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Variability of Patient Response

Benefit/\ MIXED BENEFITS
AND HARMS

NON-RESPONDERS

—

ﬁ NET HARM
Harmv

Frequency of response in the population

Barbara Evans, Notre Dame Law Review 85(2);419-524, 2010
http://www.nd.edu/~ndlrev/archive_public/85ndlIre/Evans. pdf S-M Huang 2
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Many Factors

Extrinsic

Drug—drug interactions

Intrinsic
Age
Race
Organ dysfunction
Disease
Pregnancy/lactation
Gender
Genetics
Others

Environment Smoking/

diet

Medical
practice

Alcohol
use

Regulatory Others

Huang S-M, Temple R, Is this the Drug or Dose for you?
Clin Pharmacol Ther 84: 287-294, 2008

<FDA Clinical Pharmacology guidance documents:

82.htm

Affect Drug Exposure/Response

It is critical to
evaluate how these
factors affect drug
exposure/response

Ultimate goal >
Optimal dosing for
patients with these
individual factors

S-M Huang

http://www. fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm0649
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with Various Factors

Dose Adjustment in Patients

S-M Huang
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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

<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 2008> S-M Huang 5

Use of Prescription/
OTC/Supplements

- 80% of individuals > 57 YO takes at —
least 1 medical product (prescription,
OTC, supplement)

- 50% takes at least 5 medical products

50%
- 30% takes at least 5 prescription drugs

| S-M Huang 6 |
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Interactions- Dietary Supplements,

- Food, Juices-

s
*John's Worl

St John's Wort Grape%r-uit Juice

A A
<
&5 &

ur'cmm Chinese Herbs?

http.//www.fda.gov/ForConsumers/ConsumerUpdates/ucm096386.htm

htto.//www.fda.gov/ForConsumers/ConsumerUpdates/ucmi182745.htm oMK ,
- uang

Drugs Withdrawn from the US Market due
to Safety Reasons

Withdrawn Drug name |Use Risk . I
CYP/transporter inhibitor
=
1998 1997 i i 9h blood pressure/Chronic stable angina ITopgades de Pointes; Drug-drug interactions;
1998 1997 IBromfenac  [NSAID lAcute liver failure
1998 1985 ITerfenadine J\ tihistamine [Irorsades de Pointes; Drug-drug interactions

1999 1988 [Astemizole JAM\histamine |lTorsades de Pointes; Drug-drug interactions
1999 1997 |GrepafloxacinAib\ ics Torsades de Pointes

J2000(2002)* [2000{Alosetron™ IrrNﬂ)Qowel syndrome in women [Tschemic colitis; comelicaﬁons of constipation |
|2000 1993 Kisapride Hw"fN\ Torsades de Pointes; Drug-drug interactions
Jeoco 1997 |Troglitazone [DRes \ \ [Acute Tiver Tailure

|2°01 1997 KCerivastatin Ch°'¢S*N)\"‘Q Rhabdomyolysis; Drug-drug interactions

|2°01 1999 [Rapacuronium AMSN Bronchospasm

Jeoos 1993 | evomethadyl [Opiate depend Ental arnhvthmin

oo 1590 lRofexocih Pan reief CYP/transporter substrate
I2005 2001 |\/aldecoxib  [Pain relief SKIn react (5J95)

|p005(2006)* |2004|Natalizumab* [Multiple sclerosis Brain infection

|2°°5 2004199 m Tc** Diagnostic aid Cardiopulmonary arrest

ang et a # ples o ende pe ed e a egato 4cade Pre 004

859 ang et a ", olog echa and ethoa 6: 89-99 006
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Composition of Safety-Related
Labeling Changes for All Drug Products

(changes made Oct 2002-Aug 2005, n=2645 label changes for 1601 NDA/BLA entries)

220

.| posuvastatin
O Black Box Warnings

180 _ .
1601 ¢l clopidogrel W Warnings
140 A | @ Precautions
120 + w @ Contraindications
100 1 B Adverse Reactions
80 I simvastatin
jz THI ﬂﬂ H digoxin warfarin
20 -

o | Hﬂ ﬂ ﬂﬂﬂ Huuuu ot offlafen b w.

0 5 35 40 45 50 55 60

Years post-approval

Modified from: T Mullin, COER, Office of Planning and Analysis,
OTS presentation, May 2009

S-M Huang 9

Labeling Example (1)

CYyP2C19

&
Clopidogrel

Updating labeling
Genetic Data<->
Drug Interaction warning

S-M Huang 10
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Roles in Clopidogrel Activity of Proteins with Known

Genetic Polymorphisms

Clopidogrel
(prodrug)

Intestinal absorption
[

BCB1) S

Hepatic metabolism
(CYP3A4, CYP3AS, and
cyp2c19)

ADP

Active metabolites
(159 of clopidogrel dose)

\j @ rrces :"

(85% of clopidogrel dose)

GPIib/llla

recept:

o gt

P2RY12
receptor
Platelet
[
S "
> &
T y
- & N~
4
S i h

Inactive metabolites

or

<Simon et al. N Engl J Med,;360:363-375, January 2009 >

S-M Huang
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- . T, r
Composrl'e Clinical OUfcon\_?-—ii- A Pharmacokinetic Response
e J Clopidogrel, 300 mg
--------- 0.5+
- .
Carriers
Moncarsiers o r——t —_
-~ T 0T
x : :
,_'__,_rJJ_'_/ X —
- Non-Carriers 4 5] | i
el | T
] ; = B I
L i~ | N
g i l
. ; ; 15+ -
Py " s &
Days since Randomizati o
» - UM EM IM PM
- & (N=20) (N=31) (N=30) (N=3)

CYP2C19 and Clopidogrel
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PPT and Clopidogrel

070
Nether clopidogrel nor PPI

2 o0 :PP\ wihoul copidoge Nonq‘ MedCO STUdY

£ o 116,690 patients)

5 050 A ) — . .

] -~ |[taking clopidogrel

5 040 PPI f .

, Clop+PPI after stenting--the

g e : :

s 7 risk of major

adverse

£ ardiovascular

0 W 20 40 S0 60 T G0 N0 N0 090 vents increased to

i Period Since Discharge, d 25% (from 1 8%) in
N;;iéhre; ;‘\opidogre\ 192 1668 1631 171 751 51 10 Ip Clﬁ ents t+ C(kin g PPI S
PPlvitodt 1083 128 1210 @ 565 310 185
C‘c;;ﬂg;{geqel 2425 178 1179 60 ) i s "~ - o .
vilhout PPI http://cardiobrief.org/2009/05/06/scai-
Cloicogel+ PP 3 40 et &l o o 1%\ | clopidogrelppi-wed-1130am/; May 6, 2009

Ho PM, et al, JAMA, March 4, 2009, 301: 937 - 944.

S-M Huang 13

FDA Actions

January 2009:Early communication

Healthcare providers should re-evaluate the need for starting
or continuing treatment with a PPI, including Prilosec OTC, in
patients taking clopidogrel................

January 26, 2009
http://www. fda.gov/cder/drug/early,_comm/clopidogrel_bisulfate. htm

May 2009: Labeling changes

CYP2C19 poor metabolizer status is associated with diminished response
to clopidogrel. The optimal dose regimen for poor metabolizers has yet
to be determined

Drugs at the FDA (Plavix, "DOSAGE and ADMINSTRATION-Pharmacogenetics”,&
"PRECAUTIONS- Drug Interactions)

http://www.accessdata. fda.gov/drugsatfda_docs/label/2009/020839s040/b/. pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/

S-M Huang 14
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[TFD73 u.s. Food and Drug Administration A-Z Index Search o)

Home | Food | Drugs | Medicsl Devices | Waccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Radiation-Emitting Products | Tobacco Products

Safety Share B Emailthis page & Printthis page &1 Change Font Size =
Home = Safety = MedWatch The FD& Safety Information and Adverse Event Reparting Program = Safety Information

Medwatch The FDA Safety Clopidogrel {marketed as Plavix) and Omeprazole
fefommationfandiadeney {marketed as Prilosec) - Drug Interaction

Event Reporting Program

Safety Information Audience: Cardiovascular healthcare professionals, pharmacists

Safety Alerts for Human [Posted 11/17/2009] FDA notified healthcare professionals of new safety information concerning

Medical Products an interaction between clopidogrel (Plavix), an anti-clotting medication, and omeprazole

(Prilosec/Prilosec OTCY, a proton purnp inhibitor (PPI) used to reduce storach acid. Mew data

2009 Safety Alerts for Hufman show that when clopidogrel and omeprazole are taken together, the effectiveness of clopidogrel

Medical Products is reduced. Patients at risk for heart attacks or strokes who use clopidogrel to prevent blaod

2008 Safety Alerts for Hurran clots will not get the full effect of this medicine if they are also taking omeprazole, Separating

Wedical Products the dose of clopidogrel and omeprazole in time will not reduce this drug interaction,

2007 Safaty Alerts far Human Other drugs that are expected to have a similar effect and should be avoided in combination wit

Wedical Producis clopidogrel include: cimetidine, fluconazole, ketoconazole, voriconazole, etraviring, felbamate,

fluoxetine, fluvoxarine, and ticlopidine.
2006 Safety Alerts for Human . . . .
Medical Prgducls Recommendations for healthcare professionals are provided in the "Information for Healthcare

Profescionals' sheet,
(=5

[11/17/2009 - Information for Healthcare Professionals - FDa]
[11/17/2009 - Public Health Advisory - FD&]
2004 Safety Alerts for Human [11/17/2009 - Follow-Up to January 2009 Early Communication - FDA]

Medical Products T
[01/26/2009] Clopidogrel bisulfate (marketed as Plavix) Early Cormmunication

2005 Safety Alerts for Human
Medical Products

2003 Safety Alerts for Human
Medical Products

2002 Safety Alerts for Human
Medical Products

2001 Safety Alerts for Human
Wedical Products

S-M Huang 15

March 2010 Relabeling
WARNING: DIMINISHED EFFECTIVENESS IN POOR
METABOLIZERS
- Effectiveness of Plavix depends on activation ... by ...
CcYP2C19

* 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)

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

S-M Huang 16
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August 2010 Relabeling

2.3 CYP2C19 Poor Metabolizers

CYP2C19 poor metabolizer status is associated with diminished antiplatelet response to
clopidogrel. Although a higher dose regimen in poor metabolizers increases antiplatelet
response [see Clinical Pharmacology (12.5)], an appropriate dose regimen for this patient
population has not been established.

2.4 Use with Proton Pump Inhibitors (PPI)

Omeprazole, a moderate CYP2C19 inhibitor, reduces the pharmacological activity of Plavix.
Avoid using omeprazole concomitantly or 12 hours apart with Plavix. Consider using another
acid-reducing agent with less CYP2C19 inhibitory activity. A higher dose regimen of
clopidogrel concomitantly administered with omeprazole increases antiplatelet response; an
appropriate dose regimen has not been established [see Warnings and Precautions (5.1), Drug
Interactions (7.1) and Clinical Pharmacology (12.5)].

Orugs at the FDA
http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/020839s048Ibl.pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/
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= =
=9 = 5
iu P<00D] by the b iu 98 by the log
2 A
& a &
0004 T T T — 0,00 . . } Y
0 50 100 150 120 200 L] 100 150 120 200
Days Days
MNo. at Risk
1455 a5 523 %0 Bl Aot i 948 518 0 218
1500 98 (131 % 218 Owmeprazole 1876 1488 966 537 Mz 205
. - - e agtes of the Probability of Remaining Free
5 : . . Qi . el Fres &f Primary Cardiovascular Event)) According to Study Group.
rimary Gastrointestinal Events Jiccording to Study Group.
The ever - prmary cardiovascular end point at day 180 was 4.9%
The event ra fmary gastrointestinal end point at day 180 was =
in the omeprazole group and 5.7% in the placebo group.

1.1% in the omeprazole group and 2.9% in the placebo 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 ftrial/October 6, 2010/(DOI: 10.1056/NEJMoal007964)
S-M Huang 18
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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)

S-M Huang
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Clinical Utility

Clinical Pharmacalagy & Therapeutics (2010) 88 6, 729-733. doi110.1038/clpt.2010.229

Editorial

What Is Clinical Utility and Why Should We Care?

L 1 Leskot, I Zineh and S-M Huang*

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

kof@ifda.hhs.qov): 1 Zineh, (Issam.Zineh@fda.hhs.qov): S-

Corraspondence: L Leska, (
ng. (Shisub

M Hua

g. (ShiswMsi.Husna@fda.hh

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

Assessing the Clinical Utility of Diagnostics Used in Drug
Therapy

b

] Woodcock?

*Center for Drug Evaluation and Research, US Food =nd Drug Administration, Silver Spring,
Maryland, USA

o Clinical Pharmacology
State of the Art &Therapeutics s

CLINICAL UTILITY

State of the Art
Clinical Pharmacology & Therapeutics (2010) 88 8, 774-778. doi:10.1038/clpt.2010.233
Enrichment of Clinical Study Populations

R Templet

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

S-M Huang

December 2010
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Labeling Example (2)

CYP3A
&
Dasatinib

Classification of Inhibitors

S-M Huang 21

o1

D

(< V-5 epartmentol-Health & Humarn Services £2J WWW.hhs.gov

FDA u.s. Food and Drug Administration AZlIndex | Search @

Home | Site Map | Food | Drugs | Medical Devices | Yaccines, Blood & Biologics | Animal & Yeterinary | Cosmetics | Radiation-Emitting Products  Tobacco
Products

rugs GOOgle Email this page &1 Print this page (& Chanage Font Size =

me = Drugs = Development & Approval Process (Drugs) o##8velopment Resources

Drug Development)an®&Drug Interaction

* Overview

Development & Approval
Process (Drugs)

Development Resources .
= * Background Information
Drug Interactions &

Labeling * Tables of Substrates, Inhibitors and Inducers
Drug Development and Orug ¢ CYP Enzymes
Interactions )
* In vitro

Drug Development and Crug
Interactions: Possible Models * Invivo

for Decision-Making * Examples of in Vivo Substrate, Inhibitor, and Inducer for Specific CYP Enzymes

Classification of Inhibitors
& Classification of Substrates

* P-gp Transporters

Drug Development and Drug
Interactions: Table of
Substrates, Inhibitors and
Inducers

Drug Development and Drug
Interactions: Advisory * Major Human Transporters

Committee Meetings . .
: g * Possible Models for Decision-Making

Drug Development and Dirug

Interactions: Meetings ¢ CYP-Based Drug-Drug Interaction Studies

DruaDea atand Drun * P-ap-Based Drug-Drug Interaction Studies (updated 9/25/20061
http://www. fda.gov/Drugs/DevelopmentApprovalProcess/Development
Resources/DrugInteractionsLabeling/ucm080499. htm S-MHuang 22
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Classification of Inhibitor/Inducers*

*

cyp Strong Moderate |Weak
Enzymes |Inhibitors |inhibitors inhibitors
> b-fold >2 but <b- [>1.25 but <2-
increase in |fold increase |fold increase
AUC in AUC in AUC
CYP Strong Moderate |Weak
Enzymes |Inducers |Inducers Inducers
>80% 50- 80% 20-50%
decrease in |decrease in |decrease in
AUC AUC AUC

Possible models
http://www. fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
DrugInteractionslLabeling/ucm080499. htm,

the U Washington drug interaction database
http://www.druginteractioninfo.org/

S-M Huang 23

Dasatinib may 2009 1abeling)

Concomitant Strong CYP3A4 inhibitors: CYP3A4
inhibitors (eg, ketoconazole, itraconazole,

clarithromycin, atazanavir, indinavir, nefazodone,

nelfinavir, ritonavir, saquinavir, telithromycin, and

concentration

Carbnmnvnh.

voriconazole) may increase dasatinib plasma
Grapefruit juiced.should be avoided

Concomitant Strong CYP3A4 inducers: The use of
concomitant strong CYP3A4 inducers
avoided (eg, dexamethasone, phenytoin,

......... should be

rifampin, rifabutin, phenobarbital).

G-T. John's W@...".should be avoided

Drugs at the FDA (Sprycel, "DOSAGE and ADMINSTRATION)
http://www.accessdata. fda.gov/drugsatfda_docs/label/2009/021986s004/bl. pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/

S-M Huang 24
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What Do We Know
about Transporters?

S-M Huang 25

Selected efflux & uptake transporters in
the gut wall (a), liver (b), and kidneys (c)

OATP: Organic Anion * QCT2: Organic Cation

| . Transporter 2
T
ransporting Polypeptide ' " . Organic

Anion Transporter 1/3
Hepatocytes @Renalrubu e el
@Enreroqrte
Uptake e
- PEFTI; ORI MRP3
lumen 5
Efflux '
MORT|MRP2; /
) ooT Bile Efflux To systemic
: Mﬁ—'—*circulation
P-gp: P-glycoprotein d e

Liver, Intestine, Kidney, Brain
BCRP: Breast Cancer Resistant Protein
Liver, Intestine, Kidney, Brain

Huang S-M, Lesko LJ, and Temple R, "Adverse Drug Reactions and Pharmacokinetic Drug
Interactions", Chapter 21, Adverse Drug Reactions and Drug Interactions in Part 4, FUNDAMENTAL
PRINCIPLES: Clinical Pharmacology, “"Pharmacology and Therapeutics: Principles to Practice,” Ed.
Waldman & Terzic, Elsevier, 2009 S-M Huang 26
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Important Intestine Transporters

Efflux

(to intestinal
lumen):

* P-glycoprotein (P-
gp. MDR1, ABCB1)

() Enterocyte
Uptake e
Gt PEPT); OATP MRP3

Portal

e 5 o mf:um blood

MDRI; —_
BCRP ocT

- Breast Cancer Blood
Resistance Protein Levels
(BCRP, ABCG2)
Inhibitors Substrates Consequence AUC
Quinidine Digoxin Digoxin Exposure 1 1.7-fold 1
6GF120918 Topotecan Topotecan 2.4-fold 1
Exposure 1
S-M Huang 27

Important Liver Transporters

Hepatt}ques

Uptake _
(from blood to Uptake Blood
hepatocytes): Bk Levels
- OATP1B1 g
. OATP1B3 e Eﬁj
Portal %lﬂ;
EFflux blood U.IJZ' BSEP :
(qxcr'eﬁon to = /
. ;’"e): Blle B Tosystemic
B;%FI” ; MRP S circulation
iocudngOm) WS
Inhibitors Substrates Consequence AUC
Cyclosporine | Rosuvastatin | Rosuvastatin 7-fold 1
Exposure 1
Lopinavir/ | Rosuvastatin | Rosuvastatin 2-fold 1
Ritonavir Exposure 1

Recent advances in transporter and CYP-based Interactions including the
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Important Kidney Transporters

Uptake (C)Renal tubule cel
(kf;c:llz t))‘lood t  5i00d
Y) Levels
+ OCT2
MDRI.{MRP2:
u..m 3
Efflux fystemic 0.#]’4 OCTPE;MATEI
. culation
(secretion to
urine)
- _P-gp (MDR1)
Inhibitors substrates Consequence AUC
Probenecid | Cephradine Cephradine 3.6-fold 1
Exposure 1
Cimetidine Metformin Metformin 1.4-fold 7

Labeling Example (3)
OATP, BCRP, P-gp

Statins

&

Drug Interactions
Pharmacogenetics

S-M Huang
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Comparative exposure and dose recommendation
in subgroups with various patient factors
Group | Ethnic factor Fold change in exposure (AUC) Initial dose Daily dose
(mg) (mg)
1 Control 1-fold H 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
?ﬁ;;'rm ont | 1-fold (moderate) | M 10-20 5-40
3 3-fold (severe) | 5 <10
4 ! Race 2-fold (Asians) i 5 5-20
5 Cyclosporine | 7-fold _ 5
6 Gemifibrozil | 1.9-fold || 10
Lopinavir/
7 ritonavir >-fold m 678 10
(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca);
Labeling from http://www.accessdata.fda.gov/scripts/cder/drugsatfda.); November 2007 labeling
<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 2008> S-M Huang 31

Pharmacogenetics (simvastatin)
-Myopathy-

Genomewide Association

d wn K ) i _-Odds ratio: -
i, : [’ 16.9 (CC/TT)
f 45 (Cvs. T)

6.4 (amiodarone)

§ 06 7 8310 N MELD AKX
H I

Chromasome

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
The SEARCH Collaborative Group. N Engl J Med 2008; 359: 789-799 (UK) S-M Huang 32
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Rosuvastatin

* Rosuvastatin is not extensively metabolized; ~
10% of a radiolabeled dose is recovered as
metabolite.

* No drug interactions with ketoconazole,
erythromycin, itraconazole, known CYP3A4/P-gp

inhibitors

- Possible mechanism- P g
cyclosporine - T W
inhibition of BCRP EERS T E?n":d.;
(efflux transporter) DT = e e |
& OATP1B1 (uptake limom |
transporter)

Crestor Labeling (AstraZeneca), htttp://www.accessdata.fda.gov/scripts/cder/drugsatfda

Simonson S6, et al. Clin Pharmacol Ther. 2004, 76(2):167. Kesjutaki JE, et al,

clini Pharmacol Ther 2009, 86:197; Tomlinson B, Clin Pharmacol Ther' 20551 o 3

Fold-Change in Plasma AUC

- Effect of Transporter Genetics -

T (OATP1B1)
— c.521¢C/TT
c.5217T>C

White: Black: Asian
15-20: 2 : 10-15%

(BCRP)
c.421AA/CC
c.421 C>A

, Agéggm White: Black: Asian
15-20: 0-5 : 25-359

/. / ABCBI
&
& N

c.1236TT/CC
c.2677TT/66
c.3435TT/CC
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OATP1B1 inhibitors
"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.”

The following were listed as OATP1B1 substrates:
“benzylpenicillin, atorvastatin, fluvastatin,
pravastatin, rosuvastatin, methotrexate,
nateglinide, repaglinide, rifampin”

Eltrombopag: for for the treatment of thrombocytopenia in patients with chronic immune
(idiopathic) thrombocytopenic purpura

Drugs at the FDA (Promacta, November 2008, “Highlights” and "Drug Interactions”)
http://www.accessdata. fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.La

bel_ApprovalHistory
http://www.accessdata. fda.gov/Scripts/cder/DrugsatFDA/ S-M Huang 35

Labeling Example (4)

OATP, BCRP, P-gp
&
Other drugs

* Drug Interactions
* Pharmacogenetics

S-M Huang 36
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Iumen

Effect of Grapefruit Juice
on CYP3A and Transporters

% ool
ud

e

———
CYP3A?
L [PAgp? QATP2B1?
@Emerome \ OATPI AZ?
Uptake

<Data from Tapaninen T, Neuvonen PJ, Niemi M, Clin Pharmacol Ther July 2010>
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2501
200+

Grapefruit Juice and Celiprolol

—&—celiprolol
celiprolol+GFJ

Gut
|umen

@ Enterocyte
Uplah

] W

2500+

2000+

15004

10004

5004

celiprolol (ThD) celiprolol (ThD)+GFJ
* 300+
200- Q
=+
100+
X
C;C ClIT T;T C;C C;T T;T

Courtesy of Dr. Yuichi Sugiyama

< Modified from Yuichi Sugiyama, FDA
Presentation, February 18, 2011 >

Portal

Effx mmm blood
——

o a

At the therapeutic dose
- Saturation of P-gp
- OATP2B1 genotype

predominates
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Curcumin and Sulfasalazine

12- MicroDose 60000- Therapeutic dose
MD
8- —=—MD+curcumin 400004 ThD
—o—ThD+curcumin

Plasma concentration (ng/ml)
Plasma concentration (ng/ml)

4 20000
c L} L} L} L) c L) L} L} L)
0 6 12 18 24 0 6 12 18 24
time (hr) time (hr)
@) Enterocyte Courtesy of Dr. Yuichi Sugiyama
-~ Uptake , < Modified from Yuichi Sugiyama, FDA
ad mPAR] MR Presentation, February 18, 2011 >

e i At the therapeutic dose
e = - Saturation of OATP2B1
ocT - Curcumin inhibition of BCRP
predominates
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Members of the International
Transporter Consortium

—

Academia
| eslie Z. Benat: Xiaoyan Chu: Merck
University of California, San Francisco Rayrmond Evers: Marck

im L.R. Brouwer: Volker Fischer: Abbott

Pniversity of North Caralina at Chapel Hil Kathean M. Hillgren: Lilly Research Laboralorie
athlean M. Giacomini: Shiew Mei Huang: Keith A. Holtmaster: Novarbs
University of California, San Francisco® Food and Drug Adminisiration® Caraline A. Lee: Plizer
Foshihisa lshikawa: RIKEN Yokohama Instifute® Lei Zhuang: Josaph W, Palli: GlaxoSmithKline
Dietrich Keppler: German Cancer Research Center Food and Drug Administration Donald J. Tweedie
Richard B. Kim: University of Western Ontario Boehringer Ingelhaim Pharmaceuticals®
likko Miemi: University of Helsinki Josaph A. Ware: Genentech
Wuichi Suglyama: University of Tokyo Macie] Zamek-Gliszczynski:
Pater. W. Swaan: University of Maryland Lilly Research Laboratories
Btaphen H. Wright: University of Arizona
*Co-chairs

<Huang, SM, Zhang L, Giacomini KM, Clin Pharmacol Ther January 2010>
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Human Tr'ansPor"r Proteins
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International Transporter Consortium, Nature Reviews
Drug Discovery, 9, 215 - 236, (2010) S-M Huang a1

Nature Reviews | Drug Discover)

OATP
Decision
Trees-

(a)

substrate

(b)
inhibitor

International Transporter
Consortium, Nature
Reviews Drug Discovery,
March 2010

a

Is hepatic ehm\nat\on an important

IME?

Does the compound have active hepatacyte uptake? Do the Hepatic clearance
drugs’ physiological properties (for example, low passive is not a sufficiently
membrane permeability*, high hepatic concentrations relative important
to other tissues, organic anion/charged at physiclogical pH) determinant of
suppert importance of active uptake into liver? drug levels

Yes Probably a poor or not
a substrate for OATPs
Investigate uptake transporters

expressed in hepatocytes with
inhibitiors and/or transfected cell lines

|
fan OATP substrap), consider a clinical DDI study with single-dosqgifampicin

Wmh\b\mr Further n could be given

clinical pharmacokinetics base@n OATP genotypin

b iy of the NVE < 10 times unbounde 7
m—

Is the AUC or C_, of statin (for example, rosuvastatin, NME probably
pravastatin, pitavastatin) predicted to increase > 2-fold in presence | | not an in vivo
of the NME using extrapolation (for example, IR value = 2)? inhibitor of OATP

Clinical DDLshcib s s
(for €GImple, rosuvastatin, pravastatin, pitavastatﬁp‘-

Clinical study may
not be needed
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INTERNATIONAL
TRANSPORTER CONSORI
SECOND WORKSHOF

i March 12-13], : : 5
- National Harbor/Was M,_,Jrom D)C
Updates,wilf be provided on the "
— W/Wi&rg&:‘r oor'ng[de ‘ :

- and
1:‘“'*- the AAPS Transporter Websn're
T www. aapspﬁarﬁ'\j(euﬂca COﬂ'\/ITCWhI‘l’

""" 5SS S5 5558 '"“"'”"

HHEY e
m\\\.\m = JJUUMEMJ’@‘ J44

-Leading scientists from academia, the FDA and :’
industry w!II extend discussions arising from WORKSHOP SESSIONS
the ITC white paper:

Nature Reviews Drug Discovery * Tools and Technique
% 2¥5'236 (_2010} i ; e Additional Transpo
-As with the first workshop, participants will \
be encouraged to join discussions on best * Decision Trees and R

practices and future directions.

FDA Guidance

Guidance for Industry
Draft 2006 Guidance:
http://www. fda.gov/downloads/Drugs/

Drug Interaction Studies — GuidanceComplianceRegulatoryInformat
Smd}' Design’ Data .'-'L“ﬂ]}'SiS, and fon/Guidances/ucm072101. pdf
Implications for Dosing and Laheling
H$§ P Revision to be published
GUIDAN E .
- ¢ - in 2011 as a draft for
Comoants and suggustions -n_wmm..mmummmunmm pUbllc Comment

prblicacion in the Faderal Repister of the notice ammouzcing e rradshiliny of the drfe
idamce. Sulmit commmerss 5o de D Lnoccfrnrkr:hamm 'IEQ 307}, Feod and
Bm, Adreristration, 630 Fiskees Lans, rm 1061, Raockvilla, VD :E- . All commaats
szould be wdezsfied with the docket momer Bated in the notics afmllm'.h‘r_. ‘that publishes i
the Faderal Righitar.

Clinical Pharmacology Guidance

For quastions ragesding shis draft document coztact (CDER) Shiser-bli Eramg, 301-796-1341, Documenfs:

o (CBER) Tom Stiama, 301-327-6160.
http://www.fda.gov/Drugs/Gui

U2 Department o fth d ipanSevice danceComplianceRegulatoryInfo
Cenier for Tres Evabeanion and Rewsrch 7 7
¢ o e Dru Bt snd B OO rzna tion/Guidances/ucm064982
Sepoember 2006 ° fm
Chnical Pharmacolagy
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FDA Guidance for Industry

Guidance for Industry

Clinical Pharmacogenomics:
Premarketing Evaluation in Early Phase
Clinical Studies

Published for public

DRAFT GUIDANCE :
| DRAFTGUIDANC comment in February
This guidance document it being distributed for comment purposes ouly.
o g i o o s e e 2011
fanagemen 1), Food 2
1 1 con .

http://www. fda. gov/Drugs/GuidanceComplianceR
egulatoryInformation/Guidances/ucm064982. htm

ER) Office of Comnunicat 1
00, or Changring Handenschild ar 3 273047 or

“——— 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
Clinical Pharmacology
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Utility of Physiologically-
Based Pharmacokinetic (PBPK)
Modeling
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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)

Drug-drug interactions

Lung
Intrinsic
Age Rapidly perfused

Race organs
Organ dysfunction

Disease
Slowly perfused

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

Regulatory

Environment

Metabolism

Active transport
Passive diffusion
Protein binding
Drug-drug interactions
Receptor binding

Medical
practice

Huang and Temple, 2008 oI \ 4
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 ¥J, Song P, Brar SS,
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)> S-M Huang 47

PBPK: Application of PBPK in
Clinical Pharmacology Evaluation (2)- Rivaroxaban

Factors Rivaroxaban | Recommendations
AUC Change | (EMA)
Ritonavir or ketoconazole 2.5-2.6x Co-administration not recommended

Erythromycin or clarithromycin rT.3-1.5x ™ | -- No dosage change
Renal impairment (CLcr in mL/min)

50-80 ¢T.3-1.6x >> -- No dosage change

30-49 <ﬁ-1.6x Use with caution, if also on drugs
increasing plasma levels

15-29 Limited data | Use with caution

<15 Not recommended

Rivaroxaban: 36% renal, metabolism (18% CYP3A, 14% CYP2J2,
What happens when renal impaired
patients also take inhibitors?

- Simulations can help evaluate “whatf
if” scenarios and determine the path

forward (studies or labeling).

1. http://www.ema.europa.eu/docs/en_6B/document _library/EPAR_-
_Product_Information/human/000944/Wc500057108. pdf
2. Zhao P, et al, Clin Pharmacol Ther, 89:259-267 (February, 2011) S-M Huang 48
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PBPK: Application of PBPK in
Clinical Pharmacology Evaluation (3)
- Pravastatin -

Analysis

' wemes 0ATP1BI MRP2 PSeft Sensitivity

041

01
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4
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sma ¢
m.

Pla

Courtesy of Dr. Yuichi Sugiyama

Modified from Yuichi Sugiyama, Optivia webinar, July 2010
| « Watanabe T. et al. JPET. 328:652. 20095 S-M Huang 49

PBPK: Application of PBPK in
Clinical Pharmacology Evaluation (4)

- HIV Protease Inhibitors -
—->Can the drug interaction data from ritonavir/

lopinavir be extrapolated to other PIs?

Table 1. Comparison of IC, and K -values of HIV PI for inhibition of OATP1B1 and OATP1B3-mediated CGamF (1 uM) accumulation with unbound
plasma concentrations.

Mekimum inhibition C,,., corrected for

] (% of contral) 1C_ (M) K (pM) Plasma protein plasma protein
[nhibitors OATPIBL  OATP1B3 OATPIBI  OATP1B3  OATPIBI  OATPIB3  binding(%)*  binding (uM)*
Amprenavir 6149 7542 14.443.8 19.1£2.0 12.8 13.1 90 1.0-3.2
Atazanavir 7218 877 1.7+0.2 3.0+£1.0 L5 2.0 86 0.6-1.3
Darunavir 66+3 83+2 3.5+1.1 4.8+08 3.1 3.3 93 0.3-1.1
Indinavir 63+4 76£2 12.2+4.2 12.3£1.1 10.8 8.5 65 1.7-4.4
Lopinavir 7643 89+£2 0.5£0.1 2.0£0.1 0.5 1.4 98 0.3
m 3849 34+6 T n.d. n.d. n.d. 98 W
IRitopavic, 73%1 86+4 LE03 3.6+1.1 14 2.5 99 il
Saquinavir 74103 80+4 2.1£1.2 4.1+1.0 L8 2.8 98 0.11-0.30
Rifampicin 79%5 9413 1.8+0.3 1.3+0.7 1.6 0.9 E =
Digoxin 3847 5419 7.9%2.1 1.0+0.4 7.0 0.7 = =
Bromosulphophthalein 7449 92+3 0.7+0.4 1.4+04 0.6 1.0 = -

Notes:n.d., Not determined.

“From Williams & Sinko (1999), Hoetelmans et al. (2003), Perry et al. (2005), Swainston Harrison & Scott (2005), Marin-Niebla et al. (2007), Ruane
et al. (2007) and Chandwani & Shuter (2008).

“Due to solubility limitations, nelfinavir could only be tested up to a concentration of 20 pM.

[C, -values were calculated according to the sigmoid inhibitory effect model as described in the Materials and Methods section.

Annaert P, et al, Xenobiotica, 40(3): 163-176, 2010 S-M Huang 50
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Summary

* As drug development science advances and
additional info becomes available, drug
labels have continued to be updated

* The role of transporter in drug efficacy
& safety have been increasingly evaluated

[ P-gp-based interactions are among the
most evaluated; others include OATP,
OCT, OAT, BCRP]

S-M Huang 51

Summary (2)

» Collaborations among academia, industry,
government agencies, (and consumers) are
key to success in developing useful
information for the safe and effective
use of drug products

- Various decision trees have been
developed to guide clinical studies
based on in vitro data

S-M Huang 52
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Summary (3)

* Pharmacogenetic tools are available and
critical in identifying important pathways
and potential drug interactions (both
genome-wide association and candidate
gene approaches)

* Modeling/simulation tools (e.g., PBPK based|
are critical and increasingly being used to
optimize study design and to address issues
related to multiple inhibitors/multiple
patient factors

S-M Huang 53

Summary (4)

FDA plans to issue for public

comments another draft drug interaction
guidance, which will include recommendations
related to evaluation of transporter-based
drug interactions, in addition to non-

CYP based interactions, interactions
involving therapeutic proteins, and the

use of various mechanistic models (static
and dynamic, including PBPK models) to
assess combined effect of various patient
factors

S-M Huang 54
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