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Systematic review (SR) is a rigorous, protocol-driven approach designed to minimise error and bias when
summarising the body of research evidence relevant to a specific scientific question. Taking as a comparator the
use of SR in synthesising research in healthcare, we argue that SR methods could also pave the way for a “step
change” in the transparency, objectivity and communication of chemical risk assessments (CRA) in Europe and else-
where. We suggest that current controversies around the safety of certain chemicals are partly due to limitations in
current CRA procedures which have contributed to ambiguity about the health risks posed by these substances. We
present an overview of how SR methods can be applied to the assessment of risks from chemicals, and indicate how
challenges in adapting SR methods from healthcare research to the CRA context might be overcome. Regarding the
latter, we report the outcomes from a workshop exploring how to increase uptake of SR methods, attended by ex-
perts representing a wide range of fields related to chemical toxicology, risk analysis and SR. Priorities which were
identified include: the conduct of CRA-focused prototype SRs; the development of a recognised standard of
reporting and conduct for SRs in toxicology and CRA; and establishing a network to facilitate research, communica-
tion and training in SR methods. We see this paper as a milestone in the creation of a research climate that fosters

communication between experts in CRA and SR and facilitates wider uptake of SR methods into CRA.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Systematic review (SR) is a rigorous, protocol-driven approach to
minimising error and bias' in the aggregation and appraisal of evidence
relevant to answering a research question. SR techniques were initially
developed in the fields of psychology, social science and health care and
have, since the 1980s, provided a valuable tool for evidence-informed
decision-making across many domains (Lau et al., 2013). In medicine,
SRs have provided a valuable response to the need for consistent, trans-
parent and scientifically-robust interpretations of the results of increas-
ing numbers of often conflicting studies of the efficacy of healthcare
interventions. SRs have taken on an increasingly fundamental role
both in supporting decision-making in healthcare and, by channelling
resources towards questions for which the answers are not yet
known, reducing waste in research (Chalmers and Glasziou, 2009;
Salman et al., 2014). It is now accepted practice in healthcare to use
SR methods to assess evidence not only for the efficacy of interventions,
but also on diagnostic tests, prognostics and adverse outcomes.

The extension of SR techniques to other fields is based on a mutual
need across disciplines to make the best use of existing evidence
when making decisions, a move for which momentum has been grow-
ing for several decades. For example, the What Works Clearinghouse
was established in 2002 to apply SR techniques in support of
American educational policy (US Institute of Education Sciences,
2015), and in 2000 the international Campbell Collaboration research
network was convened to undertake and disseminate systematic re-
views on the effects of social interventions in diverse fields such as
crime and justice, education, international development and social wel-
fare (Campbell Collaboration, 2015). Meta-analysis and SR in ecology
have contributed to evidence-based environmental policy since the
mid-1990s (Stewart, 2010); more recently, the Collaboration for Envi-
ronmental Evidence (CEE) has been established to encourage conduct
of SRs on a wide range of environmental topics (Collaboration for
Environmental Evidence, 2015).

The potential advantages of adapting SR methodology to the field of
chemical risk assessment (CRA) have also been recognised, with multi-
ple research groups and organisations either developing and adopting
(Woodruff and Sutton, 2014; Birnbaum et al., 2013; European Food
Safety Authority, 2010; Rooney et al., 2014; Aiassa et al., 2015) or
recommending (US National Research Council, 2014a, 2014b; US Envi-
ronmental Protection Agency, 2013; Silbergeld and Scherer, 2013; Hoff-
mann and Hartung, 2006; Zoeller et al., 2015) the use of SR methods for
evaluating the association between health effects and chemical expo-
sures to inform decision-making. There are, however, a number of
recognised challenges in extending SR methods to CRA, many of
which derive from key differences in the evidence base between the
healthcare and toxicological sciences.

SRs in medicine often focus on direct evidence for benefits and ad-
verse effects of healthcare interventions derived from randomised con-
trolled trials (RCTs) in humans. The evidence base for CRA is generally
more complex, with a need to extrapolate from investigations in ani-
mals, in vitro and in silico, and then to synthesise findings with those
from human studies if available. Furthermore, the human data tend to
come from observational studies with greater and more varied potential
for bias and confounding than RCTs, and the range of outcomes to be

! It is worth drawing a distinction between three sources of bias in the review process.
There is potential for bias in the conduct of a review (e.g. because of inappropriate
methods for identifying and selecting evidence for inclusion in the review); bias because
the material available for the review is not representative of the evidence base as a whole
(due to selective publication); and bias arising from flaws in the design, conduct, analysis
and reporting of individual studies included in the review that can cause the effect of an
intervention or exposure to be systematically under- or over-estimated. One of the major
functions of SRs is to minimise bias in the conduct of a review and, as far as possible, to en-
sure that potential bias from selective publication and methodological flaws in the evi-
dence are properly taken into account when drawing conclusions in response to a
research question.

considered is usually much wider than in the assessment of healthcare
interventions. Thus, when the various types of toxicological research
are combined into a single overall conclusion about the health risks
posed by a chemical exposure, reviewers are challenged with integrat-
ing the results from a broad and heterogeneous evidence base.

In spite of these differences, there is reason for thinking that SR
methods can be applied successfully to CRA. For example, techniques
for aggregating the results of different study types are already addressed
in various frameworks currently in use in toxicology. These include: In-
ternational Agency of Research on Cancer (IARC) Monographs
(International Agency for Research on Cancer, 2006); the Navigation
Guide (Woodruff and Sutton, 2014); and the US Office for Health As-
sessment and Translation (OHAT) (Rooney et al., 2014; US National Tox-
icology Panel, 2015) - though it should be noted that none of these
approaches have yet applied SR methods to the exposure assessment
component of CRA. Heterogeneous sources of evidence are a familiar
challenge in all domains including clinical medicine (Lau et al., 1998),
and SR of observational studies has a crucial role in identifying compli-
cations and side-effects of healthcare interventions (Sterne et al., 2014;
Higgins and Green, 2011). The need for SR of pre-clinical animal trials of
healthcare interventions, in order to better anticipate benefits and
harms to humans, is another area in which methods being developed
and implemented by a number of groups including SYRCLE
(Hooijmans et al., 2012; van Luijk et al., 2014) and CAMARADES
(Macleod et al., 2005; Sena et al., 2014). (Stewart and Schmid, 2015)
argue that research synthesis methods (including systematic review)
are generic and applicable to any domain if appropriately
contextualised.

Given the sometimes controversial outcomes of CRAs and the grow-
ing public and media profile of the risks that chemicals may pose to
humans and the environment, SR is increasingly viewed as a potentially
powerful technique in assessing and communicating how likely it is that
a chemical will cause harm. SR methods add transparency, rigour and
objectivity to the process of collecting the most relevant scientific evi-
dence with which to inform policy discussions and could provide a crit-
ical tool for organising and appraising the evidence on which chemical
policy decisions are based.

Consequently, in November 2014 a group of 35 scientists and re-
searchers from the fields of medicine, toxicology, epidemiology, envi-
ronmental chemistry, ecology, risk assessment, risk management and
SR participated in a one-day workshop to consider the application of
SR in CRA. The purpose was three-fold:

1. Identify from expert practitioners in risk assessment and SR the ob-
stacles, in terms of practical challenges and knowledge gaps, to
implementing SR methods in CRA;

2. Develop a “roadmap” for overcoming those obstacles and expediting
the implementation of SR methods, where appropriate, by the vari-
ous stakeholders involved in CRA;

3. Establish the foundations of a network to co-ordinate research and
activities relating to the implementation of SR methods in CRA. The
aim would be to support best practise in the application of SR tech-
niques and promote the wider adoption of SR in CRA, both in
Europe and elsewhere.

Participants heard seven presentations about recent developments
in SR methods, their application to the risk assessment process, and
their potential value to policy-makers. There were two break-out ses-
sions in which participants were divided into three facilitated groups,
firstly to discuss challenges to implementing SR methods in CRA, and
then to suggest ways in which the obstacles could be overcome. These
ideas were discussed in plenary before being summarised, circulated
for comment, and then published in this paper. The Workshop was con-
ducted under the “Chatham House Rule” such that participants were
free to refer to the information presented and discussed, provided
they did not attribute it to identifiable individuals or organisations.
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