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Guidance for Industry

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

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 90 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit comments to the Division of Dockets Management (HFA-303), Food and
Dmg Admunistration, 5630 Fishers Lane, rm 1061, Rockville, MD 20852, All comments
should be 1dentified with the docket number listed 1n the notice of availability that publishes in
the Federal Register.

For questions regarding this draft document contact (CDER) Shiew-Met Huang, 301-796-1541,
or Lei Zhang, 301-796-1635.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

February 2012
Clinical Pharmacology




< New? Draft Guidance
what ! Published in February 2012

* Many decision trees and tables
- Model-based evaluation of metabolism-
based interactions

- basic and mechanistic models, including PBPK
- consideration of metabolites

* Transporter-based interactions

» Therapeutic protein-drug interactions
+ Other enzymes (e.g., UGT)
* Labeling section

S-M Huang 4



Public Comments Received
(by May 2012)

- Twenty seven sets of comments received

(PhRMA, BIO, IQC, 22 individual
companies, 2 individuals)

« Other comments via emails, informal
meetings

- Various research collaborations
* Revision is ongoing

S-M Huang 5



Why Evaluate
Transporter-based
Interactions?



Gene

ABRC rransporters of clinical importance in the absorption, disposition, and excretion of drugs

BCED

Aliases

P-gp, MO

Tissue

A0

Intestinal enterccyte, Kidney proximal tubule, Efflux

hepatocyte (canalicular), brain endothelia

Intestinal enterccyte, hepatocyte (canalicular), Efflux
kidrney proximal tubule, brain endothelia,

placenta, stem cells, mammary gland {lactating)

SLC transporters of clinical importance in the disposition and excretion of drugs

SLCovEn

SLOONER

SLC22A2

SLC2246

SLC22A8

DATPIBT,

COATP-C,
COATP2,
L5T-1

OATPIES,

OATP-8
OCT2

COAT3

Hepatocyte (sinusoidal) Uptake

Kidney proximal tubule

Kidney prosximal tubule, placenta Uptake

Kidney proximal tubule, chorgid plexus,
brain endothelia

Uptake

Function

Interacting drug

Droanaedarane
Duinidine
Ranclazine
Tipramawvir/ritonawvir

Tipranavir/Ritonawvir

GF1208918

Lopinavir/ritonavir

Cyclosporine
Rifampin (single dode)

Cyclosporine

Cyclosporine
Lopimawvir/ritonawir

Cimetidiree
Cimetidine
Cimetidine
Probenecid

Probenecid
Probenecid

Probenecid

([ J
Substrate
{affected drug)

Drigosin
Digoxin
Crigoxin
Loperamide

Saquinawir/
ritonawvir

Tapotecan

dosentan

Pravastatin
Glyburide

Rosuwvastatin

Pitavastatin
Rosuvastatin

Dofetilide
Pindolal
Metformin

Cephradine

Cidofovir
Acyclowvir

Furocsemide

Changesin
substrate plasma
AUC (AUC ratios)

2.6-fald
1.7-fald

1.6-fald
0.5-fobd
0.2-fold

2.4-fald

S-4.8 fold?
9.9-fold

2.3-fald

7. 1-foldt

4. 6-fald
2.1-fold

1.5-fald
1.5-fald
1. 4-fold
3.6-fold

1.5-fald
1.4-fold

2.9-fold

The trangporters listed are the lkely transporters; howewer, because the studies are in viva, it is not possible to assign definitively specific transporters to these interactions. ABC
adenasine triphosphate-binding cassette; AL, area under the curve; BOCRE breast cancer resistance protein; LST, liver-specific transporter; MDR, multidrug resistance; OATE
organic anion-transporting polypeptide; OCT, organic cation transporter; P-gp, p-glycoprotein; SLC, solute carrier.

fMinimum predose plasma level [Cy .} data frowm clay 4 [(48-fald), day 10 (fvefold) after coadministration. "Interaction could e partly mediated by BCRR

Pl o] if

from ref. 2 and

Zhang, Huang, Lesko, Clin Pharmacol Ther, 89, 481-484 (2011)
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The Food and Drug Administration is
Medical Devices recommending that the use of drugs
containing 80 ma of simvastatin—the

Food

Mutrition highest approved dose of the popular

Radiation-Emitting Products cholesterol-lowering statin—be sharply
curtailed because of the risk of muscle

Tobacco Products injury.

Waccines, Bloed & Biologics FDA says this dose should only be used by

patients who have been taking it for 12
months or longer without ill effect.

"Our overall goal is to get doctors to not
start patients on 80 mg of simvastatin,”
says Eric Colman, M.D., deputy director of
FDA's Division of Metabolism and
Endocrinology Products.

And if health care professionals find that
patients now taking 40 mg of simvastatin
arent meeting their LDL cholesterol goal,
FDA is advising them to choose a different
statin rather than raising the simvastatin dose to 80 mag, says Amy Egan, M.D., deputy director for
safety in the FDA division.

All statins, despite their proven benefit in lowering the risk of heart attacks and strokes, carry some
risk of an injury called myopathy, characterized by unexplained muscle weakness or pain.

But the risk is greater for patients who take the 80 mg doses of simvastatin, especially in the first yvear
of treatment. Colman says the muscle damage is often caused by interactions with other medications.
And some people are genetically predisposed towards simvastatin-related myopathy, he says.

http://www. fda.gov/ForConsumers/ConsumerUpdates/ucm257884. htm S-M Huang 8



mmmmmmm e eeeeeee= DRUG INTERACTIONS
Drug Interactions Associated with Increased Risk of
Myopathy/Rhabdomyolysis (2.3, 4, 51, 7.1, 7.2, 7.3, 12.3)

Intecactino Aaants Prescribing Recommendations

itraconazole, ketoconazole, Contraindicated with simvastatin

posaconazole, erythromycin,
claritbeemyeinetalithearivein,
o TRV protease |r'1h|l:::|tors
nefazodone, gemﬂbrozn
-..._,,_!ﬁf:morme danazol
Amiodarone, verapamil, Do not exceed 10 mg simvastatin

diltiazem daily
Amlodipine, ranoclazine Do not exceed 20 mg simvastatin

daily
Avoid large quantities of grapefruit

Grapefruit juice L :
juice (=1 quart daily)

Coumarin anticoagulants: Concomitant use with ZOCOR prolongs
INR.. Achieve stable INR prior to starting ZOCOR. Monitor INR
frequently until stable upon initiation or alteration of ZOCOR

therapy. (7.6)

mmmmmmmmm e eeememe= JSE IN SPECIFIC POPULATIONS
Severe renal impairment: patients should be started at 5 mag/day and

be closely monitored. (2.6, 8.6)
See 17 for PATIENT COUNSELING INFORMATION.

Revised: 06/2011

Orugs at the FDA (http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/
(http://www. accessdata. fda.gov/drugsatfda_docs/label/2011/019766s077s082/bl. pdf

Highlights section of Simvastatin labeling (Zocor) S-M Huang 9




Clinical Pharmacogenomics Implementation

Consortium Recommendation
- Simvastatin and OATP1B1 -

Electronic prescription for simvastatin

[ 80 m; daily J [ 40 mg daily J [ 20 m;daily ] PREDICT
. L I (Pharmacogenomics

FDA recommends against 80 mg dose FDA recommends against 40 mg dose FDA recommends against 20 mg dose Resource for' Enhanced
unless patient has tolerated = 12 mo if the patient is also using any of these; if the patient is also using any of these; o o . o o
Decisions in Clinical Care

(unless normal CK and no myalgias) amicdarone, amlodipine, ranolazine verapamil diltiazem
and Treatment) decision
support algorithm for

F j E j simvastatin.
TT TC cc

Algorithm activated by
provider selection of any

‘ Proceed based | (WAHNING: genetic testing indicates OR simvastatin dose dur'ing

upon clinical i’ this patient is at increased risk of
OR myopathy with 40 mg simvastatin (at 80 mg) the proc.ess of "
(at 80 mg) 20 electronic prescribing at
4.5 AL Vanderbilt University

|
| Lower dose | { Alternative statin ] Medical Center. CK,

. | creatine kinase.

20 ma simuacstatin ] Chﬂiﬂ& #1
+monitor serial CK | Choice #2
(Consider ipid chinig) Choice #3

RA Wilke, et al, Clin Pharmacol Ther July 2012



What transporter to
Evaluate in Drug
Development?



Human Transport Protems

a Intestinal epithelia

Blood

'::-J';'.l [u_ e —
—OSTR — =

€ Kidney proximal tubules

Blood

International Transporter Consortium, Nature Reviews

b Hepatocytes
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In‘-:stlnv: Blood _ |
- ;'— OATP ' 1 I lr
«—{ — PEPTI |
o ) - @ A =
— S ~ = — O5Ta
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'
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Drug Discovery, 9, 215 - 236, (2010) S-M Huang 12



When to Evaluate
Transporter-based
Interactions?



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

S

R B

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

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

* EDA Clinical Pharmacoloay Advisory Committee Meeting 3/17/10. S-M Huang 14



P-gp Inhibition Decision Tree

Bi-directional transport assay with a probe P-gp
substrate (e.g. in Caco-2 or MDR1-overexpressing
polarized epithelial cell lines)

Net flux ratio of a probe substrate decreases Net flux ratio of the probe substrate is not

with incrfeasinq copcentrations of the affected with increasing concentrations of the
investigational drug investigational drug.

[|]1 is Probably a P-gp inhibitor Poor or non-inhibitor

total C

max

Determine Ki or ICs, of the [1], (gut concentration)/IC,2 10
is New (Not in 2006 draft DDI
Guidance).

Different from ITC
Whitepaper (unbound

Cmax)
[1] /IC (orKi)20.1 [11 IC (or Ki)<0.1
I . An in vivo dl'ug interaction An in vivo drug interaction
[ ]2 IS study with a P-gp substrate study with a P-gp
Dose/250 mL such as digoxin is substrate

recommended. is not needed.

http://www. fda.gov/Drugs/DevelopmentApprovalProcess/Development
Resources/DrugInteractionslabeling/ucmO80499. htm



OATP Inhibition Decision Tree

max

To

I< total C

max!1050 Of the investigational drug 2 0.1
for OATP1B1 or OATP1B3?

Different from ITC
whitepaper

Is the AUC or C,,, of statin (e.g., rosuvastatin, )
pravastatin, pitavastatin) predicted to increase > In vivo study may not be
1.25-fold in the presence of the investigatienral drug needed
using extrapolation (e.g., R-valuelf* >1.25[P1**)%

In vivo DDI study with a In vivo study may .
sensitive substrate (e.g., not be needed Different from ITC

rosuvastatin, whitepaper

pravastatin, pitavastatin)

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResource/DruginteractionsLabeling
/ucm093583.htm


http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResource/DrugInteractionsLabeling/ucm093583.htm

Utility of Physiologically-
Based Pharmacokinetic (PBPK)
Modeling



Application of Physiologically-based
Pharmacokinetic (PBPK) Modeling

Intrinsic/extrinsic factors FPEFPK model components

System component | Drrug-dependent
(drug-independant) componeant

Extrinsic

Drug-drug interactions

.D. Lurng
Intrinsic [ Rapidly ADME, PK, PD, and

Ane Smoking/ {4
HE?{:E i perfused organs MOA
Drgar&g;éﬂggctian Slowly perfused Metabolism

- - 1
E: | i organs z
pr&gn?;'?ﬁé'gﬁfmm Alcohaol Active transport

practice Genetics use Passive diffusion
Protein binding

Others | | Kidney

Drug-drug interactions
— LI'H'ET —r

Receptor binding

Regulatory _ﬂ ¥

—E'Ilﬁﬁlil'l 25

PBPK model

|

|

Predict, learn, confirm

:> Individual or combined effects on B Elimination

human physiology

The degree of complexity of the PBPK model can vary according to the need.

<Huang S-M, Rowland M, Clin Pharmacol Ther, 91:542-549 (March, 2012)>
<Zhao P, et al, Clin Pharmacol Ther, 89:259-267 (February, 2011)>




Regulatory Submissions with PBPK Data

4%

8% Drug-drug interactions
8% c0% M Pediatrics
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B Hepatic impairment
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interactions impairment

Clinical Pharmacology Questions

2008-July 2010 (2011 CPT): 7 IND, 6 NDA
July 2010-Dec 2011: 7 IND, 5 NDA

<Zhao P, Rowland M, Huang S-M. Clin Pharmacol Ther, July 2012 (supplementary file)>



PBPK Publications by the Office of Clinical Pharmacology

Concept, perspective, best practice

Zhao P, Ragueneau-Majlessi I, Zhang L, et al. Quantitative evaluation of pharmacokinetic inhibition of CYP3A substrates
by ketoconazole: a simulation study. J Clin Pharmacol. 2009

Zhao P, Zhang L, Grillo JA, et al, Application of Physiologically-based pharmacokinetics (PBPK) Modeling and
Simulation During Regulatory Science. Clin Pharmacol Ther, 2011

Huang S-M, Utility of Physiologically-based pharmacokinetics Modeling in Regulatory Review, Biopharm Drug Dispo,
2012

Huang S-M, Rowland M, Application of Physiologically-based pharmacokinetics Modeling in Regulatory Review, Clin
Pharmacol Ther, 2012

Zhao P, Rowland M, Huang S-M, Best practice in the use of physiologically based pharmacokinetic modeling and
simulation to address clinical pharmacology regulatory questions. Clin Pharmacol Ther, 2012

Renal impairment, metabolite PK,@ter-enzymD

Grillo JA, Zhao P et al, Utility of a physiologically-based pharmacokinetic (PBPK) modeling approach to
quantitatively predict a complex drug—drug—disease interaction scenario for rivaroxaban during the drug review
process: implications for clinical practice, Biopharm Drug Dispo, 2012

Zhao P, de LT Vierira M, Grillo J, et al, Evaluation of Exposure Change of Non-renally Eliminated Drugs in
Patients with Chronic Kidney Disease Using Physiologically-based Pharmacokinetic Modeling and Simulation.
J Clin Pharmacol, 2012

Nonlinear PK and time-dependent inhibition

De LT Vieira M, Zhao P, Gil Berglund E, et al, Predicting Drug Interaction Potential by Using a Physiologically-based
pharmacokinetics (PBPK) Model: Case Study of Telithromycin, a Time-Dependent CYP3A inhibitor. Clin Pharmacol
Ther, 2012 o

Pediatrics and pregnancy

Leong R, De LT Vieira M et al, , Regulatory Experience with Physiologically-Based Pharmacokinetic Modeling for
Pediatric Drug Trials, Clin Pharmacol Ther, 2012

Ke AB, Nallani S, et al. A PBPK Model to Predict Disposition of CYP3A-metabolized Drugs in Pregnant Women:
Verification and Discerning the Site of CYP3A Induction. Clin Pharmcol Ther: Pharmacometrics & Systems
Pharmacology: in press



Application of PBPK
- Pravastatin -
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Courtesy of Dr. Yuichi Sugiyama

Modified from Yuichi Sugiyama, Optivia webinar, July 2010
< Watanabe T et al JPET 328:652 2009» S-M Huang 21




Summary (1)

* FDA has issued for public comments
another draft drug interaction guidance to
include recommendations related to the
evaluation of transporter-based drug
interactions, in addition to CYP & 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 22



Summary (2)

» 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

- Consortia such as International
transporter Consortium

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

- Public workshop

- Others

S-M Huang 23
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