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Presentation Points

1) Alternative toxicity testing approaches
as a possible solution to the EHS
information gap

2) Overview of validation
3) The need for 215t century validation




Current EHS Information on Chemicals

“the too-many chemicals problem”
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Currently, 
For most Chemicals on the market, we  have little toxicological data, there are 1000s of chemicals that we need more information on
This is partly to do with the way that current chemicals regulations are set up and the fact that traditional toxicity testing cannot fill the information gap quickly enough. 

Traditional Toxicity Testing
Usually Focuses on animal testing (in vivo) where the species through dermal, oral, or inhalation is exposed to the chemical
It is a Descriptive approach rather than mechanistic
For example, an animal may be sacrificed to examine certain tissues for damage. But the underlying cellular or biomolecular process that leads to that damage might not indicated. 
Expensive
Lengthy tests
Typically several months and even years

So we need a new toxicological paradigm to deal with the “too-many chemicals problem” and gain more information to effectively manage risk



A New Paradigm of Toxicity Testing

A vision that advocates methods and
approaches that

(1)decrease the use of traditional in vivo
methods and use fewer animals,

(2) increase the number of materials
that can be tested or screened,

(3)reduce the time and cost of testing
and screening, and

(4)maintain predictive capability.
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To approach the problem of having so many materials untested the National Research Council in their book Toxicity Testing for the 21st Century: a Vision and a Strategy proposed a vision of developing alternatives testing strategies. 

This vision supported a plan to 
- decrease the use of traditional in vivo methods and use fewer animals,
 -increase the number of materials that can be tested or screened, 
- reduce the time and cost of testing and screening, and 
maintain predictive capability. 

This book provided researcher and decision makers with a goal to create a new predictive paradigm




Alternative Testing Technologies as a
Possible Solution

In Vitro In Silico Intermediate In Vivo

http://www.cein.ucla.edu/new/p15.php?pagelD=186
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Alternatives to whole animal testing (particularly mammalian), including refinement, replacement, and reduction of animal models 
In vitro methods (high throughput, mechanistically based, etc.): Cellular based
In silico methods (QSARs etc. ): computer based models
Intermediate in vivo assays (zebrafish etc.): non-mammalian based tests 
 
Emerging toxicity testing technologies increasingly look at the cellular or bio-molecular injury endpoints and then examine the underlying cause of that injury-> which is the mechanism of injury and the toxicological pathway. 

Advantages is that is can be done quicker and at less cost, and with less animals



When is a test method ready for
regulatory use?

Research and Regulatory
Test Validation Acceptance
Development and Use
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Is the science “ready”? Can it be relied upon?
There are a number of considerations in answering this and we mainly want
Confidence in the results
What is the technical quality of the test method?
What is the scientific relevance?
What is the correlation with reality?
What is the predictive capability of the test method?
Ability to apply to other chemicals
Ability to test in other laboratories

Validation attempts to answer these questions

New test methods undergo validation to assure that they employ sound science and meet regulatory needs.



Definition of Validation

The OECD Definition of Validation:

“the process based on scientifically sound
principles by which the reliability and relevance
of a particular test, approach, method, or
process are established for a specific purpose.”

OECD SERIES ON TESTING AND ASSESSMENT No 34, Development, Validation and Regulatory Acceptance of New and Updated
Internationally Acceptable Test Methods in Hazard Assessment, ENV/JM/MONO(2005)14
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Confusion Over use of the Term Validation
Used informally: Internal performance parameters of a method without referring to the intended purpose/use
Ring-tests: A multi-laboratory validation study in which all laboratories test the same substances using identical test protocols, often used for eco-toxicity test method validation. The purpose of the study is to determine inter- and intra- laboratory reproducibility of a test method. Sometimes used interchangeably with round-robin test”
OECD guidance on validation
Specific validation procedures and/or institutions

Read OECD Definition, Organization for Economic Co-Operation and Development

Reliability: the extent of reproducibility of results from a test within and among  labs over time, using the same standardised protocol. (independent of the observer)
The relevance the extent to which the test method correctly measures or predicts the (biological) effect of interest, as  appropriate. 

The validation process is intended provide independent confirmation that an alternative method provides information for a regulatory purpose(p.12) 

Validation studies have be performed by a variety of groups including
Under the guidance of the OECD
Sponsored by countries
Validation institutions


US Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM)

Federal

/[ Agency

Federal Federal
Agency Agency

ICCVAM

Federal Federal
Agency Agency

Composed of the heads of 15 federal
agencies [ § 285/-3 (c)]

ICCVAM Authorization Act of 2000, Pub.
L. No. 106-545, § 4(e), 114 Stat. 2721
(2000) (codified at 42 U.S.C. §§

201, 285I1-4(e) (2006))
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Permanent interagency committee of NIEHS under NICEATM through the ICCVAM Authorization Act of 2000

Committee of fifteen Federal agencies 
Facilitates interagency and international harmonization
Provides guidance on validation criteria and studies (Adopted OECD Validation Criteria)
Facilitates acceptance of validated test methods by Federal agencies
ICCVAM does not conduct validation studies
ICCVAM relies on stakeholders to carry out alternative test method research, development, and validation studies. ICCVAM's stakeholders include:
U.S. Federal agencies that generate, require, or use toxicological data
Agencies within governments of other countries that use or generate toxicological data
Researchers and Institutional Animal Care and Use Committee (IACUC) members in companies or research institutions that perform toxicological testing
Companies that develop toxicological tests
Animal welfare organizations
Consumer protection organizations
The public
ICCVAM is charged with reviewing and evaluating “new or revised or alternative test methods, including batteries of tests and test screens, that may be acceptable for specific regulatory uses, including the coordination of technical reviews of proposed new or revised or alternative test methods of interagency interest.” [§ 285l-3 (e)(1) ] 



The ICCVAM shall be composed of the heads of the following Federal agencies (or their designees): (1) Agency for Toxic Substances and Disease Registry; (2) Consumer Product Safety Commission; (3) Dept of Agriculture; (4) Dept of Def; (5) Dept of Energy; (6) Dept of the Interior; (7) Dep of Transportation; (8) EPA; (9) FDA; (10) NIOSH; (11) Natl Institutes of Health; (12) Natl Cancer Institute; (13) Nat Institute of Environmental Health Sciences; (14) Natl Library of Medicine; (15) Occup Safety and Health Admin; (16) Any other agency that develops, or employs tests or test data using animals, or regulates on the basis of the use of animals in toxicity testing.( § 285l-3 (c))



http://web2.westlaw.com/find/default.wl?mt=208&db=1077005&docname=UUID(I54D4499ED0-1744AB97709-01C138DDC13)&rp=/find/default.wl&findtype=l&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&pbc=1A4854E2&rs=WLW13.10
http://web2.westlaw.com/find/default.wl?mt=208&db=1077005&docname=UUID(I54D4499ED0-1744AB97709-01C138DDC13)&rp=/find/default.wl&findtype=l&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&pbc=1A4854E2&rs=WLW13.10
http://web2.westlaw.com/find/default.wl?mt=208&db=1077005&docname=UUID(I54D4499ED0-1744AB97709-01C138DDC13)&rp=/find/default.wl&findtype=l&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&pbc=1A4854E2&rs=WLW13.10
http://web2.westlaw.com/find/default.wl?mt=208&db=1000546&docname=42USCAS201&rp=/find/default.wl&findtype=L&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&pbc=1A4854E2&rs=WLW13.10
http://web2.westlaw.com/find/default.wl?mt=208&db=1000546&docname=42USCAS201&rp=/find/default.wl&findtype=L&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&pbc=1A4854E2&rs=WLW13.10
http://web2.westlaw.com/find/default.wl?mt=208&db=1000546&docname=42USCAS285L-4&rp=/find/default.wl&findtype=L&ordoc=0379901221&tc=-1&vr=2.0&fn=_top&sv=Split&tf=-1&referencepositiontype=T&pbc=1A4854E2&referenceposition=SP;7fdd00001ca15&rs=WLW13.10

What is the impact of ICCVAM'’s test
recommendations?
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ICCVAM can decide that a test method is not ready to be recommended  to a federal agency or that more research and development is necessary, or a revised validation study is needed.  

test recommendations =summary report prepared by the ICCVAM characterizing the results of a scientific expert peer review of a test method) [§ 285l-3 (e)(4)]. 

Within 180 days of receiving a test recommendation, the Federal agency will review the recommendation and notify the ICCVAM in writing of its findings. § 285l-4(d)]. 
Scientific rigorous methods are always expected and required. 
However, the statutes does not required agency approval or adoption. 
The Agency must adopt the test recommendation unless the agency determined that

not biologically relevant to the regulatory goal 
the data generated is not at least equivalent to the data generated prior to such recommendation, 
 the agency does not employ, recommend, or require testing for that class of chemical or for the recommended test endpoint; or
 (4) the ICCVAM test recommendation is unacceptable for satisfactorily fulfilling the test needs for that particular agency and its respective congressional mandate.” [§ 285l-4(e)]

As a result of the efforts of ICCVAM, 63 safety-testing methods have been accepted internationally and nationally, including 38 that do not use live animals. 
http://iccvam.niehs.nih.gov/



Criticisms of Institutionalized
Validation

* “time consuming, low throughput, and
expensive.”

e Rigidity: Anchors the test and discourages
further developments

e Using animal studies as the “gold standard”

e Does not address the needs of federal
agencies

Richard Judson et al., (2013) Perspectives on Validation of High-Throughput Assays Supporting 21st Century Toxicity Testing. ALTEX 30, 51-66, p.52

Thomas Hartung, (2010) Lessons Learned from Alternative Methods and Their Validation for a new toxicology in the 21st Century, Journal of Toxicology &
Environmental Health, Part B, 13:277-290, p.284

Thomas Hartung et al., (2013) Food for Thought—Mechanistic Validation, ALTEX 30, 119-130, p.127
Marcel Leist, Validation and quality control of replacement alternatives — current status and future challenges, Toxicol. Res., 2012, 8-12, fig.3
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The validation process is time consuming but so is the process of regulatory acceptance. These methods are not being validated and adopted quickly enough. 
Rigidity: anchors the test and discourages further developments especially when accepted. That new method may become the gold standard and changes may be difficult. 
Using animal studies as the “gold standard” 
New methods are usually compared with animal tests or traditional tests
This Assumes pre-existing tests are “better” and that the animal test correlates with reality
Some alternatives methods are not designed to replace an animal methods so comparison is difficult (such as with testing batteries that do not model an animal study)
But they might provide valuable information, especially when the models is based on biological and chemical relationships at the mechanistic level, 








The Need for 215t Century Validation

Innovation.luskin.ucla.edu/nano
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Need a different process to more effectively further alternative testing methods
Takes into account mechanistic aspects of the assay and the role of the assay in the test strategy. 
Flexibility in the validation process for different purposes (prioritizing versus risk assessment)
Less time and resources



Mode of action = a functional or anatomical change, at the cellular level, resulting from the exposure of a living organism to a substance. In comparison, a mechanism of action (MOA) describes such changes at the molecular level.  A mode of action is important in classifying chemicals as it represents an intermediate level of complexity in between molecular mechanisms and physiological outcomes, especially when the exact molecular target has not yet been elucidated or is subject to debate. 

Adverse Outcome Pathway (AOP) is an analytical construct that describes a sequential chain of causally linked events at different levels of biological organisation that lead to an adverse health or ecotoxicological effect 

Increased use of reference chemicals. 

As a result of the efforts of ICCVAM, 63 safety-testing methods have been accepted internationally and nationally, including 38 that do not use live animals. 
http://iccvam.niehs.nih.gov/




The type and purpose of a Test

method
Types of Test Methods
Screening test method .
Definitive test method .
Adjunct test methods .
Replacement test method .

Test battery

Purposes of test methods

Prioritization
Comparison
Hazard Assessment

Risk Assessment
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Movement beyond thinking of a one-to-one replacement for an animal method. Currently Validation is supposed to differ depending on a number of factors. For example the OECD has highlighted some fey factors that impact the validation study.  

Regulatory agencies are required by statute to use toxicology test information for a variety of purposes and these requirements are not uniform. Important to keep in mind the role of the test method & its intended use or purpose.
• A screening test method is a rapid, usually simple test performed for the purposes of prioritizing or grouping substances in general categories of potential modes of action. The results from screening tests are generally used for preliminary decision making and to set priorities for additional and more complex tests.  Can be combined with other tests in tiered fashion to provide hazard/risk assessments. 
• A definitive test method generates sufficient data to characterise the specific hazard of the substance without necessarily needing additional testing. Can be combined with other information so the definitive test results do not stand alone. 
• An adjunct test method provides data that add to the data set or help interpret the results of other test methods to assist the assessment process (e.g., toxicokinetics of an animal carcinogen to interpret the carcinogenicity findings in different species). 
• A replacement test method is designed to replace an existing test method, whether it is a screening or definite test. 
• A test battery comprises a number of test methods that are generally performed at the same time or in close sequence (e.g., genotoxicity test battery). Each test method within the battery is designed to complement the other test methods such as measure a different endpoint or mechanism. Component test methods of test batteries are treated as individual test methods for validation purposes and it is necessary to demonstrate that the combination of test methods produces reliable and relevant results and is more effective than the individual tests. 



A New Vision and Direction for
ICCVAM

NTP, Draft, “A New Vision and Direction for ICCVAM”
(2013)

 Main change is to have member agencies take a more active role

e This will be achieved through changes in the
submission/nomination process. An assay would now have to be
supported by one federal agency who takes on the role of ‘sponsor’
for the proposed project.

e Focus on projects with expectation of short term success (1-5 years)

 Acknowledgement that validation needs to be re-considered for
integrated testing strategies, in silico and in vitro approach for
screening and prioritization- however, the role that ICCVAM will
play in these paradigm shifts is unclear.
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Specifically, this document discusses (1) ICCVAM priority setting and areas for scientific focus for immediate resource investment; (2) plans to improve communications with stakeholders and the public; and (3) exploration of new paradigms for the validation and utilization of alternative toxicological method

Driven by the partner regulatory agencies- so that the agencies that will ultimately implement the test methods will be more involved and therefore more likely to be accepted and adopted by that regulatory agency. 

“The ICCVAM Authorization Act acknowledges that some alternative test methods promoted by ICCVAM, while deemed valid, may not meet specific needs of a regulatory agency. With ICCVAM regulatory agencies taking ownership of the process, there should be a better match between the alternative test methods validated and the tests required to meet regulatory guidelines.”




Linda S. Birnbaum, Editorial, 15 Years Out: Reinventing ICCVAM, Environ Health Perspect. 2013 February; 121(2): a40., http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3569695/



Moving Forward

Test methods are not one size fits all
Type of testing that is appropriate depends on
the regulatory decision

— |Is the goal to screen chemicals? To prioritize? Conduct
a comprehensive risk assessment?

Is a “full” validation necessary for every test
method?

How think about re-review, re-iteration (for new
purposes, new scientific information etc.)?
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Test method may only be applicable to a subset of chemicals, may be applicable only for a specific regulatory purpose, may need specialized equipment etc.

Validation is done on a case-by-case basis
Flexibility
Time
Sponsorship (agency involvement)
Transparency
What do regulators need?
Resource constraints



Considerations

 What is quality science?

* When is the science “good enough” to be
used in regulatory decision making?

e Who gets to decide?
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I’m going to leave you will some questions to ponder about the test recommendations set forth by ICCVAM. 
These chemicals are in the market now so taking no action is still an action. 
Important to move forward and fill the information gap
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Thank you to everyone involved in this work
And to all those involved in the conference
If you have any detailed questions, I would be happy to answer them
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