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* NTR (narrow therapeutic
range) drug
* Drug Interactions
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Labeling (2004)

“Drugs that induce/inhibit P-glycoprotein
in intestine or kidney have the potential to
alter digoxin pharmacokinetics”
recommendation of dosing adjustments
and/or monitoring of digoxin levels when
“amiodarone, propafenone and quinidine” are
to be used with digoxin.

"No _significant changes in digoxin
pharmacokinetics have been reported with
disopyramide, dofetilide, flecainide,

moricizine, mexilitine, procainamide,or sotalol”

Drugs at the FDA (digoxin, "'PRECAUTIONS-Drug Interactions- Antiarrythmics)
http://www. accessdata. fda.gov/drugsatfda_docs/label/2004/21648/b/. pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ S-MHuang 6




Is the NME a

P-gp Inhibitor?

‘ Bi-directional transport assay ‘

Net flux | with
t [drug]

Net flux |4 with
| [drug)

‘ Determine K; or IC;,

‘ ‘ Poor or non-inhibitor

[I],/ICs, (or

[I],/ICs, (or K

[I],/ICs, (or K;

[I),/IC,, (or K

An in vivo interaction study
with a P-gp substrate
(e.g., digoxin) is recommended

An in vivo interaction study
with a P-gp substrate
is not needed

Z

S-M Huang
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Is digoxin the only
clinically relevant P-gp
substrate?



PRADAXA® (dabigatran etexilate mesylate) capsules for oral use
Initial U.S. Approval: 2010

e INDICATIONS AND USAGE——
PRADAXA 1s a direct thrombin inhibitor indicated to reduce the risk of stroke

and systemic embolism 1n patients with non-valvular atrial fibrillation (1)

- WARNINGS AND PRECAUTIONS———————
¢ Risk of bleeding: PRADAXA can cause serious and, sometimes, fatal
bleeding. Promptly evaluate signs and symptoms of blood loss. (5.1)

Temporary discontinuation: Avoid lapses in therapy to minimize risk of
stroke (5.2)

P-gp inducers and inhibitors: Avoid coadministration of rifampin with
PRADAXA because of effects on dabigatran exposure (5.3)

Drugs at the FDA (dabigatran- HIGHLIGHTS) , October 19, 2010

http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/022512s000/bl. pdf
htto://www. accessdata. fda.qov/Scripts/cder/DrugsatFDA/




Other transporters?



Selected efflux & uptake transporters in

the gut wall (a), liver (b), and kidneys (c)

- : OCT2: Organic Cation
OATP: Organic Anion )
: : Transporter 2
T Pol d P
ransporting Folypeptide  5AT1/3: Organic

Anipn Transporter 1/3
@E f HEPBMMES Renal tubule cell
nterocyte wole el
Uptake . [ oamB:
LN
orta i
- Effux Eﬂ:ﬁf‘ oy | blood |OLT BE | o Efflox
AT N, QATY: _WDR]; MRPZ; B
L / OAT3: ~ WIRPZ; OCTN';
il Blle Effx  Tosystemic 0AT4  OCTNZ; MATE!;
Mppl. | circulation MATE?
P-gp: P-glycoprotein : MRP3

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 11




OATP, BCRP, P-gp
&

Statins

* Drug Interactions
 Pharmacogenetics



Pharmacogenetics (simvastatin)
-Myopathy-

Genomewide Association

.G F:""(':'PE
16.9 (CC/TT
45 (Cvs. T)

6.4 (amiodarone)

YYYYY
Population

Chramasome

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 13



http://content.nejm.org/content/vol0/issue2008/images/large/NEJMoa0801936f1.jpeg

Labeling of Simvastatin

TABLE 1 Drug Interactions Associated with Increased
Risk of Myopathy/Rhabdomyolysis

* Itraconazole Ketoconazole Erythromycin Clarithromycin
Telithromycin HIV protease inhibitors Nefazodone

- Avoid simvastatin Chinese Patients
Taking Lipid-
Modifying Doses
(21 g/day Niacin)
* Amiodarone Verapamil of Niacin-containing

-> Do not exceed 20 mg simvastatin daily |Products
. Diltiazem —~>Do not take

+ Gemfibrozil Cyclosporine Danazol
- Do not exceed 10 mg simvastatin daily

> Do not exceed 40 mg simvastatin daily 80 mg

* Grapefruit juice
> Avoid large quantities of grapefruit juice (>1 quart daily)

Simvastatin labeling (Zocor), May 2010: HIGHLIGHTS
http://www.accessdata. fda. gov/drugsatfda docs/label/2010/019766s080/bl.pdf




Comparative exposure and dose recommendation

in subgroups with various patient factors

1 ] 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 5-40

2 impairment 1.2-fold (moderate) 10-20 5-40
Renal 1-fold (mild) 10-20 5-40
impairment 1-fold (moderate) 10-20 5-40

3 3-fold (severe) 5 <10

2-fold (Asians)

Cyclosporine | 7-fold

Gemfibrozil | 1.9-fold ]

Lopinavir/
. . 5-fold
ritonavir 1 2345678

(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca);
Labeling from .); November 2007 labeling

<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 2008 > S-M Huang 15



http://www.accessdata.fda.gov/scripts/cder/drugsatfda

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- Y @ Hapsincyie
cyclosporine wa (o
inhibition of BCRP e | (o

(efflux transporter)
& OATP1B1 (uptake

transporter)
Crestor Labeling (AstraZeneca),; htttp://

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 S2€/|1 g "
-M Huang



http://www.accessdata.fda.gov/scripts/cder/drugsatfda

Fold-Change in Plasma AUC

- Effect of Transporter Genetics -

OATP1B1)
521CC/TT

c.521T>C
White: Black: Asian
15-20: 2 : 10-15%

(BCRP)
c.421AA/CC

(P-gp)
c.1236TT/CC
c.2677TT/66G
c.3435TT/CC

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

S-M Huang 17



Dosing Based on

Transporter Genetics?
- Are We Ready?-

\SLED 181 ¢.521T>C genotype
1T TC CC Normal dose range®

simvastatin 40 mc
Pitavastatin 2 me

Atorvastatin

Pravastatin
Rosuvastatin 5-40 mg/day

Fluvastatin

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

—>Other metabolic pathways?
—>Other transport pathways? S Huang 18



Transporter Information in Drug Labeling

2004- 2007-
2006 2009

# of Approved NMEs 67 56

# (%) with transporter information in 11 (16%) (21 (38%
the labelings

# on P-glycoprotein 6

#In vitro 10 16
#in vivo 14
# on other transporters 1

# in ‘Highlights’ section

# of PMRs/PMCs related to 3
transporters

NME: new molecular entity.
<Modified from Agarwal et.al, ACCP 2010 Abstract>

e




Transporter Information in Drug Labeling
Transporter | Drug Names*

P-gp Aliskiren, ambrisentan, [aprepitant], c/arithromycin, colchicine,
[dexvenafaxine], dronedarone, [eltrombopag], everolimus,
fexofenadine, [fosaprepitant], [ixabepilonel, /apatinib,
maraviroc, nilotinib, paliperidone, posaconazole, [prasugrel],
[[propafenone]], propranolol, ranolazine, saxagliptin,
silodosin, sirolimus, sitagliptin, tipranavir**, tolvaptan,

topotecan, [vorinastat

OATP1B1 Atorvastatin, @mbopa **) lapatinib,
valsartan <

OATP Ambrisentan \HIGHLIGHTS

OAT Sitagliptin (OAT3)

OCT Metformin, pramipexole, [saxagliptin], [sitagliptin], varenicline
(OCT2)

BCRP Lapatinib, topotecan

MRP Mycophenolate (MRP2), [ixabepilone] (MRP1),valsartan (MRP2)

*Not an extensive list: data based on a preliminary survey of electronic PDR and Drugs@FDA on September
18, 2009. They are substrates, /inhibitors, both substrates and inhibitors, [not a substrate or an inhibitor],
or [[not studies as a substrate or an inhibitor]]; **:Tipranavir is also a P-gp inducer *** an inhibitor; its
labeling contains a list of OATP1B1 substrates

<Huang, SM, Zhang L, Giacomini KM, Clin Pharmacol Ther January 2010> S-M Huang 20




OATP1B1

"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”

Orugs 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/ 21 S-M Huang




Members of the International
Transporter Consortium

Academia

Laslie Z. Benat: Xiaoyan Chu: Merck

University of California, San Francisco Raymaond Evers: Merck

Kirmi L.H. Brouwer Volker Fischer: Abbott

University of North Caralina at Chapel Hill Kathean M. Hillgran: Lilly Hesearch Laboratonas
Kathleen M. Giacomini: Shiew Mei Huang: Keith A. Holimaster: Novartis

University of California, San Francisco” Food and Drug Administration® Caroling A. Lee: Phzer

Tashifisa Ishikawa: HIKEN Yokohama Institute® Lei Zhuang: Joseph W. Palli: GlaxoSmithKling
Dietrich Keppler: German Cancer Research Center Food and Drug Administration Danald J. Tweedie

Richard B. Kim: University of Western Ontario Boahnnger Ingetheim Pharmaceuticals”
Mikko Niemi: University of Helsink Joseph A. Ware: Genentech

Yuichi Sugiyama: University of Tokyo Macie| Zamek-Gliszczynski:

Pater. W. Swaan: University of Maryland Lilly Hasearch Laboralones

Staphen H. Wright: University of Arizona

*Co-chairs

<Huang, SM, Zhang L, Giacomini KM, Clin Pharmacol Ther January 2010> S-M Huang 22



Co-sponsored by

Sl e ] [p B2l FDA CRITICAL PATH TRANSPORTER
Druc InForRMaTION AssOCiatiomn in collaboration with

October 2-3, 2008 | Marriott Bethesda North Hotel & Conference Center, Bethesda MD, USA

White Paper

From the “International Transporter Consortium”

1.Overview of Transporters
Overview, MDR1, BCRP, OAT/OCT, OATP

2. Methods for Studying Transporters

Cell/membrane models, intact organ/in vivo models:
modeling/imaging tools, enzyme/transporter interplay

3. Drug Development Issues
Overview/example cases; decision trees

1. International Transporter Consortium, Nature Reviews Drug Discovery, March 2010

2. Huang S-M, Woodcock J, Nature Reviews Drug Discovery, March 2010
23 S-M Huang



OATP
Decision
Trees-

(a)

substrate

(b)
inhibitor

International Transporter
Consortium, Nature

Reviews Drug Discovery,
March 2010

Is hepatic elimination an important
route of elimipation of NME?

< riteria: CL, = 0.3 ClL .,
|

|&;

Yes MNo
1 1
Does the compound have active hepatocyte 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
support importance of active uptake into liver? drug levels

Af an OATP substra

[
Yes

I
Investigate uptake transporters
expressed in hepatocytes with
inhibitiors and/or transfected cell lines
I

Probably a poor or not
a substrate for OATPs

conmder a clinical DDI study with single-dos&rifampicin
ideration could be given t

on OATP genotyping

b the IC., of the NME = 10 times unboun ?
1 . 1
Yes No
I I
Is the AUC or C__, of statin (for example, rosuvastatin, MNME probably
pravastatin, pitavastatin) predicted to increase = 2-fold in presence || not an in vivo
of the NME using extrapolation (for example, IR value = 2)7 inhibitor of OATP

Clinical ' v Clinical study rmay
(for le, rosuvastatin, pravastatin, pitavastat] not be needed

S-M Huang 24
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ITC Members The International Transporter Consortium {ITC) White Paper
Lezlie Z. Benet
E!m L R.glhruuwer The [TC White Paper presents the Consortium’s opinion en which transporters are clinically important in drug
Alrﬂnttl:-ﬁrlljﬂhl?n abzorption and dizpos=ition, which in witro methods are zuitable for =tudying drug interactionz with these

trangporters, what criteria =hould trigger follow-up clinical studies, and which clinical studies =should be
conducted if needed. In addition, the article provides the recommendations of the Conzsortium on these
izzues, and prezentz decizion trees that are intended to help guide clinical 2tudie= on the currenthy
recognized most important drug tranzporter interactions.

Raymond Evers
Volker Fizcher
Kathleen M. Giacomini
Kathleen M. Hillgren
Keith &. Hoffmaster

Shiew-Mei Huang The Conzortium would like to hear your feedback on the recommendations presented in the White Paper.
Toszhihiza lehikawa Please click here to e-mail us.

Dietrich Keppler

Richard B. Kim ITC White Paper

Caroline A. Lee

Mikko Miemi EMEA Guideline on the Investigation of Drug Interactions

Jo=eph W. Polli
“uichi Sugivama
Peter W. Swaan
Donald J. Tweedie

Jo=eph A Ware Recent ITC White Paper Presentations
Stephen H. Wright

Suul.c 1_""'Iﬂh ee . ) e Overview of Transporter Whitepaper Decision Trees

Macigj J. Zamek-Glizzczynzki

= [rug Transporters: Report from the International Transporter Consortium; Decisions,
Impact and Future Directions

* Drug Transporters: Interpretation and Application of the International Transporter
Consortium Whitepaper and Draft FDA Guidance, April 19, 2010

Lei Zhang

& & Internet #, 100%

b7 Dr. Maciej J. Zamek-Gliszczynski FISET- oS-




Revision of Guidance

Draft published for public

commet

Drug Interaction Studies — Septe &} 11 2006
Study Design, Data Analysis, and P (/ ,

Implications for Dosing “]1,d Lﬂh'ﬂg http:/gwww. fda.gov/downloads/Drugs/

Guidance for Industry

GuiganceComplianceRegulatoryInformati
@( NCE ® 6 on/Guidances/ucm072101. pdf

m-m-m@y rpaNe
Comenanis and sogmestioms g thi 3 poold be submitted within G0 days of

e FDA Drug Development &
%d in tha notica of availabdity that publishes in D,'Ug Iﬂfef'aCfia” WebSife

For muastions rag2Sgf¥ihos dreft document coztact (COER) Shiew-Kii Beme, 301-796-1341,
or (CBER) Toed Stitano, 301-E27-6180.
http://www. fda.gov/Drugs/DevelopmentA
5. Department of Health and Finman Services pprovalProcess/DevelopmentResources/Dr
Food and Drug Admimisration - -
Center for Dreg Evaluason and Revearch (CDER) ugInteractionsLabeling/ucm080499. htm
Center for Biolesies Evaluation and Research (CBER)

Sepoember 2006
Chniral Pharmacalogy
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PR — Drug Development and Drug Interactions
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Development Resources _
* Background Information

Drug Interactions &

Labeling * Tables of Substrates, Inhibitors and Inducers
P Drug Development and Drug * CYP Enzymes
Interactions _
* In wvitro

Crug Development and Drug .
Interactions: Possible Models * Invivo

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

Drug Development and Drug
Interactions: Table of

Substrates, Inhibitors and * (Classification of Substrates
Inducers

* (Classification of Inhibitors

* P-gp Transporters
Crug Development and Drug

Interactions: Advisory * Major Human Transporters

Committee Meetings . - .
' . * Possible Models for Decision-Making

Crug Development and Drug
Interactions: Meetings

* CYP-Based Drug-Drug Interaction Studies

™ _ _ _ . - i I f %

http://www. fda.gov/Drugs/DevelopmentApprovalProcess/Development

Resources/DrugInteractionsLabeling/ucmO80499. htm S-M Huang 28



New Draft Guidance
- Key Messages -
- The need to understand metabolism,

transport, and drug-drug interaction
(DDI) in order to assess benefit/risk

- Application of mechanistic models in DDI

prediction (static and dynamic models,
including PBPK)

- The need to evaluate therapeutic protein-
drug interactions

- The need to have exposure-response info
to determine clinical significance of
exposure changes due to drug interactions

S-M Huang 29



Evaluation of NME as a Substrate for
Transporters—Other Drugs' Effect on NME

Determine whether
NME is a P-gp
and/or BCRP
substrate *

Refer to P-gp and
BCRP decision tree**
for the need to
conduct in vivo studies

* The sponsor has the option to use in vitro tools first for the evaluation.

All NMEs

Renal active
secretion major?
e.g., 2 25%
total clearance?

Hepatic or biliary
Secretion major?
e.g., 2 25%
total clearance?

Determine whether
NME is an OATP1B1
or OATP1B3
Substrate*

Determine whether
NME is an OAT1, OAT3
or OCT2 substrate*

Refer to OAT1/3 and
OCT2 decision tree** for
the need to conduct
In vivo studies

Refer to OATP1B1/1B3
decision tree** for the
need to conduct in
Vivo studies

** Refer to the Transporter Whitepaper (ITC, Nature Reviews Drug Discovery, March 2010) for the

decision tree for each transporter

30 S-M Huang

Source: FDA Clinical Pharmacology Advisory Committee Meeting, 3/17/10.



Moderate Hepatic Impairment and Strong CYP3A4/
P-gp Inhibitors have >2-fold Increase in Exposure

Severe (<30 mL/min) 1.6

Renal
Impairment Moderate (30—50 mL/min) 1.5

Mild (50-80 mL/min) 1.4
Hepatic < Child-Pugh B 53
Tmpairment Child-Pugh A > :
Ritonavir 2.5
Drug Interactions
Ketoconazole 2.6

) ) . _ Change in AUC Relative to “Normal”
Adapted from C Tornoe, Advisory committee meeting (rivaroxaban), March 2009

http://www. fda.gov/ohrms/dockets/ac/09/slides/2009-4418s1-06-FDA- Tornoe. pdf sl

>Follow up PBPK modeling on multiple impairments: Zhao P, et al, presentation at the annual
meeting of American Society for Clinical Pharmacology and Therapeutics, 31 S-M Huang
Atlanta, 6A, March 2010



Drug Interaction and Renal Impairment
A semi-PBPK simulation

Substrate METHEE] Q
= fa*fG*Ka
-l(:l-r_filﬁLCLr_SeC o) Portal vein GutL
4 ut Lumen
th ha Vv

Using SaamlI®
Ito, Drug Metabo Dispos, 2003
X? ? . Yang, Eur J Pharm Sci, 2003
Liver Yang, J Psychopharmacol, 2006
Vh va Rostami-Hodjegan, personal comm.

Rl ?7?
CL\\r 1 (CYP3A4, CYP2J2, and non-CYP) .

Ketoconazole
* K cypaag =15 NM

(SIMCYP®, V8.20) l c 08 .
- = Qo5
* Ki_cyp2s2 = 2 BM 35 o .
(Jones, Drug Metabo Rev, 2008) QL3 |
8 Soz2
K 29 3 Lo Extrapolated from SimCYP®
[ ] ju— o

i_Renal Secretion™ * *

o

0 05 1
% Decrease in GFR

' 400 mg
f *f*Ka

< Gut Lumen

Ketoconazole

Plamsa

Portal vein
Qha \Y

JJQW

<Zhao P, Zhang L, Lesko, L, Huang S-M, LOL presentation, Merrimac, WI, September 2009>
<Zhao P, et al, presentation at ASCPT Atlanta GA March 2010> S-M Huang 32




PBPK: Application of PBPK in
Clinical Pharmacology Evaluation

A. Intrinsic/extrinsic Factors

Extrinsic

Drug—drug interactions

Intrinsic

B. PBPK Model components

‘ System component
(drug-independent)

Drug-dependent
component

L Lung

ADME, PK, PD and

Environment Age Smoking/ Rapidly perfused | — _ A
Race cliz organs ’ MO
Organ dysfunction
Disease ‘
Pregnancy/lactation ;E Slowly perfused w Mefgballsm
Medical Gender Alcohol o organs 8 Active f'/"dﬂSpO/"f
practice Genetics use = Q. Passive d/f f usion
Others ) ..
L Kidney Protein binding
SO Drug-drug interactions
| Liver | Receptor binding
| Intestines ¢
Huang and Temple, 2008 —"
D> Individual or combined L Dosing PBPK Model
effects on human physiology Elimination
Predict, Learn, Confirm
33 S-M Huang

<Zhao P, et al, Clin Pharmacol Ther, in press>




PBPK Modeling

- Pravastatin in Humans -

_PSeff | Sensitivity
Analysis
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Courtesy of Dr. Yuichi Sugiyama
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Time (min)

Modified from Yuichi Sugiyama, Optivia webinar, July 2010 34 S-M Huaﬁé

< Watanabe T et al JPET 328:652 2009»



Interactions of HIV Protease

Inhibitors with OATP

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

plﬂS]ﬂﬂ concentrations. I

Meximum inhibition C,_ corrected for

(% of control) IC_, (pM) K, (uM) Plasma protein plasma protein
Inhibitors OATP1B1  OATP1B3 OATPIB1  OATP1B3  OATPIB1  OATP1B3  binding(%)*  binding (uM)*
Amprenavir G1+9 752 14.4+3.8 19.1+2.0 12.8 13.1 90 1.0-3.2
Atazanavir T2+8 Y= = 1.7+£0.2 3.0+1.0 1.5 2.0 a6 0.6-1.3
Darunavir 66+3 83+2 3.5+1.1 4.8+£0.8 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 7613 89+2 0.5+0.1 2.0£0.1 0.5 1.4 98 0.3
Nelfinavir® 38+9 34+6 T n.d. n.d. n.d. 98 W
Ritonavir 73+1 86+ 4 L6403 3.6+1.1 1.4 2.5 99 0l
Saquinavir T4+20.3 80+ 4 2.1+1.2 4.1x1.0 1,8 2.8 98 0.11-0.30
Rifampicin 7915 94+3 1.6+0.3 1.3£0.7 1.6 0.9 - -
Digoxin 38+7 5419 T7.9zx2.1 1.0£0.4 7.0 0.7 - -
Bromosulphophthalein 74+9 92+3 0.7+04 1.4+0.4 0.6 1.0 - -

Notes:n.d., Not determined.

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

EDue to solubility limitations, nelfinavir could only be tested up to a concentration of 20 uM.

IC_ -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
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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 36



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
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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
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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 39
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