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Worldwide prevalence of HCV infection in 
HIV-infected individuals

United 
States1

~25%

Western 
Europe 

33%2

1. http://www.cdc.gov/hiv/pdf/library_factsheets_HIV_and_viral_Hepatitis.pdf Accessed July 2015;
2. Soriano V et al. AIDS 2002;16:813–826; 3. Chanbancherd P et al. Southeast Asian J Trop Med Public Health 2003;34(3):580–582;
4. Speers S et al. Public Health Rep 2011; 126(3):344‒348; 5. Hennessey KA et al. J Urban Health 2009; 86(1):93‒105;
6. Turner J et al. J Viral Hepat 2010; 17(8):569‒577; 7. Fischer MJ et al. J Acquir Immune Defic Syndr 2010; 53(2):222‒226;
8. Perez CS et al. Clin Infect Dis 2009; 48(10):1467‒1470; 9. Turner J et al. J Viral Hepat 2010; 17(8):569‒577;
10. Treviño A et al. AIDS Res Hum Retroviruses 2011; 27(6):633‒638

Spain 
50%2

Thailand 
~50%3

US: ~300,0001

Prevalence

HCV/HIV
co-infection

4–74% (overall)4–8

50–90% (IDUs) 9,10

2–7% (MSM)9,10
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Risk of late relapse or re-infection with hepatitis C 
after SVR1

Meta-analysis of 66 studies in 11,071 patients, the 5-year rate of HCV recurrence (late relapse/re-
infection) post-SVR 

Hill A et al. CROI 2015. Seattle, WA. #654

In this analysis, the 5-year rate of HCV recurrence (late relapse /re-infection) post-SVR was: 1.14% in HCV 
mono-infected “low risk” patients, 13.22% in HCV mono-infected IDUs/prisoners, and 21.72% in HIV/HCV 
co-infected patients 

The large differences in event rates by risk group suggest that re-infection is significantly more common 
than late relapse 



Le Interazioni farmacologiche dei DAAs
hanno e avranno un’importanza clinica?



Mechanism Dosage Absorption Half-life Elimination

SOF
NS5B

POLYM
400 mg q.d. Bioav ?

<1 h
007 27 h

Urine 80%

SIM
NS3/4A

PROT
150 mg q.d.

with food
Bioav incr
60% food

10-13 h HVs
41 h in HCV+

Biliary 91%

LED NS5A 90 mg q.d.
Bioav 30-

50%
pH-depend

50 h Feces 70%

DAC NS5A 60 mg Bioav ? 12-15 h Feces 88%

3D
P NS3/4A
O    NS5A
D    NS5B

2x 
75/50/12.5 
e 250 mg 

b.i.d.

Bioav ?
D 70%

P/O 5.5/23 h 
D 6 h

Feces >86%

Burgess, et al. Annals of Pharmacother 2015



SIM SOF DAC 2D/r 3D/r SOF/LED

ATV/r No data No data DCV ↑ No data 
ATV ↔; OBV 
↔ ; PTV ↑; 

DSV ↔ 

ATV ↔ 
LDV ↑
SOF ↔ 

DRV/r
SIM ↑ (x7!)

DRV ↔ 
SOF ↑; DRV 

↔ 
No data No data 

DRV ↔; 
OBV ↓; PTV 
↓; DSV ↓ 

DRV ↔
LDV ↑ 

LPV/r No data No data No data 
LPV ↔; OBV 

↑; PTV ↑ 

LPV ↔; OBV 
↔; PTV ↑; 

DSV ↔ 
No data 

TPV/r No data No data No data No data No data No data 

MVC No data No data No data No data No data No data 



SIM SOF DAC 2D/r 3D/r SOF/LED

EFV
SIM ↓ (-70%)

EFV ↔ 
SOF ↔
EFV ↔ 

DCV ↓
ALT 

elevations
ALT 

elevations

EFV ↔; FTC 
↔; TDF ↑; 
LDV ↓; SOF 

↔ 

NVP No data No data No data No data No data No data 

RPV
SIM ↔
RPV ↔ 

SOF ↔
EFV ↔ 

No data No data 
RPV ↑; OBV 
↔; PTV ↑; 

DSV ↔ 

FTC ↔; RPV 
↔; TDF ↑; 
LDV ↔; SOF 

↔ 

ETV No data No data No data No data No data No data 

RAL
SIM ↔
RAL ↔ 

SOF ↔
EFV ↔ 

No data RAL ↑ RAL ↑ 
RAL ↔
LDV ↔ 

ELV/COBI No data No data No data No data No data No data 

DLG No data No data No data No data No data No data 

TDF
SIM ↔
TFV ↔ 

SOF ↔
EFV ↔ 

DCV ↔
TFV ↔ 

No data No data No data 

E/C/F/TAF No data No data No data No data No data 
LDV ↑
SOF ↑



Mechanisms of drug-drug interactions involving DAAs



Mechanisms of drug-drug interactions involving DAAs



SOFOSBUVIR





Soriano, Exp Opin Drug Met Toxicol 2014
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No clinically significant DDIs were observed between SOF and EFV, RPV, DRV + RTV, RAL, 
or the NRTI backbone of FTC/TDF1

These data support use of SOF 400 mg with common ARV regimens in the HCV/HIV 
co-infected population1

SOF co-administration with tipranavir is not recommended since expect SOF exposures 
to be decreased due to P-glycoprotein (P-gp) induction2

GMR, geometric mean ratio; DRV/r, darunavir/ritonavir; RAL, raltegravir; RPV, rilpivirine; EFV, efavirenz; FTC, emtricitabine; TFV, tenofovir; 
TDF, tenofovir disoproxil fumarate; SOF-sofosbuvir, DDI- drug–drug interactions

1. Kirby B et al. AASLD 2012. Boston, MA. #1877
2. Sovaldi (sofosbuvir) Summary of Product Characteristics. August 2015

GS-331007
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ARV drug interaction data with SOF

PK supports use of SOF with common ARV regimens



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
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LEDIPASVIR
LEDIPASVIR/SOFOSBUVIR



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



Effect of ARVs on LED/SOF



RTV-Boosted PIs

Without With
LDV/SOF4-9                     LDV/SOF1

Tenofovir (TFV) Exposures when Coadministered

with Various ARVs with or without LDV/SOF

EFV RPV

2

1

ATR   EPA

NNRTIs

Without With
LDV/SOF1,2 LDV/SOF3

• TFV exposures are higher when TDF is coadministered with LDV/SOF  compared to without 
LDV/SOF 

• Compared to the range of TFV exposures with available safety data
• For EFV or RPV: TFV exposures fall within the range1

• For RTV-boosted PIs: TFV exposures partially exceed the range2

1, Data on File, Gilead Sciences. 
2. Hoetelmans RMW, et al. 6th IWCPHT 2005. Quebec City, Canada. Poster #2.11
3. German P,  et al. ICPHHT 2014. #O6
4. Luber AD, et al. HIV Medicine. 2010;11:193-9 (FPV+RTV)
5. Chittick GE, et al. AAC. 2006; 50(4):1304-10 (SQV+RTV)

6. Zhu. 9th IWCPHT. 2008. #023 (ATV+RTV & LPV/r ) * HIV-infected subjects in CASTLE study
7. Kearney B, et al. JAIDS. 2006;43(3):278-83 (LPV/r) 
8. Agarwala S, et al. 6th IWCPHT 2005. #16. (ATV+RTV)
9.. Hoetelmans RMW, et al. BJCP. 2007;64(5):655-61 (DRV+RTV) 

N = 30       15 17       14
FPV   SQV     LPV/r          ATV       DRV      ATV   DRV   
15       35      19*     24       17*   14       12           24      23
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No grade 3 or 4 creatinine abnormalities nor any grade 3 or 4 AEs in the renal or 
urinary disorder occurred in study2

4 patients had change in creatinine ≥35* µmol/L

2 completed treatment with no ART change

1 discontinued TDF, 1 had dose reduction of TDF

EFV+FTC+TDF (n=160)

RAL+FTC+TDF (n=146)

RPV+FTC+TDF (n=29)

LDV/SOF +
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Week

BL 1 2 4 6 8 10 12 FU-4

*equivalent to 0.4 mg/dL

1. Adapted from Naggie S et al. CROI 2015. Seattle, WA. #LB-152; 2. Naggie S et al. NEJM 2015

ION-4: LDV/SOF in HIV/HCV

Renal function1



TFV PK nello switch a EVP

W48

Marinaro L, et al. Submitted



Impatto delle puliriterapie
Tenofovir e Diclofenac

TFV

[TFV]

PROXIMAL 
TUBULAR CELL

PROXIMAL 
TUBULAR CELL

TFV



Impatto delle puliriterapie
Tenofovir e Diclofenac

89 patients with diclofenac use: 61 patients (68.5%) TDF+ & 28 patients (31.5%) TDF-

1. Thirteen patients (14.6%) developed acute kidney injury (AKI) shortly after
initiating diclofenac treatment. ONLY IN TDF recipients

2. All cases were accompanied by new onset of at least two parameters indicating
proximal tubular damage, such as normoglycaemic-glucosuria and 
hypophosphataemia. 

3. TFV-associated nephrotoxicity was demonstrated by renal biopsy in four cases. 
4. Additionally, 11.5% of patients on TDF treatment developed new-onset proximal

tubular damage, while having a preserved glomerular filtration rate. In contrast, 
diclofenac did not affect renal function in patients with TDF-sparing cART, as only
one case of isolated hypophataemia was observed in these patients. 

In univariate analysis, risk factors for AKI were TDF-containing cART (P = 0.0076) 
and pre-existing hypophosphataemia (P = 0.0086). 

TFVTFV
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89 patients with diclofenac use: 61 patients (68.5%) TDF+ & 28 patients (31.5%) TDF-

1. Thirteen patients (14.6%) developed acute kidney injury (AKI) shortly after
initiating diclofenac treatment. ONLY IN TDF recipients
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proximal tubular damage, such as normoglycaemic-glucosuria and 
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3. TFV-associated nephrotoxicity was demonstrated by renal biopsy in four cases. 
4. Additionally, 11.5% of patients on TDF treatment developed new-onset proximal

tubular damage, while having a preserved glomerular filtration rate. In contrast, 
diclofenac did not affect renal function in patients with TDF-sparing cART, as only
one case of isolated hypophataemia was observed in these patients. 

In univariate analysis, risk factors for AKI were TDF-containing cART (P = 0.0076) 
and pre-existing hypophosphataemia (P = 0.0086). 
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SIMEPREVIR



Soriano, Exp Opin Drug Met Toxicol 2014







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



1) Dingemasse J et al. Antiviral Ther 2010, 2) Treiber A et al. DMD 2007, 3) Hartkoorn RC et al. Pharmacogenetics
& Genomics 2010, 4) Annaert P. et al. Xenobiotica 2010

OATP1B1
OATP1B3

Drug-drug interactions involving both cytochromes
and drug transporters can have profound effects



DACLATASVIR



Soriano, Exp Opin Drug Met Toxicol 2014



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



All-Oral 12-Week Combination Treatment with DCV+SOF 

in HIV/HCV co-infected Patients

• Phase 3, randomised, open label study of daclatasvir (DCV) + SOF 

for 8 or 12 weeks in HIV/HCV co-infected,  TN or TE, GT1-4 

patients, including cirrhotics

3

9

ALLY-2

*Dose-adjusted for concomitant antiretrovirals: 30mg with ritonavir-boosted PIs, 90mg with NNRTIs except 

rilpivirine.

Wyles, CROI, 2015, Oral #LB-151

12 20

Study Weeks

240

Primary 
endpoint:

SVR12

Treatment-naïve
(N=151)

Stratified by: 
cirrhosis and GT

8

DCV 60 mg* + SOF 400 mg QD n=52

DCV 60 mg* + SOF 400 mg QD 
n=101 

Treatment-

experienced

(N=52)

1:2

DCV 60 mg* + SOF 400 
mg QD n=50

‡



SVR12 by Baseline Factors: 8-Week Group

4

0

aRAL, n=8; DTG, n=1; no cART, n=2. bDCV dose was reduced to 30 mg/day with ritonavir-boosed PI regimens in ALLY-2; 

based on recent data, DCV 60mg/day is recommended when used with DRV/r or LPV/r regimens [Eley et al. HIVDART 

2014; Poster 63]
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DRV NNRTI Othera

cART regimenb

White Black

Race

Other
PI

< 2 M ≥ 2 M



DRV/r and LPV/r DAC





OMBITASVIR/PARITAPREVIR/R
DASABUVIR





3Ds and ARVs



3Ds and DRV



Drugs contraindicated with Ritonavir for CYP3A4-based interactions

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



3Ds + Raltegravir

• Child-Pugh B8 

• cyclosporine20 mg qd and 
30 mg bid on the basis of 
TDM

Cattaneo D, et al. Eur J Clin Pharm 2015



BCRP interactions (and pH)
Omeprazole 20/40mg

DAA AUC OMEPRAZOLE AUC

LEDIPASVIR/S
OFOSBUVIR

SOF e 007 invariati
LED AUC ridotta 42-48% se OME 2 h prima

LED AUC ridotta 4-8% se contemporaneo (20 mg)
N.A.

3Ds
Ombitasvir 1.05 (0.98-1.12)
Dasabuvir 1.08 (0.98-1.20)

Paritaprevir 1.18 (1.03-1.37)
0.62 (0.51-0.75)



GRAZOPREVIR/ELBASVIR



MK-5172 (grazoprevir) e MK-8742 (elbasvir)

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





ALTRI FARMACI





DDIs with immune suppressive agents

SIM SOF LED DAC 3Ds

Cyclosporine SIM e CSA OK? OK? OK?
CSA

Reduce 20% 
Monitor CSA

Tacrolimus Monitor TCA OK? OK? OK?
TAC

0.5 mg/w
Monitor TAC

Sirolimus
No Data

Monitor SIR
OK? OK? OK?

No Data
Monitor SIR

Micofenolato
Azatiprina

Metilprednisone
OK? OK? OK? OK?

steroids
Monitor
clinically
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Meccanismo?



VOLONTARI SANI VS. PAZIENTI







Combinazioni “difficili”
• Non è possibile modificare la HAART:

– Multi-fallito con terapia di salvataggio
• Non dati su etravirina

• Pochi dati su Dolutegravir (DAC OK)

• Spesso PI/r based

• Non è possibile modificare i farmaci 
concomitanti
– Epilessia: fenobarbital, carbamazepina, valproato?

– Cardiovascolari: statine, antiaritmici, nuovi 
anticoagulanti



Pazienti “difficili” (2)

• Insufficienza renale/dialisi

• Trapianto

• Cirrosi compensata/scompensata



Insufficienza renale

ml/min
RBV SOF SIM LED DAC 3Ds

50-80 Standard Standard Standard Standard Standard Standard

30-50
200 or 400 

EOD
Standard Standard Standard Standard Standard

<30 200 mg
Standard or 

200 mg?
Standard
dose??

Not
available

Standard
dose??

Standard
dose??

Dyalisis 200 mg
Standard or 

200 mg?
Standard
dose??

Not
available

Standard
dose??

Standard
dose??



Insufficienza renale

ml/min
RBV SOF SIM LED DAC 3Ds

50-80 Standard Standard Standard Standard Standard Standard

30-50
200 or 400 

EOD
Standard Standard Standard Standard Standard

<30 200 mg
Standard or 

200 mg?
Standard
dose??

Not
available

Standard
dose??

Standard
dose??

Dyalisis 200 mg
Standard or 

200 mg?
Standard
dose??

Not
available

Standard
dose??

Standard
dose??

SOF AUC 007 AUC

50-80 +61% +55%

30-50 +107% +88%

<30 +171% +451%

Dyalisis
+28% 1h before
+60% 1h after

+1280% 1h before
+2070% 1h after



Drugs absorbed from the gastrointestinal tract are 
exposed to the metabolizing enzymes and bile 
excretory transport systems of the liver before 
reaching the systemic circulation



Drugs absorbed from the gastrointestinal tract are 
exposed to the metabolizing enzymes and bile 
excretory transport systems of the liver before 
reaching the systemic circulation

“first pass effect”



Drugs absorbed from the gastrointestinal tract are 
exposed to the metabolizing enzymes and bile 
excretory transport systems of the liver before 
reaching the systemic circulation

“first pass effect”

The effect of chronic liver disease on the bioavailability of orally 
administered drugs is mainly the result of reduced pre-systemic 
hepatic metabolism









SIM+SOF vs.

Untreated

Child BC

Child A



Conclusioni

• Il profilo di interazioni dei DAAs varia in funzione 
dei composti (> per RTV)

• Dati PK vs. real life (healthy volunteers vs 
paziente, cirrosi) e impatto clinico

• Necessità di dati di sicurezza e di PK nella real life 
(fase IV) e monitoraggio dei farmaci concomitanti 
(molti non testati!)

• PK per ridurre la durata della terapia?
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