The Future of Technology and Regulation:
Opportunities for Drug Development, Regulatory Review and Clinical Practice

June 11, 2007 Oorgs Comgy ; “ .
10th Annual FDA - OCRA 2007 Educational Conference ?(EgJ(_ RA Our ongoing assessment of the
Celebrating 10 Years of Regulatory Affairs Education “L'ETP'S,Y"GF'E%, H
drug and medical product safety
The Future of Technology and system has affirmed that it is
Regulation- Opportunities in essential that our processes and
Drug Development, Regulatory scientific methods keep pace with
Review & Clinical Practice the rapid evolution of science,
technology and the health care
Shiew-Mei H({ang, Ph.D. system."
Deputy Director
Office of Clinical Pharmacology Andr e‘; ¢ von Eschenbach
Office of Translational Sciences Food aﬂd%%sj;;i;;gfmf,b” B
CDER, FDA January 30, 2007 w\ﬁ
shiewmei.huang@fda. hhs.gov 1 N i himb- i response o the TOM report: i 2

Traditional Inefficiency in
th_m)ce regkl_JIafor'y t};;i::uniﬂes Drug Developme IL
lecision making N .
FDA . presented by | NIH/Academia + Only 8% IND's for NME's
: reached the market (worse than S
the historical success rate, 14%) | “Sevaem
, - Estimated cost per NME R ol i
HMOs [ | / Expedite medical | INDUSTRY about $.8 - 1.7 billion o produces
rove /" product S
pefient care development >a drug entering Phase 1 trials B
in 2000 was not more likely to
ST reach the market than one
! entering Phase 1 trials in 1985
5 Buckman, S-M Huang, S Murphy, Clin Pharmacol & Ther, e o <http://www. fda.gov/oc/initiatives/criticalpath/>
81(2): 141-144, Feb 2007 (figure 1: adapted from figure < http://www. fda.gov/oc/initiati iticalpath/whitepaper. htm/> 4
Developing better drugs, faster, hinges on "new Critical Path Oppor"l'uni'l'ies
science"
- - biomedical research into the cause of disease; «(Better Evaluation Tools
nanotechnology. bioinformatics to capture and — — "
synthesize health data, and biological/micro assembly * Streamlining Clinical Trials
methods * Harnessing Bioinformatics
Janet Woodcock * Moving Manufacturing into Lryal)
April, 2006, “Transforming American Healthcare: Pathways to Change* 21st cenfur‘y
A treatment with a 10% advantage over a comparator + Developing Products to o
could still be the wrong drug for many people. Address Urgent Public
And a drug with a severe side effect may be the besf Health Needs & (s
treatment for people who are not at risk for that - Specific At-Risk '
problem. Populations- -Pediatrics March 2006
Janet Woodcock
February, 2007, “Personalized Medicine*, Clin Pharmacol Ther 81:164-169°2007 °

Shiew-Mei Huang, OCRA meeting, June 11, 2007, Irvine, CA (final)


http://www.fda.gov/bbs/topics/NEWS/2007/NEW01551.html-in
<http://www.fda.gov/oc/initiatives/criticalpath/>
http://www.fda.gov/oc/initiatives/criticalpath/whitepaper.html>

The Future of Technology and Regulation:

Opportunities for Drug Development, Regulatory Review and Clinical Practice

—— Voluntary Submissions

Guidance for Industry
Pharmacogenomic Data
Submissions

+ 35 submissions received

25 sponsor meetings held (2
bilateral with EMEA)

+  Cancer (multiple types)
Alzheimer's Disease
Hypertension
Hypoglycemia
Depression

\ Obesity

Required Submissions Rheumatoid Arthritis
updated May 21 2007]

< Orr, Goodsaid, Amur, Rudman, Frueh, Clin Pharmacol Ther, 81:294-297, Feb 2007.
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Drug-Test Co-Development Process:
Formal Industry - FDA Interactions

Device/Test
DevelcupmentI 1DE Review

Application
Review

Pre-IDE IDE PMA or 510(k)
Meeting Meeting Application
Vuluntary
vGDS
Basic Prototype N\ p ecjinical Clinical Development FDA Filing/
Research 2 DESIIN 07 D peeiopment Approval &
Discovery, Phase 1 " Phase 2 /” Phase 3 /" Launch
Pre-IND EOP2A Drug Market
Meeting meeting Application
Initial IND EOP2
Submission meeting

" Ongoing Pre-BLA or
<FDA concept paper, April 2005> [ Submisaion ] [ NDA Meeting]
| Application
Drug Development! IND Review | Review 9| |

Biomarker Qualification

+ Develop conceptual framework

Reach general consensus on amount/type of data
needed for various uses- FDA guidance

+ Develop consortia for qualification of specific
biomarkers

- OBQI (Oncology Biomarker Qualification
Initiative)
- Predictive Safety Test Consortium
- The Biomarkers Consortium
- Serious Adverse Events Consortium
- Exploratory Biomarker Qualification Process Pilot
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VGDS Recent Discussion Examples

Biomarker selection
Novel clinical trial design
Labeling language

Others

Genomics at FDA
Regulatory Information

Dr. Felix Frueh’s
Interdisciplinary Pharmacogenomics Review Group

< Goodsaid F, Frueh F, Pharmacogenomics, 7, 773-782, 2006: Process map proposal 12
for_the validation of genomic biomarkers. >

Preclinical Biomarker qualification

Process Map

- Pilot process

T8 repart described in more
detail by Goodsaid,
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Guidance for Industry

Drug Interaction Studies —
Study Design, Data Analysis, and
Implications for Dosing and Labeling

-Metabolism, transport,
drug-interaction info
key to benefit/risk

DRAFT GUIDANCE assessment

- Integrated approach
(in vitro and in vivo)
may reduce number of
unnecessary studies
and optimize knowledge

Center for Biolagics Evaluatise 104 Research (CBER)

Sepeber 2006
Clinical Paarmacalogy

< September 2006 guidance- http://www.fda.gov/cder/quidance/6695dft.pdf> 13

hat's
New?

- In vitro models to determine
whether in vivo evaluation is needed

- CYP inhibition (additional CYPs)
- CYP induction
- Transporter- based interactions

- Classification of inhibitors,
substrates

- Others

< Huang, Temple, Throckmorton, Lesko, Clin Pharmacol Ther 81:298-304, 2!7(77}4

FDA Internet

- Drug Development and
Drug Interactions-

http://www. fda.gov/cder/drug/
drugInteractions/default. htm

Launched in May 2006

“>More frequent updates- tables,
models for decision-making, etc
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Drug Development and Drug Interactions

«Overview
«Background Information
«Tables of Substrates, Inhibitors and Inducers

CYP Enzymes
oIn vitro
oIn vivo

Examples of in Vivo Substrate, Inhibitor, and Inducer for Specific CYP Enzymes

«Classification of Inhibitors

«Classification of Substrates

P-gp Transporters

BSsible Models for Decision-Making
CYP-Based Drug-Drug Interaction Studies

P-gp-Based Drug-Drug Interaction Studies (upgase® 9/25/2006)

*Regulatory Guidance and Manual for Policies and Procedures (updated 9/25/2006)

«Publications

«Presentations

«Advisory Committee Meetings (updated 9/25/2006)
*Related Links

«Contact Information

Figure 1. Decision tree to determine whether an investigational drug
is an inhibitor for P-gp and whether an in vivo drug
interaction study with a P-gp substrate is needed

I Bi-directional transport assay I

\ \
2 [I :

I Poor or non-inhibitor I

1
[I]/IC50 (or Ki) < 0.1 |

l l

An in vivo interaction study An in vivo interaction study

With a P-gp substrate With a P-gp substrate
(e.g., digoxin) is recommended | js not needed

Key Opportunity for
Improving Outcomes
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DNA based biomarkers of enzyme activities
considered as valid biomarkers

Enzyme Model drugs | Outcome measures Study results
CYP2C9 ’ Warfarin Maintenance dose Patients with *2 and *3
Time to reach stable dosing | maintained with lower doses and
took longer time to reach stable
dosing
CYP2C19 | Proton Plasma levels Higher in PM (20mg)
pump Gastric pH Higher dose (40 mg) showed no
inhibitors Gastr h 1 reflux difference
disease cure rate
CYP2D6 A Phari kinetic measure | PM higher AUC (10-fold)
UGT1A1 Irinotecan Grade % neutropenia UGT1A1 7/7and 6/7 more
N——1 frequent than 6/6
TPMT 6-MP Dose-limiting hematopoietic | More in TPMT deficiency or
. " = toxicity heterozygosity
Htrang; S, FRafman A FraehFandteskot3; T

in Clinical Pharmacologl/, Tuxlcology Mechanisms and Methods, 2006;16:89-99>

Irinotecan
(Camptosar®)
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Irinotecan (Camptosar ®)

— —*{Neutropenia]

e The UGT1A1*28
allele is common
(30%) in Caucasians
and is associated
with a significant
decrease in UGT1A1
activity.

Carriers of
UGT1A1*28 when
treated with
irinotecan can
“m experience AEs ,,

y/irinotecan/liver.jsp>

.pharmgkb.org/search/pathwa

CAMPTOSAR (irinotecan) [Dosage & Administration]
When administered in comkt ith other agents, or as
a single-ageny at least
one level of CAMPTOSAR should be considered for

patients known to be homozygous for the UGT1A1*28 allele
(See CLINICAL PHARMACOLOGY and WARNINGS).

[FOA NEWS

THE FODD AND DRUG ADMINISTRATION / AN AGENCY OF THE U.5. (OF HEALTH AND

FOR IMMEDIATE RELEASE Madia Inquiries Julle Zawieza
08-83 301-827-8242

August 22, 2008 Consumer Inquiries: BIBINFO-FOA

FOA CLEAR'S GENETIC TEST THAT

=t Helps Determine Satety of Drug Therapy

=< http://www.fda.gov/cder/foi/label/2005/0205715024,027,0281bl.pdf >

Warfarin
(Coumadin®)
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Effect of CYP2C9 genotype
on Warfarin Maintenance Dose

F S S T S X SO U SRS L B
[69% 15% 2% 10% 1.6% 2.7%)]
N=185, median time= 543 days (14-4032 days)

< Adapted from Higashi MK et al, JAMA 2002; 287:1690> 24

Daily maintenance Dose (mg)
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Oxidized Vitamin K Reduced Vitamin K

co, )L o,

0L

Hypofunctional ¥ glutamyl Functional *1%1 *1%2 *2% *[%3 kA3

F., VL Ix, X/ carboxylase F.1I, VI 1X, X N=297 [165 66 10 2 131
Protein C, S, Z Proteins C, S, Z

—  Within a CYP2C9 genotypes, further
differentiation among VKORC1 genotypes

1

arfari
W n Effect of CYP2C9 (*1, 2, 3) & VKORCI
(-16396>A) on Warfarin Dose
CYP1AL ) ER
CYP1A2 -_, ! CYP2C9 P
CYP3A4 Vitamin K 1 H
Reductase e 4
£ 3 WAIA 1904
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From Brian Gage; http://www.fda.gov/ohrms/dockets/ac/05/slides/2005-4194S1 _Slide-Index.htm

Other relevant slides: http:/www.fda.gov/ohrms/dockets/ac/05/slides/S < Adapted from Sconce et al, Blood, October 2005> 26
http://www.fda.gov/ohrms/dockets/ac/05/slides/2005-4194S1 02 02-Huang.ppt <Huang, S-M, http:// fda. W i 4194S1_Slide-Index.htm>
Predicting the Warfarin Advisory Committee
Stable Dose Recommendations:
Does the committee agree that sufficient

Age, Gender, Drugs, mechanistic and clinical evidence exists to

BW, Race, Diet support the recommendation
Others
/—A—\ - to use lower doses of warfarin for patients with

genetic variations in CYP2C9 that lead to reduced
activities?

10 YES, O NO
- to use lower doses of warfarin for patients with
genetic variations in VKORC1 that lead to

reduced VKORC1 activities?

Genotypes (CYP2C9, 10 YES, 0 NO
VKORC1)
<Modified from Caldwell M., CPSC Advisory Committee Meeting, November 14, Z(]O?7 ;SL',?;W?;;C?CT‘DW Subcommittee- Adv"sjr.y Cmm[‘ﬁ%x‘;f;'g& November 14, 2005 28
http://www.fda.gov/ohrms/dockets/ac/05/slides/8> ) S " i

Critical Path Opportunities PDUFA IV Negotiated Deliverables -
+ Better Evaluation Tools Responsibility of Office of
«CStreamlining Clinical Trig Biostatistics
* Harnessing Bioinformatics +  Three guidances with substantial
novali scientific and biostatistical content

* Moving Manufacturing into -
21st century i Non-Inferiority study design and analysis

* Developing Products to R T Adaptive Clinical Trial Designs
Address Urgent Public Multiple endpoints in clinical trials
Health Needs 4 (o o . .
Specific At-Risk e - Consensus building - possible guidance
Ppecll ,;‘-: - Plsd' tri Missing data in clinical trials
opulations- -Pediatrics March 2006
2 <Nevius E, PhRMA (Clin Pharm/Metab)/FDA (OCP) meeting, May 7, 2007, Bethesda, MD>]
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Critical Path Opportunities Pharmacometric analysis

+ Better Evaluation Tools
+ Streamlining Clinical Trials Bhattaram, V.A. et al. Impact of

arnessing Bioinformatics pha{'ir!acomefrics on drug approval and /qbe/{ng
decisions: a survey of 42 new drug applications.

- Moving Manufacturing into 22801, AAPS T 7, E503-E512 (2005). Access at
21st century - http://www.aapsj.org/view. asp?art=aapsj070351
. H Critical Path
Rg‘éileospsm rpzelql’uS;il‘irg Opportunities List Bhattaram, V. et al. Impact of pharmacometric
reviews on new drug approvals; survey of 31 new
Health Needs £ (" oy ;
= drug applications. Clin. Pharmacol. Therap., Feb
- Specific At-Risk 2007
Populations- -Pediatrics March 2006
31 32
MOdeI"bqsed analysis Parkinson's Disease- Model Based Approach
- Trileptal case
Adjunctive Monotherapy 100
Adults Clinical trials Clinical trials e g4 Placebo i i
g’ Single point
Children (4- [ Clinical trial “Model Based Bridging” s symptomatic || Will not
i}\Ggears of approach proposed by 05 0 :’ngm ‘ differentiate
9e) FDA 5 2= " - n
® 25 " Protective symptomatic
| 8 vs.
€ o0 % " Combined “protective”
FDA's proactive model-based FDA/ 5P°"ﬁ°" pur‘gued H I effects
analysis alleviated the need to tflJPpmliac els d?o fes'l' G-
i e ; utilize knowledge from
:O:d::t ﬂdd:f:) r:quCh;‘r'ﬁal 'IT l"llﬂl the positive trials to o 0 10 20 30 40 50 60
or The approval of 1riepia assess if monotherapy
monotherapy in pediatrics in pediatrics can be S ) Time (Weeks) »
approved without new Parkiveon's breease. Tt made i of e 1 Mertaton, Behavir, and Wood, 2) ADL.and 3 Borer secrons. These
con‘l‘rolled 1'I"iG|S are evaluated by interview. 199 represents the worst (total) disability), 0--no disability.
33 <Bhattaram, Siddiqui, Gobburu, October 2006, Advisory committee meeting, 34
<AAPS Journal 2005> http://www.fda.gov/ohrms/dockets/ac/06/slides/2006 - 424852 index. htm>
Drug-Test Co-Development Process: Critical Path Oppor‘funiﬂes
Formal Industry - FDA Interactions
Development 1o Reviow T rpprcanen 1 * Better Evaluation Tools
PMA or 51000 + Streamlining Clinical Trials
Meeting Meeting Application
suoluntary | * Harnessing Bioinformatics
| | . L i
R N2 N — Cimea Developmen . FOA il * Moving Manufacturing into Lanoyaldn
Research Dt n / Development o e s 7 ehase s/ Laimen 21st century
Pre-IND EOP2A Drug Market : Developin PrOdUCTs To [¢] orfzi:ii:?rlspl‘.‘it::
v e (= s Address Urgent Public P
Diabetes Health Needs o o
Neuropharm Inital IND Eop2 =i
[: . + Specific At-Risk
<FDA concept paper, April 2005> [ g:r?rﬂr:rsimn ] [ N’g:ﬁ';;?r:g] POPU|G1.'°"S- -Pedla‘l‘l"lcs March 2006
Application
Drug Development! IND Review 1 | pRpevuewEJ_, 36
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Summary
.ps eas e As Yogi Berra once said,
Identified Critical Path opportunities can “The ‘,Zuﬂ,,.e ain’t what it used to be”
enhance drug development, regulatory _ '
review and clinical practice [safe and In the next 5-10 years, ,, a unigue opportunity to

. . . integrate viable innovation (new scientific, clinical,
.eff.ef:hve use_ of medical products in technological ideas).... add significant value, drug
individual patients] development, regulatory-decision-making, and clinical
practice”.

Collaborative efforts are required/ongoing
- knowledge and data- sharing

- standard toolkit development

- guidance development

Lawrence J Lesko, PhD
February, 2007, Clin Pharmacol Ther 81:170-177, 2007

- others . .
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