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<Huang S-M, Temple R, Clin Pharmacol Ther 84: 287-294, 2008>

<FDA Clinical Pharmacology guidance documents:
http://www. fda.gov/Drugs/GuidanceComplianceRequlatoryInforma f/bn/6u1'¢27’ances
/ucm064982. htm>
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Comparative exposure and dose recommendation
in subgroups with various patient factors

s - Initial dose Daily dose

Group Ethnic factor Fold change in exposure (AUC) (mg) (mg)

1 Control 1-fold | 10-20 5-40

Hepatic 1.1-fold (mild) 10-20 540

2 impairment 1.2-fold (moderate) 10-20 5-40

1-fold (mild) || 10-20 5-40

i':r'n‘i;‘:i'rm ont | 1-fold (moderate) | M 10-20 5-40

3 3-fold (severe) | 5 <10

4 Race 2-fold (Asians) - 5 5-20

5 Cyclosporine | 7-fold I 5

<] Gemfibrozil 1.9-fold | ] 10
Lopinavir/ ¥

7 ritonavir 5-fold ms 78 °

(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca);
Labeling from http://www.accessdata.fda.gov/scripts/cder/drugsatfda.); November 2007 labeling

—>Current practice: Adjust the dose to achieve
similar systemic exposure > Only the first step

3 S-M Huang

<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 20085

Safety-Related Labeling Changes
(changes made Oct 2002-Aug 2005, n=2645 label changes for 1601 NDA/BLA entries)
220 - rosuvastatin
200 7 O Black Box Warnings
180 - . _
160 - atorvastatin W Warnings
140 - = @ Precautions
clopidogrel
120 4 I P g I @ Contraindications
100 9 / B Adverse Reactions
zz ] simvastatin
20 ] I ﬂ M war'far'm | codeine |
20 -
0 | ﬂ H EHH Uﬂnuuu ol ,aﬂﬁ h
0 5 10 30 35
Years post-approval

Modified from: T Mullin, COER, Office of Planning and

Analysis, OTS presentation, May 2009 4 S-M Huang
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Labeling Example (1)

Updating labeling
Genetic Data<->
Drug Interaction warning

5 S-M Huang

CYP2C19 and Clopidogrel
. _ Active Metabolite AUC
A Primary EMicacy Outcos e e . . *
Composrl'e Clinical OUfcon\_?-—ii- A Pharmacokinetic Response
joman J Clopidogrel, 300 mg
______ i P=0.01 0.5
- .
r Carriers
——— = 004 — |
J % -
Non-Carriers z 5 1
310 4
g = N
20 =~ n I
o - i
§ ; I
............... 1.5 - Ea
.............. - ——
(N=20) (N=31) (N=30) (N=§)
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March 2010 Relabeling

WARNING: DIMINISHED EFFECTIVENESS IN POOR

METABOLIZERS
+ Effectiveness of Plavix depends on activation ... by ....
CYP2C19
* Poor metabolizers ..... exhibit higher cardiovascular

event rates following .. acute coronary syndrome (ACS).
or .. percutaneous coronary intervention (PCI) than
patients with normal CYP2C19 function

* Tests are available to identify .. CYP2C19 genotype ..

* Consider alternative treatment or treatment strategies
in patients identified as CYP2C19 poor metabolizers
WARNINGS AND PRECAUTIONS
* Avoid concomitant use with drugs that inhibit CYP2C19
(e.g., omeprazole)

Orugs at the FDA (Plavix, "HIGHLIGHTS")
http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/020839s042Ibl.pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 7 $-MHuang

Probability of Freedam from Primary
Gastrointestinal End Point

No. at Risk MNo. at Risk

Lags 7w s |
e agtes of the Probability of Remaining Free
of Primary Cardiovascular Evenf) According to Study Group.
The everTTITeT Prnary cardiovascular end point at day 180 was 4.9%
in the omeprazale group and 5.7% in the placebo graup.

of the Probability of ining Free

c: Y mary gastrointestinal end paint at day 180 was
1.1% in the omeprazole group and 2.9% in the placsbo group.

- Among patients receiving aspirin and clopidogrel, prophylactic use
of a PPI reduced the rate of upper gastrointestinal bleeding. There
was no apparent cardiovascular interaction between clopidogrel and
omeprazole, but our results do not rule out a clinically meaningful
difference in cardiovascular events due to use of a PPI.

D.L. Bhatt et al, COGENT trial/October 6, 2010/(DOI: 10.1056/NEJMoal007964)
8 S-M Huang
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Clopidogrel and Pharmacogenetic Test
in Clinical Practice (one example)
*+ Vanderbilt University Medical Center joins Scripps

Clinic, starting to routinely test for variations in
CYP2C19 gene before antiplatelet therapy

+ Test for *1 (wild), 2, 3 (loss-of-function), 17
(gain-of -function)
* Individual clinicians to decide treatment options

- If homozygous for loss-of -function
- prasugrel
- If contraindications for prasugrel
- increase the dose from 75 to 150 mg

or ticagrelor when it is available
http://www.theheart.org/article/1139495.do (October 21, 2010)

9 S-M Huang

Clopidogrel Use in Pediatrics

+ “Current Studies suggest that a dose of 0.2 to 1
mg/kg/day may be an appropriate starting point”
- Buck ML, University of Virginia pharmacotherapy newsletter:
Pediatric Pharmacotherapy, May 2010,

http://www.healthsystem.virginia.edu/alive/pediatrics/PharmNews/2
01005. pdf

* Median Star'ﬁng dose is 1.3 mg/kg/day (0.2-8.9
me/kg/day) --Children’'s Hospifal in Boston

- Maltz LA, et al, Pediatr Cardiol 2009; 30:99-105
* No pharmacogenetic information in pediatrics

* "The clopidogrel dose (0.2 mg/kg) used in the pivotal
CLARINET study was potentially inadequate to
demonstrate efficacy”-- FDA review
- Krudys K et al, Clinical Pharmacology Review, July 2010,
h'r'rp://www.fda.gov/downloads/Drugs/EeveIopmeanpprovalProcess/
DevelopmentResources/UCM242999 pdf

10 S-M Huang
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Clinical Utility

Clinieal Pharmacology & Therapeutics (2010) 88 6, 729-733. doi:10.1038/clpt.2010.229

Editorial

| What Is Clinical Utility and Why Should We Care?

L J Leskol, I Zineh® and S-M Huang®

*Office of Clinical Pharmacology, Office of Translational Sciences, Center for Drug Evaluation =nd
Research, US Food and Drug Administration, Silver Spring, Maryland, USA

am.Zinsh@fds.hhs.gov): S-

Correspondance: L Lesko, (lsvren
M Huang, (ShiewMei.Huano@fda.h

.lesko@fds.hhs.gov): I Zineh, (

linical Pharmacol
State of the Art %H&am&icfcwgy

Clinical Pharmacology & Therspeutics (2010) 88 6, 765-773. doi:10.1038/clpt.2010.230

Assessing the Clinical Utility of Diagnostics Used in Drug
Therapy

1 Woodcock®

*Center for Drug Evaluation and Research, US Food and Drug Administration, Silver Spring,

Maryland, USA |
CLINICAL UTILITY

December 2010

State of the Art
Clinical Pharmacology & Therapeutics (2010) 88 &, 774-778. doi:10.1038/clpt.2010.233
Enrichment of Clinical Study Populations

R Templel
11 S-M Huang

*Center for Drug Evaluation and Research, US Food znd Drug Administration, Silver Spring,
QellSa

Clinical Utility (2)

Cisplatin & ototoxicity

Table 1 Expected results for 1,000 patients tested using a test with a sensitivity of 24% and a specificity of 98%

Unselected

patient Test-positive  Test-negative
population patients patients PPV NPV +LR —LR OR
Prevalence 50%
Responder 500 120 380
Nonresponder 500 10 490
Test values 0 92% 56% 12 078 15
Prevalence 5%
Responder 50 12 38
Nonresponder 950 19 931
Test values 399% 96% 12 0.78 15

Responder: person testing positive for disease or genetic trait condition (e.g., ototoxicity]. Sensitivity = 100 times the number of true-positive results divided by the true-positive
plus false-negative results. Specificity = 100 times the number of true-negative results divided by the number of true-negative plus false-positive results. PPV = 100 times the
number of true positives divided by the number of true positives plus false positives. NPV = 100 times the number of true negatives divided by the true negatives plus false
negatives. +LR = sensitivity (true positive) divided by (100% minus specificity) (false positive). —LR= (100% minus sensitivity) (false negative) divided by specificity (true negative).
OR = PPV x NPV/{{100 — PPV) x (100 — NPV)).

+LR, positive likelihood ratio; —LR, negative likelihood ratio; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.
& Huang S-M, Clin Pharmacol Ther 89(4): 489-490 (April 2011)

Prevalence and Response to“Prevalence

Clinical Utility and Clinical Utility”

L] Lesko' and $-M Huang'

Clinical Phal rmac
&Tpe eutics

o

'K Honig!
To the Editor: We thank Dr Honig for
raising the issue of prevalence o sedse
or genetic trait condition in a given
patient population and its importance
in evaluating the clinical utility of 3 Pt

or diagnostic test.! We o
recognize that sensitivity and specific APNI 201 1
are intrinsic characteristics of a screening
or diagnostic test and are unatfected by
nrevalence By op

I was perplexed that none of the articles
n December’s issue on clinical utility
mentioned in any detail the importance
of disease/trait prevalence as part of
the discussion on the clinical utility

of diagnostic tests and enrichment
strategies for clinical trials.!* Most

ascreenir

12 S-M Huang

VOLUME 89 NUMBER 4 | APRIL 2011 | w ract pctimatec of 4
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Clinical UTility (2)

Cisplatin & ototoxicity

Table 1 Expected results for 1,000 patients tested using a test with a sensitivity of 24% and a specificity of 98%

Unselected
patient Test-positive  Test-negative
population patients patients PPV NPV +LR -LR OR
Prevalence 50%
Responder 500 120 380
Nenresponder 500 10 490
Testvalues o ( 92% j (56% j 12 0.78 15
Prevalence 5% — —
Responder 50 12 38
Nonresponder 950 19 931
Test values ( 39% ) 96% 12 0.78 15

Responder: person testing positive for disease or genetic trait condition (e.q., ototoxicity]. sensitivity = 100 times the number of true-positive results divided by the true-pasitive
plus false-negative results. Specificity = 100 times the number of true-negative results divided by the number of true-negative plus false-positive results. PPV = 100 times the
number of true positives divided by the number of true positives plus false positives. NPV = 100 times the number of true negatives divided by the true negatives plus false
negatives. +LR = sensitivity (true positive) divided by (100% minus specificity) (false positive). —LR= (100% minus sensitivity) (false negative) divided by specificity (true negative).
'OR = PPV x NPV/((100 —PPV) % (100 — NPV)).

+LR, positive likelihood ratio; —LR, negative likelihocd ratio; NPV, negative predictive value; OR, odds ratio; PPV, positive pradictive value.

& Huang S-M, Clin Pharmacol Ther 89(4): 489-490 (April 2011) P —
Prevalence and Response to“Prevalence &Therapeutics ===
Clinical Utility and Clinical Utility”

L] Lesko' and $-M Huang'

'K Honig!
To the Editor: We thank Dr Honig for
raising the issue of prevalence of a disease
or genetic trait condition in a given
patient population and its importance

in evaluating the clinical utility of

I was perplexed that none of the articles
in December’s issue on clinical utility
mentioned in any detail the importance
of disease/trait prevalence as part of
the discussion on the clinical utility ascreening or diagnostic test.! We ] .

of diagnostic tests and enrichment nx'ogni.w‘lhdl sensitivity and specificity Apf'll 2011
strategies for clinical trials.!* Most : y

are intrinsic characteristics of a screening

or diagnostic test and are unaffected by 13 S-MHuang
VOLUME 5% NUMBER 4 | APRIL 2011 | v nrovalencs By ract ectimatec of g
Labeli Ex ﬂ'\pl
Warfarin
14 S-M Huang
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Predicting the Warfarin
Stable Dose

Age, Gender, Drugs,
BW, Race, Diet

Others I

Genotypes (CYP2C9,
VKORC1)

Wadelius et al, Blood 2009, Gage et al, Clin Pharmacol Ther 2008,

Calawell et al, Clin Med Res 2007 15 S-MHuang

Freguency of VKORCI

-1639 G>A AA AG GG
Caucasians 19% 56% 25%
(N=297)
Spanish 32% 40% 28%
(N=105)

Chinese @ 18% 2%
(N=104) x|

African % 21% @
Americans N

(N= 1 59) |_| Asians may neled a lower dose |

|
<«Sconce et al. Blood 2005, Yuan et al. Human Mol Genefics 2005, Schelleman et al. Chin
Pharmacol Ther 2007, Montes et al Br J Haemat 2006 > 16 S-M Huang
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Public Debates

POINT/COUNTERPOINT Is Warfarin Pharmacogenomic
Testing Ready for Prime Time?
The wd H tFiI‘Idil‘lg an Today’s Debare o Focus o Implemenation Iiswes

Optimal Dosing Strategy Using Pharmacogenetics
LI Lisko!

'y
7. 1
-..ri’1rd

Opponents Want More Data

Warfarin and Pharmacogenomic Testing:
The Case for Restraint

Dk Garcial

LJ Lesko, Clin Pharmacol & Ther, September 2008
DA Garcia, Clin Pharmacol & Ther, September 2008

AACC warfarin Debate: Hallworth, Huang, Eby, Linder, Jaffer, July 28, 2008
http://www.aacc. org/publications/cln/2008/July/dailies/Pages/mon_daily1.aspx

17 S-M Huang
January 2010 Relabeling
VKORC1 CYP2€9
*1*1 *1*2 *1*3 *2*2 *2*3 *3*3
66 |[5-7mg |5-7mg [3-4mg (3-4mg [3-4mg |.5-2mg
AG |5-7mg 3-4mg [3-4mg |3-4mg |.5-2mg |.5-2 mg
AA |3-4mg [3-4mg |.5-2mg |.5-2 mg | .5-2 mg |.5-2 mg
Orugs at the FDA (COUMADIN, "Initial Dosage”)
http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/009218s108Ibl.pdf
http://www.accessdata. fda.gov/Scripts/cder/DrugsatFDA/ 18 S-M Huang
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Warfarin Use in Pediatrics

- Warfarin Pharmacogenomics in
Pediatric Patients - Pilot Project
Critical Path Initiative
Collaborators

6reg Kearns - Kansas City
Ron Hines - Milwaukee
Cheryl Takao - Los Angeles

* PG in Pediatric Heart
Transplantation (Un. of Pittsburgh)

Burckart 6, presentation at PPAG (Pediatric Pharmacy

Advocacy Group) , Memphis, TN, March 19, 2011 19 S-MHuang

Genotype- Specific Inhibition Effect

Pop 1: CYP2C9 EM; Pop 2: CYP2C9 PM, - " "
M/F=1.0; Age 20-40 yr 7-OH Warfarin EM (*1/*1) | PM (*3/*3)
S-warfarin: SD 10 mg on day 1 CL’,¢ (uL/min/pmol CYP) 0.034 0.005

Sulfaphenazole: QD 2000 mg 5 days

Using SimCYP® V8.20
EM Control _ _ _EM +Inh. EM Control
PM Control _ _ _PM+Inh. PM Control

PM/EM:S..@

Substrate Inhibitor

<Zhao P, Zhang L, Lesko, L, Huang S-M, LOL presentation, Merrimac, WI, September 2009>
- Which population needs dose adjustment?
(e.g., atmoxetine lableing) 20 M Huang

Applications of pharmacogenomics in drug development and regulatory review- recent relabeling of drug products
OPRU meeting, March 28, 2011, Bethesda, MD
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Application of Physiologically-based
Pharmacokinetic (PBPK) Modeling

B. PBPK Model components

Drug-dependent
component

ADME, PK, PD and
MOA

A. Intrinsic/extrinsic Factors

System component
(drug-independent)

Lung
Smokin . i .
die; ol Rapidly perfused

organs

Drug-drug interactions

Intrinsic
Age
Race
Organ dysfunction
Disease
Slowly perfused

Pregnancy/lactation ;2 ®
Gender 3 organs S
Genetics o a
Sonatc H
Kidney

Regulatory

Environment

Metabolism
Active transport

Medical
practice

Passive diffusion
Protein binding
Drug-drug interactions
Receptor binding

ST
Huang and Temple, 2008 ntestines (]

Individual or combined @ Dosing PBPK Model
effects on human physiology l Elimination

Predict, Learn, Confirm

<Zhao P, Zhang L, Grillo JA, Liu Q, Bullock JM, Moon YJ, Song P, Brar S5,
Madabushi R, Wu TC, Booth BP, Rahman NA, Reynolds KS, Gil Berglund E, Lesko LJ,
Huang S-M, Clin Pharmacol Ther, 89:259-267 (February, 2011)> 21 S-MHuang

Labeling Example (3)

Statins

&
Transporters

22 S-M Huang

Applications of pharmacogenomics in drug development and regulatory review- recent relabeling of drug products
OPRU meeting, March 28, 2011, Bethesda, MD
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Drugs Withdrawn from the US

Withdrawn Drug name |Use Risk

_CYP/transporter inhibitor
1998 1997 Wibefradi HagBlood pressure/Chronic stable angina I'l’or's ades de Pointes; Drug-drug interactions
1998 1997 [Bromfenac _ [NSAID |Acute liver failure

1998 1985 [Terfenadine [ntihistamine Torsades de Pointes; Drug-drug interactions
1999 1988 i Nhisfﬂmim Torsades de Pointes; Drug-drug interactions
1999 1997 |Grepafloxacin 'fﬁ\ ics Torsades de Pointes

Jeooo(2002)* [2000]Alosetron*  [ErriNeMbowel syndrome in women [Ischemic colitis; complications of constipation
Jeooo 1993 Eisapride Hearto\ \|

|zooo 1997 f etes \\

[Torsades de Pointes; Drug-drug interactions ]
Acute liver failure

|2001 1997 [eerivastatin Choleswow abdomyolysis; Drug-drug interactions

Jeoos 1999 [Rapacuronium AneN Bronchospasm

|20°3 1993 | evomethadyl [Opiate dependence Fatal arrhythmia

2004 1999 |Rofexocib Pain relief

Izoos e CYP/transporter substrate
[eo0s(2006)* [2004|Natalizumab* [Multiple sclerosis Brain infection

|2005 2004|199 m Tc** Diagnostic aid Cardiopulmonary arrest

1975 [Pemoline ADHD Liver failure

Huang, S-M, et al, 'Principles of Gender-Specific Medicine”, Ed., Legato M, Academic Press, 2004,
pp 848-859 ; Huang, S-M, et al, Toxicology Mechanisms and Methods, 16: 89-99, 2006

Human Transport Proteins

a Intestinal epithelia epatocytes oaTy  OATPIB]  OATP2BI
ocC H J OAT7 ()AIPHH NIEP

- et %’t o N

ocT —(_ > MRP3 =—(_—

BSLP
MRP4 il s OSTa
~— BCRP a1 OSTR
OSTU g e MRP6 <—( —
—OSTp —+—*
—(— MRP2 “,‘ .
MRP3 < — _O_- BCRP f x
\ — )—-’_ P-gp / i
< - MRP2  MATEI
¢ Kidney proximal tubules d Blood-brain barrier
Blood _ __Urine Brain Basolateral
pr ) p N
q: OAT4
OATPACT —{ > < — URATI Brain capillary endothelial cells
ocT: —O—> «—)— PEPTI, PEPT2
> P BCRPMRPdMRFS
oAt —O— () MRP2, MRP4
OAT2 — > B VVATEL MATEZK Blood \ ) # ( »' = Apical/luminal

—O—rep OATNAz

";r“—, OCTNI, OCTN2 SATE2D

OAT3 —O—-
Mature Reviews | 1g Dis:

1. International Transporfer Consortium, Nature Reviews Drug Discovery, 9, 215 - 236, 2010
2. Huang S-M, Woodcock, Nature Reviews Drug Discovery, 9, 175-176, 2010
3. Huang 5-M, Zhang L, Giacomini KM, Clin Pharmacol Ther 87:32-36, 2010,, s wuang

Applications of pharmacogenomics in drug development and regulatory review- recent relabeling of drug products
OPRU meeting, March 28, 2011, Bethesda, MD
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Table 1 Sel d clinical significant drug-druginteractions
Changesin
Substrate substrate plasma
Gene Aliases Tissue Function i drug { drug) AUC (AUC ratios)
ABC transporters of clinical importance in the absorption, disposition, and excretion of drugs
ABCBT P-gp, MDR1 Intestinal enterocyte, kidney proximal tubule, Efflux Dronedarone Digoxin 2.6-fold
hepatocyte (canalicular), brain endothelia Quinidine Digoxin 1.7-fald
Ranolazine Digoxin 1.6-fold
Tipranavir/ritonavir Loperamide 0.5-fold
/Ritonavir Saquinawir 0.2-fold
ritenavir
ABCG2 BCRP Intestinal enterocyte, hepatocyte (canalicular), Efflux Topotecan 2.4-fold
kidney proximal tubule, brain endothelia
placenta, stem cells, mammary aland (lactating)
SLC transporters of clinical importance in the disposition and excretion of drugs
sSLCOo8T OATP1B1, Hepatocyte (sinuscidal) Uptake Lopinavir ritonair Bocentan 5-43 fold?
OATP-C,
OATP2 Cyclospor Pravast: 9.9-fold
LST-1 Rifarmpin (single dosel  Glyburide 2.3-fold
Cyclesporine Rosuvastatin 7.1-fold®
Cyclesporine Pitavastatin 4.6-fold
SLCOTB3 OATP1B3, P . .
el Lepinavir/ritenavir Rosuvastatin 2.1-fold
SLCz22AZ OCT2 Kidney proximal tubule Uptake Cimetidine Dofetilide 1.5-fold
Cimetidine Pindolol 1.5-fold
Cimetidine Metformin 1.4-fold
SLC22A6 OAT1 Kidney proximal tubule, placenta Uptake Probenecid Cephradine 3.6-fold
Probenecid Cidofowir 1.5-fold
Probenecid Acyclovir 1.4-fold
SLCzz2A8 OAT=2 Kidney proximal tubule, choroid plexus, Uptake Probenecid Furosermide 2.0fald
brainendothelia
The transporters listed are the likely transporters; however, because the studies are invivo, it is not possible to assign definitively specific trans porters to thesa interactions. ABC,
adenosine triphos phate_binding cassetta; AUC, area under the curve; BCRF, breast cancer rasistance protein; L5T, liverspecific transportar; MDR, multidnug resistance; OATF,
organic anion-tRNnsporting polypeptide; OCT, organic cation transporter; P-gp, p-g iy co protei LC, solute camier
ApMinimum predose plasma level (Cnvugw'l data from day 4 (48-fold), day 10 (fivefold) after coadministration. PInteraction could be partly mediated by BCRP.
Modified from ref. 2 and other sources.
482 VOLUME 89 NUMBER 4 | APRIL 2011 | www.nature.com/cpt
Zhang L, Huang S-M, Lesko LJ, Clin Ph | Ther 89(4): 481-484 (April 2011) 23 SMHuang
ang L, Huang S-M, Lesko LJ, Clin Pharmaco. er H - pri

S . Development of a Drug Transporter Database: UCSF-FDA TransPortal lﬁl" ‘.‘

Kari M. Morissey", Chris Wen®, Susan J. Johns 2, Shiew-Mei Huang?, Lei Zhang?, Kathleen M. Giacomini
Department of Bioengineering and Therapeutic Sciences and 2 Pharmaceutical Chemistry. University of Califarnia. San Francisco, CA
2 Office of Clinical Pharmacology, Office of Translational Sciences, Center for Drug Evaluation and Research, Food and Drug Administration, Silver Spring, MD

Syncytiotrophoblast

Localization Information
aPCR Expression Data

Drug transporters are key determinants of absorption, distribution and eliminatid
herapeutic and adverse drug effects. Though a large body of data are available on|
developers. regulatory agencies and academic scientists about transporters imparta)
ranapurlsra from the ATP-Binding Cassette (ABC) and Solute Carrier (SLC) transy

evels., inhibitors. and clinical drug-dn
Path to bulld a public drug transporter database to serve as a central resource for i
ldrug trans porters.

DATABASE SCREENSHOTS

Drug Transporters in Selected Organs & Direction of Trans|

Localization Information

Blood-Brain Barrier
[
Brain capillary endothelial cells

A

I

Fetal Materna
Blood Blood

Smal

Basolateral Apical

e p— n

ttp://bts.ucsf.edu/fdatransporte
Morrissey KM, et al, Clin Pharmacol Ther 89(1): 540, PII-06 (February 2011)

26 S-M Huang

Applications of pharmacogenomics in drug development and regulatory review- recent relabeling of drug products
OPRU meeting, March 28, 2011, Bethesda, MD

13



Shiew-Me Huang

Pharmacogenetics (simvastatin)
-Myopathy-

Genomewide Association

-\liull:"‘_—.l ) | ; I Odds ratio: '

H [" 16.9 (CC/TT)

- ‘ .y 45 (Cvs. T)
W R RO AT i ﬂ 6.4 (amiodarone)

A

1. Estimated Cumulative Risk of Myopathy Associated with
Taking 80 mg of Simvastatin Daily, according to SLCO1B1
rs4149056 Genotype (c.521T>C)

2. Association replicated in another 40 mg group

27 S-M Huang

The SEARCH Collaborative Group. N Engl J Med 2008 359: 789-799 (UK)

OATP1B1 Inhibition

"Eltrombopag is an inhibitor of OATP1B1
transporter. Monitor patients closely for
signs and symptoms of excessive exposure to
the drugs that are substrates of OATP1B1
(e.g., rosuvastatin) and consider reduction of
the dose of these drugs.”

“benzylpenicillin, atorvastatin, fluvastatin,
pravastatin, rosuvastatin, methotrexate,
nateglinide, repaglinide, rifampin”

Drugs at the FDA (Promacta, November 2008, “Highlights” and "Drug Interactions”)

bel_ApprovalHistory
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 28 S-M Huang

The following were listed as OATP1B1 substrates;

http://www.accessdata. fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.La

Applications of pharmacogenomics in drug development and regulatory review- recent relabeling of drug products
OPRU meeting, March 28, 2011, Bethesda, MD
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PBPK: Application of PBPK in
Clinical Pharmacology Evaluation
- Pravastatin -

' wemi OATPI1B1 MRP2 —PeH— Sensitivity

Analysis

01

o1

entration (ug/mi)
(ng/mi)
tration (ugimi)

Plasma

0.001 0.001
a0 0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (min) Time (min)

Courtesy of Dr. Yuichi Sugiyama
Modified from Yuichi Sugiyama, Optivia webinar, July 2010 29 S-M Huang
| « Watanabe T. et al JPET. 328:652. 2009>

BCRP and Rosuvastatin

282 Circ Cardiovasc Genet June 2010
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Figure 2. Mean 3-month LDL-C lavels for patients randomized to simvastatin or resuvastatin, according to BCRP and CYP3AS geno-
type. *BCRP 421CC and CYP3AS “3/3 genotype only; ®BCRP 421AA or 421CA or CYP3AS *1/*1 or *1/°3 genctypes; “BCRP 421AA or
421CA and CYP3A5 *1/°1 or *1/°3 genatypes. Error bars represent +1 SE. Probability values generated from independent samples
tests comparing simvastatin (40 mg) vs rosuvastatin {10 mg) within each genctyps group.

The Genetic Effects on Statins (GEOSTAT-1)- subset of SPACE ROCKET
N= 415; Mostly White subjects

Bailey K et al, Cir Cardiovasc Genet 3(3): 276-85, 2010 30 S-M Huang
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Codeine
&

Metabolism

Labeling Example (4)

31 S-M Huang

HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights de not include all the information needed 1o use Codeine
salfate tablets safely and lfectively. See full preseribing information for
Codeine sulfate 1ablets

Codene sulfate tablees for oral wse
gial 5. Appreval: 1950

See 17 for PATIENT COUNSELING INFORMATION

http://www.accessdata.fda. gov/d“rugslaff;;_a’

P‘
Norcodeine @

Codeine6-
glucuronide

s/label/2009/022402s000Ibl. pdf

ruhme

Liver cell

@

{UGT1AL
ﬁ il
- @ glucurcmd
\

N f

Marphine-; /
glucuranide.

|

/ ~
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Pharmacogenomic Pathway Analysis

Downstream

Drug target pathway Clinical
genes genes cutcome
Certain CYP2C9 and Off-target Toxicity
VKORCI gene |.HLAB*5701 |
variants increase risk Abacavie

Prodrug Active drug

y,

Normal ———= Normal

wergic

Inactivated / efficacy

Activated KRAS mutation
confersresistance to EGFR

Clopidogrel . ap e

e — inhibitors

Metabolism
genes

Prodrugs having
reduced efficacy in
CYP2C19 and CYP2D6
PMsvs EMs
respectively

ek ity TS Modified from Caskey, Annu Rev Med 2010, 61:1-15

P450
induction

Activated Activated E}

- Could These Have Been Predicted?

33 S-M Huang
Courtesy: Dr. Larry Lesko

FDA Guidance for Industry

Guidance for Industry

Clinical Pharmacogenomics:
Premarketing Evaluation in Early Phase
Clinical Studies

Published for public
DRAFT GUIDANCE comment in February

Thit guidance document it being distribated for comment purposes only.

garding thas draft document should be submemed within 60 days of 201 1
r of the notic the availab he draft

0 the Divisson of Dockers Mana, zement H

Comements and s
publication in the
guidance, Submit cor

Drug Adesmsstration, 563 shers Lane, 1061, Rockalle, MDD 2 T
shiould be sdentified with the docket aumber listed m o £ avaslabal r\nar blishes . . ;
T Aot mabee Rated Ja Gk nofice af vatiabiiy tat bl http://www. fda.gov/Drugs/GuidanceComplianceR

egulatoryInformation/Guidances/ucm064982. htm

ffice of Comnunicats

¢ Changring Handenschild ar 301-827 ’:l-l Lo

“——— Send in your comments

U5, Deparrment of Health and Human Services
Food amd Dhug Administration
Center for Drug Evaluation and Research (CDER)
Cemrer for Bislogics Evaluation and Research (CBER)
Center for Devicrs amd Radiological Health (CDEH)

Febrmary 2011
Climical Pharmacology 34 S-M Huang
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Summary

* Individual variations in drug response may
be attributed to various intrinsic and
extrinsic factors; genetics is one of the
factors and needs to be considered along
with other factors

- It is important to assess safety,
effectiveness and dose-exposure
response in various subgroups during
drug development and apply the results
of exposure-response to better define
optimum individual dosing regimens

5 S-M Huang

Summary (2)

- As the pharmacogenetics/
pharmacogenomics information becomes
available, its association with the safe
and effective use of drugs has been
incorporated in the drug label and some
tests have been incorporated into
clinical practice

* Challenges need to be continued to be
addressed in the translation of genetic
information to product labeling and
clinical practice

36 S-M Huang
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Summar‘!
There is an urgent nee

information

3)
for pediatric

- Collaboration is key to future successes

» Application of modeling/simulation (e.qg.,
PBPK) is critical to optimal study design
and to addressing issues related to multiple
inhibitors/multiple patient factors

* Various guidance documents in development
will discuss premarketing evaluation of
pharmacogenetics in early phase clinical
studies, drug interactions, others

37 S-M Huang
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Fold-Change in Plasma AUC
- Effect of Transporter Genetics -
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Data from Niemi M, Clin Pharmacol Ther 87:130, January 2010 41 S-MHuang

Dosing Based on
Transporter Genetics?
- Are We Ready?-

1T 1C CC Normal dose range”*
Simvastatin 5-80 mg/day
Pitavastatin 1-4 mg/day
Atorvastatin 10-80 mg/day
Pravastatin 10-80 ma/day
Rosuvastatin 5-40 mg/day
Fluvastatin 20-80 mg/day

Data from Niemi M, Clin Pharmacol Ther 87:130, January 2010
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