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Overview 

 Impact of aging on PK 

 New & Emerging drug 

interactions 

 Clinical Pharmacology – 

beyond 2013 
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• Regulatory bodies usually consider 

older people to be those over 65 

years of age - a definition including an 

extremely diverse group of people.  

Aging 

70+ 69 
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74,000 

22% 

30,000 

12% 







 N = 3674 

 

 ARV – Non-ARV Interactions identified with the University of 

Liverpool web site www.hiv-druginteractions.org 

 

 261 (7%) prescribed at least 1 contraindicated ARV – drug 

combination 

 Proton pump inhibitors with atazanavir 

 Simvastatin or lovastatin with boosted PI 

 Benzodiazepines and boosted PI 

 1239 (34%) prescribed at least one ARV-drug combination with 

moderate or high evidence of interaction.  

http://www.hiv-druginteractions.org/
http://www.hiv-druginteractions.org/
http://www.hiv-druginteractions.org/




Slide 11 Risk for ‘clinically significant’ interactions 

Marzolini et al. AVT 2010;15:413 

Evans-Jones et al. CID 2010;50:1419 

Kigen et al. Plos One 2010 

Patel Ann Pharmacother 2011;45 

Miller et al Pharmacother 2007;27:1379 

De Maat et al. Clin Pharmacokinet 2003;42:223 

Shah et al. CROI 2007, Abstr 573. 2007 

Cordova E et al IAS 2013; MOPE031 

Seden K et al; IAS 2013; MOPE035 

Study Year Setting N CSDI Screening Tool VL Effect 

de Maat 2004 Netherlands 

(hospital) 

115 26% Liverpool website N/A 

Shah et al 2007 USA 

(Medicaid) 

571 30% Liverpool website; 

Micromedex 

No VL impact 

Miller et al 2007 USA 

(hospital) 

153 41% DHHS; PI; 

Micromedex 

N/A 

Kigen et al 2009 Kenya 

(hospital) 

996 34% Liverpool website N/A 

Marzolini et al 2009 Switzerland 

(SHCS) 

1497 40% Liverpool website No VL impact 

Evans-Jones 

et al 
2009 UK 

(hospital) 

159 27% Liverpool website N/A 

Patel et al 2011 USA 190 34% Lex-interact N/A 

Cordova et al 2013 Argentina 217 32% Liverpool website No VL impact 

Seden K et al 2013 Uganda 2000 19% Liverpool website N/A 
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Considerations in Management of the   

Older HIV Patient 

• Co-morbid conditions 

– eg., cardiovascular, hepatic, metabolic 

– may be exacerbated by effects of HIV or its treatment 

• Greater medication use 

– overlapping side effects or potential interactions with 

ARVs and concomitant medications 
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Considerations in Management of the   

Older HIV Patient 

• Co-morbid conditions 

– eg., cardiovascular, hepatic, metabolic 

– may be exacerbated by effects of HIV or its treatment 

• Greater medication use 

– overlapping side effects or potential interactions with 

ARVs and concomitant medications 

• Age-related changes in drug handling 

(PK) and response (PD) 

– toxicity 



Gastrointestinal Changes Associated 

with Aging 



Hepatic Changes Associated with Aging 

 
 

 
 

Decrease in liver volume (~25-35%) 

 Impaired hepatic blood flow (~ 40%) 

Decrease in some drug metabolising enzymes 

(although others seem to be preserved) 

 Increased amount of fat, which impairs metabolism 

Schmucker DL. Exp Gerontol. 2005; Maclean AJ et al. J Pathol 2003; Housset et al. Res Virol 1990; Banerjee 
et al. AIDS 1992; Blackard JT et al. J viral hepat. 2008; Hong F et al. Hepatology 2010. 



Renal Changes 

Associated with Aging 



Some considerations for ARVs in older people 

There is an increase in exposure (20-30%) of 

some boosted PIs: This could increase the 

impact of a drug-drug interaction. 

 

  No clear evidence of an age effect on exposure 

of NNRTIs but changes in protein binding  could 

increase unbound concentration (EFV & CNS). 

 

  There is an increase in tenofovir exposure (10-

15%) in older patients which could be further 

increased by an interaction at the renal level. 

 

 
Crawford K et al AIDS Res Hum Retrovirus 2010; 26; Ahmed A et al EACS Belgrade 2011; Cevik M et al EACS Belgrade 2011; 

di Perri G et al IWCPHT Amsterdam 2013; Schoen JC et al, Expert Opin Drug Metab Toxico 2013; 9: 573-588 



Slide 18 

DDIs: Basics & key areas. 

 Cobicistat v ritonavir 

 non-oral drugs 

 HIV-HCV Co-infection 
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HIV 

med 

Co-

med 

Reduced Efficacy 

Toxicity 

Concentration 

of HIV drug 

Concentration 

of Co-med 

But what triggers concern? 

20%, 30%, 50% decrease; 50%, 2-fold, 5-fold increase in exposure? 

Exposure – Response and Exposure – 

Adverse Response relationship 



Important for successful outcome: 

Maintain the drug in the Therapeutic 

Window 
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Therapeutic Window 

From Back D 



100% 

Multiple factors can affect the exposure 

of a drug in the body  

Stomach Small Intestines Liver 

Images supplied by Vertex Pharmaceuticals Inc, February 2011. 

CYP 

CYP 
UGT 

CYP=cytochrome P450; PGP=P-glycoprotein 

pH • pH – co-meds 

affecting pH 
• Enzyme & transporter 

induction or inhibition 

• Enzyme & transporter  
induction or inhibition 

• Liver disease 



Transporters 

Transporter Pseudonym(s) 
ITC 

recommendation 
(Apr 2013)   

ABCB1 P-gp/MDR1 

ABCC2 MRP2 

ABCG2 BCRP 

ABCB11 BSEP 

SLCO1B1 OATP1B1 

SLCO1B3 OATP1B3 

SLC22A1 OCT1 

SLC22A2  OCT2 

SLC22A6  OAT1 

SLC22A8  OAT3 

SLC47A1 MATE1 

SLC47A2 MATE2 

Giacomini & Huang. Clin Pharm Ther 2013; 94: 3-9 



Cobicistat Ritonavir 

Cobicistat (GS-9350): is it different? 

 Strong CYP3A4 inhibitor but 

not selective 

 Also induces some enzymes 

 Designed as a CYP3A4 inhibitor without 

HIV activity 

 Developed to boost Elvitegravir but 

also darunavir and atazanavir 



Ramanathan S et al Clinical Pharmacokinetics 2011; 50: 229 – 244. 

Transport of EVG not fully determined 

EVG modest inducer of CYP2C9  



Comparative effects of COBI (GS-

9350) and RTV: in vitro 

Courtesy of Gilead 



Comparative effects of COBI and 

RTV on Elvitegravir PK in vivo. 

Courtesy of Gilead 



Drugs contraindicated with STRIBILD¹ 

Drug Class Drug Name 

Alpha 1 adrenoceptor antagonist Alfuzosin 

Antiarrhythmics Amiodarone, Quinine 

Anticonvulsants Carbamazepine, Phenobarbital, Phenytoin 

Antimycobacterial Rifampicin 

Ergot derivatives Dihydroergotamine, Ergometrine, Ergotamine 

GI motility agent Cisapride 

Herbal products St John’s wort (Hypericum perforatum) 

HMG CoA reductase Inhibitors Lovastatin, Simvastatin 

Neuroleptic Pimozide 

PDE 5 Inhibitor Sildenafil (for pulmonary arterial hypertension) 

Sedative/hypnotics Triazolam, oral midazolam 

1.Stribild SPC 2013 

Please refer to the SPC for further interactions 

Drugs contraindicated with EVG/cobi 



Effect of Antiretroviral 
 

Co-Administered 

Drug 

EVG/Cobi Atazanavir/r Darunavir/r 

      800/100                  600/100 bd 

 

Buprenorphine 

 

↑ AUC 35% ↑ AUC 67% ↔ AUC ↓ AUC 11% 

Methadone 

 

↔ AUC ↔ AUC 

(unboosted) 

 

ND ↓ AUC 16% 

 

Rosuvastatin 

 

↑ AUC 36% 

↑ Cmax 89% 

 

↑ AUC 213% 

↑ Cmax 600% 

ND ↑ AUC 48% 

↑ Cmax 144% 

Norgestimate/ 

Ethinylestradiol 

↑ AUC 126% (N) 

↓ AUC 25% (E) 

 

↑ AUC 85% (N) 

↓ AUC 19% (E) 

 

ND ↓ AUC 14% (N*) 

↓ AUC 44% (E) 

 

Comparative effect of EVG/cobi and boosted 

PIs on co-administered drugs  

Data on EVG/cobi from: Bruce PD et al 52nd ICAAC, San Francisco, 2012; A-1250; Stibild Prescribing Information, Gilead 

Sciences, Aug 2012;  Data on ATV/r and DRV/r from www.hiv-druginteractions.org 
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• DDIs are complex and our understanding 

is evolving 

• DDIs are not going away so we need….. 



Drug Interaction Resources 



The Liverpool Drug-drug Interactions website 

was updated for all DDIs for ELV/cobi: June 2013 

www.hiv-druginteractions.org 

● For the latest information, visit www.hiv-druginteractions.org 

● Refer to the Stribild SPC for further information.   

http://www.hiv-druginteractions.org/
http://www.hiv-druginteractions.org/
http://www.hiv-druginteractions.org/








 

Renal effects of Stribild 
Median Change From Baseline in Serum Creatinine 

Combined GS-102 and -103 Stribild vs. EFV/FTC/TDF or ATV+RTV+FTC/TDF 

DeJesus E et al. Lancet 2012;379:2429–38 
Sax PE et al. Lancet 2012;379:2439–48 
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35 GILEAD – with permission 



Cr 

Cr 
Cr 

German P et al. J Acquir Immune Defic Syndr 2012;61:32–40 
Lepist EI, Ray AS. Expert Opin Drug Metab Toxicol 2012;8:433–48 

OCT2 

MATE1 

Cr 

COBI 

Proximal Tubule Cell 

Blood vessel 

TFV 

TFV 

TFV 

OAT3 

OAT1 

MRP4 

Urinary space 

 
 

Creatinine 
filtered from the 

glomerulus 

Cr 

Cr 
Cr 

Cr 

Cr 

Cr 

Cr 

Cr 

Cr 
Cr 

● Preclinical studies indicate that cobicistat blocks a transport pathway 
used for creatinine secretion from the proximal tubule 

Cobicistat Inhibits Active Tubular Secretion of 
Creatinine - Resulting in Increased Serum Creatinine 

36 



Metabolised by: 

UGT1A1 (major); CYP3A4 (minor) 

 

Does not induce or inhibit CYP 

enzymes or UGT1A1 at clinically 

relevant concentrations. 

 

Has modest DDI profile 
 

 

Van Lunzen J et al IAS Rome July 2011 



Corticosteroids 
 Cushing’s syndrome and adrenal suppression reported in a patient on 

ATV/r and dexamethasone 0.1% eye drops (1) 

 

 Cases of Cushing’s syndrome reported with use of intra articular 

triamcinolone injections in patients on boosted PIs (2-5) 

 

 Cases of  Cushing’s syndrome and adrenal suppression in patients on 

inhaled budesonide & boosted PIs (6-8). 

 

 Numerous cases of Cushing’s syndrome with inhaled fluticasone and 

boosted PI 

1, Molloy A et al AIDS 2011; 25: 1337-1339; 2, Dort K et al AIDS Res Ther 2009; 6: 10; 3, Yombi JC et al Clin Rheumatol 2008; 27 (Suppl 

2); S79-82; 4, Danaher PJ et al Orthopedics 2009; 32: 450; 5, Ramanathan R et al Clin Infect Dis 2008; 47: e97-99; 6, Kedem e et al J 

Asthma 2010; 47: 830-831; Gray D et al S Afr Med J 2010; 100: 296-297; Frankel JK & Packer CD. Ann Pharmacother  2011; 45: 823-824. 



Corticosteroids 

Drug Oral Inhaled Topical Eye/Ear 
drops 

Injection Rectal 

Budesonide 
CYP3A4 

Dexamethasone 
CYP3A4 

Fludrocortisone 
CYP3A4 

Fluticasone 
CYP3A4 

Hydrocortisone 
CYP3A4 

Prednisolone 
CYP3A4 

Beclomethasone 
Esterase to active met 

Triamcinolone 
CYP3A4 

Mometasone 
CYP3A4 

   
    
 

  
    

 
    

     

  
All information taken from relevant SmPC’s: accessed October 2012 



HCV 

med 

HIV

med 

Reduced Efficacy 

Toxicity 

In a co-infected patient we now need to manage 

the interactions between the HCV and HIV 

medication as well as other co-meds 

Co- 

med 

ATV/r 

DRV/r 

LPV/r 

Efavirenz 

Rilpivirine 

Etravirine 

Raltegravir 

Elvitegravir/cobi 

Maraviroc 

NRTIs 

 

Telaprevir 

Boceprevir 

Ribavirin 

 

Drugs in 

pipeline 

 

HIV-HCV Co-infection 



Clinical Pharmacology of DAAs 

DRUG CYP450 Non-

CYP450 

Transport 

Proteins 

Telaprevir CYP3A4 

• Substrate 

• Inhibitor 

• Transported 

by P-gp 

• Inhibits P-gp 

• Inhibits 

OATP1B1 

Boceprevir CYP3A4 

• Substrate 

• Inhibitor 
 

AKR 

substrate 

• Transported 

by P-gp 

• Inhibits P-gp 

• Inhibits 

OATP1B1; 

OCT1/2 

Kessara C et al 18th CROI, Abs 118;  Garg V et al 18th CROI, Abs 629; Telaprevir SmPC, 2013; Boceprevir SmPC, 2013; Kiser 

JJ et al Hepatology 2012; 55: 1620-1628; Kunze A et al Biochem Pharmacol 2012; 84: 1096-1102.   



Drug 
TVR effect on the 
AUC (exposure)  

BOC effect on the 
AUC (exposure)  

Cyclosporine A 4.6-fold increase 2.7-fold increase 

Tacrolimus 70-fold increase 17-fold increase 

Midazolam 
3.4-fold increase (i.v) 
9-fold increase (oral) 

6.3-fold increase 
(oral) 

Atorvastatin 7.9-fold increase 2.3-fold increase 

Garg V, et al. Heptatology 2011:54:20–27; Garg V, et al. J Clin Pharmacol 2012 ; Lee JE, et al. Antimicrob Agents Chemother 2011;55:4569–74;  Telaprevir  

SmPC; Hulskotte EGJ et al HEPDart 2011; Abs 122 and Abs 123; Kessara C et al, CROI 2011, Abs 118; Boceprevir  SmPC   

Telaprevir & Boceprevir increase exposure to 

CYP3A substrates: Perpetrator 

CYP 3A isozymes are 

involved in the metabolism 

of ~50% drugs 



Slide 43 

 If clearance involves just CYP3A4 – 

co-med levels will increase. 

 But if other additional metabolic 

pathways – co-med levels could 

decrease. 

  Also note other interaction 

mechanisms. 

Relevance to HIV-HCV Co-infection 



Vourvahis M et al. IWCPHT 2013 Abs O-17 

Effect of Boceprevir and Telaprevir on the PK 

of Maraviroc (a CYP3A4 drug) - Predictable 

3-Fold 

9-Fold 



Effect of TVR & BOC on PK of Rilpivirine (CYP3A4) 
and Raltegravir (UGT1A1; CYP3A4 minor) - Predictable 

 

 

 

 

 

 

 

 

 

 Finding consistent with CYP3A inhibition 

 Increase in RPV exposure probably not clinically significant  
and no dose adjustment recommended. 

 Increase in RAL exposure not clinically significant 

De Kanter C et al CID 2013; 56: 300-306   van Heeswijk R et al; ICAAC 2011. 

Parameter Effect of TVR Effect of BOC 

Rilpivirine AUC 
ng.h/mL 

 78%  39% 

Raltegravir AUC 

ng.hr/mL 
 31%   4% 



So why does the exposure of boosted 

HIV PIs mainly decrease in healthy 

volunteer studies?   



Effect of Boceprevir and Telaprevir on 

the HIV Boosted PI concentrations 



Effect of Ritonavir boosted HIV PIs on 

Boceprevir and Telaprevir concentrations  

Fletcher  CV  IAPAC 2013 



Telaprevir: Summary of key interactions 

with HIV antiretrovirals (data Healthy subjects) 

HIV antiretroviral Recommendation 

Atazanavir/r Clinical and laboratory monitoring for hyperbilirubinemia is 

recommended  

Darunavir/r 

Fosamprenavir/r 

Lopinavir/r 
Not recommended 

Efavirenz TVR dose increase necessary (1125 mg q8h) 

Maraviroc MVC dose reduced to 150 mg bid (or qd?).+ 

Etravirine  No dose adjustment required* 

Rilpivirine No dose adjustment required* (but 79% increase in RPV AUC) 

- monitor 

Raltegravir (non CYP) No dose adjustment required** (but 31% increase in RAL AUC) 

Dolutegravir (non CYP) No dose adjustment required$ (but 30% increase in DOL AUC) 

Tenofovir Increase in TFV (30%). Clinical and laboratory monitoring is 

warranted  

Telaprevir EU SmPC 
* Data presented by Kakuda et al at 13th HIV Pharmacology Workshop, Barcelona, April  2012; ** van Heeswijk R et 

al; ICAAC 2011; Abs A1-1738a; +Vourvahis M et al IWCHPT, April 2013; $Johnson M et al IWCPHT, April 2013. 



Boceprevir: Summary of key interactions 

with HIV antiretrovirals (data healthy subjects) 

HIV antiretroviral Recommendation 

Atazanavir/r 

Darunavir/r 

Lopinavir/r 
Not recommended 

Efavirenz Reduction in boceprevir levels; clinical outcome not directly 

assessed – not recommended 

Maraviroc MVC dose reduced to 150 mg bid (or qd?)+ 

Etravirine No dose adjustment required* 

Raltegravir (non CYP) No dose adjustment required** 

Dolutegravir (non CYP) No dose adjustment required $ 

Tenofovir No change in TFV AUC but Cmax increased by 32%. No 

dose adjustment but clinical/laboratory monitoring warranted  

*De Kanter C, et al. CROI 2012. Abstract 772LB; **Hammond K et al, IWCPHT 2012; Abs O-15 Abs Victrlelis SmPC; $Johnson M, IWCPHT April 2013; 

+Vourvahis M et al IWCPHT April 2013. 



What if drug interactions were 

‘significantly’ different in HCV 

patients compared to healthy 

volunteers? 

 



0
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Healthy
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VX-07

C-123

C-124

van Heeswijk R et al

Garg V et al

Study 108

Marcellin P et al

Telaprevir Exposure (AUC) in Healthy 

Volunteers and HCV Patients 

TVR AUC 

ng/ml.h 

FDA Briefing Document April 2011; van Heeswijk R et al; IWCPHep Ther 2011; Ab 12; Garg V 

et al Br J Clin Pharmacol 2012; 75: 431-439; Marcellin P et al Gastroenterology 2011; 140: 

459-468. Ingliz P Fut Virololgy 2013; 8: 735-743. 



Impact of Hepatic Impairment on PK of 

Telaprevir and Asunaprevir 

• Reduced Absorption 

• Increased clearance 

due to reduced protein 

binding 

• Increased Absorption 

• Decreased clearance due to 

inhibition of CYP3A4 

Both drugs metabolised by CYP3A4 and transported by OATP1B1 

6th Int Workshop on Clin Pharm Hep Ther June2013. 



So... 

The magnitude of a drug interaction may be 

different in HCV patients? 

 Emerging evidence to support this 

 Also in co-infection – HIV VL suppressed when 

starting HCV tx – so does a decrease in plasma 

exposure of one drug matter so much? 

 Get ~0.8 log suppression of HIV from Peg INF. 

 Complex DDIs – a role for monitoring?  

 

 

 

 

 



Asboe D et al HIV Med 2012; 13: 1-44. 



 Drug-drug interactions; drug-food interactions 

 Change in pathophysiology 

 Pregnant women in later stages 

 Heavily pre-treated patients with VF 

 Use of alternate dosing regimens 

 Concentration related toxicities 

 Lack of VR in adherent patient. 



Virologic Failure: 

 Consider TDM 

 

ART in TB/HIV co-infection: 

 TDM recommended (EFV + Rif; 

PI/r + RFB)  
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Role of Clinical Pharmacology in future 

Drug penetration and compartments 

 (Virologic Failure; toxicity; cure) 

 

PreP – oral and long acting 

 

Dose optimisation (Encore – EFV 400 v 600 mg) 

 

Nanoformulations 

 

Novel formulations – including generics 
 

 

 







Rilpivirine Long Acting 

 300, 600 & 1200 mg i.m. 
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Jackson et al, CROI  2012. 

Plasma 

MEC? 
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ENCORE1 Study: EFV 400 v 600 mg in tx-
naïve patients. Week 48 outcomes 

● EFV 400 mg + FTC/TDF 

- Non-inferior to EFV 600 mg 

• No difference in proportion 

achieving HIV RNA <200 cps/mL:  

- Significantly greater increase in 

CD4 cells (P=0.009) 

• Difference: 25 cells/mm3 

- Trend towards a reduced 

incidence of EFV-related Aes 

 

 

● EFV 400 mg may be considered an 

option for initial ART? 

Efavirenz + 2 NRTIs: 

 Week 48 Outcomes 

400 mg 
(n=321) 

600 mg 
(n=309) 

Virologic failure (%) 1.6 2.3 

HIV RNA <200 copies/mL (%) 

   Overall 

   HIV RNA <105 

   HIV RNA >105    

 

94.1 

94.9 

92.7 

 

92.2 

92.9 

91.1 

Adverse events (%) 

   CNS 

   Psychiatric 

   Rash 

   Gastrointestinal 

   Respiratory 

   Hepatology 

 

44 

4 

19 

15 

6 

<1 

 

51 

4 

28 

18 

7 

0 

Puls R, et al. 7th IAS Conference. Kuala Lumpur, 2013. Abstract WeLBB01. 
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Studies ongoing with EFV and LPV 



 

Thank you 

 
 



Future Preferred Regimens 

ATV/c 

DRV/c DRV/r 

ATV/r 

EFV 

Atripla 

DRV 

QUAD 

EVG 

QUAD 

RAL 

DTG 
DTG 

ABC/3TC 

EVG 

QUAD 
GS7340 

Single agents FDC boosted PIs Complete Regimens 

ATV=atazanavir; c=cobicistat; DRV=darunavir; DTG=dolutegravir; EVG=elvitegravir;  

GS7340=TDF pro-drug;  r=ritonavir; RAL=raltegravir; TDF/FTC=tenofovir+emtricitabine as Truvada 

Confidential 
66 
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Drug-Drug Interactions: 

Management Concepts 
 Some interactions are useful eg boosting 

- ritonavir, cobicistat 

 Some interactions are recognised and 
then managed clinically 

 Some interactions are so profound that 
concomitant administration should be 
avoided. 

 Some interactions are of unknown clinical 
significance.   



EVG/COBI + DRV QD PK 

 
– EVG Ctrough lower with EVG/COBI + DRV vs EVG/COBI 

– DRV Ctrough lower with EVG/COBI + DRV vs DRV/COBI 



PK of DRV 800 mg with Cobi 150 mg (FDC) 

 or RTV 100 mg 

Kakuda T et al IWCHPT Barcelona , April 2012; IAS Kuala Lumpur, July 2013 



COBI 150 mg BID PK Alone and with DRV 

 

 COBI BID exposures ~-2-fold lower with 

DRV 
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COBI BID PK Alone  

(Mean CV 

N=11) 

DRV BID 

(Mean CV 

N=24) 

AUC0-12 (ng.h/ml) 23100 (33) 12200 (26) 

Cmax (ng/ml) 2990 (28) 1700 (21) 

Ramanathan S et al IWCPHT April 2012 O-8 




