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Draft Guidance
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

What is N
ew?



S-M Huang 5     

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



Why Evaluate 
Transporter-based 

Interactions?



Transport-based Interactions

Zhang, Huang, Lesko, Clin Pharmacol Ther, 89, 481-484 (2011)



nFDA: Limit Use of 80 mg Simvastati
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“

http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm257884.htm
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Drugs at the FDA (http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/
(http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/019766s077s082lbl.pdf
Highlights section of Simvastatin labeling (Zocor)

FDA  L m t Use of 80 mg S mvastat n 
(2)



Clinical Pharmacogenomics Implementation 
Consortium Recommendation 

-
 

Simvastatin and OATP1B1-

RA Wilke, et al, Clin Pharmacol Ther July 2012

PREDICT 
(Pharmacogenomics 
Resource for Enhanced 
Decisions in Clinical Care 
and Treatment) decision 
support algorithm for 
simvastatin. 

Algorithm activated by 
provider selection of any 
simvastatin dose during 
the process of 
electronic prescribing at 
Vanderbilt University 
Medical Center. CK, 
creatine kinase. 

OR
(at 80 mg)

20
OR

(at 80 mg)
4.5



What transporter to 
Evaluate in Drug 
Development?
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International Transporter Consortium, Nature Reviews 
Drug Discovery, 9, 215 - 236, (2010)

Human Transport Proteins



When to Evaluate 
Transporter-based 

Interactions?



Ye Y
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Evaluation of NME as a Substrate
 

for 
Transporters—Other Drugs’

 
Effect on NME 

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

All NMEs

Hepatic or biliary 
Secretion major?

e.g., ≥

 

25% 
total clearance?

Renal active 
secretion major?

e.g., ≥

 

25%
total clearance?

Refer to P-gp and
BCRP decision tree**

for the need to
conduct in vivo

 

studies

Determine whether
NME is an OATP1B1

or OATP1B3
Substrate*

Determine whether
NME is an OAT1, OAT3 

or OCT2

 

substrate*

Refer to OATP1B1/1B3
decision tree** for the

need to conduct in 
Vivo

 

studies

Refer to OAT1/3 and
OCT2 decision tree** for

the need to conduct
in vivo

 

studies

s es

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



P-gp Inhibition Decision Tree

An in vivo

 

drug interaction 
study with a P-gp 

substrate 
is not needed.

An in vivo

 

drug interaction 
study with a P-gp substrate 

such as digoxin is 
recommended.

  

   

  

  

 

or
[I]2/IC50 (or Ki) ≥ 10

and
[I]2/IC50 (or Ki) < 10

1 50 1 50

[I]1

 

is 
total

 

Cmax

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
with increasing concentrations of the 

investigational drug

Net flux ratio of the probe substrate is not 
affected with increasing concentrations of the 

investigational drug.

Poor or non-inhibitorProbably a P-gp inhibitor

Determine Ki or IC50

 

of the 
inhibitor

[I] /IC (or Ki) ≥ 0.1 [I] /IC (or Ki) < 0.1

[I]2

 

(gut concentration)/IC50

 

≥

 

10
is New

 

(Not in 2006 draft DDI 
Guidance).

 

is 
50 mL

nt from ITC
aper (unbound 

 

[I]2
Dose/2

Differe
Whitep
Cmax)

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

 
Resources/DrugInteractionsLabeling/ucm080499.htm



l Cat

OATP Inhibition Decision Tree
max

Is total Cmax

 

/IC50 of the investigational drug  ≥

 

0.1 
for OATP1B1 or OATP1B3?

In vivo study may not be 
needed

In vivo study may 
not be needed

No

In vivo  DDI study with a 
sensitive substrate (e.g., 

rosuvastatin, 
pravastatin, pitavastatin)

Yes

NoYes

Is the AUC or Cmax

 

of statin (e.g., rosuvastatin, 
pravastatin, pitavastatin) predicted to increase ≥

 

1.25-fold in the presence of the investigational drug 
using extrapolation (e.g., R-value[a]* ≥1.25[b]**)?

t from ITC
per

R≥1.25

Different from ITC
whitepaper

en
ap

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

 
/ucm093583.htm

To

Differ
white

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResource/DrugInteractionsLabeling/ucm093583.htm
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Utility of Physiologically-
 Based Pharmacokinetic (PBPK) 

Modeling
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Application of Physiologically-based 
Pharmacokinetic (PBPK) Modeling

<Huang S-M, Rowland M, Clin Pharmacol Ther, 91:542-549 (March, 2012)>
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Regulatory Submissions with PBPK Data

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)>



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

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

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

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

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

Grillo JA, Zhao P et al, Utility of a physiologically–based pharmacokinetic (PBPK) modeling approach to
,  transporter-enzyme

 
quantitatively predict a complex drug–drug–disease interaction scenario for rivaroxaban during the drug review 
process: implications for clinical practice, Biopharm Drug Dispo, 2012

PBPK Publications by the Office of Clinical Pharmacology

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

Concept, perspective, best practice

Pediatrics and pregnancy

Nonlinear PK and time-dependent inhibition

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

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

Huang S-M,

 

Utility of Physiologically-based pharmacokinetics Modeling in Regulatory Review, Biopharm Drug Dispo, 
2012
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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>

Application of PBPK  
- Pravastatin -
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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
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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
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