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IRELBOFEREAEDdecision makingl=&IT2EYREEEE
FAOEEN TR OBLEM

d

%%ﬁaﬁ*ﬁﬁfﬁﬁq@ﬁf REID ZHRIE EYEHBEEERICESTHigh oD ERRBREH
--- B & BE . Mechanism-based inhibition. 55 :5& DM

- RBEER (51, 148) . RYAH - B SV AR —5—

(ABC., SLCR5~ R A —A— TS 1)) e.g. cerivastatin (###EERZE (vs gemfibrozil) : K BEER

CYP2C8MMBI+FEIY A A 52 RIR—R—0OATPsDEE)
sorivudine (MEERZE (vs 5-FU): R #iE2ZDPDDOMBI)

MEBEICBVWT, FRIASHEFRAORDIELR.
EFNEREVMRHEEERABROEFDFHHENDBE !

20074 REFDAMHILELY, HRPTDETED 2012%F 2R REIFDAM, NEZmMEAZEIC
authority%#£&T. International Transporter BT HEMEBEFRAOREZEICETS
Consortium (ITC)&MRL FS2MHAL T RER%

20104 ITCAS. “EDA RS Z A —4— Guidance for Industry
BE OB SR EHENat Rev Drug Interaction Studies —

Drug DiscovIZ$%& (Nat Rev Drug Study Design, Data Analysis, Implications

Discov, 9, 215-36 (2010)) for Dosing, and Labeling
REVIEWS > Recommendations

'Membrane transporters in drug DRAFT GUIDANCE

development

The International Transparter Con

FSURR—E—%N L= E{ERICBET 558
B AVKIEIZEN,

InvitroEERDIERICEDERRMBAE/F AR
D WHLE % H| M9 Bdecision treeZ % 8353 .




Summary

» Continual discussion on how best to use
various models in the prediction of drug
interaction potential is critical

- FDA(OCP)/PhRMA (IQC) groups

- OCP sabbatical scientists(&. 1)

- Consortia such as International
transporter Consortium (ITC)

- Other regulatory agencies (e.g., EMA,
MPA)

- Public workshops

- Others

Courtesy from S.M-Huang €5))
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Labeling * Tables of Substrates, Inhibitors and Inducers
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Substrates, Inhibitors and * (lassification of Substrates
Inducers
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* P-gp Transporters
Crug Development and Drug

Interactions: Advisory * Major Human Transporters
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' g * Possible Models for Decision-Making

Courtesy from S.M-Huang

Crug Development and Drug

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

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

Resources/DrugInteractionslLabeling/ucm080499. htm S-M Huang 5
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A. Intrinsic/extrinsic Factors B. PBPK Model components
System component Drug-dependent
EXTRIE , (drug-independent) component
Smoking Environment l‘

INTRINSIC

Lung
Pregnancy Race \ . Rapidly perfused .

organs ’

ADME, PK, PD and
MOA

DI ' Organ Dysfunction "'| Diet _
Obesity ~ Gender Slowly perfused I\/Ie@abollsm
Di P organs Active transport
 Disease g / ) ; ;
) P \_t// H Passive diffusion
~_ Genetics , .
2B Alcohol Kidney Protein binding
Requlatory

Drug-drug interactions
Receptor binding

Medical Practice

[ESTIES

Huang and Temple, 2008

|:>> Individual or combined effects E Dosing PBPK Model
e l' Elimination

Predict, Learn, Confirm

Courtesy from Amin Rostami-Hodjegan Zhao P, et al Clin Pharmacol Ther 2011



Applications of Physiologically-Based Pharmacokinetic
modeling and simulation during regulatory review

2008.7~2010.6 FDAM reviewLT=FEMD S5,
*7 INDs&6 NDAsIZFHE LY T, PBPK modeling & simulation
*4 NDAsIZE LV T . FDAREBTPBPK modeling

(Cf. 2005~2008 2140 #PBPK M&S)

a Intrinsic/extrinsic factors b PEPK model components
N —
System component Drug-dependent
{drug-indapeandant) componant
v - | 1

rl — ]
Rapidhy L ADME, PK, PD, and

| perfused organs [ MOA
T | | Slowly perfused | | 2 Metabolism
@L 1 Ofjanes E Agive transport
. 1 FPassive diffusion
lewv - Profein binding
. B | Drug—diug interactions
—'1Lﬁl'9f | — Recepior binding
—-l.l"n eeeeee | T ]
PBEPK model

Predict, learn, confirm

Individual or combined effects on i | Desing .l. Elimination
human physiology

The degree of complaxity of the PEBPK model can vary according to the need.

(Zhao P et al., Clin Pharmacol Ther, 89: 259-267 (2011))




Regulatory Submissions with PBPK Data

4%

8% Drug-drug interactions
8% 60y M Pediatrics
Pharmacogenetics
B Hepatic impairment
20% P P
Absorption
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Drug-drug Pediatrics Pharmacogenetics Hepatic Absorption
interactions impairment

Clinical Pharmacology Questions

2008-July 2010 (2011 CPT): 7 IND, 6 NDA IND (Investigational New

July 2010-Dec 2011: 7 IND, 5 NDA Drug Application)
NDA (New Drug Application)

«Zhao P, Rowland M, Huang S-M. Clin Pharmacol Ther, July 2012»
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Courtesy from A.Hisaka (2011) ’
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Lags

Clinical Pharmacology

Below is 8 sortable listing of Clinical Pharmacology Guidances

Guidance, Compliance & Regulatory

Category + Title

Clinical Lactation Studies--Study Design,
Data Analysis, and Recommendations for
Labeling (POF - 263KB}

Clinical Pharmacogenamics: Premarketing
Ewaluation in Early Phase Clinical
Studies (PDF - 531KB)

Exposure-Response Relationships — Study
Design, Data Analysis, and Regulatory
Applications [PDOF - 221 KB}

Fermat and Content of the Human
Pharmacokinetics and Bioawailability Section
of an Application [PDF - 513KB}

General Considerations for Pediatric
Pharmacokinetic Studies for Drugs and
Biolegical Products [POF - 3TKB)

Pharmacokinetics in Patients with Impaired
Renal Function — Study Design, Data
Analysis,and Impacton Dosing and
Labeling (POF - 313KB)

Pharmacokinetics in Patients with Impaired
Hepatic Function: Study Design, Data
Analysis,and Impacton Dosing and
Labeling (POF - 222KB)

Pharmacokinetics in Pregnancy — Study
Design, Data Analysis, and Impact on Dosing
and Labeling {PDF - 324KB}

Population Pharmacokinetics (PDF - 135KEB)

Drug Interaction Studies--Study Design, Data
Aiigiysionmpiicanons for Desing, and
Labeling Recommendations [POF - 827KEB)

http://www.fda.gov/Drugs/6GuidanceComplianceRegulatoryInformation
/6uidances/ucm064982 .htm (last accessed May 8, 2012) Courtesy from S.M-Huang




- Labeling Related Questions -

1. When can we include in the labeling drug
inferaction info without having human data?
- we are doing it! we have labeling based on

- /n vitro studies (negative- label as such

or positive -warnings for NTR (narrow
therapeutic range) drugs)

- other /n vivo human studies
(extrapolation of strong inhibitor
effect or sensitive substrates)

2. Should we treat data generated from /n

5/./106.0 differ'eﬂﬂY? Courtesy from Dr.

S-M Huang
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CHEINBDEBEEE (ARNRIFUODINY T KY)
Grou Ethnic Fold change Initial Daily
P factor in exposure (AUC) dose dose
1 Control One-fold - 10-20 mg 5-40 mg
2 Hepatic 1.1-fold (mild) : 10-20 mg 5-40 mg
impairment 1.2-fold {moderate) 10-20 mg 5-40 mg
3 Renal One-fold (mild) 10-20 mg 5-40 mg
impairment One-fold (moderate) 10-20 mg 540 mg
Three-fold (severe) | 5 mg 5-40 mg
|
4 Race Two-fold (Asians) 5 mg 5-20 mg
5 Cyclosporine Seven-fold 5mg
6 Gemfibrozil 1.9-fold 10 mg
7 Lopinavir/ Five-fold 10 mg
ritonavir 012345678
Huang, S-M., Rowland M..Clin. Pharmacol. Ther. 91, 542-549 (2012). (9) 12
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BMERADOER (XXBAIZ—A)

e F(Tox) = Fmdrl x Fothertrans X Fces
e 0.001 0.1 0.1 0.1
 0.00001 0.05 0.01 0.02

e 0.000001 0.01 0.01 0.01

14
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“Virtual Clinical Trial”

| nl Real person” i" “Virtual person”
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WA OATP1B1

Yamazaki et al.
AJP 264:G36,1993

Nakai et al.
JPET 297:861,2001

BE i+ = HE A

Yamazaki et al.

DMD 25:1123,1997 M RP2

Sasaki et al.
JBC 277:6497,2002

Ll
HMG-CoA

B R
Towa | FFIE

T id) 7

OATP2B1

Kobayashi et al.
JPET 306:703,2003
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Simvastatin|ZEE#2 S D myopathy D FHIHEOATPIB1DE
EFZE DR

Case=8544 vs control 904 : $9300,000marker SNPsZHE R

-Log,,P value

1 ERENDEE

AN S
: ' | Marker SNPs&SLCO1B1 T521C (V174A)D
RIZEEREH(r2>0.95) M RH5ND !

v i Wl

6 7 & 9 10 11 12 13 14151617 19 21 X
18 20 22

. Ao 1B
g 521CC
g - SimvastatinM KIS EEHIZ &
£ (THIA /N —REQOA VXL
s 10 521CTvs TT > 4.5f%
B, 521CCvs TT >16.9f&
S8 51 _
5¢ 51T ARNDOBIT~MAPREEIC
33 l=——— 11 EKEIDEEAOND

0 1 2 3 4 5 ) (SEARCH Collaborative Group et al., New Engl J

Years since Starting 80mg of Simvastatin Med, 359, 789-99 (2008))



PSinf(OATP1B1)

Plasma

PSbile (MRP2. BCRP)

-----------------------------------------------------------------------------------------------------
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) RS EERTT )L (PBPK model)lE. B (BER. FSUX

R—a2— HEE&EQ., M. GFR,EHEE. FFH8rE. &F#0) ZHA A
NBCEDTZELHETILTHS,

ol 11

2) EDRMEFEDL. KEFDASPK, PK-PDDFRIZETIVT &
22alb—2avERRALESELSRELETHR N H S

(DDI, Disease, Pediatric, Ethnic difference)

3) FDAMELESFCEELT(XEELTO)ELXDHA T ADIERL.
WETZ{ToTLVD, FDARERTOBE. PHTSF7EDHRIWHE.
ZLTHRXERNBAICTHOATINS,

4) FDAR#k. PMDADHIZEWARE (FSA) EEEICEIINITHAREN T
NENDOEEICHA XD ENTFELL HAF U RIERLEIC
DULVTH, PMDADHI(Z, #31BULVTIEZ<FDA. EMALRIRFIZEERL
TEDTWTERF|EL. TAhThDEETHRLLY,
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