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of data from multiple lines of evidence affords an opportu-
nity for expanded use of animal alternatives, in that if ade-
quate information to support evidence-based risk assessment 
can be derived from NAMs, the requirements for animal test 
data can be reduced. This requires the development and im-
plementation of frameworks to ensure the available evidence 
is collated, integrated, and assessed in a way that ensures  
the protection of human health and the environment. This  
Special Issue includes contributions from the Internation-
al Agency for Research on Cancer (IARC) and the Euro-
pean Food Safety Authority (EFSA) presenting their new 
approaches to evidence integration including mechanistic in-
formation from NAMs, as well as articles dealing with sys-
tematic review methodology and approaches to evidence 
integration and categorization, which each consider the inte-
gration of multiple evidence streams. The issue is rounded off 
with a detailed report on the first workshop. 

The second of the series of these workshops – held at the Uni-
versity of Ottawa in December 2019 – explored the implemen-
tation of evidence integration approaches in health risk assess-
ment in more depth. The proceedings of this second workshop 
will report on the following themes: 1) sources of evidence; 
2) systematic review; 3) assessing data quality; 4) integra-
tion across multiple evidence streams; and 5) meta-analysis 
and other approaches for pooling data from multiple sourc-
es. The third and final workshop, currently being planned 
for December 2022, will focus on a series of case studies de-
signed to illustrate the application of evidence integration in 
evidence-based health risk assessment in practice. Collective-
ly, the proceedings of these three workshops will provide a 
foundation for expanded use of alternative test methods in  
evidence integration. 

Thomas Hartung1,2 and Daniel Krewski3,4

1Johns Hopkins University, Bloomberg School of Public Health,  
Center for Alternatives to Animal Testing (CAAT), Baltimore, MD, USA;  
2CAAT-Europe, University of Konstanz, Konstanz, Germany; 
3McLaughlin Centre for Population Health Risk Assessment, Faculty  
of Medicine, University of Ottawa, Ottawa, ON, Canada; 4Risk Sciences 
International, Ottawa, ON, Canada  

This Special Issue of ALTEX comprises the proceedings of 
the workshop on Development of an Evidence-Based Risk 
Assessment Framework held at the University of Ottawa in  
December, 20181. The workshop was jointly organized by the  
McLaughlin Centre for Population Health Risk Assessment 
at the University of Ottawa and the Center for Alternatives to  
Animal Testing at Johns Hopkins University. 

Although not motivated by animal welfare, the 2007 US  
National Research Council report on Toxicity Testing in the 
21st Century: A Vision and a Strategy (NRC, 2007) provided 
scientific support for the use of alternatives to animal testing, 
proposing the use of cheaper and faster test methods to mark-
edly increase the number of environmental agents that could 
be evaluated. Over the last decade, considerable progress in 
realizing this vision has been achieved (Krewski et al., 2020). 

In parallel, the availability of an increasing number of new  
approach methodologies (NAMs), coupled with increasing 
regulatory acceptance of these alternative test methods, pro-
vides unprecedented opportunities for replacement, reduc-
tion, and refinement of animal use in toxicity testing. These 
are strongly supported by regulatory restrictions on the use of 
animals in toxicity testing (e.g., EU, 2010) and prioritization 
of national institutions to move away from vertebrate testing 
(e.g., US EPA, 2021), which are driving a continued decline 
in the use of animals for toxicity testing worldwide. Recent 
value-of-information analyses suggest that rapid, cost-effec-
tive alternative test methods can be advantageous in support-
ing earlier chemical risk decisions.

Evidence integration has emerged as a key theme in toxico-
logical risk assessment. Recognizing and integrating NAMs 
as an equally important evidence stream, alongside human 
findings and animal studies, is the first step towards leverag-
ing these new toxicity testing approaches for risk assessment. 
The challenge of evidence integration can be viewed in two 
directions, i.e., retrospectively, where different types of ex-
isting evidence need to be integrated, or prospectively, where 
different methods of evidence generation are combined in an 
integrated testing strategy often referred to as an integrated 
approach to testing and assessment (IATA). The integration 
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