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ABSTRACT

Objectives To summarise the rationale, workflow

and recommendations for the conduct of exposure
assessment critiques in key human studies evaluated
for International Agency for Research on Cancer (IARC)
Monographs on the Identification of Carcinogenic
Hazards.

Methods Approaches to evaluating exposure
assessment quality in human cancer and mechanistic
studies were reviewed according to the precepts outlined
in the IARC Monographs Preamble, using two agents
as case studies. Exposure assessment ‘domains’, that is,
salient aspects of exposure assessment for the agent
under evaluation, were selected for review across the key
human studies.

Results The case studies of night shift work (volume
124) and 1,1, 1-trichloroethane (volume 130) used

a common approach, tailored to the agents’ specific
exposure scenarios, to evaluate exposure assessment
quality. Based on the experiences of IARC Working
Groups to date, the implementation of exposure
assessment critique requires the need for agent-specific
knowledge, consideration of the validity of time-varying
exposure metrics related to duration and intensity,

and transparent, concise reviews that prioritise the
most important strengths and limitations of exposure
assessment methods used in human studies.
Conclusions Exposure assessment has not historically
been a fully appreciated component for evaluating the
quality of epidemiological studies in cancer hazard
identification. Exposure assessment critique in key
human cancer and mechanistic studies is now an integral
part of IARC Monographs evaluations and its conduct
will continue to evolve as new agents are evaluated.
The approaches identified here should be considered as
a potential framework by others when evaluating the
exposure assessment component of epidemiological
studies for systematic reviews.
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INTRODUCTION

The Monographs Programme of the International
Agency for Research on Cancer (IARC) provides a
framework for the conduct of expert evaluations to
identify carcinogenic hazards to humans that inform
public health policies and cancer prevention strat-
egies worldwide. Monographs evaluations entail
the synthesis of multiple evidence streams, that is,

,"Amy L Hall @ ,? Eero Suonio,’
 Patricia A Stewart,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The quality of exposure assessment methods
is a key factor to judge the informativeness
of studies involving exposed humans. When
reviewing cancer epidemiology studies,
exposure misclassification has not always
been a main focus when judging study quality
and sources of bias. This article describes the
efforts in the International Agency for Research
on Cancer (IARC) Monographs programme to
systematically include a review of exposure
assessment quality when evaluating studies of
human cancer or mechanisms.

WHAT THIS STUDY ADDS

= This study describes in detail how the exposure
assessment quality is reviewed during cancer
hazard identification performed by the JARC
Monographs programme. It shows how using
well-defined exposure assessment review
domains that are informed by expert knowledge
can help to perform consistent and transparent
reviews of exposure methods reported in the
literature.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= A similar approach might be applied by others
who review exposure assessment methods,
either for systematic reviews, meta-analyses or
cancer hazard identification, thereby increasing

transparency and consistency in the field.

epidemiological studies of cancer in humans, exper-
imental studies in animals and studies of biological
mechanisms of carcinogenesis. The programme’s
procedures have evolved in parallel with scientific
advances and its Preamble—the document outlining
procedures to which evaluations adhere—is revised
periodically."  Recognising the importance of expo-
sure assessment in the informativeness of epidemi-
ological studies, recommendations described in the
most recent Preamble update included the addi-
tion of a critique of exposure assessment method-
ologies of key studies of cancer in humans and of
carcinogen mechanisms in exposed humans.” Such
critiques are integral to judge the informativeness
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Exposure assessment

of, and potential for bias in, the epidemiological evidence of
cancer and mechanisms synthesised for evaluations. These
critiques have since been added to the exposure characterisation
section of the Monographs (section 1), which already had served
to define agents under evaluation; describe methods for detec-
tion and analysis; summarise production, use and occurrence
in the environment and consumer products; characterise prev-
alence and concentrations in human populations and describe
regulations and guidelines worldwide.

Since its formalisation in the 2019 Preamble revision, an
exposure assessment critique for cancer epidemiology studies
has been undertaken for agent evaluations in eight volumes:
night shift work (in volume 124), opium (in volume 126), aniline
(in volume 127), acrolein and crotonaldehyde (in volume 128),
1,1,1-trichloroethane (in volume 130), cobalt and antimony (in
volume 131), occupational exposure as a firefighter (in volume
132), aspartame, methyleugenol and isoeugenol (in volume 134)
and perfluorooctanoic acid and perfluorooctanesulfonic acid (in
volume 135) and talc and acrylonitrile (in volume 136). Prior to
the adoption of the revised Preamble, the exercise had also been
undertaken to various extents in earlier evaluations (ie, welding
in volume 118, benzene in volume 120 and styrene in volume
121). This article describes and summarises the overarching
concepts and approaches used to undertake exposure assessment
critiques, presenting two case studies of agents for which these
critiques have been employed to date—night shift work and the
chemical exposure 1,1,1-trichloroethane.

Agent-specific
systematic
literature research

Section 1
Standalone critical reviews

Used to inform evaluations of
human cancer and human mechanistic
evidence in Sections 2 and 4

Figure 1

2

METHODS

Workflow

The TARC Monographs evaluation procedure, as described in
the latest version of the Preamble,' involves the critical review
and synthesis of evidence by four subgroups of international
experts, who characterise human exposure (subgroup 1), and
review human cancer evidence (subgroup 2), animal bioassay
evidence (subgroup 3), and mechanistic evidence in humans and
experimental systems (subgroup 4). The critique of exposure
assessment methods in key human studies is the responsibility
of subgroup 1 but also involves coordination with subgroups 2
and 4 at various stages of a Monographs evaluation. Key tasks are
summarised in the flow diagram in figure 1.

Identification of key studies

The first task undertaken prior to critiquing exposure assess-
ments is the identification of key human studies. ‘Key studies’
are those deemed to contribute important information to the
evaluation’s human cancer and mechanistic evidence streams,
from the standpoint of study design and endpoint measurement,
but which have not yet been critically evaluated for quality or
informativeness of the exposure assessment. Identification of
studies is achieved by a triage of identified literature by the
subgroups responsible for the evaluation of human cancer
studies (subgroup 2) and mechanistic studies in exposed humans
(subgroup 4).

S(ﬁ Triage of key human

cancer studies

SG
4 )

Triage of key mechanistic
studies in exposed humans

Studies
provided
to SG1

Selection of exposure assessment
1 review domains in coordination
/ with Subgroups 2 and 4

Critical review of exposure
| assessment in key human
1 / studies tabulated and drafted

Peer
review

SG Subsequent drafts revised
in coordination with
1 / Subgroups 2 and 4

Flow diagram of a typical workflow of the preparation of an exposure assessment critique for an IARC Monograph. Step 1 is performed by the

IARC secretariat and the following steps are carried out by the experts of subgroups 1, 2 and 4 with assistance of the secretariat. IARC, International Agency

for Research on Cancer; SG, subgroup.
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Exposure assessment

Domains of exposure assessment critique

The objective of the IARC Monographs is to identify cancer
hazards by assessing the strength of available evidence to indi-
cate that an agent can cause cancer. For the two human evidence
streams, this assessment encompasses a judgement of the infor-
mativeness (for drawing causal conclusions) of associations
between exposure to an agent and either a cancer outcome or
a cancer-relevant mechanistic outcome (under the framework
of the ‘key characteristics of human carcinogens™). The quality
of the exposure assessment methods employed in key studies is
thus one of the most important factors to judge the informa-
tiveness of an association. Put simply, ‘quality’ in this context
refers to the likelihood that the exposure assessment reflects the
study population’s true exposure to the agent of interest with a
minimum of mismeasurement or misclassification, and whether
this likelihood is sufficient to demonstrate a true association.
The assessment should also reflect the variation in exposure both
within the study population and over time. Thereafter, conclu-
sions about the quality of exposure assessment are also used by
subgroups 2 and 4 to judge the potential for exposure measure-
ment error or exposure misclassification that may lead to bias in
the estimates of association between the agent and outcomes of
interest, namely cancer or mechanistic endpoints.* The quality
of assessment of coexposures may also be important as the coex-
posures can result in confounding if they are both associated
with the agent being evaluated and also cause the cancers (or
mechanistic endpoint) of interest.

The scope of exposure assessment review differs from one
agent to another due to the unique characteristics of the agents
under review and different study designs and specific measure-
ment methods. However, a common framework has been
established and is outlined here. The first task of subgroup 1
is to propose and agree on a set of ‘domains’ for the critique
of methods used for a given agent. These domains are consid-
ered the salient aspects of exposure assessment that affect the
informativeness of the epidemiological studies reviewed. The
Monographs require a specific description and appraisal of
these domains. Examples of domains common to many agents
are exposure definition (how did the study define exposure to
the agent?); duration (what information was available on the
amount of time participants were exposed?) and intensity (how
was intensity estimated and, if the exposure changed over time,
was the level of exposure quantified at given points in time?).
Other domains are more specific to given agents, such as the
route of exposure; the definition of exposure groups; and the
assessment of coexposures that may potentially confound associ-
ations (eg, for chemicals used in industrial settings where simul-
taneous exposure to other potentially carcinogenic agents may
occur). Ideally, information on sensitivity and specificity of the
exposure assessment is available to permit the consideration of
the potential for bias from exposure measurement error and
misclassification. The potential for recall bias to cause differen-
tial exposure misclassification is also considered.

After initial identification of the key human studies by
subgroups 2 and 4, subgroup 1 identifies important exposure
domains and tabulates them to aid the human study review
process. Each study is then reviewed by subgroup 1, and a
description of how the study considered each domain is devel-
oped. While the domains are rooted in exposure science and
epidemiological concepts applicable to multiple agents, they are
tailored to the specifics of each agent of interest as informed
by a thorough scientific review of assessments of exposure.
For most volumes, the exposure experts of subgroup 1 reach

a consensus on these domains based on the available literature
and their expertise. For example, in the evaluation of night shift
work, published recommendations from a previous workshop
convened by TARC were instrumental in identifying relevant
domains for this agent.” A subsequent workshop addressed
research gaps and recommendations for a wider group of agents
with unresolved carcinogenicity, highlighting the importance of
exposure assessment quality in evidence evaluations.®’

Lastly, a summary appraisal of the strengths, limitations and
potential for inducing bias (and its potential direction) in the
exposure-and-outcome relation is made. This framework allows
subgroup 1 members to focus on the most important aspects of
the methodology and formulate a summary and overall critique
for each study, which is provided to subgroups 2 and 4 for their
review as they evaluate the studies. Exposure assessment ques-
tions that may arise during review by subgroups 2 and 4 are then
communicated with subgroup 1. The questions may quickly be
answered, or a meeting of the subgroups may be required to
reach consensus on the structure and content of the exposure
assessment critiques. Ultimately, the critique is used to interpret
the informativeness of the studies and the potential for and, if
possible, degree and direction of, bias arising from the exposure
assessment methods and from confounding in key human studies
with respect to evaluation of risk of cancer (or mechanistic
endpoint) following exposure to the agent of interest. Subgroup
1 then finalises the critical reviews in chapter 1 and reviews
the evaluations by subgroups 2 and 4 to ensure the weight they
place on the assessment and interpretation regarding informa-
tiveness and the potential of bias is consistent with subgroup 1’s
assessment.

Tables 1 and 2 show the domains used for the critical appraisal
of exposure assessments in key studies of night shift work and
1,1,1-trichloroethane, respectively, which are discussed below.

Night shift work

Night shift work, evaluated by the IARC Monographs Volume
124 Working Group,® was the first Monographs evaluation
undertaken after the formal addition of exposure assessment
critical reviews as part of the revised Preamble.” Key human
cancer studies were numerous, with epidemiological investiga-
tions employing different designs (cohort, nested case—control,
case—control). Study populations included night shift workers
in healthcare and industrial settings, as well as those in the
aviation industry flying through multiple time zones. A work-
shop convened by IARC and described in Stevens et al’ was
instrumental in assisting the Working Group’s development of
domains of exposure assessment for examination in the volume
124 evaluation (table 1).° Studies were assessed for their defini-
tion of night shift work and categorised as follows: (1) defined,
including =3 hours of work between 23:00 and 06:00 hours
or a flight of =3 hours between 22:00 and 08:00 hours (local
departure time); (2) defined, other or (3) undefined. The first
operational definition reflected exposure to work during the
biological night (typically including the time frame from 23:00
to 7:00 hours am that most adults use for sleeping); studies using
this definition were considered of higher quality for this reason
(further, this definition allowed for cross-study comparisons),
whereas findings from studies under the third category (unde-
fined exposure) were considered of lower quality because the
exposure groups may have included participants with drastically
different exposures, including those not working during the
biological night. Two domains assessed efforts made by study
investigators to quantify night shift work exposure. These were
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Table 1
in key studies of night shift work (NSW)

Excerpts of representative studies to illustrate how some of the domains were tabulated for the critical appraisal of exposure assessments

NSW (IARC Monographs volume 124)

Reference group: Duration of
Definition of night  Past or present exposure to NSW  Type of NSW
shift schedule includes 1. Complete schedule Start and end times
Type of assessment 1. Defined (exp NSW 2. Partial (limited 1. Perm night of all shifts
1. Objective 3+hours b/w 23-06) 1. No period) 2. Rotating 1. Precise
2. Subjective 2. Defined (other)  2.Yes 3. Partial(1 time pt) 3. Imprecise 2. Imprecise Exposure
Study 3.JEM Undefined 3. Undefined 4. No info 4. No info 3. No info assessment critique
Knutsson et al'® Subjective Defined (other) Undefined Partial (limited period) Imprecise No info Night shift work in
N ref. group: Undefined.
Duration: Partial
(limited period).
Schedule type:
Imprecise. No other
information available.
Other comments:
information on
working hours was
combined into day
work (ref. group), shift
work without night
work and shift work
with night work
Lie et al'® JEM Undefined Undefined Partial (limited period) No info No info Night shift work in

N

ref. group: Undefined.
Duration: Partial
(limited period). No
other information
available.

Other comments:
analysis of years of
night work

Full tables compiled with all domains for these evaluations can be found at https://publications.iarc.fr/593.

IARC, International Agency for Research on Cancer; JEM, job-exposure matrix.

intensity of exposure to night shift work—the number of night
shifts performed within a certain time period; and duration of
exposure to night shift work—years spent undertaking night
shift work. The subgroup assessed studies for the precision and
completeness of these two domains, respectively. Other domains
were considered. For example, the type of assessment domain
assessed how information on night shift work was collected in
each study: objective (eg, work rotas), subjective (eg, interview
data) and job-exposure matrix (JEM) assessments.

As exposure misclassification in the reference group (eg, the
reference group is considered to be unexposed but includes
exposed participants) is an important consideration in research
focused on night shift work, this domain was included for
assessment—°reference group: past or present schedule includes
night shift work’. For studies included in the ‘yes’ category of
this domain, the absence of possibly exposed study participants
in the referent group could not be verified. The main concern
with this domain (which has been generalised in many subse-
quent evaluations of agents in the Monographs programme) was
a downward bias in estimates of the association between night
shift work and cancer. Additional domains with lesser bearing
on the informativeness of studies, though of possible utility to
explaining study heterogeneity, were temporality of exposure to
night shift work—start and end dates of night shift work; type
of night shift work schedule—for example, differences between
permanent and rotating schedules; number of consecutive night
shifts; direction of night shift rotation—the ordering of subse-
quent shifts (eg, clockwise vs counter-clockwise rotation); and
start and end times of all shifts, which provides additional infor-
mation on exposure to night work during the biological night.

One concern common to many of the cohort studies reviewed
was a lack of information on night shift work at points in time

after the baseline questionnaire, which was noted to have likely
resulted in risk estimates that were biased towards the null. A
major concern noted for case—control studies, which tended to
have more detailed information on exposure to night shift work,
was possible recall bias among cases compared with controls.
The Working Group noted, however, that there was little empir-
ical information to support the assessment of such biases in
night shift workers. These exposure quality considerations were
central to the conclusion that there was limited evidence for the
carcinogenicity of night shift work for cancers of the breast,
prostate and colorectum in humans.

Chemical exposure: 1,1,1-trichloroethane
Several chemical exposures have been evaluated by the IARC
Monographs programme. The domains for the critique of their
exposure assessment methods took a different form from those
compiled for night shift work. The evaluation of aniline (volume
127°) has served as a template that has been adapted for subse-
quent evaluations dealing with chemical exposures, including in
volumes 128, 130 and 131.1%12

1,1,1-Trichloroethane was evaluated by the IARC Mono-
graphs Working Group in Volume 130 and will be discussed
as an example of a chemical exposure.'’ Key human cancer
studies investigating 1,1,1-trichloroethane exposure consisted
of two cohort studies (of Finnish workers exposed to haloge-
nated hydrocarbons and of aircraft maintenance workers in
the USA), 5 nested case—control studies, 16 population-based
case—control studies and 3 case reports. The domains for the
critique of 1,1,1-trichloroethane exposure assessment methods
(table 2) were adapted from the template established by the
volume 127 aniline evaluation and consisted of the exposure
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Table 2  Excerpts of representative studies to illustrate how some of the domains were tabulated for the critical appraisal of exposure assessments

in key studies of 1,1,1-trichloroethane

1,1,1-trichloroethane (TCE) (IARC Monographs volume 130)

Was exposure Could the
assessment What was the ‘unexposed’
What was the What was the exposure  qualitative, timing of exposure group have
study design? definition and was it well semiquantitative or  relative to the Was there known exposure included Exposure assessment
Study (n subjects) defined? quantitative? outcome? to any other carcinogens? exposed? critique
Anttilaetal'”  Cohort (271 1,1,1-TCE based on a Quantitative data Cancer follow-up Yes, but 94% of entire Unlikely, due to Exposed were truly
exposed positive blood result. but assessment was started before cohort (n=3974) were low prevalence exposed. Blood levels
subjects) Yes, well defined. qualitative, that is, ‘ever measurements exposed to only one of the  of use in general  only reflect short-term

exposed’

Radican et al'® Cohort (14 455;
Ever exposed:
2215 (15%))

Exposed (ever/never)

to 1,1,1-TCE and
semiquantitative exposure
levels for a ‘mixed solvents’
category that included
1,1,1-TCE

Qualitative. Exposed
(yes/no) for each
job-organisation
combination.
Semiquantitative for
‘mixed solvents’

Exposures occurred
1939-1982; outcomes
(cancer death)
occurred between
1982 and 2000

three chemicals (1,1,1-TCE,
perchloroethylene and
trichloroethylene.) Other
exposures not evaluated. No
information on individuals
having multiple exposures

population. No
information on
other substances

(days) exposures for 9
years. No information
was provided on the
interpretation of the
measurements or the
participants’ exposures,
including possible
exposures to 1,1,1-TCE
outside the 1975-1983
window or to other
agents.

Extensive data
collection, including
measurements. Linkage
of jobs to exposures
was limited due to the
limited information in
the available records.
Given 1,1,1-TCE was
often interchanged
with other chlorinated
solvents, the difficulty in
making these links was
a non-trivial limitation.
Job information used to
assign yes/no.

Yes. Evaluated Yes
trichloroethylene and several
other solvents and chemicals.
Other exposures not

evaluated. No information on
individuals having multiple

exposures

Full tables compiled with all domains for these evaluations can be found at https://publications.iarc.fr/611.

IARC, International Agency for Research on Cancer.

definition; whether the assessment was qualitative, semiquan-
titative or quantitative and the assessment of exposure inten-
sity (from measurement data or estimated from job and task),
duration (from employer records or self-reports) and cumulative
exposure (derived from intensity and duration). Other domains
were exposure assessment methods (including data source, envi-
ronmental and biological measurements); appropriateness of
sampling and collection protocols for environmental or biolog-
ical measurements (ie, whether the protocols followed accepted
methods); route of exposure assessed (inhalation and dermal);
timing of exposure relative to outcome; other carcinogenic
exposures (based on the study information or on knowledge
of the jobs and industries) and misclassification of unexposed
(referent) group (how the group was characterised).

The exposure assessment critique undertaken by subgroup 1
for this agent found that it was often difficult to confirm the
presence of 1,1,1-trichloroethane, particularly in population-
based case—control studies due to its use in product mixtures
and its varying interchangeability with other chlorinated
solvents over time. Concerns regarding mixtures and inter-
changeability originated from information external to the key
studies, resulting in the potential for exposure misclassification
or possible confounding. Other important considerations were
the lack of detailed job histories and few exposure measure-
ments for some studies, and the inability to differentiate workers
based on exposure intensity, duration, or probability. Most of
these issues were thought to result in attenuation of exposure-
response associations. The use of grouped data in establishing
JEMs was thought to lead to loss of statistical precision, but not

bias, in exposure-response estimates. In summary, the evaluation
of exposure assessment quality was instrumental in reaching the
evaluation of limited evidence in humans for the carcinogenicity
of 1,1,1-trichloroethane, with credible associations observed for
multiple myeloma.

The aforementioned examples focus mainly on the review
of exposure assessment domains for the human cancer studies,
since the formal approach was first implemented for section 2 on
human cancer studies. In addition, during the evaluation of night
shift work (volume 124), some domains developed by subgroup
1 for human cancer studies were also used to assess the informa-
tiveness of mechanistic studies by subgroup 4, even though this
volume did not include a standalone section on this information.
For volume 130, subgroup 1 applied the same domains to review
the exposure assessment of 1,1,1-trichloroethane in both human
cancer and mechanistic studies in humans. Critiques included the
potential for coexposure in one mechanistic study which influ-
enced subgroup 4’s judgement of the study’s informativeness.

For subsequent evaluations of chemical agents, the set of
domains used for chemical agents continues to be refined and
expanded as appropriate for the agent under evaluation. There
are some domains such as the agent definition, the exposure
assessment methods used and the potential for misclassification
that have been commonly used, whereas some other domains
were more agent-, and therefore, volume-specific (see table 3).
Human cancer studies evaluated in the IARC Monographs are
generally either cohort or case—control studies. Mechanistic
studies involving exposed humans have displayed a larger diver-
sity of study designs, including cross-sectional studies, cohort
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Table 3  Examples of exposure assessment review domains that have
been used in most critical exposure assessment reviews since volume
124 and those that have been used in only one or few reviews

Exposure assessment domains
commonly used

Agent-specific exposure assessment
domains

Exposure definition

Study design

Derived exposure metrics

Assessment of intensity/duration of
exposure

Routes of exposure assessed

Timing of exposure relative to outcome
Timing of exposure assessment relative to
outcome

Coexposure to other carcinogens
Potential for exposure misclassification

Study location and exposure period (eg,
Vol 132)

Concerns noted on exposure
classification (Vol 132)

Concerns noted on sampling and
collection protocols for metal
measurement (Vol 131)

Relevant form(s) of cobalt in exposed
population (Vol 131)

Was endogenous exposure defined?
(Vol 128)

Type of nigh shift work schedule (Vol
124)

studies, intervention studies, randomised control trials and case
series and might include short-term and long-term exposures.
To account for this, the information on exposure assessment for
the mechanistic studies can be more diverse between studies or
agents and focus more on specific aspects. For example, working
groups have paid specific attention to the timing of exposure
assessment respective to the dynamics of the biological endpoints
under study.

DISCUSSION
Formal exposure assessment critiques are a relatively recent
addition to TARC Monographs evaluations, and therefore,
continue to evolve in their approach. Their ultimate conduct
and form depend on several factors, including the nuances of
specific agents under evaluation, the information provided in the
key studies, and the knowledge-based judgement of subgroup
experts. The choice of exposure assessment domains is made by
experts for the given agent; therefore, the critiques are likely
to reflect the most important study characteristics needed to
judge their quality. The process includes a systematic review
of the exposure assessment of all key studies, which increases
consistency within and across the Monographs. Describing the
strengths and limitations of each study increases the transpar-
ency of the decisions made by the Working Groups. Sources of
bias, and where possible, the direction and amount, are made
explicit.

The following points are based on the experience of conducting
exposure assessment critiques since their introduction to Mono-
graphs procedures. They highlight overarching scientific and
practical considerations underpinning efficient and informa-
tive critiques of exposure assessment performed in key human
studies during the Monographs evaluation:

» To make the process as efficient as possible, emphasis should
be on the most important aspects of the exposure assess-
ment. For example, if a study is severely limited because
exposure measurement occurred well after cancer treatment,
or because exposure to the agent could not be separated
from other carcinogenic coexposure(s), minor details of
analytical protocols are of less importance and do not need
to be acknowledged in detail.

» Similarly, exposure assessment critiques should focus only
on aspects of exposure assessment (subgroup 1) while other
aspects of the design, outcome ascertainment, statistical
analysis, assessment of other biases and results interpretation

are the responsibility of subgroups 2 and 4. That is not to
say that information under the purview of another subgroup
cannot be considered in the exposure assessment review. For
example, the knowledge of the type of study design (cohort
or case—control) may impact the evaluation of the presence
of the agent (there may be greater certainty of exposure in
cohort studies of particular industries than in population-
based case—control studies).

» Regular communication between subgroup members
throughout the review process greatly increases the utility
and efficiency of critiques and ensures that there is consist-
ency in the interpretation of the quality of the exposure
assessment. It also aids knowledge transfer from experts in
subgroup 1 with expertise in analytical chemistry and expo-
sure assessment to the epidemiologists and toxicologists of
other subgroups and brings to the fore concerns regarding
exposure assessment quality in the final evaluation. Critical
information about absorption, distribution, metabolism and
excretion, which is typically evaluated in subgroup 4, may
inform the evaluation of exposure assessment quality by
subgroup 1, such as the timing of a biological measurement
relative to exposure.

» Exposure assessment critiques for mechanistic studies in
exposed humans have been introduced more recently, and
therefore, there is less experience with this process. The
design and diversity of mechanistic studies tend to differ
from human cancer studies, which can make the review of
exposure assessment more challenging. Previous evaluations
have shown, however, that similar exposure assessment
review domains can often be applied to both mechanistic
and human cancer studies.

A more general observation, also applicable in contexts
outside of the Monographs programme, is that an in-depth
understanding of the exposure science specific to the agent under
review is essential to the development of appropriate domains
for the critique of exposure assessment methods, which might
need to be very agent-specific.’® This was exemplified in the
case study of night shift work, in which the importance of the
exposure definition was recognised and applied in the critique.
Knowledge obtained from studies external to the key studies also
was important in identifying possible coexposures, particularly
in case—control studies, where exposure to 1,1,1-trichloroethane
was considered possible but was not definite due to the inter-
changeability of many chlorinated solvents. Clearly defined
exposure assessment quality domains are crucial for any objec-
tive, transparent and consistent review of studies in exposed
humans. Past examples from recent Monographs evaluations
show that there are common domains that are needed to judge
the quality of exposure assessment for most agents (table 3).

Other approaches to examine exposure assessment in obser-
vational epidemiology studies include algorithmic tools such as
the ‘Risk of Bias in Non-randomised Studies-of Environmental
Exposure’."* Such tools emphasise the potential for bias as deter-
mined systematically by reviewers, rather than the Monographs’
expert-based appraisal of the quality and informativeness of the
exposure data for addressing the causal question about exposure
to an agent and cancer. Furthermore, these algorithmic tools do
not have a very detailed focus on the exposure assessment neces-
sitating a separate approach to judge the quality of the exposure
assessment in human observational studies.'® Our approach lends
itself well to examining the impacts of potential biases resulting
from the exposure assessment approach taken and judging which
studies are likely to provide the most informative results on the
basis of exposure assessment quality.*

Middleton DRS, et al. Occup Environ Med 2024,81:366—372. doi:10.1136/0emed-2023-109277

371

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

Jjooyosaboysnwseiq
V11-Z39 uswiiedaq e G20z ‘TT aunr uo /wod fwg wao//:diy woiy papeojumod 20z AINC 0Z U0 £/Z60T-£20Z-PaWa0/9sTT 0T St paysiignd 1s1iy :pa|y uoliaug dnaoQ


http://oem.bmj.com/

Exposure assessment

In conclusion, critiques of exposure assessment in key human
studies are now an integral part of IARC Monographs evalu-
ations, which has greatly aided Working Groups to assess the
informativeness of evidence under evaluation. The approaches
summarised in this article will continue to evolve as a wider
variety of different agents are evaluated. A focus on exposure
assessment is becoming more important in systematic reviews,"
and we recommend that guidelines for systematic reviews should
include a formal assessment of the quality of exposure assess-
ment and its impact on causal inference.
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