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Draft Guidance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?



Why Evaluate 
Transporter-based 

Interactions?



Transport-based Interactions

Zhang, Huang, Lesko, Clin Pharmacol Ther, 89, 481-484 (2011)
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Members of the 
International Transporter 

Consortium (2007)

Huang S-M, Zhang L, Giacomini K, Clin Pharmacol Ther 87: 32-36, 2010
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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
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ternational Transporter Consortium, Nature Reviews In
Drug Discovery, 9, 215 - 236, (2010)

Human Transport Proteins



International Transporter Consortium 
2nd

 
Transporter Workshop
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March 12-13, 2012
National Harbor/Washington DC

Papers to be published in 
Clin Pharmacol Ther
November 2012 (Zamek-

 Gliszczynski et al)
and July 2013 issues

Current Executive Committee:
KLR Brouwer, KM Giacomini, 
S-M Huang, DJ Tweedie, 
M Zamek-Gliszczynski



When to Evaluate 
Transporter-based 

Interactions?



Yes Yes
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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% 
arance?total cle

Renal active 
secretion major?

e.g., ≥

 

25%
arance?total cle

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
* 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

[I]1

 

is 
tal

 

Cmax

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

L

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]1/IC50 (or Ki) ≥ 0.1 [I]1/IC50 (or Ki) < 0.1

[I]2

 

(gut concentration)/IC50

 

≥

 

10
is New

 

(Not in 2006 draft DDI 
Guidance).
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http://www.fda.gov/Drugs/DevelopmentApprovalProcess/Development

 
Resources/DrugInteractionsLabeling/ucm080499.htm



OATP Inhibition Decision Tree
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]**)?

tal Cmax

rent from ITC
epaper

R≥1.25

Different from ITC
whitepaper

To

Diffe
whit

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

 
/ucm093583.htm

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

Modeling



S-M Huang 16     <Zhao P, et al, Clin Pharmacol Ther, 89:259-267 (February, 2011)>

Application of Physiologically-based 
Pharmacokinetic (PBPK) Modeling

<Huang S-M, Rowland M, Clin Pharmacol Ther, 91:542-549 (March, 2012)>
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Clinical Pharmacology Questions

60%

20%

8%

8%
4%

Drug‐drug interactions

Pediatrics

Pharmacogenetics

Hepatic impairment

Absorption

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)>



 

Metabolism-Based Drug-Drug Interaction 
Studies- Decision Tree



 

Conduct in vivo studies with other less strong inhibitors/inducers 
selected based on likely co-administration or if appropriate, apply 
mechanistic modeling
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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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References

FDA Drug Development

 

and Drug Interactions Website; 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/Develop

 mentResources/DrugInteractionsLabeling/ucm080499.htm

Drugs@FDA; 
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/

Clinical Pharmacology Guidance for industry:

 http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInform
 ation/Guidances/ucm064982.htm

Genomics at the FDA: 
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pha

 rmacogenetics/default.htm

For Consumers: 
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm212747

 .htm
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