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Alternatives to Revising the Current Battery (cont)

2.

Retain the current battery while working to 

incorporate molecular tests to detect 

mutagenicity.

A National Toxicology Program for the 21

st

Century.

High

-

throughput and computational 

toxicology approaches.

Collins et al. (2008) Science 319:906

.


I am Anita Bigger, an Expert Regulatory Pharmacologist in the area of genetic toxicology in the Division of Antiviral Products in the CDER at the FDA. 
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This is a joint presentation with major input from Dr. Kerry Dearfield, Scientific Advisor for Risk Assessment with the USDA and Dr. Michael Cimino, Genetic Toxicologist with the USEPA.  Both Dr. Dearfield and Dr. Cimino were unable to attend this Public Hearing but wished to have their opinions conveyed at the hearing.
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I’ll briefly summarize our expertise.  Between the three of us, we have over 80 years experience in the field of genetic toxicology.  I spent 18 years performing basic research into mechanisms of mutagenicity and carcinogenicity and was a study director for mammalian cell mutation assays.  I joined the FDA in 1993.  I was CoChair of the CDER Genetic Toxicology Committee from 1994 to 2006 and participated in the creation of the current S2 guidances.
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Kerry Dearfield performed basic research on the use of in vitro and in vivo genetic toxicology assays to study DNA damage by cancer therapeutic drugs.  He was at the EPA for 21 years before joining the USDA in 2005. 
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Michael Cimino spent 12 years performing basic research in cytogenetics and was a study director for in vivo cytogenetics tests.  He has been with the EPA for 24 years.  Both Dr. Dearfield and Dr. Cimino were major contributors to the development of the EPA mutagenicity test battery and are currently contributors to the EPA Mutagenic Mode of Action Framework.  Both are internationally recognized experts in genetic toxicology and are often invited as expert peer reviewers for genotoxicity issues.
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Short term genetic toxicology tests reached prominence in the 1970s.  Throughout the 1980s batteries of tests evolved.  By 1991, candidate assays for a battery had been winnowed down to a small group.  An EPA working group proposed a three test battery consisting of the Ames assay, an in vitro gene mutation assay that could be the mouse lymphoma assay or the in vitro chromosomal aberrations assay and, the 3rd element, an in vivo rodent cytogenetics assay.  This working group consisted of Kerry Dearfield, Michael Cimino, Angela Auletta and Martha Moore and I’d just like to point that three of this group are participating in this hearing.
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In 1997, the ICH S2B guidance was finalized.  This guidance recommends the same three test battery.

In 2006, Michael Cimino reported in his overview that the same three test battery was being used in regulatory agencies worldwide.

In 2008, the focus of the revised ICH S2 guidance is small molecule drug substances and does not include biologics as defined in the ICH S6 guidance.  This is an unreasonable limitation, since most chemicals will be tested by the same batteries regardless of their ultimate use.
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Option 1 is the same as the current battery with certain exceptions such as the addition of the in vitro micronucleus assay and lowering of the limit dose for the in vitro mammalian cell assays and change in the cytotoxicity level in the mouse lymphoma assay.  The last two changes will lower the sensitivity of the in vitro mammalian cell assays.

Option 2 is different.  It consists of an Ames test and two in vivo tests.  

This option eliminates the in vitro mammalian cell assays.  These are the assays that pick up the broadest range of endpoints.  Removing these assays will limit hazard ID

This option is likely to increase animal use and takes the battery in the opposite direction of the Replacement intention of the 3Rs to find alternatives to animal testing.  This is very important in the EU and also important in the US.
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In addition, the options for in vivo testing are severely limited.  The in vivo chromosomal aberrations assay and the in vivo micronucleus assay are the current validated tests.  They are similar, but not identical, in endpoint, as the micronucleus assay can detect aneugens plus clastogens but may not detect all types of chromosome aberrations (e.g. translocations).

This slide lists other in vivo tests.  Test guidelines exist for tests listed in the first 6 bullets.  Please note the highlighted portions of the text that indicate that many of these are now considered irrelevant or insensitive or are not commercially available.  

The 7th small bullet in that list addresses Other tests, such as the Comet assay and transgenics that are without generally-accepted guidelines and thus are not of immediate value.

The problem of available in vivo tests is exacerbated by the fact that there are a limited number of target organs validated for analysis in the in vivo tests. (Bone marrow, peripheral blood, testicular cells and liver are validated.)
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This slide addresses how aneuploidy is handled in the revised guidance.

The revised S2 guidance states that Option 1 does not include a required independent test designed specifically to test for aneuploidy.  This is true because tests such as the in vivo and in vitro chromosomal aberrations assays and the mouse lymphoma assay do not directly detect aneuploidy.  Polyploidy, detectable in the in vitro chromosome aberrations assay, is not aneuploidy.  It is important to be able to detect aneuploidy and a requirement for testing for aneuploidy should be added to Option 1.
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Why is the same battery used throughout the world?

It works the way it was designed to work.  The tests in the battery cover the full range of genetic damage possible in humans.
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Why is this battery being replaced in the revision of the ICH S2?

The driving force for this revision is the perceived high level of “false positives” generated by the in vitro mammalian cell assays.  In this case, false positive refers to the lack of a correlation with the results of rodent carcinogenicity bioassays.
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CDER has always regulated exclusively on a drug’s potential to induce cancer and has used the genetic toxicology tests early in drug development as a surrogate to predict carcinogenicity.  It is often stated that many drugs have been put on clinical hold because of “false positive” findings in the in vitro mammalian cell assays. However, it is important to note that the data to support this statement are collectible, granted not easily so.  However, the data have not yet been collected, much less analyzed.  This should be done before major changes are made to the current battery.
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How is the reasoning behind the revision of the ICH S2 flawed?

The battery was designed to detect mutagenic activity, not carcinogenic activity.  We have known since the 1980s that the concordance between battery and rodent bioassay is not impressive.  Therefore, it’s not a surprise that Kirkland and coauthors reached a similar conclusion in a 2005 publication.
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The use of the battery to predict only a drug’s carcinogenic potential ignores the potential for mutagenic compounds to cause heritable mutations and to contribute to other adverse health conditions.  The current battery captures the full range of mutagenic endpoints to predict all mutagenic adverse effects.  This will not be the case if the ICH S2 revisions are adopted.
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Problems in the details in the revised guidance.  I’ll summarize these briefly.

There seems to be little advantage to eliminating the concurrent positive control without activation when the activated study is conducted at the same time in the in vitro assays.

The use of only one sex in the in vivo genotoxicity tests should only be allowed after sex-specific differences in response to the drug have been thoroughly ruled out.
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Elimination of the concurrent positive control for every in vivo assay once the lab has proven its competency can be problematic if there are new issues in the lab (new technician, new source of animals, new batch of vehicle), plus this violates existing OECD and EPA guidelines.
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For the in vitro micronucleus test, the methods for measuring cytotoxicity  are controversial as the choice may lead to possible lowering  of the upper limit of dosing which will affect the sensitivity of the assay.  US approval is pending

Micronuclei may be induced by changes in temperature without the administration of a genotoxic agent.  However, as long as the environment is controlled and animal care is appropriate, chemical-induced changes in body temperature in the in vivo micronucleus assay do not invalidate a positive result of the test since the chemical has caused both effects.
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First, we believe that improved interpretation of battery results can resolve the issue of “false positives” in the current battery.  A number of efforts have provided guidelines for interpretation and follow-up strategies.  These include a CDER guidance and the consensus reports from two IWGT working groups.
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Other efforts are ongoing, including WHO/IPCS and ILSI/HESI working groups.
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In addition, a number of CDER reviewers believe that these efforts have resulted in improved interpretation of battery results and that clinical holds have been reduced.  Tim Robison spoke of the experience in his division in his earlier talk at this public hearing. 
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A recent publication by Francis Collins outlined the National Toxicology Program for the 21st Century that is studying the possibility of using high-throughput and computational toxicology approaches.  We recommend retaining the current battery while working to incorporate molecular tests to detect mutagenicity as suggested by the National Toxicology Program for the 21st Century.
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With Input From

Kerry Dearfield, Ph.D.

Scientific Advisor for Risk Assessment

USDA/FSIS/OPHS

and

Michael Cimino, Ph.D.

Genetic Toxicologist

USEPA/OPPTS/OPPT/RAD/SSB
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Our Expertise

•

Dr. Anita Bigger

–

Internationally recognized expert in scientific and 

regulatory genetic toxicology

–

Over 30 years experience in genetic toxicology

•

18 years basic research in mechanisms of mutagenicity & 

carcinogenicity

•

2 years Study Director, mammalian cell mutation assays

–

Joined FDA 1993

•

Expert Regulatory Pharmacologist 

–

genetic toxicology

•

CoChair

, CDER Genetic Toxicology Committee 1994 

–

2006

•

Participated in creation of ICH S2A and S2B 

guidances

•

Expert Topic Leader for Genetic Toxicology, ICH 1999 

-

2004

•

Chair, Board of the Genetic Toxicology Association 2003
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Our Expertise

•

Dr. Kerry Dearfield

–

Internationally recognized expert in the use of genetic 

toxicology information for regulatory decision making

–

Over 25 years experience in genetic toxicology

–

Often invited as an expert peer reviewer for 

genotoxicity

issues; member of FDA 

Genetox

Network

–

Basic research on  the use of 

in vitro

and 

in vivo

genetic 

toxicology assays to study DNA damage induced by 

cancer therapeutic drugs

–

21 years at EPA

•

Contributor to the development of the EPA 

mutagenicity test battery

•

Genotoxicity reviewer in new and existing chemicals 

and pesticides programs

•

Chair of GTA, President of AGT and member of EMS 

Council

–

Joined USDA 2005

•

Continuing contributor to EPA Mutagenic Mode of 

Action Framework
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Our Expertise

•

Dr. Michael Cimino

–

Internationally recognized expert in the use of genetic toxicolo

gy 

information for regulatory decision making

–

Often invited as an expert peer reviewer for genotoxicity issues

–

12 years experience in research in cytogenetics, including of 

human leukemia and clinical cytogenetics

–

More than 27 years experience in genetic toxicology

–

3 years as study director for 

in vivo

cytogenetics at contract 

testing lab

–

24 years at EPA

•

Contributor to the development of the EPA mutagenicity test 

battery

•

Coordinator of or contributor to genotoxicity test guidelines 

for EPA and OECD

•

Genotoxicity reviewer in new and existing chemicals 

programs

•

Contributor to Mutagenic Mode of Action Framework

•

Invited expert in international effort to update test battery 

(WHO/IPCS)

–

Coordinator of databases on mutagenicity data (EPA 

Genetox

Program, in

-

house, and FDA collaborative)
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History of Development of 

Current Genetic Toxicology Battery (cont.)

-

In 1997, ICH S2B:Genotoxicity: A standard battery for 

genetic toxicology testing of pharmaceuticals. 

Guidance 

agrees upon the same three test battery.

Muller et al. (1999) Mutation Res. 436:195.

-

In 2006, Cimino reports in a comparative overview that the 

testing strategies of 

most regulatory agencies 

throughout the world use the same three test battery

.

Cimino. (2006) Environ. Mol. Mutagen. 47: 362.  

-

Primary focus of new guidance is 

“

small molecule

”

drug 

substances, not biologics as defined in ICH S6 guidance. 

But most chemicals will be tested by the same batteries 

regardless

.
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History of Development of 

Current Genetic Toxicology Battery

-

Short term genetic toxicology tests

reached prominence in 1970s. 

-

Batteries evolved

through the 1980s.

-

By 1991, candidate assays winnowed to 

small group that proved useful.  

EPA 

(Office of Pesticide Programs) proposed a 

three test battery

: Ames, 

in vitro

gene 

mutation [MLA or 

in vitro

chromosome 

aberrations (CA)], 

in vivo

rodent 

cytogenetics.

Dearfield, Auletta, Cimino & Moore. (1991) Mutation Res. 258:259

.
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What is the new battery?

•

Option 1: same as existing, except addition of in vitro 

micronucleus (MN) assay, 10

-

fold lowering of the limit dose and 

change in cytotoxicity level in the mouse lymphoma assay.  

–

Effect of last 2 changes is to lower sensitivity.

•

Option 2: bacterial reverse mutation the only 

in vitro

test.  2 

other tests are required, both 

in vivo

.

–

This option eliminates the in vitro mammalian cell assays, those

that pick up the broadest range of endpoints and 

will limit hazard ID 

capability of the battery

–

Just the 

opposite of the Replacement intention of 3Rs

to seek 

alternatives for animal testing, which is big part of regulatory

life in 

the EU.  Also of concern in U.S.
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In vivo

tests

•

Limited options available for 

in vivo

testing

–

CA and MN

•

Similar, but not identical

, in endpoint (although MN can detect 

aneugens plus 

clastogens

; MN may not detect all 

CAs

)

–

Other tests

•

sister chromatid exchange (EPA/OPPTS) and unscheduled 

DNA synthesis (OECD),

–

generally considered of doubtful relevance and/or 

sensitivity

•

rodent dominant lethal (EPA, OECD),

•

CA in testicular cells (EPA, OECD),

•

mouse spot test (EPA; 

no longer routinely used or 

commercially available

),

•

heritable translocation and specific locus (EPA; 

not 

commercially available

),

•

insect systems (sex

-

linked recessive lethal (EPA; 

no longer 

routinely used and of marginal relevance to humans

))

•

other 

in vivo

tests 

without generally

-

accepted guidelines

(e.g., 

comet assay, transgenics), thus not of immediate value.

•

Limitations of target organs available in 

in vivo

tests 
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In vitro

tests (aneuploidy), as 

recommended

•

The standard battery option 1 

“

does not include a required 

independent test designed specifically to test for aneuploidy

”

.

–

True, since

•

the 

in vivo

test may be a test for CA, and not the Option 2 

preferred test for MN that directly detects aneuploidy

•

the 

in vitro

test may be the mouse lymphoma assay that does 

not distinguish aneuploidy directly

•

The 

in vitro

test may be the test for CA that does not address 

aneuploidy

•

Polyploidy, detectable in 

in vitro

CA, is not aneuploidy.

•

If important to assess aneuploidy (it is), Option 1 needs to be 

restricted to ensure that aneuploidy analysis is covered.
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Why is the same battery used 

throughout the world?

?

It works!  

?

The small number of tests in the battery cover 

mutagenic and clastogenic endpoints using 

in 

vitro

and 

in vivo

tests in bacteria, mammalian 

cells and animals.

?

The end result is a battery that covers the full 

range of genetic damage possible in humans.
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Why is this battery being replaced in 

the revision of the ICH S2?

The driving force for the revision is the 

perceived high level of 

“

false positives

”

generated by the 

in vitro

mammalian 

cell assays.  

The term 

“

false positive

”

refers to the lack 

of correlation between the 

in vitro

positives and positive cancer findings in 

rodent carcinogenicity bioassays.    
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Why is this battery being replaced in the 

revision of the ICH S2 (cont)?

FDA CDER has consistently regulated 

exclusively on a drug

’

s carcinogenic potential 

and has used genetic toxicology tests as 

surrogates to predict carcinogenicity.

It is often stated that many drugs have been put 

on clinical hold due to positive findings in the 

in vitro

mammalian cell assays in the battery.  

(However, the data to support this statement 

are collectible but have not been collected, 

much less analyzed.)
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How is the reasoning behind the 

revision of the ICH S2 flawed?

The battery assays were designed to detect 

mutagenic activity, not carcinogenic 

activity.  

We have known since the 1980s that the 

concordance between battery and rodent 

bioassay is not impressive.  

It is not a surprise that Kirkland et al. 

(Mutation Res. 584:1) reached a similar 

conclusion in 2005.
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How is the reasoning behind the 

revision of the ICH S2 flawed (cont)?

The use of the battery to predict only a drug

’

s 

carcinogenic potential ignores the potential 

for mutagenic compounds to cause heritable 

mutations and to contribute to other adverse 

health conditions.

The current battery captures the full range of 

mutagenic endpoints to predict all mutagenic 

adverse effects.

This won

’

t be the case if the ICH S2 revisions 

are adopted.
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Problems in the details

•

In vitro

: 

Little advantage (cost, time or otherwise) in 

eliminating concurrent positive control without 

activation

when study with activation is conducted at 

same time

•

Use of male/female rodents in 

in vivo

genotoxicity 

tests

–

Analyze before conducting mutagenicity assay to assure no 

sex

-

specific difference in response (toxicity) to the 

chemical.

–

Do preliminary rangefinding study, if the data don

’

t already 

exist.

–

If no data that sexes show  no difference, both sexes 

should be used.

–

If absolutely certain that only one sex will be exposed to the 

drug, then it is permissible to use only that sex  

-

for drugs.
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Problems in the details (cont)

•

Use of positive controls for 

in vivo

studies: 

concurrent positive controls not necessary 

for every study once lab has proved itself 

competent in assay. 

–

Problematic, since it doesn

’

t check for 

issues new to the lab

(e.g., new 

technician, new batch of vehicle, new 

source of animals).

–

Violates existing OECD and EPA 

guidelines

.
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Problems in the details (cont)

•

For 

in vitro

MN,

the methods for measuring cytotoxicity and, 

hence, changing the upper limit of dosing are

…

.

–

Controversial.

–

Subject of an expert meeting on the OECD test guideline for this

assay.

–

US approval is pending

(ICCVAM et al.).

•

Increases in MN 

in vivo

may be induced by hypo

-

and 

hyperthermia without administration of genotoxic agent

.  

–

This is more an issue for appropriate environmental control in 

animal care facilities.

–

If animal care OK, it is still valid if increase in MN accompani

es 

chemical

-

induced change in body temperature, since it is chemical 

exposure that causes body temperature change and genotoxic 

effect.
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Alternatives to Revising the Current Battery

1. Improved interpretation of battery results.

A number of efforts have provided guidelines for 

interpretation and follow

-

up strategies.

CDER Guidance for Industry and Review Staff 

–

Recommended 

Approaches to Integration of Genetic Toxicology Results (Jan. 20

06)

Thybaud et al. (2007) Strategy for genotoxicity testing: Hazard 

identification and risk assessment in relation to in vitro testi

ng. Mutation 

Res. 627:41.

IWGT MLA Workgroup Consensus Recommendations summarized in 

Moore et al. (2007) Mutation Res. 627:36 and Bigger, Moore, Hefl

ich 

(2008). In vitro mammalian cell mutation assays. In: Preclinical

Development Handbook: Toxicology, (S.C. Gad, ed.), John Wiley & 

Sons, Inc., Hoboken, N.J., p. 129.
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Alternatives to Revising the Current Battery (cont)

1. Improved interpretation of battery results (cont.).

Other efforts are ongoing

:

EPA Framework for Mutagenic Mode of Action assessment 

WHO/IPCS . (2007

-

present) Draft Guidance on Mutagenicity 

Testing for Chemical Risk Assessment.   

(

http://www.who.int/ipcs/methods/harmonization/areas/mutageni

city_testing/en/index.htm

)

ILSI/HESI  (2006

-

present) Committee on the Relevance and 

Follow

-

Up of Positive Results in 

In Vitro

Genetic Toxicity (IVGT) 

Testing, with meetings in 2006 and 2007
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Alternatives to Revising the Current Battery 

(cont)

1.

Improved interpretation of battery results 

(cont.).

A number of reviewers within CDER believe that 

improved interpretation of battery results is 

resulting in fewer clinical holds.

