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Disposition of “old” DAAs

Drug Dosing regimen CYP P-glycoprotein
Non-CYP

metabolism

Telaprevir
Q8h

No significant
boosting by RTV

CYP 3A4:
 Substrate
 Inhibitor

 Substrate
 Inhibitor

–

Boceprevir
tid

No significant
boosting by RTV

CYP 3A4/5:
 Substrate
 Inhibitor

 Substrate
AKR
 Substrate

Telaprevir EU SmPC; Boceprevir EU SmPC
Kassera C, et al. CROI 2011. Abstract 118; Garg V, et al. CROI 2011. Abstract 629

AKR: aldo-keto reductase; DAA: direct-acting antiviral
Q8h: every 8 hours; RTV: ritonavir; tid: three times daily







Mechanisms of drug-drug interactions involving DAAs



Drug transporters

blood

bile

Kidney
Liver

PEPT1 OATP2B1OATP1A2 P-gp MRP2 BCRP

MRP3 OCT1

P-gp

MATE1

MRP2

BCRP

MRP6MRP4MRP3

OCT1
OAT2

OATP2B1
OATP1B3

OATP1B1

OAT1

OAT2

OAT3

OCT2

OAT4

PEPT1

PEPT2

OATP1A2

MRP2

MRP4

P-gp

MATE1

MATE2-K

MRP1

blood

urine

Intestine

Marzolini C et al.  In: Drug Interactions in Infectious Diseases 2011
By courtesy of Catia Marzolini
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Sofosbuvir Intracellular Activation



Effect of ARVs on Sofosbuvir: Victim

Drug
Effect on Sofosbuvir and 

GS-331007 AUC (exposure)
Recommendation

Darunavir/r
SOF increased 34%; GS-

331007 – no effect

No dose adjustment

Rilpivirine
No effect on SOF or GS-

331007
No dose adjustment

Efavirenz
No effect on SOF or GS-

331007
No dose adjustment

Raltegravir
No effect on SOF or GS-

331007: RAL decreased 27%

No dose adjustment

Tenofovir No effect on SOF or GS-331007
No dose adjustment

Mathias A 14th Int Workshop on Clin Pharm of HIV Ther Session 5; Kirby B et al 63rd AASLD 2012; Abs 1877. ; Sofosbuvir USPI 2013



Sofosbuvir, Briefing Document, FDA



DAAs in Development

Drug CYP Activity Transporters Interaction 
Potential

Ledipasvir  Little metabolism

 Not Inhibitor of CYP 

or UGT 

 Not Inducer of CYP 

or UGT

 P-gp substrate (likely)

 Inhibition of intestinal 

P-gp (weak)

 Inhibition of 

OATP1B1/3 (weak)

 Weak

Eley T et al, 2013, 8th Int Workshop on Clin Pharm of Hep Ther; Abs O-13; Eley T et al, 2011, 62nd AASLD Abs 381; Eley T et al 

2012, 7th Int Workshop on Clin Pharm of Hep Ther; Abs O-4; Kirby B et al 2013, 8th Int Workshop on Clin Pharm of Hep Ther; 

Abs O-20; Mathias A, 14th Int Workshop on Clin Pharm of HIV Ther, Session 5



German, AASLD 2014
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Effect of ARVs on Simeprevir: Victim

Drug
Effect on Simeprevir AUC

(exposure)

Mechanism/
Recommendation

Darunavir/r
2.6-fold increase (DRV 

increased 18%)

RTV Inhibits CYP3A4
Not recommended

Rilpivirine No effect No dose adjustment

Efavirenz 70% decrease
EFV induces CYP3A4
Not recommended

Raltegravir 11% decrease
No dose adjustment

Tenofovir
14% decrease (TFV increased 

18%)

Intestine or renal transport
No dose adjustment

Ouwerkerk-Mahadevan S et al, IDSA 2012; Abs 1618; Ouwerkerk-Mahadevan S et al, CROI 2012; Abs 49 ; Simeprevir (Olysio) USPI  



Simeprevir, 
FDA 
Advisory
Commitee
Briefing 
Document



Prevalence of Drug-Drug Interactions upon Addition of Simeprevir- or Sofosbuvir-
Containing Treatment to Medication Profiles of Patients with HIV and Hepatitis C 
Coinfection.
Patel N et al.  AIDS Res Human Retrovir 2014 

• DDIs were present in 20% of the 335 included patients. 
• After the addition of SIM-containing therapy, the frequency of DDIs significantly

increased to 88.4% (p<0.001). 
• After adding SOF-containing therapy, the prevalence of DDIs increased to 24.5% 

(p<0.001). 
• Variables independently associated with DDIs after the addition of SIM-containing

therapy were NNRTI regimen (prevalence ratio, PR: 1.62; 95% confidence interval, CI: 
1.38-1.91, p<0.001), PI regimen (PR: 1.64; 95% CI: 1.40-1.93, p<0.001), and ≥7 non-HIV 
medications (PR: 1.06; 95% CI: 1.00-1.14, p=0.09). 

• The prevalence of DDIs was significantly lower for SOF-containing HCV therapy within
various types of ART regimens.



Worthy to get PK data in real life?
 Simeprevir:

• No DDI data with DTG, ATV/r, LPV/r, COBI, MVC

• overdosing in cirrhotic patients and/or HIV coinfected treated with PI/r

- increase risk of rash/photosensitivity?

- dose decrease in cirrhotics?
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Daclatasvir DDIs - victim

Bifano M et al, 2013, 8th Int Workshop on Clin Pharm of Hep Ther, Abs O-15; Bifano M et al AVT 2014; In Press;  Bifano M et al 2013; EASL; Abs 794. 

CYP3A4 and/or Pgp INDUCERS -
anti-HIV

EFV Increase to 90 mg/day

CYP3A4 and/or Pgp INDUCERS -
other than EFV

Etravirine, Carbamazepine, 
oxacarbazepine, 

phenobarbital, dexame
St John’s wort

Not recommended

CYP3A4 and/or Pgp INHIBITORS
Anti-HIV

ATV/RTV
DRV/r and LPV/R

Decrease to 30 mg/day
Standard dose*

CYP3A4 and/or Pgp INHIBITORS
other than anti-HIV

charithromycin, 
itraconazole, quinidine, 

ranolazine

Caution or decrease to 30 
mg/day

 No effect of gastric acid modifiers, midazolam or oral contraceptives

 Caution with rosuvastatin (increase of AUC by 58%%)

Daclatasvir DDIs - perpetrator

* Daclatasvir AUC increase by 40% (DRV/r) and 15% (LPV/R)- HEP DART meeting Dec 2014



Worthy to get PK data in real life?
 Simeprevir:

• No DDI data with DTG, ATV/r, LPV/r, COBI, MVC

• overdosing in cirrhotic patients and/or HIV coinfected treated with PI/r

- increase risk of rash/photosensitivity?

- dose decrease in cirrhotics?

 Daclatasvir

• No DDIs data with ETV, DTG, COBI, MVC

• HIV-coinfected with dose reduction (ATV, COBI): underdosing?



DDIs of daclatasvir have been evaluated in
healthy volunteeers

PK exposure was shown to be lower in HCV+
as compared to healthy volunteers

Pk exposure was shown to be lower in
cirrhotics patients (HCV-) as compared to
heallthy volunteers (but unbound fraction
equal)

Magnitude of DDI and drug exposure are not
easy to predict

+

+

+

=

• HIV/HCV cirrhotic, 
• ATV/r or COBI-containing

HAART
• Daclatasvir dose reduction (30 

mg OD)



DAAs in Development

Drug CYP Activity Transporters Interaction 
Potential

Asunaprevir  CYP3A4 substrate

 Inducer of CYP3A4 

(weak) 

 Inhibition of 

CYP2D6 (weak) 

 P-gp, OATP1B1/3 

substrate

 Inhibition of P-gp

(weak), OATP1B1/3

 Moderate

Eley T et al, 2013, 8th Int Workshop on Clin Pharm of Hep Ther; Abs O-13; Eley T et al, 2011, 62nd AASLD Abs 381; Eley T et al 

2012, 7th Int Workshop on Clin Pharm of Hep Ther; Abs O-4; Kirby B et al 2013, 8th Int Workshop on Clin Pharm of Hep Ther; 

Abs O-20; Mathias A, 14th Int Workshop on Clin Pharm of HIV Ther, Session 5



Alice Tseng, Pharm.D., FCSHP, AAHIVP, Toronto General Hospital and Pierre Giguere, M.Sc.Phm., The Ottawa 
Hospital www.hcvdruginfo.ca





Khatri, ICAAC 2014
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✖



MK-5172 e MK-8742

Alice Tseng, Pharm.D., FCSHP, AAHIVP, Toronto General Hospital and Pierre Giguere, M.Sc.Phm., The Ottawa 
Hospital www.hcvdruginfo.ca



Worthy to get PK data in real life?
 Simeprevir:

• No DDI data with DTG, ATV/r, LPV/r, COBI, MVC

• overdosing in cirrhotic patients and/or HIV coinfected treated with PI/r

- increase risk of rash/photosensitivity?

- dose decrease in cirrhotics?

 Daclatasvir

• No DDIs data with ETV, DTG, COBI, MVC

• HIV-coinfected with dose reduction (ATV, COBI): underdosing?

 Asunaprevir, 3D –drugs, MK 5172 and 8742

• Lack of DDI data with COBI, DTG, MVC and many not-HIV drugs

• PK variability (demographics, genetics, clinical stages)



Andrea Calcagno

Letizia Marinaro

Laura Trentini

Cristina Tettoni

Chiara Alcantarini

Stefani Raviolo

Micol Ferrara

Maurizio Milesi

Chiara Montrucchio

Nicole Pagani

Prof Giovanni Di Perri

Antonio D’Avolio

Jessica Cusato

Marco Simiele

Lorena Baietto

Alessandra Arialdo

Amedeo De Nicolò

Sarah Allegra

Debora Pensi

Mauro Sciandra

Tiziano Allice

Maria Grazia Milia

Valeria Ghisetti

ID Unit

Viro lab

PK lab


