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1.0 Meeting Objectives

Health Canada (HC) and Environment and Climate Change Canada (ECCC) are developing a
roadmap for integrating new approach methodologies (NAM)® with traditional risk assessment.

It is expected that input from the Chemicals Management Plan (CMP) Science Committee will
be sought at various stages. The roadmap is anticipated to cover multiple aspects of chemical risk
assessment including priority-setting, hazard characterization, exposure characterization, and risk
characterization. The development of the roadmap will occur in stages and will contribute to
both short-term (i.e., CMP3) and longer-term (post-2020) initiatives.

This meeting focuses on new and emerging tools and methodologies with application in
identifying risk assessment priorities. The objectives for this meeting are twofold: (1) to seek
general input on developing a roadmap for integrating NAM as part of the risk assessment
paradigm; and (2) to seek specific input on how to enhance current priority-setting approaches
through the incorporation of NAM.

The CMP Science Committee is requested to consider the Charge Questions interspersed
throughout this Objectives Paper in the context of the existing substances risk assessment
program of the Canadian Environmental Protection Act, 1999 (CEPA).

2.0 Towards a Roadmap for Integrating NAM into the Risk Assessment
Program

It has been close to 10 years since the publication of the National Research Council’s seminal
report on toxicity testing in the 21st century (NRC 2007), and we are now beginning to see the
impact of advances in the biological sciences and technologies by way of high-throughput
screening (HTS) assays, omics data, and in silico methods in assessing the potential risk to
human health from chemicals. Furthermore, the need for developing testing strategies for
environmental risk assessment was identified by the European Centre for Ecotoxicology and
Toxicology of Chemicals (ECETOC) (ECETOC 2007). These testing strategies include the use
of thresholds of toxicological concern (TTCs), validated (quantitative) structure—activity
relationships ((Q)SARs), read-across methods, in vitro test protocols, and prioritization of non-

! The international risk assessment community has not narrowly defined NAM, but the broad context may include
in silico approaches, in chemico and in vitro assays.



vertebrate ecotoxicity tests. In addition, ECETOC (2007) recognized the use of mode of action
(MOA) information for specific acting chemicals and the need for addressing data gaps.

Since the publication of the early foundational reports, international interest in using emerging
technologies for regulatory risk assessment has advanced significantly. Notably, by request of
the Minister of Health (on behalf of the Pest Management Regulatory Agency), the Council of
Canadian Academies (CCA) published a report in 2012 titled, “Integrating Emerging
Technologies into Chemical Safety Assessment.” The expert panel concluded that available
evidence suggested the current challenge of lack of toxicity data for many industrial chemicals
could be met by embracing an integrated approach to testing and assessment (IATA) of
chemicals (CCA 2012).

Some of the emerging approaches to toxicity testing and risk assessment are, in fact, beginning
to be applied in practice as illustrated by prototypical case studies (Karmaus et al. 2016; Pham et
al. 2016; Shah and Greene 2014), while others are being integrated with existing tools (e.qg.,
physiologically based pharmacokinetic modelling, benchmark dose modelling, categorical
regression, and the Organisation for Economic Co-operation and Development [OECD] QSAR
toolbox) to enhance and strengthen risk assessment practices. Taking a case study approach to
engage the international audience in attendance, a recent European Chemicals Agency (ECHA)
topical scientific workshop further addressed the use of data and information from NAM for a
number of regulatory uses, including screening and prioritization, read-across techniques, and
future risk assessment activities (see ECHA 2016 for main outcomes and conclusions of the
workshop). Interestingly, it was acknowledged that there is a need for a better understanding of
the taxonomy of methods that could be applied, and that the flexible and innovative use of new
approaches may drive change in future regulatory assessment practices (ECHA 2016).

The planned roadmap is envisioned as a strategy that maps short-term and longer-term program
objectives with specific existing and emerging NAM tools/applications. The roadmap would
outline available or emerging NAM tools and illustrate their respective scientifically sound use
in specific decision contexts related to priority setting and risk assessment. The roadmap will
guide our efforts to modernize the risk assessment program and facilitate acceptance for the use
of emerging technologies in future priority-setting and risk assessment practices, and ultimately
strengthen our overall priority-setting and risk assessment regimes. The process of developing
the roadmap would also support the identification of knowledge gaps where further research or
expertise is needed. Due to the rapid advancement of NAM, the roadmap would be “evergreen”
and incorporate additional tools as they are developed.

The Government of Canada has outlined methodology for setting priorities and conducting risk
assessment while implementing the existing substances risk assessment program of CEPA. These
include the following:



1. Initial prioritization process used in 2006 to sort through or “categorize” all 23,000
chemical substances on the domestic substances list (DSL) to identify substances that
required further attention under the CMP?;

2. Ongoing process for the identification of risk assessment priorities (IRAP),* which is
used to update our priorities for risk assessment on an ongoing basis (i.e., post-2006
process to identify “new” priorities); and

3. Approaches for conducting risk assessments under the CMP (Risk Assessment
Toolbox).*

At present, these do not substantively incorporate NAM. However, conceptualized strategies (see
Section 2.1) have been described by others, which elaborate on the potential utility of NAM for
priority setting and risk assessment. Examples of these strategies, including the US
Environmental Protection Agency’s (EPA) Next Generation Compliance (Next Gen) project and
the Risk Assessment in the 21st Century (RISK21) Project, are summarized in Section 2.1. These
conceptual strategies are useful for presenting what types of NAM could be integrated into the
IRAP process or the Risk Assessment Toolbox, and are used to support decisions related to risk
assessment. However, HC and ECCC are ultimately looking to develop a roadmap that consists
of specific and practical applications that can be integrated into the above methodologies for
priority setting and risk characterization. An example of a specific tool, namely, a data-driven
framework for toxicity testing (Thomas et al. 2013), is presented in Section 2.2. This tool
illustrates the types of specific and practical applications that HC and ECCC envision for the
roadmap as we work towards our goals of integrating NAM that are fit for purpose for priority
setting and risk assessment under CEPA.

2.1  Conceptual Strategies for Incorporating NAM for Priority-Setting/Risk
Assessment

Health and Environmental Sciences Institute’s International Life Sciences Institute
RISK21 Strategy

The RISK21 strategy was developed by the Health and Environment Science Institute (HESI)
within the International Life Science Institute (ILSI) through collaboration with scientists from

’See Categorization of the Domestic Substances List: http://www.chemicalsubstanceschimiques.gc.ca/approach-
approche/categor-eng.php.

’See “Approach for Identification of Risk Assessment Priorities”:
http://www.chemicalsubstanceschimiques.gc.ca/plan/approach-approche/chem-pol-priori-eng.php.

* See The Risk Assessment Toolbox under the CMP: http://www.chemicalsubstanceschimiques.gc.ca/fact-fait/ra-
tool-outils-er-eng.php.
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multiple countries, representing governments, academic institutions, non-governmental
organizations, as well as industry® (Embry et al. 2014). The integrated evaluation strategy
outlines considerations that could be used for decision making at various stages in risk
assessment (i.e., from prioritization through to quantitative risk assessment). The process
includes problem formulation, as well as exposure and toxicity considerations (and their
intersection) in order to assess whether additional refinements are needed for a given risk
assessment decision (Embry et al. 2014). The exposure-driven risk assessment strategy uses the
concept of tiered information sources for both exposure and hazard, with increasing complexity
and resources necessary for higher-tiered assessments. The strategy encourages the use of the
appropriate tier that allows for the most efficient use of resources in order to arrive at a decision
that provides the necessary level of precision for the given decision context (Embry et al. 2014).
Embry and colleagues identify Tier O through to Tier 3 for hazard characterization, where the
TTCs and the (Q)SARs are considered for Tier O; in vitro assays with appropriate in vitro—to—in
vivo (IVIVE) extrapolation models for are considered for Tier 1; and in vivo apical endpoints
and MOA analysis are considered as information sources for Tiers 2 and 3, respectively.

Similarly, for exposure characterization, tiered approaches increase in complexity and resource
requirements. Examples of Tier 0 approaches included conservative estimates based on limited
information (such as physiochemical properties and uses). Exposure approaches for Tiers 1, 2,
and 3 include deterministic, probabilistic, and biomonitoring, respectively (Embry et al. 2014).
The strategy is reproduced in Figure B-1 in Appendix B. Of note, this fit-for-purpose philosophy
is also reflected in the CMP Risk Assessment Toolbox (GoC 2016).

US EPA Next Gen Project: A Framework for the Next Generation of Risk Science

In 2011, the US EPA began work on the Next Gen project, a framework to modernize and
develop a risk science paradigm that would incorporate the recent advancements in toxicological
and exposure methodology (US EPA 2014). The framework addresses problem formulation, risk
assessment, and risk management. Under the risk assessment phase, hazard identification, dose—
response assessment, and exposure assessment methods are proposed that make use of new
scientific tools and technologies. These include HTS assays and computational methods in
biology and toxicology (for hazard identification and dose—response assessment); IVIVE
extrapolation methods (for calibration of in vitro and human dosimetry); molecular and genetic
epidemiology (to identify toxicity pathway perturbations in population-based studies); and high-

> RISK21 Steering Team: http://www.risk21.org/?page_id=82.



performance mass spectrometry (to generate human exposure data for assessing risk) (Krewski et
al. 2014). This proposed strategy is reproduced in Figure B-2 in Appendix B.

New Methodologies in Strategies for Safety Assessment of Foods and Food Ingredients

A strategy for considering new methodologies in the assessment of novel foods, food
ingredients, and mixtures has been proposed by various scientists from academic and industry
groups in Europe. The strategy includes the use of (Q)SAR, TTCs, in vitro assays, and IVIVE
models, as well as considering integrated testing strategies based on adverse outcome pathways
(Blaauboer et al. 2016). This strategy is reproduced in Figure B-3 in Appendix B.

2.2  Example of a Specific NAM-based Tool

21 Century Data-Driven Framework for Tiered Assessment

A data-driven framework for toxicity testing, led by The Hamner Institutes for Health Sciences,
with input from various experts (including researchers from HC), was developed (Thomas et al.
2013). This work incorporated NAM in a tiered approach, with the potential for broad
international application across multiple regulatory agencies. The first tier of the proposed
framework incorporates the use of high-throughput in vitro assays to assign chemicals into
selective and non-selective MOAs. For both cases, in vitro assay concentrations (i.e., in vitro
bioactivity) are converted to applied doses through IVIVE. High-throughput exposure models are
then used to estimate human exposure, and a margin of exposure (MOE)-type metric is derived
by comparing these estimates with the in vitro bioactivity converted to an applied dose (Thomas
et al. 2013). Although the term MOE is used in the publication, in order to distinguish this type
of calculation from a traditional calculation of margin of exposure (which generally implies
adversity), it is frequently referred to as the bioactivity-to-exposure ratio (BER). If this BER is
above a certain established cut-off, no further testing is required and a reference value (e.g.,
reference dose) can be established based on the Tier 1 testing strategy. If the BER is less than the
cut-off, Tier 2 testing is undertaken. Tier 2 testing consists of short-term in vivo transcriptomic
studies for non-selective chemicals and targeted in vivo studies to confirm MOAs for selective
chemicals. Similarly, MOEs are derived and compared against an established cut-off value; if
below this value the substance proceeds to Tier 3—type testing, which consists of standard
guideline toxicity studies (Thomas et al. 2013). The flowchart for this framework is reproduced
in Figures B-4a and B-4b in Appendix B.

The US EPA’s National Center for Computational Toxicology continues to advance the
development of a multi-dimensional tiered strategy for NAM application, which includes the use
of high-throughput transcriptomics assays that have metabolic competence as an early screening
method.



Charge Question 1: Does the CMP Science Committee have input for HC and ECCC as
they move forward with developing a roadmap for new approach methodologies and

risk assessment modernization?

3.0 ldentification of Risk Assessment Priorities

As noted, a second objective for this meeting is to examine the Government of Canada’s current
methods used to identify priorities for risk assessment (Section 3.0) and identify NAM-based
tools that can be used to support, expand, and improve upon the current practices for priority
setting.

3.1 Historical and Current Process

The core of the risk assessment work currently being conducted on existing substances under the
CMP is comprised of the approximately 4,300 substances identified during Categorization. The
Categorization process was completed in 2006, and was based on information available at that
time. Figure 3-1 shows the criteria used by HC and ECCC to identify priorities during
categorization of the DSL.

23,000 substances on the
Domestic Substances List

(DSL)
A 4 Y
Greatest Potential Substances that are Persistent
for Human Exposure or Bioaccumulative
Inherently Toxic Inherently Toxic to
to Humans non-Human
Organisms
A4 l l

Screening Assessment

~— | ™~

No further action under
this program

Addition to Priority
Substances List (PSL)

Figure 3-1. Criteria used for categorization of the domestic substances list.



In addition to those criteria, HC also identified as priorities any substances that were identified as
posing a high hazard to human health (i.e., classified by another agency on the basis of
carcinogenicity, mutagenicity, developmental toxicity, or reproductive toxicity, as identified by
HC’s Simple Hazard Tool). More details on the approaches used can be found on HC’s and
ECCC’s Web sites.®

In the fall of 2009, a report on toxic substances prepared by the Office of the Auditor General
(OAG) highlighted the need for the program to keep current. The OAG report indicated that
“Given that scientific information and research is not static, it is important for Environment
Canada and Health Canada to keep up to date with new information regarding toxic substances,
such as hazard and routes of exposure” (OAG 2009). In 2011, the CMP Phase 1 Evaluation
Report provided further direction: “Develop and implement a formal process and/or criteria for
prompting reassessments of substances when new information becomes available” (Health
Canada 2011). In response to these reports, in 2014, ECCC and HC published the report,
“Approach for identification of chemicals and polymers as risk assessment priorities under Part 5
of CEPA”’ (IRAP), which outlined enhancements in the way new information was acquired,
evaluated, and incorporated into forward planning; and formalized the approach to identify risk
assessment priorities. The IRAP approach has been applied for two consecutive years, once in
2015 and once in 2016; the approach and results of the 2015 review are available on the
Chemical Substances website’.

The IRAP process is divided into three steps: Acquisition, Evaluation, and Action. Each step is
explained below.

Acquisition

Figure 3-2 shows the mechanisms for collecting information currently considered in the IRAP
approach. Data is collected on an ongoing basis and the review process considers all information
available for a given substance to use as the basis for a recommendation (i.e., risk assessment,
further data collection/generation, or no further work at this time). The IRAP approach is not
prescriptive in the data sources used, and it is anticipated that the data sources considered in
future review cycles will be expanded as appropriate. However, due to challenges with staying
abreast of new information for large inventories of substances such as the DSL, the data sources

e “Categorization of Substances on the Domestic Substances List” (http://www.hc-sc.gc.ca/ewh-
semt/contaminants/existsub/categor/index-eng.php); “How Were Substances on the DSL Categorized?”
(https://ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=5F213FA8-1&wsdoc=6FCF94B3-CD63-CE3A-4A08-
7764E4B847C6).

7 http://www.chemicalsubstanceschimiques.gc.ca/plan/approach-approche/chem-pol-priori-eng.php



currently included in the process are limited to those that are easily accessible— and are
typically compilations of international decisions, classifications or other tabulated data. This
limits the amount and type of emerging science that can be identified through the current process
as it is often available in the open literature and not in a database or Microsoft Excel format (e.qg.,
with Chemical Abstracts Service Registry Numbers (CAS RN) and results tabulated). Substances
that have been identified for no further work in one review cycle would be considered in a
subsequent review cycle should new information become available.
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Annual application of the Approach for Identification of Chemicals and Polymers as Risk Assessment Priorities
under CEPA 1999 (i.e_, IRAP)

Data sources include international hazard classifications and assessment activities, NPRI, international quantity data, etc.
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: Further data
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Figure 3-2. Mechanisms to identify priorities.
(Abbreviations: NPRI, National Pollutant Release Inventory; SNAc, Significant New Activity provision.)

DSL Inventory Update or other survey: Information-gathering initiatives, such as surveys
issued under section 71 of CEPA where Canadian quantities and uses are reported, identify
substances with high exposure potential or changing commercial status. This information can be
compared with hazard flags to identify substances of potential concern.

Emerging science and monitoring: Program scientists identify emerging science that suggests
that a substance is of concern. Monitoring conducted under the CMP is a source of Canadian
exposure data used to identify substances measured in humans or the environment. Consideration
of NAM data would fit under this mechanism.



Section 70: This section of CEPA requires stakeholders to provide information to ECCC when
the results reasonably support the conclusion that the substance is toxic or is capable of
becoming toxic, thereby identifying potentially hazardous substances.

Data from domestic and international organizations: A number of domestic and international
data sources are included in the review to identify hazard and/or exposure flags. For example,
substances with increasing releases to the environment can be identified using data from the
ECCC’s National Pollutant Release Inventory list. International hazard identification activity is
also tracked to see which substances are being prioritized for assessment elsewhere and which
substances have increased import/manufacture. To date, specific sources of information used in
the IRAP review include:

e Hazard classifications from international agencies (e.g., World Health Organization’s
International Agency for Research on Cancer (IARC))

e Classifications from the Globally Harmonized System (GHS) of Classification and
Labelling of Chemicals (for example, from ECHA’s harmonised classification and
labelling information)

e International lists of restricted and/or prohibited substances, or other international
priorities (e.g., substances of very high concern (SVHCs) from the ECHA Candidate
List)

¢ Notifications to HC concerning substances used in cosmetics

e Non-confidential data reported under the US EPA Chemical Data Reporting (CDR)
Rule

e Biomonitoring, environmental monitoring, and surveillance data

Review of decisions of other jurisdictions, including section 75: Regulatory decisions taken in
other jurisdictions are also used to flag substances of potential concern or review under section
75.

Issues flagged via ECCC’s New Substances program: The New Substances program receives
studies from New Substances Notifications that may flag concerns for other similar substances
that are in commerce in Canada. This data on analogues can also feed into the identification of
future risk assessment priorities.

Results of previous CMP assessment activities: Data used in previous or ongoing CMP
assessments that show high hazard may be relevant for other substances not currently identified
as priorities for assessment (e.g., analogues).

Significant New Activity Notice: When a Significant New Activity (SNAc) Notice is received
on a substance with a significant new activity provision, an assessment is triggered.

Evaluation: Staff at ECCC and HC conduct a periodic analysis of the information that has been
acquired. A series of factors are considered and weighed, and judgments are made on the relative
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importance of different flags. Evaluation can be complex because substances will have entirely
different types of information available, and prior activities on a substance are also taken into
account. Prioritization decisions are guided by a set of principles and considerations as outlined
in the IRAP Approach document (ECCC 2014).

Action: If a substance is identified as a candidate for further work, the following actions may be
taken:

1. Risk assessment
e The substance may be added to the current risk assessment workplan (for
example, similarity to substances in a group already scheduled, opportunity to
collaborate with others, urgency) or may be scheduled for future risk
assessment activity.

2. Further data collection/generation
e The substance may be included in future data collection activities if additional
information, alone or in conjunction with the aforementioned actions, would
be beneficial to determining the appropriate next step.
e Additionally, internal or external partners may be engaged to collect or
generate additional information (including research, monitoring, and/or
surveillance).

3. No further work at this time
e The hazard and/or exposure flags may not justify further work at this time.
These substances could be flagged in future IRAP cycles should new
information become available.

Generally, for a substance to be identified as a priority for risk assessment, the process would
identify flags for risk - that is, the presence of flags for both hazard and exposure in Canada. If
only hazard flags are identified (or if only international exposure data is available), the proposed
action would typically be to confirm Canadian exposure through further information gathering. If
the results of this information gathering indicate that there is a significant potential for exposure,
the substance would then be flagged for risk assessment in the following IRAP cycle.

3.2 Outcomes

The 2015 review identified 28 substances as candidates for risk assessment and 194 substances
for further information gathering.

Candidates for risk assessment were identified based on having strong indicators for both human
or ecological hazard and Canadian exposure. These substances have been recommended for

11



addition to existing CMP risk assessment plans, and in most cases, would augment groups of
substances that were already identified as priorities in CMP3.

Candidates for data gathering were identified based on their hazard and international exposure
indicators. They require further data gathering to determine whether they are priorities for risk
assessment. Generally, this is because the Canadian commercial status is uncertain. There are a
variety of options available to address the data needs including, but not limited to, their addition
to future section 71 surveys such as Inventory Updates or targeted surveys, and addition to
research and monitoring plans.

Historically, substances have been prioritized with an ecological concern when there is evidence
of inherent toxicity and persistence and/or bioaccumulation. However, in the 2016 IRAP review,
NAM data were used as an additional line of evidence to identify substances of potential
ecological concern. These data was used to flag substances for further data gathering where there
was potentially high potency and potentially high use quantity, regardless of any evidence of
persistence or bioaccumulation. More specifically, substances with a mechanistic alert flag,
experimental data indicating high toxicity and internationally high use quantities were prioritized
for data gathering. Although NAM data has been used within IRAP as one line of evidence to
identify substances of potential ecological concern, it alone has not been used within this
approach to identify substances for risk assessment.

3.3 Lessons Learned

The IRAP process continues to be adapted as experience is gained throughout the reviews. The
data sources used in the process are being monitored on an ongoing basis for updates, and the list
of sources is expanded as new sources are identified. Due to the labour-intensive nature of this
exercise, the most practical data sources are compilations or databases of international decisions,
classifications, or other tabulated data (e.g., US CDR or Canadian section 71 quantity data). As a
result, it has proven difficult to identify new priorities based on data published in literature. To
date, we have not developed a feasible process for reviewing individual scientific publications.
We are largely reliant upon other jurisdictions/organizations to review the literature and add to
the compilations or databases that we are already referencing, or to identify new substances as
priorities in their jurisdiction. Delineating a process by which we could identify and use
emerging tools and technologies to collect and collate individual pieces of information would be
beneficial to Canada in order to identify priorities for assessment.

In addition, although emerging science has become available to us in the form of databases (e.qg.,
results of HTS testing), which can be incorporated into the IRAP process, there is a need to seek
input on how best to interpret such results and apply them to identify new priorities for risk
assessment.

12



While hazard data is universal (i.e., toxicity is not typically dependent on location), exposure can
vary between countries. Although the IRAP process attempts to identify exposure flags for the
substances, it has been difficult to identify useful exposure information without further data
gathering (e.g., conducting a survey of use in Canada). Approaches for identifying exposure
information in Canada, or a surrogate for that data, would be helpful in making better
recommendations for risk assessment.

4.0 Priority-Setting Moving Forward

After completing the first two cycles of the IRAP process, refinements are being considered to
address some of the lessons learned and to improve the overall process. Refinements being
considered include: (1) systematic computational approaches to mitigate the labour-intensive
nature of the activity and, potentially, incorporate a systematic approach of ranking hazard,
exposure and risk; and (2) integration of NAM (from both an exposure and hazard perspective)
to better address chemicals that lack traditional data sources and to harness/make use of
emerging science.

4.1  Systematic Computational Approaches

In order to improve on the efficiency and effectiveness of future IRAP cycles, a more systematic
approach, with computational underpinnings, is sought. Collecting information from new and
emerging data sources could be facilitated using computational data collection techniques. From
this, a ranking approach could conceivably be applied to identify priorities for assessment
without relying as heavily on other jurisdictions/organizations.

In the past, systematic schemes have been developed for use in the existing substances risk
assessment program to support prioritization, including: (1) ecological (Robinson et al. 2004)
and human health criteria outlined for the DSL categorization process (i.e., SimHaz and ComHaz
(simple and complex hazard tools)) (Hughes, Paterson and Meek 2009); and (2) ecological
criteria outlined in the ECCC Ecological Risk Classification of Organic Substance Science
Approach Document (ECCC 2016). Another illustration is the priority-setting exercise that
informed the US EPA 2014 Toxic Substances Control Act Work Plan (US EPA 2012).

Specifically, one element of this systematic scheme involved assigning a score for each chemical
based on its hazard, exposure, and potential for persistence and/or bioaccumulation. The overall
approach is well documented and the individual prioritization decisions are transparently
described through the use of normalized scores.

As noted above, the current process used to identify new risk assessment priorities within the
existing substances risk assessment program has been performed manually, and is labour
intensive. Moving forward, we are seeking a more efficient and effective process using
systematic approaches. Some work has been explored by the departments to incorporate

13



automated data scrapping techniques and other computational tools (e.g., scripts that process the
data and calculate risk metrics) to facilitate the prioritization process. It is also envisioned that
NAM-based approaches could be integrated into these systematic approaches.

Charge Question 2: Does the CMP Science Committee have input for HC and ECCC for
using systematic approaches within IRAP? Are there specific computational approaches
that the Committee is aware of that could be used to lessen the resources required to
complete IRAP?

4.2  NAM to Help Facilitate Prioritization

As noted earlier, a key driver for the development of the IRAP approach was to formalize the
program’s approach for IRAP. Incorporation of NAM into the IRAP process will allow for
improvements to the current methods for identifying hazard and exposure flags. Typically, the
generation of NAM information is less resource intensive than typical in vivo guideline studies,
and as such is being generated at an accelerated pace by a variety of organizations worldwide.
Because many of the existing substances in Canadian commerce have limited traditional data,
NAM provides the opportunity to identify priorities in the absence of traditional data. Outlined
below is an introduction to some approaches being considered moving forward for the
identification of new priorities for risk assessment (associated reading materials are also
provided). The overview serves as a primer on the current state of the Government of Canada
knowledge and experience to date in the area of NAM. The Committee is tasked with providing
input on the included examples; however, the Committee is also requested to expand the scope of
possibilities by identifying new approaches, methodologies, and considerations to improve the
current priority-setting process.

Exposure: As noted earlier, a limitation of the current priority-setting process is the availability
of tools that would facilitate the process of identifying exposure flags. Additional new screening
or testing methods would be beneficial for identifying new risk assessment priorities (e.g., target,
suspect and/or non-target screening methods). Non-target screening approaches present another
option for IRAP and/or for targeting future research or monitoring activities. Target screening
(semi-quantitative or qualitative screening) for known compounds with reference standards has
been used to obtain a quick overview of a large number of known contaminants (often in food
monitoring and residue analysis) to readily distinguish positive from negative findings below a
certain detection limit. Where a chemical is suspected to be present, this screening has also been
used to confirm the presence of such (e.g., suspected degradation products).

During non-target screening, no information on a given substance present in a sample is
available; rather, the information is derived solely from the chromatograms and mass spectra.

14



These new screening approaches have already been investigated using environmental samples
(e.g., drinking and wastewater, dust) (European Commission 2013; Ferrero et al. 2015; Krauss,
Singer and Hollender 2010; Miljo-Direktoratet 2013; Rager et al. 2016) and more recently, using
human samples (Plassmann et al. 2016). However, these methods also present labour-intensive
data evaluation processes, the need for further validation, and other strategies to narrow the
thousands of peaks identified in a single sample.

Other new approach methods for exposure may include the development of exposure ranges for a
given sub-population for common exposure scenarios (e.g., drinking water, cosmetics, food
additive, paints), investigation of other exposure models, and integration of data from various
exposure databases. This includes modelling exposures against a range of possible formulations
or concentrations based on historic uses or known compositional data, similar to work
undertaken by Isaacs and colleagues (2016) for personal care products, and exposure databases
such as the Chemical Product Categories Database (Dionisio et al. 2015). These approaches are
particularly useful when information on the concentration of a substance for a given use is
unknown but found in other jurisdictions. It may also include the ability to compare model
outputs against known exposures using human biomonitoring data for aggregated exposures to
help prioritize types of exposures, similar to work by the US EPA’s high-throughput exposure
forecast (ExpoCast™) computer model project and/or investigating other modelling approaches
(e.g., Stochastic Human Exposure and Dose Simulation [SHEDS]-L.ite exposure model) (US
EPA 2016). Lastly, the use of these *high-throughput exposure assessment’ outcomes could be
further explored, including the comparison of outputs to hazard HTS in order to prioritize
substances for further risk assessment as part of the IRAP process.

Charge Question 3: Does the CMP Science Committee have suggestions for NAM-based
tools that can be considered for further exploration for estimating human and
ecological exposure for the purposes of prioritization (IRAP)?

Hazard

In silico models (e.g., [(Q)SAR): In silico models are also a tool that can be integrated into the
IRAP process. In silico models currently inform how ecological priorities are selected under
IRAP. The identification of mechanistic alerts and high-potency profiling were conducted by
ECCC using chemical profiling software (called the ECCC Chemical Profiler). The ECCC
Chemical Profiler is a screening tool for persistent, bioaccumulating and toxic (PBT) substances
and mechanistic toxicity. It uses Simplified Molecular-Input Line-Entry System input to generate
a profile for a chemical based on:

1. structural alerts for mechanisms of toxicity,
2. (Q)SAR models, and
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3. available experimental data for selected endpoints.

Many of the relevant outputs from the OECD QSAR Toolbox (2015) and the Laboratory of
Mathematical Chemistry’s OASIS-CATALOGIC (2014) and OASIS-TIMES (2015) models are
incorporated into the ECCC Chemical Profiler software. Empirical data are collected from
databases available in the OECD QSAR Toolbox, as well as some custom databases from other
sources. The 2016 IRAP review cycle considered the following mechanism-based structural
alerts from the Chemical Profiler: protein and DNA binding, aryl hydrocarbon receptor binding,
and estrogen receptor and androgen receptor binding affinity. The US EPA’s Toxicity Forecaster
(ToxCast) data were not used to inform identification of priorities for ecological concern given
the difficulty with extrapolation to adverse outcomes.

Although not currently used for identification of human health hazard flags in the IRAP process,
HC has extensive experience applying (Q)SAR models as supporting information in human
health risk assessments under the CMP.

One proposed method for using (Q)SAR models would be to implement the recently developed
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH) M7 guideline for Assessment of DNA Reactive Impurities in Pharmaceuticals
(FDA 2015) into the IRAP process. The guideline recommends using two complementary
(Q)SAR methodologies to predict the bacterial mutagenicity of an impurity. According to the
guideline, one (Q)SAR methodology should be expert rule-based, and the second methodology
should be statistical-based. The absence of structural alerts from these two complementary
(Q)SAR methodologies is sufficient to conclude that the impurity is of no mutagenic concern,
and no further testing is recommended (FDA 2015). HC and ECCC recently published a new
methodology based on a chemical space approach that uses large, international toxicological
databases to improve confidence in (Q)SAR model predictions (Kulkarni, Barton-Maclaren, and
Benfenati 2016). Earlier, we developed a (Q)SAR consensus approach that integrates predictions
from a series of (Q)SAR models—each based on a unique predictive algorithm—to arrive at a
reliable prediction of mutagenic potential of a chemical (Kulkarni and Barton-Maclaren 2014).
As part of our international collaboration, we also built new (Q)SAR models designed for
specific classes of organic compounds and with higher predictivity for Ames mutagenicity
(Manganelli et al. 2016). Such approaches could be used to examine mutagenic-related hazard
flags, and subsequently prioritize these substances for either additional data gathering or as
candidates for risk assessment. We recognize that model validation is an important step in the
application of any new (or existing) predictive tool; thus, we performed validation exercises in
all of the new approaches or models that we have developed. Software that uses both types of
modelling approaches are currently used within the program, and examples are provided in Table
4-1. All models listed comply with the OECD (Q)SAR validation principles (OECD 2014).
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Table 4-1. Available (Q)SAR Models Used for Bacterial Mutagenicity Assessment

Model Name Methodology Type Reference

Derek Nexus (v4.1.0) Expert rule-based Lhasa Limited 2014
Sub-Model: Mutagenicity in vitro
(bacterium)

Toxtree (v2.6.13) Expert rule-based Ideaconsult Ltd.
Sub-Model: In vitro Mutagenicity 2015

(Ames test) by interstrain Istituto
superior di Sanita (1SS)
Leadscope Model Applier (v2.1) Expert rule-based Leadscope 2013
Sub-Model: Genotoxic Expert Alerts
Suite (bacterial mutagenicity)
Leadscope Model Applier (v2.1) Statistical-based Leadscope 2013
Sub-Model: Microbial In vitro Gene
Mutation (salmonella)

OASIS-TIMES (v2.27.19) Hybrid (expert rule—based + | Laboratory of

Sub-Model: Ames Mutagenicity S9- statistical-based structure Mathematical

Activated feature recognition) coupled | Chemistry 2015

with a metabolic simulator

MultiCASE CASEUItra Statistical-based MultiCASE Inc.

(salmonella mutagenicity mixed-strain 2015

model)

MultiCASE CASEUItra Expert rule-based MultiCASE Inc.

(expert rules for bacterial 2015

mutagenicity)

ACD/Percepta Statistical-based Advanced

(salmonella Ames model) Chemistry
Development, Inc.
2016

CAESAR Statistical-based VEGA 2015

(salmonella Ames model)

The examples given in Table 4-1 focus on mutagenicity prediction; however, for other endpoints
of interest for priority setting, there are other models available. Rybacka and colleagues (2014)
evaluated the utility of freely available and commercial predictive models to prioritise toxicity
testing of low-volume industrial chemicals under ECHA’s European Regulation on Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH) program. The endpoints
related to classification and labelling are discussed, including carcinogenicity, mutagenicity, and
reproductive toxicity. During their validation analysis, reliable predictions were obtained for
carcinogenicity; however, other endpoints (such as reproductive toxicity) were determined to be
less reliable. Overall, more guidance for submitters was necessary in order to incorporate the
tools for REACH (Rybacka, Ruden, and Andersson 2014). As part of our collaborative
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endeavours, we have also worked on developing approaches to build confidence in the use of
predictive tools for complex endpoints, such as developmental toxicity (Marzo et al. 2016).

High-throughput in vitro assays: High-throughput in vitro assays are used to rapidly generate
concentration—response curves for a range of biological activity, across a broad range of
concentrations, for large numbers of compounds. An example of such an initiative to generate
this type of data is the US EPA ToxCast program. To date, the combined efforts of ToxCast and
the Toxicology in the 21st Century (Tox21) consortium® have tested over 8000 chemicals.

Perhaps one of the most developed approaches for applying the high-throughput in vitro assays
to inform a regulatory program is the recent development of the ToxCast-based Estrogen
Receptor (ER) Bioactivity model for use in the US EPA Endocrine Disruptor Screening Program
(EDSP). Briefly, the results from the 18 ToxCast ER assays are integrated into a computational
model that can discriminate bioactivity from assay-specific interference and responses related to
cytotoxicity (Browne et al. 2015). The model provides a score, ranging from 0 (inactive
substances) to 1 (bioactivity for 17p-estradiol). A score of 0 is considered “inactive”; 0-0.1,
“inconclusive”; and >0.1, “active.” The ER Bioactivity model results for tested chemicals are
available online.® This model was evaluated against a set of reference chemicals for which
guideline-type studies were available for the in vivo uterotrophic assay, and it was shown to be
highly predictive (Browne et al. 2015). After discussion at various scientific advisory panel
meetings, the EPA “intends a future recipient of an EDSP test order to be able to satisfy the
screening requirement for ER, ERTA [estrogen receptor transactivation], and uterotrophic in one
of three ways: (1) cite existing ToxCast ‘ER Model’ for bioactivity data as ‘other scientifically
relevant information’ (where available); (2) generate new data relying on the 18 ER high-
throughput assays and the ToxCast ‘ER Model’ for bioactivity; or (3) generate their own data
using the current Tier 1 ER binding, ERTA, and uterotrophic assays” (US EPA 2015). Therefore,
the intent is to accept the ER Model as an alternative for select Tier 1 assays. Development
continues on other ToxCast-based models, including the androgen receptor (AR), steroidogenesis
(STR), and thyroid (THY) bioactivity models for the EDSP program (US EPA 2015).

Exploratory work has also been conducted on developing a ToxCast bioactivity—based model for
predicting hepatotoxicity. Liu and colleagues (2015) examined ToxCast in vitro bioactivity and
molecular structure along with other descriptors to examine associations with in vivo
hepatotoxicity in order to develop a model to predict chronic hepatotoxicity in rats.

® Tox21: https://ncats.nih.gov/tox21/about.
° EPA EDSP 21 Dashboard: https://actor.epa.gov/edsp21/.
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Health Canada is considering incorporation of the ER Model results as a hazard flag, and if
significant exposure flags are also present, the substances could potentially be considered as a
candidate for additional data gathering or risk assessment. As other models based on in vitro
bioactivity become available, they could also be incorporated within the IRAP process.

ECCC is also interested in scoping the applicability of HTS data and results from the EPA ER
model to inform ecological assessment initiatives. While it is recognized that most data from the
US EPA ToxCast and the Tox21 programs are based on human health lineages, using all
available information (including mammalian data) may facilitate the discovery and
understanding of mechanisms of action of ecological relevance, thereby targeting the most
appropriate organisms for testing (ECETOC 2007; Worth et al. 2014).

A number of NAM-based approaches and tools have been summarized by the European
Commission in a recent report on alternative methods in regulatory toxicology (Worth et al.
2014). Many NAM described therein have shared human health and ecological applications;
however, to date, they been primarily developed from a human health perspective. There is an
opportunity to build on the current work and consider how these NAM can be used to inform,
improve, and accelerate ecological prioritization and risk assessment goals over the short term
(i.e., CMP3) and longer term (post-2020).

Two promising NAM from an ecological perspective include the TTCs and the Adverse
Outcome Pathway (AOP) framework. The TTC approach is based on the premise that there is an
exposure limit for chemicals below which no significant risk to the environment is expected.
These thresholds can be set using different data sets, and there may be application for in vitro
screening data sets to be useful in this regard. The AOP framework imparts biological
understanding and relevance to mechanistic endpoints that are usually measured at the gene or
cell levels. Essentially, AOPs construct a plausible linkage between a molecular-initiating event
and an adverse outcome at a biological level of organization relevant to risk assessment.

Work on the suitability of these NAM-based approaches to the ecological context is ongoing
through the OECD and other bodies. The Committee envisions that (Q)SARSs and in vitro screens
will become a fundamental part of the approaches, particularly as there is an increasing focus on
considering “mechanisms of action” in hazard assessments. Consequently, the ability to reliably
make IVIVE models to ecological species (e.g., fish) is an important component in any
ecological prioritization or assessment roadmap that incorporates in vitro data.

Charge Question 4a: Does the CMP Science Committee have suggestions for NAM-
based tools that can be considered for hazard identification for prioritization (IRAP)?
How might these NAM be incorporated in the decision points of the IRAP process?

19



Charge Question 4b: Given that biological pathways are often conserved across species,
does the CMP Science Committee have input on how human health—-based NAM can
inform ecological IRAP approaches and vice versa?

Charge Question 4c: Considering the hazard NAM identified by HC and ECCC and those
identified by the Science Committee (Question 4a), what near-term opportunities and
challenges are associated with the implementation of NAM for the identification of new

priorities for risk assessment?

Risk-based Ranking

Using in vitro assays and in silico tools together as a method for identifying hazard flags could
also be an important approach for refining the IRAP process. However, the presence or absence
of an in vitro hazard flag alone does not provide a complete picture for risk-based prioritization.
The in vitro assays, when examined alone, do not provide an indication of what exposures would
be necessary to induce the change in observed bioactivity. Likewise, with the mentioned (Q)SAR
models, these alone do not provide information on dose response for the respective hazard flag.
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One promising risk-based metric would be the BER approach (as described in Section 2.2) that
uses in vitro bioactivity extrapolated to an applied dose through IVIVE models and compares it
against an exposure estimate. For the purposes of IRAP, if the required data is available for
deriving a BER, then the magnitude could be used as method for prioritizing substances for
either additional data gathering or candidates for higher tier risk assessment. In Figure 4-1, the
distance between bioactivity and the estimated exposure (i.e., the BER) dictates if the chemical is
a priority for further work. It is also envisioned that where the BER exceeds a large cut-off

Bioactivity } r ’
Exposure > > >
No No Low Med Higher

Priority (Hold) Priority (Hold) Priority Priority Priority
(suggesting low hazard potential and low potential for exposure), the approach could serve as a
broad-based assessment approach consistent with a Type 2 approach within the CMP Risk
Assessment Toolbox. This low-tier assessment approach is being explored as an element of the
broader risk assessment roadmap.

mg/kg BW/day

Figure 4-1: Determining the level of priority or concern based on the distance (i.e., the
BER) between the bioactivity (converted to a dose) and the estimated exposure.
(Source: adapted personal communication from D. Dix, US EPA, October 2014, unreferenced.)

Charge Question 5a: Does the CMP Science Committee have suggestions for NAM-
based tools that can be considered for developing risk metrics for prioritization (IRAP)?
How might these NAM be incorporated in the decision points of the IRAP process?
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Charge Question 5b: Considering the risk metric NAM identified by the departments
and those identified by the Science Committee (Question 5a), what near-term
opportunities and challenges are associated with the implementation of NAM for the
identification of new priorities for risk assessment?
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Increasing resources and refinement

Appendix B: Hlustrations of Existing Frameworks/Strategies

H Risk? Safety?

e
\ 4
w

x

\ Y

!
z :
s 10
g 100
i i
0.0001 0001 0.01 01 _ 1 10 100
Low 0 High
Estimate of Exposure (mg/kg)
Exposure? ') Problem
= | cormulton

¥ Environmental background
¥ Consumer Uses
v Industrial Uses

Estimale based on
| samples from exposec <= i Dose-response for mode
individuals 5 of action, Key Events
E Dose-Response
0:3 Framework (KEDRF)
Detailed use 5 )
Knowled s Apical
' mum:.-onlﬁe -g ' endpc’ints
Use exposure specifcally rélevant to >
m;gﬂmm o S Prediclive assays plus
exposure route, 2 in vitro to in vivo
sl 2 extrapolation (IVIVE)
fate, volume, Minimal information, such as =
release, and physical-chemical properties and 2 Structure & activity relationships
specific-use use knowledge. Estimate may 7] plus existing databases such as
information include * 3 Threshold of Toxicological
Q
=

Concern (TTC)

Figure B-1. General conceptual framework of the RISK21 approach.

(Source: reproduced from Embry et al. 2014).
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Figure B-3. Evaluation roadmap for safety assessment of food and ingredients.

Numbers represent the flow; solid blocks with blue arrows represent the main stream. The
information provided by the blocks with green arrows is related to exposure. The dotted blocks
are “outcomes” of the previous blocks; dotted lines are feedback routes, and may provide
additional information to (re)consider next steps.

(Source: reproduced [open access] from Blaauboer et al. 2016).

Abbreviations: ADME, absorption, distribution, metabolism, and excretion; AOP, adverse outcome pathway; HTS,
high-throughput screening; MoA, mode of action; PBDK, process-based domain knowledge; PBBK, physiologically
based pharmacokinetic (model); (Q)IVIVE, quantitative/qualitative in vitro—to—in vivo (extrapolation models);
(Q)SAR, quantitative/qualitative structure—activity relationship; RDI, recommended dietary intake; SPR, surface
plasmon resonance (biosensors); TTC, threshold of toxicological concern.
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New and Legacy Chemicals with

Minimal Toxicity Data

|
T
*

4 Il ! Tier 1 Testing )
In Vitro Assays for In Vitro Assays for
Genotoxicity Bioactivity
I Human In Vitro
v v v Pharmacokinetic Assays
Nonselective, Nonselective, Selective-Acting and IVIVE Modeling
Nongenotoxic Chemicals Genotoxic Chemicals Chemicals II
Define Tentative Mode-
of-Action
l Conservative First
1 - Order Human Exposure
Estimate Point-of- Estimate Point-of- Estimate Point-of- Characterization
Departure Departure Departure
MOE > ‘X'
\!
Tier 1
Reference
Values MOE < ‘X' MOE < ‘X’ MOE < X’
v v v

Figure B-4a. Flowchart outlining Tier 1 in the proposed framework.
Green boxes illustrate Tier 1 data package that includes experimental data and computational
modelling results that serve as inputs into the framework. Yellow boxes are separate chemical
categories determined by the in vitro genotoxicity assays and the high-throughput in vitro
screening assays. For the selective chemicals, the red box represents the determination of the
tentative MOA based on which high-throughput in vitro assays were selectively activated or
inhibited. Blue and orange boxes represent the estimation of the point of departure and MOE
using additional pharmacokinetic and exposure information, respectively. For those chemicals
with an MOE greater than a defined cut-off, no further testing is performed, and Tier 1 reference
values are published. Chemicals with an MOE less than the cut-off advance to Tier 2.

(Source: reproduced [open access] from Thomas et al. 2013).
Abbreviations: IVIVE, in vitro-to—in vivo; MOE, margin of exposure.
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Figure B-4b. Flowchart outlining Tier 2 in the proposed framework.

Green boxes illustrate the Tier 2 data package that includes experimental data and computational
modelling results that serve as inputs into the framework. The chemical categories determined by
the in vitro genotoxicity assays and the high-throughput in vitro screening assays are retained
from Tier 1. For the selective chemicals, the light blue box represents the determination of the
human relevance of the MOA. The blue and orange boxes represent the estimation of the point of
departure and MOE using expanded pharmacokinetic and exposure information, respectively.
For those chemicals with an MOE greater than a defined cut-off, no further testing is performed,
and Tier 2 reference values are published. Chemicals with an MOE less than the cutoff are
advanced to Tier 3.

(Source: reproduced [open access] from Thomas et al. 2013).
Abbreviation: MOE, margin of exposure.
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