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Traditional Inefficiency in Drug

Development
» Extremely high pre-IND failurerate

* Lessthan 1in 5IND'sfor NME’'s=NDA's

 Estimated cost per NME about $300 million
e Timefrom IND to market around 8-10 years

» Multiplereview cyclesfor most NME NDA'’s

Is this a systemic problem?
Is this the best that can be done?

What is needed?

Lesko, L, Pharmaceutical SciencesWorld Conference, Japan, May 18, 2004>

The product development

problemswe are seeing
today can be addressed,

LIOVEHon

...... generation of ........
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predictive tools.

Challenge and Opportunity
on the Critical Path

to New Medical

Products | 1HENEW toOlS ..... such as

bicinfor matics, genomics
imaging technologies, and
materials science.

< http://www.fda.gov/oc/initiatives/critical path/whitepaper .html>
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Clinical Phar macology and

Biophar maceutics Review

Extringc factors

Environmental Smoking/Diet
Medical Practice/ Drug-drug interaction

Regulatory
ntrinsic factors

Gender

Genetics

Race

Age Organ Diseasg
Dysfunction

Pregnancy

Lactation

Adapted from | CH E5, 1998: http://ww.fda.gov/cder /guidance/2293fnl.pdf
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< Datacompiled from PDR entry for CRESTOR® (AstraZeneca) 5
(rosuvadtatin calcium) labeling> Group 1: control
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< Datacompiled from PDR entry for STRATTERA™ (Lilly) 7
(atomoxetine HCI) labeling> Group 1: control
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< Huang and L esko, J Clin Pharmacol , 44: 559. June 2004>
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Labeling recommendations

Other considerations

Group 1: control
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[Dosage and Administration (D& A)]: dosing decisions

Approved: 5 40 mg once daily =
Usual starting: 10 mg once daily
< Data compiled from PDR entry for CRESTOR® (rosuvastatin) labeling>Group 1: Entrol

[Clinical Phar macology]:
%) PM..10-fold higher AUC
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< Datacompiled from PDR entry for STRATTERA™ (Lilly) 11
(atomoxetine HCI) labeling> Group 1: control

Atomoxetine Labeling

« Laboratory Tests : Laboratory testsare
availableto identify CYP2D6 PM s

....... higher blood levelsin PMslead to higher
rate of some adverse effects of STRATTERA.
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What Pharmacogenomic Testing data are
needed when generating these initial PK

data (or clinical data) that eventually

support the labding (or future labding)
for drugs metabolized by polymorphically

distributed enzymes?
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Group 1: control

» Aredesignations of EM and PM inadequate?
- doweneed UM and IM?

CYP2D6

EM with 1wildtype*1 *1*1,*1*2,..*1*5 *1*10, *1*17...

PM  with two null alleles *3*3,*3*5, *4*6,...

*3-8,*11-16, ......
IM?  with two reduced alleles *10* 10, *17%17,*4*17,...

or one reduced, one null

UM? with*2xN *1*2xN

Issues(2)

» Aredesignations of EM and PM inadequate?
- doweneed UM and IM?

» What data to support genotype-phenotype
correation?

» How could these designations be improved?

* What arethe definitions of EM and PM for all

enzymes?
-“PM" applicableto all enzymes? CYP2C9?

Shiew-M e Huang, FDA/Johns Hopking/PhRM A Wor kshop on “ Drug M etabolizing Enzymes and
Pharmacogenomics Testing, September 13, 2004, Rockville, MD



Issues(3)
* What alleles need to be assessed before

declaring a specific genotypes?

- Can we extrapolate data from one ethnic/race

grouptotheother?
CYP2C9
Caucasian  Asian African American Hispanic
*2 819 0 32 12
*3 3316 1133 13 34
*B - -- 0.217 0-05
*6 - -- 0.615 mem

<Datafrom Xie HG, et al, Advanced Drug Delivery Reviews 54 (2002) and refer enceslhe(a’n1>6

I ssues(4)

*What information (PM, EM/othersand
specific alleles) isto beincluded in the drug

label?

« Towhat extent should the test be
commercially available?

* Why should the test be approved by the
FDA to bein the labeling?

Guidance for Industry

Pharmacogenomic Data
Submissions

Known valid biomarker

....CYP2D6 and
TPMT (thiopurine

methyltransfer ase)

< Guidancefor Industry: Phar macogenomic Data Submission:; > 18
< http://www.fda.gov/cder /guidance/index.htm procedural (draft), November 2003; >
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IND/NDA Reviews (70 submissions)

607

507
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307

207

107

o .l:l_.l b o
2D6 2C19 2C9 3A 1A2 | Others
@ETotal 51 10 3 10 5 32
@ Genotyping 2 3 3 6 3 31
Phenotyping 2 4 0] 2 1 1
Others: P gp, transferase & otheyg
<Chou W, Huang, S-M, Sahagjwalla C, Lesko, L J, presented at the ASCPT meeting, April 2003>

Casel
Drug A (NDA)

» metabolized by CYP3A/CYP2D6

* PM 2-3fold higher AUC than EM (high variability)
* PM/EM determination

- earlier studies; *3, *4
- later studies: *3, *4, *5, *6, *10, * 16, (*17)

CYP2D6 contribution at

« possible reduced N/
higher doses 5

2
ol

Dose Ix 2x 4x

Fold changein AUC
With ketoconazole

Casel(2
Drug A

« Based on PK and clinical data: the sponsor

suggested no special dosing requirement for PM

« How critical isthe accuracy in the PM and

EM designation in evaluating these data?

- Alleles analyzed are limited and differ among studies
- Data analysis grouped based on EM and PM only

- Labeling mentions and makes recommendations

based only EM and PM
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Case?2

Drug B (IND)
» Metabolized by CYP2C9

« the sponsor isconducting a drug interaction

study with a CYP2C9 inhibitor, fluconazole
« Planning on retrospective CY P2C9 genotyping

to identify impact on exposure of Drug B with
fluconazole

« What alleles should be assessed in this study?

Would the analysisof *2,*3,*5 (reduced activity),
or *6 (null; but rare) appropriate?

22

Case3

Drug C (IND)
« Inhibits CYP2C19 and CYP3A

« the sponsor is conducting a drug interaction study

with a CYP2C19/CYP3A substrate, nelfinavir
« Planning on retrospective CY P2C19 genotyping

to identify impact on exposure of nelfinavir with
drugC

» What alleles should be assessed in this study?

Would the analysisof *2 and *3 appropriate?

Today’ sdiscussion on

metabolic biomarkers

* Known valid biomarkers

- CYP2D6, CYP2C9, CYP2C19

* Probable valid biomarkers

-UGT1A1

* Exploratory biomarkers
- ABCB1; CYP3A4/5

- Others
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Special Considerations for Individual
Metabolic Biomarkers
Chair: S.-M. Huang, FDA
CYP2D6 D. Flockhart Indiana
Univ.
CYP2C9 P. Milos Pfizer
CYP2C19 T. Andersson | AstraZeneca
UGT1A1 Mark Ratain | Univ. Chicago
CYP3A4/5 K. Thummel Univ.
Washington
P-gp and other transporters D. Kroetz UCSF
Haplotype Mapping of ADME | D. Goldstein uc,
Genes London
25
Discussion

e Invitro -in vivo correation

» Genotype- phenotype correlation

* What alleles to measure?

» Haplotypes?
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