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1. Toxicogenomics

2. Biomarker
3. Data generation
4. Perspectives
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‘hatis Toxicogenomi

The q_nifér side of TG

@ TG is a young science- 1993, Pat Brown (Stanford Univ.)

@ TG does not replace “Classical Toxicology”

® TG can be used in pre-clinical drug development to assess
the safety of candidate drug

@ TG has the potential to be a useful tool for regulatory
decision making...
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@ Understand the benefits and shortfalls of the technology

@ Know how to evaluate and interpret the data

@ Have a mechanism that allows sponsors to share this
(exploratery) data with us (on a voluntary basis)
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Why Toxicogenomics?

® Better understanding the mechanism of toxicity
® Predict/detect toxicity earlier
@ Assess pre-clinical toxicity at the molecular level

@ Make better r d for pre-clinical safety
studies

® Learn about validating genomic biomarker
@ Learn about the application & use of new technique
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Cu"r:ren?t Issues .
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9 TG bi kers need to be validated :

- Toxicity: te avoid excluding potentially good drug
candidates

- Safety: to confirm that the absence of a signal corresponds
to a safe compound
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@ Which toxic compounds should be tested

@ Which controls should be used

@ How many toxic and control compounds should be included
® Which dose (range) should be tested

@ Which time points should be chosen

® How many replicated are needed

@ Which genes should be included
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transporters, 2ndary effects on metabolism, endocrine,ete

»gy: known, expected, or biologically compelling
efficacy markers

@ Correlation with NOEL: glebal expression profile as a
marker of significant histopathelogic or other toxic effect

@ Mechanism of Toxicity: transcription in target vs. non-

target tissues, elucidation of time & dose respense,
characterization of transcription relative to tool
positive/negative contrel compounds, pathways, pathology

score, efc.
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© Known valid
- accepted by scientific community at -large to predict
clinical outcome
@ Probable valid
- appears to have predictive value but not yet replicated or
widely accepted

* Classification leads to specifications for validation in the
of i Jed use for bi ker
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@ Exploratory Biomarkers
- lay groundwork for probable or known valid biomarkers

:Hypothesis generation

- Fill in gaps of uncertainty about disease targets, variability
in drug response, animal-human bridges and new molecule
selection : Learn and improve success in future drug
development programs

- Can be “de novo™ or “sidebar™ study embedded in (pivotal)
clinical efficacy trials
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9 Example from drugs

- Safety:
* TPMT(6-MP, Azathioprine)
* UGT1A1(Irinotecan)
* CYP2CO/VKORCI(Warfarin)
“ CYP2D6(Strattera)

- Efficacy:
* EGFR status (Erbitux, Tarceva)
* Her2/neu status(Herceptin)
* Philadelphia chromosome ~ Ber-abl(Gleevec)
* C-kit{Gleevec)
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@ Example
- Safety:
* Kim1 ~ preclinical {nephrotoxicity)
* Gene panels used for preclinical safety evaluation

- Efficacy:
* EGFR mutations (Iressa)
* CYP2D6(Tamoxifen)
* OncotypeDx gene panel( radiation therapy)
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Alternative Toxicology and Marine Ecotoxicology

@ Examples
-Safety:
*Gene panels used for preclinical safety evaluation
- Efficacy:
*APOE4(Donepezil, Alzheimers)
*VEGF (several anticancer agents)
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type 2 diabetes)
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@ Most known valid biomarkers have been “validated” by
accumulating data over many years

@ Markers for “targeted therapies” become known valid
when treatrient is approved: they are used to demonstrate
efficacy during clinical drug development

@ FDA pharmacogenomics guidance does not provide
information about marker validation

@ Short of clinical trials in drug development process, there
are no established processes of marker validation or are
prespective studies required?

@ A validation path for pre-clinical markers has been
proposed
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Fig. 1. Gaalw for biomarkers e pharmaceutival diseosery and provlinical aml climeal developruent

Quoted fom.J. Pharm & Tox, Metiads, Grodsaid, 40183186, 2004 ===
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1. A cyclic peptide

- from Awmanita phelloides

IS

. Hemorrhagic necrosis of liver
(lethal dose)
3. Alteration of microfilaments

4. Accelerating
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1. Chelangiolitic hepatitis
2. Infiltration of neutrophils
3. Hepatocellular &
hiliary epithelial cell necrosis

4. Bile duct obstruction

the polymerization of actin

Intrahepatic cholestasis ﬂ - Extrahepatic cholestasis
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Total genes
Relinble genes
t-test (p=0.05)

2 fold Up & Down

ANOVA
{Phenotype/Time)

QT clustering

. Gene expression analysis

DEG (differently expressed genes) selection
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» Actin binding genes or structural constituents of cytoskelecton Ada 4828
* ATP-binding cassette of transporter related genes. 4444
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Inflammation (Htr6, Ighmbp?, Feerlg, Stard10, Ly6g6e, GjaS)
Granulation (Ap2a2, Syt13, Svs2)

Epithelialization (Serpinf2, Serpinel)}

Fibroplasia (Mmp10, P4hb)

Contraction (Myh3, Astnl, Gabarap, AI32431)
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1. Cephalosporin antibistics

= from Cephalysporim acremorninm

2. Side effects in human & experimental annimals

Acute renal failure
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AFSIISE 284 174 074 potesstum elhmmel, sublamily K, metsber S
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@ Improved understanding of safety profile for candidate
compounds.

-Under ding of mechanisms in animal models
~Understanding of potential safety issues in humans.

© Development of predictive biomarkers

I P
-Accessible biomarkers for pr & Py

-Model-specific biomarkers for improved sensitivity
& accuracy in preclinical drug safety
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