
    

 

 

  
  

Variability of Patient Response
 

Benefit 

Harm 

MIXED BENEFITS 
AND HARMS 

NON-RESPONDERS 

NET HARM 

Frequency of response in the population 
Barbara Evans, Notre Dame Law Review 85(2);419-524, 2010 
http://www.nd.edu/~ndlrev/archive_public/85ndlr2/Evans.pdf S-M Huang 2 

Shiew-Mei Huang 

OARSA Seminar
 
Center for Food Safety and Applied Nutrition
 

March 17, 2011
 
Laurel, MD
 

Recent Advances in Transporter 
and CYP-based Interactions 
including the Interactions of 

Dietary Supplements and Drugs 
Shiew-Mei Huang, PhD
 

Deputy Director 


Office of Clinical Pharmacology, OTS
 

Center for Drug Evaluation and Research, FDA
 

Shiewmei.huang@fda.hhs.gov
 
S-M Huang 11 

Recent advances in transporter and CYP-based Interactions including the 
interactions of dietary supplements and drugs 
CFSAN OARSA Seminar, March 17, 2011, Laurel, MD page 



  

Many Factors 

Affect Drug Exposure/Response
 

It is critical to 
evaluate how these 
factors affect drug 
exposure/response 

Ultimate goal Æ 
Optimal dosing for 
patients with these 
individual factors 

<FDA Clinical Pharmacology guidance documents: 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm0649 
82.htm 

S-M Huang 3 

Huang S-M, Temple R, Is this the Drug or Dose for you? 
Clin Pharmacol Ther 84: 287-294, 2008 

  

Shiew-Mei Huang 
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Dose Adjustment in Patients 

with Various Factors 

Recent advances in transporter and CYP-based Interactions including the 
interactions of dietary supplements and drugs 
CFSAN OARSA Seminar, March 17, 2011, Laurel, MD page 



  

 

Comparative exposure and dose recommendation 
in subgroups with various patient factors 

(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca);
 
Labeling from http://www.accessdata.fda.gov/scripts/cder/drugsatfda.); November 2007 labeling
 

ÆCurrent practice: Adjust the dose to achieve 
similar systemic exposure Æ Only the first step 

<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 2008> S-M Huang 5 

  

Shiew-Mei Huang 

Use of Prescription/
 
OTC/Supplements
 

Photo by Shiew-Mei Huang 

• 80% of individuals > 57 YO takes at 
least 1 medical product (prescription, 
OTC, supplement) 

• 50% takes at least 5 medical products 
50% 

• 30% takes at least 5 prescription drugs 

S-M Huang 6 
Qato DM, et al,  JAMA 2008; 300:2867-2878. 
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Interactions- Dietary Supplements, 
Food, Juices-

http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm096386.htm 

St John’s Wort Grapefruit Juice 

http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm182745.htm 

Chinese Herbs? Curcumin 

Drugs Withdrawn from the US Market due 
to Safety Reasons 

Withdrawn Approv Drug name Use Risk 

1998 1997 Mibefradil gh blood pressure/Chronic stable angina Torsades de Pointes; Drug-drug interactions; 
1998 1997 Bromfenac NSAID Acute liver failure 
1998 1985 Terfenadine tihistamine Torsades de Pointes; Drug-drug interactions 
1999 1988 Astemizole An histamine Torsades de Pointes; Drug-drug interactions 
1999 1997 Grepafloxacin Antib ics Torsades de Pointes 
2000(2002)* 2000 Alosetron* Irri ble bowel syndrome in women Ischemic colitis; complications of constipation 
2000 1993 Cisapride Heartb n Torsades de Pointes; Drug-drug interactions 
2000 1997 Troglitazone Diab es Acute liver failure 
2001 1997 Cerivastatin Cholesterol lowering Rhabdomyolysis; Drug-drug interactions 
2001 1999 Rapacuronium Anesthesia Bronchospasm 
2003 1993 Levomethadyl Opiate dependence Fatal arrhythmia 
2004 1999 Rofexocib Pain relief 

2005 2001 Valdecoxib Pain relief Skin reactions (SJS) 
2005(2006)* 2004 Natalizumab* Multiple sclerosis Brain infection 
2005 2004 99m Tc** Diagnostic aid Cardiopulmonary arrest 
2005 1975 Pemoline ADHD Liver failure 

CYP/transporter inhibitor 

Huang, S-M, et al, “Principles of Gender-Specific Medicine”, Ed., Legato M, Academic Press, 2004, 
pp 848-859 ; Huang, S-M, et al, Toxicology Mechanisms and Methods,  16: 89–99, 2006 

CYP/transporter substrate 
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Modified from: T Mullin, CDER, Office of Planning and Analysis, 
OTS presentation, May 2009
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Composition of Safety-Related 
Labeling Changes for All Drug Products 

(changes made Oct 2002-Aug 2005, n=2645 label changes for 1601 NDA/BLA entries) 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

0 5 10 15 20 25 30 35 40 45 50 55 60 

Years post-approval 

Black Box Warnings 

Warnings 

Precautions 

Contraindications 

Adverse Reactions 

Modified from: T Mullin, CDER, Office of Planning and Analysis, 
OTS presentation, May 2009 

warfarin 

simvastatin 

digoxin 

rosuvastatin 

atorvastatin 

clopidogrel 

Labeling Example (1)
 
CYP2C19 

& 
Clopidogrel 

Updating labeling
 
Genetic DataÅÆ
 

Drug Interaction warning
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Roles in Clopidogrel Activity of Proteins with Known 
Genetic Polymorphisms 

<Simon et al. N Engl J Med;360:363-375, January 2009 > 

CYP2C19 and Clopidogrel
 

<Mega J et al. N Engl J Med 2008;10.1056/NEJMoa0809171 > 

Carriers 

Non-Carriers 

Carriers: with at least one variant alleles, 
*2, 3, 4, 5, 8 (IM+PM); 

*Outcome: a composite of death from 
cardiovascular causes, myocardial infarction, 
or stroke 

PM: with two reduced function alleles 
IM: one reduced function allele 
EM: no variant alleles; 
UM: one or two *17 

Active Metabolite AUC Composite Clinical Outcome* 

Another study also examined MDR1 
<Simon T et al. N Engl J Med 2008; http://content.nejm.org/cgi/content/full/360/4/363> 
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Medco study 
(16,690 patients) 
taking clopidogrel 
after stenting--the 
risk of major 
adverse 
cardiovascular 
events increased to 
25% (from 18%) in 
patients taking PPIs 
---
http://cardiobrief.org/2009/05/06/scai-
clopidogrelppi-wed-1130am/; May 6, 2009 

None 

PPI Clop+PPI 

Clop (no PPI) 

Ho PM, et al, JAMA, March 4, 2009; 301: 937 - 944. 

PPI and Clopidogrel 

FDA Actions 
January 2009:Early communication 
Healthcare providers should re-evaluate the need for starting 
or continuing treatment with a PPI, including Prilosec OTC, in 
patients taking clopidogrel……………… 
January 26, 2009
 
http://www.fda.gov/cder/drug/early_comm/clopidogrel_bisulfate.htm
 

May 2009: Labeling changes 
CYP2C19 poor metabolizer status is associated with diminished response 

to clopidogrel. The optimal dose regimen for poor metabolizers has yet 

to be determined
 

Drugs at the FDA (Plavix,“DOSAGE and ADMINSTRATION-Pharmacogenetics”,& 
“PRECAUTIONS- Drug Interactions) 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2009/020839s040lbl.pdf 
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 

S-M Huang 14 
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March 2010 Relabeling 

WARNING: DIMINISHED EFFECTIVENESS IN POOR 

METABOLIZERS 
•	 Effectiveness of Plavix depends on activation … by …. 

CYP2C19 
•	 Poor metabolizers ….. exhibit higher cardiovascular 

event rates following … acute coronary syndrome (ACS). 
or … percutaneous coronary intervention (PCI) than 
patients with normal CYP2C19 function 

•	 Tests are available to identify .. CYP2C19 genotype … 
•	 Consider alternative treatment or treatment strategies

in patients identified as CYP2C19 poor metabolizers 
WARNINGS AND PRECAUTIONS 

• Avoid concomitant use with drugs that inhibit CYP2C19 
(e.g., omeprazole) 

Drugs at the FDA (Plavix,“HIGHLIGHTS”) 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2010/020839s042lbl.pdf 
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 

S-M Huang 16 
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August 2010 Relabeling 

Drugs at the FDA 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2010/020839s048lbl.pdf 
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 

October 2010 Publication 


Æ Among patients receiving aspirin and clopidogrel, prophylactic use 
of a PPI reduced the rate of upper gastrointestinal bleeding. There 
was no apparent cardiovascular interaction between clopidogrel and 
omeprazole, but our results do not rule out a clinically meaningful 
difference in cardiovascular events due to use of a PPI. 
D.L. Bhatt et al,COGENT trial|October 6, 2010|(DOI: 10.1056/NEJMoa1007964) 
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Clopidogrel and Pharmacogenetic Test 
in Clinical Practice (one example) 

• Vanderbilt University Medical Center joins Scripps 
Clinic, starting to routinely test for variations in 
CYP2C19 gene before antiplatelet therapy 

http://www.theheart.org/article/1139495.do (October 21, 2010) 

- If homozygous for loss-of-function 
Æ prasugrel 

- If contraindications for prasugrel 
Æ increase the dose from 75 to 150 mg 

or ticagrelor when it is available 

• Test for *1 (wild), 2, 3 (loss-of-function), 17 
(gain-of-function) 

• Individual clinicians to decide treatment options 

S-M Huang 20 

Clinical Utility 

December 2010 



     

     

Google 

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/Development 
Resources/DrugInteractionsLabeling/ucm080499.htm S-M Huang 22 
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Labeling Example (2) 

CYP3A
 
&
 

Dasatinib
 

Classification of Inhibitors
 

S-M Huang 21 
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CYP 
Enzymes 

Strong 
Inducers 

Moderate 
Inducers 

Weak 
Inducers 

> 80% 
decrease in 

AUC 

50- 80% 
decrease in 

AUC 

20-50% 
decrease in 

AUC 

Classification of Inhibitor/Inducers*
 
CYP 
Enzymes 

Strong 
Inhibitors 

Moderate 
inhibitors 

Weak 
inhibitors 

> 5-fold 
increase in 
AUC 

> 2 but <5-
fold increase 
in AUC 

> 1.25 but <2-
fold increase 
in AUC 

*Possible models
 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
 
DrugInteractionsLabeling/ucm080499.htm; 

the U Washington drug interaction database
 
http://www.druginteractioninfo.org/
 S-M Huang 23 
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Dasatinib (May 2009 labeling) 
Concomitant Strong CYP3A4 inhibitors: CYP3A4 
inhibitors (eg, ketoconazole, itraconazole, 
clarithromycin, atazanavir, indinavir, nefazodone, 
nelfinavir, ritonavir, saquinavir, telithromycin, and 
voriconazole) may increase dasatinib plasma 
concentrations. Grapefruit juice…should be avoided 
Concomitant Strong CYP3A4 inducers: The use of 
concomitant strong CYP3A4 inducers ………should be 
avoided (eg, dexamethasone, phenytoin, 

St. John's Wort ………should be avoided 
carbamazepine, rifampin, rifabutin, phenobarbital). 

Drugs at the FDA (Sprycel,“DOSAGE and ADMINSTRATION) 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2009/021986s004lbl.pdf 
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 

S-M Huang 24 
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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 

Selected efflux & uptake transporters in 
the gut wall (a), liver (b), and kidneys (c) 

P-gp: P-glycoprotein 
Liver, Intestine, Kidney, Brain 

BCRP: Breast Cancer Resistant Protein 
Liver, Intestine, Kidney, Brain 

OATP: Organic Anion 
Transporting Polypeptide 

• OCT2: Organic Cation
Transporter 2 

• OAT1/3: Organic
Anion Transporter 1/3 

          

Shiew-Mei Huang 

What Do We Know 

about Transporters?
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Important Liver Transporters
 

Uptake 
(from blood to 
hepatocytes): 

• OATP1B1 
• OATP1B3 

Efflux 
(excretion to
bile): 

• P-gp 
• BCRP 

Blood 
Levels 

MRP4 

Inhibitors Substrates Consequence AUC 

Cyclosporine Rosuvastatin Rosuvastatin 
Exposure ↑ 

7-fold ↑ 

Lopinavir/ 
Ritonavir 

Rosuvastatin Rosuvastatin 
Exposure ↑ 

2-fold ↑ 

Shiew-Mei Huang 
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Important Intestine Transporters 

Efflux 
(to intestinal 
lumen): 

• P-glycoprotein (P-
gp, MDR1, ABCB1) 

• Breast Cancer 
Resistance Protein 
(BCRP, ABCG2) 

Blood 
Levels 

Inhibitors Substrates Consequence AUC 
Quinidine Digoxin Digoxin Exposure ↑ 1.7-fold ↑ 
GF120918 Topotecan Topotecan 

Exposure ↑ 
2.4-fold ↑ 

Recent advances in transporter and CYP-based Interactions including the 
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Important Kidney Transporters 
Uptake 

(from blood to 
kidney): 

• OCT2 
• OAT1 
• OAT3 
Efflux 

(secretion to 
urine) 

• P-gp (MDR1)  

Blood 
Levels 

Inhibitors substrates Consequence AUC 

Probenecid Cephradine Cephradine 
Exposure ↑ 

3.6-fold ↑ 

Cimetidine Metformin Metformin 
Exposure ↑ 

1.4-fold ↑ 

Labeling Example (3)
 

OATP, BCRP, P-gp
 
& 


Statins
 

• Drug Interactions
 
• Pharmacogenetics
 

S-M Huang 3030 
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Pharmacogenetics (simvastatin) 
-Myopathy-

Genomewide Association 

Odds ratio: 
16.9 (CC/TT) 
4.5 (C vs. T) 

6.4 (amiodarone) 

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 3232 
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(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca); 
Labeling from http://www.accessdata.fda.gov/scripts/cder/drugsatfda.); November 2007 labeling 

Comparative exposure and dose recommendation 
in subgroups with various patient factors 

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

cyclosporine 
inhibition of BCRP 
(efflux transporter) 
& OATP1B1 (uptake 
transporter) 

Crestor Labeling (AstraZeneca); htttp://www.accessdata.fda.gov/scripts/cder/drugsatfda 
Simonson SG, et al. Clin Pharmacol Ther. 2004; 76(2):167; Kesjutaki JE, et al, 

Clini Pharmacol Ther 2009; 86:197; Tomlinson B, Clin Pharmacol Ther 2010 
S-M Huang 33 
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Fold-Change in Plasma AUC 
- Effect of Transporter Genetics -

(OATP1B1) 
c.521CC/TT 

(BCRP) 
c.421AA/CC 

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

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

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

c.421 C>A 
White: Black: Asian 

15-20: 0-5 : 25-35% 

Shiew-Mei Huang 
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OATP1B1 inhibitors
 
“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” 

Eltrombopag: for for the treatment of thrombocytopenia in patients with chronic immune 
(idiopathic) thrombocytopenic purpura 
Drugs 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/ S-M Huang 35 

Labeling Example (4)
 

OATP, BCRP, P-gp
 
& 


Other drugs
 

• Drug Interactions
 
• Pharmacogenetics
 

S-M Huang 3636 
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GFJ and Celiprolol  
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Effect of Grapefruit Juice 
on CYP3A and Transporters 

0 

0.5 

1 

1.5 

2 

2.5 

<Data from Tapaninen T, Neuvonen PJ, Niemi M, Clin Pharmacol Ther July 2010> 
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Courtesy of Dr. Yuichi Sugiyama 
< Modified from Yuichi Sugiyama, FDA 
Presentation, February 18, 2011 > 

At the therapeutic dose 
- Saturation of P-gp 
- OATP2B1 genotype  
predominates 
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Curcumin and Sulfasalazine 
MicroDose 
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Courtesy of Dr. Yuichi Sugiyama 
< Modified from Yuichi Sugiyama, FDA 
Presentation, February 18, 2011 > 

At the therapeutic dose 
- Saturation of OATP2B1 
- Curcumin inhibition of BCRP 
predominates 

S-M Huang 4040 

Members of the International 
Transporter Consortium 

*Co-chairs 
<Huang, SM, Zhang L, Giacomini KM, Clin Pharmacol Ther January 2010> 
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International Transporter Consortium, Nature Reviews 
Drug Discovery, 9, 215 - 236, (2010) 

Human Transport Proteins 

OATP 
Decision 
Trees-

(a) 
substrate 

(b) 
inhibitor 

International Transporter 
Consortium, Nature 
Reviews Drug Discovery, 
March 2010 S-M Huang 4242 
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INTERNATIONALINTERNATIONAL 
TRANSPORTER CONSORTIUMTRANSPORTER CONSORTIUM 

SECOND WORKSHOPSECOND WORKSHOP 

March 12March 12--13, 201213, 2012 
National Harbor/Washington DCNational Harbor/Washington DC 

Updates will be provided on the ASCPT website 
http://www.ascpt.org/default.aspx 

and 
the AAPS Transporter Website 

www.aapspharmaceutica.com/ITCwhitepaper 

‐Leading scientists from academia, the FDA and 
industry will extend discussions arising from 
the ITC white paper: 
Nature Reviews Drug Discovery 
9, 215‐236 (2010) 
‐As with the first workshop, participants will 
be encouraged to join discussions on best 
practices and future directions. 

WORKSHOP SESSIONS 

• Tools and Techniques 

• Additional Transporters 

• Decision Trees and Regulatory Issues 

S-M Huang 4444 

Draft 2006 Guidance: 
http://www.fda.gov/downloads/Drugs/ 
GuidanceComplianceRegulatoryInformat 
ion/Guidances/ucm072101.pdf 

Has been 
Revised 

Clinical Pharmacology Guidance 
Documents: 
http://www.fda.gov/Drugs/Gui 
danceComplianceRegulatoryInfo 
rmation/Guidances/ucm064982 
.htm 

Revision to be published 
in 2011 as a draft for 

public comment 

FDA Guidance 
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FDA Guidance for Industry
 

Published for public 
comment in February 
2011 
http://www.fda.gov/Drugs/GuidanceComplianceR 
egulatoryInformation/Guidances/ucm064982.htm 

Send in your comments 
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Utility of Physiologically-

Based Pharmacokinetic (PBPK) 


Modeling
 

S-M Huang 46 
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 14% hydrolysis)

PBPK: Application of PBPK in 
Clinical Pharmacology Evaluation (2)- Rivaroxaban 

Factors Rivaroxaban 
AUC Change 

Recommendations 
(EMA) 

Ritonavir or ketoconazole 2.5-2.6x Co-administration not recommended 
Erythromycin or clarithromycin 1.3-1.5x -- No dosage change 
Renal impairment (CLcr in mL/min) 
50-80 1.4-1.6x -- No dosage change 
30-49 1.4-1.6x Use with caution, if also on drugs 

increasing plasma levels 
15-29 Limited data Use with caution 
<15 ___ Not recommended 

S-M Huang 48 

Rivaroxaban: 36% renal, metabolism (18% CYP3A, 14% CYP2J2, 

What happens when renal impaired 
patients also take inhibitors? 
Æ Simulations can help evaluate “what 
if” scenarios and determine the path 
forward (studies or labeling). 
1. http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/000944/WC500057108.pdf 
2. Zhao P, et al, Clin Pharmacol Ther, 89:259-267 (February, 2011) 

Shiew-Mei Huang 
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Blood 

Lung 

Rapidly perfused 
organs 

Slowly perfused 
organs 

Kidney 
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Huang and Temple, 2008 
Individual or combined 
effects on human physiology 

<Zhao P, Zhang L, Grillo JA, Liu Q, Bullock JM, Moon YJ, Song P, Brar SS, 
Madabushi R, Wu TC, Booth BP, Rahman NA, Reynolds KS, Gil Berglund E, Lesko LJ, 
Huang S-M, Clin Pharmacol Ther, 89:259-267 (February, 2011)> 
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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> 

PBPK: Application of PBPK in 
Clinical Pharmacology Evaluation (3) 

- Pravastatin -

:×3 

:×1/3 

:×1/3 

:×3 

:×3 

:×1/3 
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ÆCan the drug interaction data from ritonavir/ 
lopinavir be extrapolated to other PIs? 

PBPK: Application of PBPK in 
Clinical Pharmacology Evaluation (4) 

- HIV Protease Inhibitors -
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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] 
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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 
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