in this category when tiseredequate evidence of carcino-
genicityin humans andufficient evidence of carcinogenicityexperimental animals
and strong evidence that the carcinogenesis isateeidby a mechanism that also
operates in humans. Exceptionally, an agent maydssified in this category solely
on the basis ofimited evidence of carcinogeniciig humans. An agent may be
assigned to this category if it clearly belongsdabon mechanistic considerations, to
a class of agents for which one or more members hagn classified in Group 1 or
Group 2A.

Group 2B: The agent ispossibly carcinogenic to humans.

This category is used for agents for which thedariged evidence of carcino-
genicity in humans and less thawfficient evidence of carcinogenicity experi-
mental animals. It may also be used when thenmgaequate evidence of carcino-
genicityin humans but there @ifficient evidence of carcinogenicityexperimental
animals. In some instances, an agent for whichetlieinadequate evidence of
carcinogenicityin humans and less thanfficient evidence of carcinogeniciy
experimental animals together with supporting evidefrom mechanistic and other
relevant data may be placed in this group. An agent majabsified in this category
solely on the basis of strong evidence from mestiarand other relevant data.

Group 3: The agent isnot classifiable asto its carcinogenicity to humans.

This category is used most commonly for agentswhich the evidence of
carcinogenicity ignadequatein humans anéhadequateor limited in experimental
animals.

Exceptionally, agents for which the evidence oticangenicity isinadequaten
humans busufficientin experimental animals may be placed in thisgmaiewhen
there is strong evidence that the mechanism ofincayenicity in experimental
animals does not operate in humans.

Agents that do not fall into any other group asealaced in this category.

An evaluation in Group 3 is not a determinatiomafi-carcinogenicity or overall
safety. It often means that further research islegheespecially when exposures are
widespread or the cancer data are consistent iffithialy interpretations.

Group 4: The agent isprobably not carcinogenic to humans.

This category is used for agents for which therevidence suggesting lack of
carcinogenicityin humans and in experimental animals. In sormarness, agents for
which there isinadequate evidence of carcinogenicity humans butevidence
suggesting lack of carcinogenicity experimental animals, consistently and strongly
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supported by a broad range of mechanistic and ctlerant data, may be classified
in this group.

(e) Rationale

The reasoning that the Working Group used to réaakvaluation is presented and
discussed. This section integrates the major fggdinom studies of cancer in humans,
studies of cancer in experimental animals, and arestic and other relevant data. It in-
cludes concise statements of the principal linefsargument that emerged, the con-
clusions of the Working Group on the strength eféhidence for each group of studies,
citations to indicate which studies were pivotathese conclusions, and an explanation
of the reasoning of the Working Group in weighiragadand making evaluations. When
there are significant differences of scientificeipretation among Working Group Mem-
bers, a brief summary of the alternative interpieta is provided, together with their
scientific rationale and an indication of the riglatdegree of support for each alternative.
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