
Clinically Relevant Drug Interactions with 
Direct Acting Antivirals (DAAs)

David Hachey, Pharm.D., AAHIVP
Idaho State University
Department of Family Medicine

Last Updated: May 19, 2021



Disclosures

Nothing to disclose



Objectives

• Describe basic pharmacokinetic properties of DAAs

• Identify clinically important interactions between the DAAs 
and
- Antiretroviral medications
- Non-HIV medications

• Apply outcomes from drug interaction tools to patient care 
to modify treatment of HCV or HIV



CASE 1

• TC is a 50-year-old male newly diagnosed with HIV (pan-
sensitive genotype, CD4 count 350 cells/mm3 and VL 
50,000). Hepatitis serologies are:
- HCV Ab positive – GT3 / VL 4,000,000
- Hepatitis B surface Ab positive / core negative
- Hepatitis A total Ab positive

• Kidney function is normal, other labs do not indicate the 
patient has cirrhosis.



CASE 1

• Keeping in mind you want to treat the HCV in the next 6-12 
months, what ART would you select?
A. Dolutegravir (Tivicay®) + Emtricitabine/Tenofovir DF 

(Truvada®)
B. Bictegravir/Emtricitabine/Tenofovir AF (Biktarvy®)
C. Dolutegravir/Lamivudine (Dovato®)
D. Darunavir/Cobicistat/ Emtricitabine/Tenofovir alafenamide 

(Symtuza®)



Basic PK Properties of DAAs
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alterations in Cmax. GS-331007 was not affected by food. The 
AUC of SOF and GS-331007 show a near dose-proportional 
increase in the range of 200–1200 mg. SOF is a substrate 
of the transporters P-gp and breast cancer resistance protein 
(BCRP). This is not the case for GS-331007 [11, 12].

3.1.2  Distribution

DCV is highly bound to plasma proteins (~ 99%) and the 
apparent volume of distribution (Vd/L) is 47.1 L. DCV is 
passively and actively transported into hepatocytes. In vitro 
data have shown that DCV is actively transported by organic 
cation transporter (OCT) 1 and inhibits P-gp, organic anion 
transporting protein (OATP) 1B1, and BCRP. DCV also 
in vitro inhibits the renal transporters organic anion trans-
porter (OAT) 1, OAT3, and OCT2 [9, 10]. OCT2 inhibition 
by DCV is not clinically relevant, as shown in a drug interac-
tion study with metformin (an OCT1 and OCT2 substrate) 
[13].

SOF is 61–65% bound to plasma proteins and the binding 
of SOF is independent of drug concentrations (1–20 µg/mL). 
GS-331007 is minimally bound to plasma proteins [11, 12] .

3.1.3  Metabolism

DCV is a substrate of cytochrome P450 (CYP) 3A4; how-
ever, 97% of the circulating drug is the parent drug and < 5% 
of metabolites are found in plasma [9, 10].

SOF has a more complex metabolism (see Fig. 2) [14]. 
SOF is initially metabolized in the liver into the pharmaco-
logically active nucleoside analog triphosphate GS-461203. 
This is followed by dephosphorylation to the main inactive 
metabolite GS-331007. GS-331007 accounts for over 90% 
of the systemic exposure. SOF only accounts for 4% of the 
systemic exposure [11, 12].

3.1.4  Excretion

DCV is primarily hepatically cleared, as 88% of a radioac-
tive test dose was retrieved in the feces, of which 53% was 
the parent drug. Only 6.6% of the parent drug was excreted 
in the urine. The elimination half-life (t½) is 12–15 h and the 
clearance is 4.24 L/h [9, 10].

For SOF, the main route of excretion is via urine (80%); 
only 14% of a radioactive dose was recovered in feces. The 
majority was retrieved as GS-331007 (78%) and only 3.5% 

2013 

2014 

2015 2017 

2018 2016 

Boceprevir1 
FDA May 
EMA August 

Telaprevir1 

FDA May 
EMA October 

Paritaprevir/ritonavir, 
ombitasvir 
FDA July 
EMA March1 

Dasabuvir 
EMA February1 

Glecaprevir, 
pibrentasvir 
FDA August 
EMA August 

Sofosbuvir, velpatasvir, 
voxilaprevir 
EMA September 

Simeprevir1 
FDA November 
EMA June 

Daclatasvir 
EMA September 

Ledipasvir, sofosbuvir 
FDA October 
EMA December 

Sofosbuvir 
EMA September 

2011 

Sofosbuvir 
FDA December 

Sofosbuvir, velpatasvir 
FDA June 
EMA July 

Daclatasvir 
FDA July 

Elbasvir, grazoprevir 
FDA January 
EMA July 

Sofosbuvir, velpatasvir, 
voxilaprevir 
FDA July 

Paritaprevir/ritonavir, 
ombitasvir, dasabuvir 
FDA December 

Fig. 2  Metabolism of sofosbuvir (derived from Kirby et al. [14])



Pharmacokinetics

• SOF/VEL (Epclusa®)
- Absorption

• VEL has a pH dependent 
solubility

- Metabolism
• SOF: Substrate fort PgP
• VEL: substrate for CYP3A4 

(major), 2B6 and 2C8

• GLE/PIB (Mavyret®)
- Absorption

• Food enhances absorption
- Metabolism

• GLE: substrate for CYP3A4
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success and development of liver disease differs per geno-
type. Another important aspect is the high replication rate 
and the error-prone nature of the HCV viral replication 
cycles. This results in a high prevalence of resistance-associ-
ated substitutions (RASs), which can occur with and without 
drug pressure [4].

The landscape of HCV therapy dramatically changed 
from 2015 onwards. Before 2015, the treatment of HCV 
was mainly with peg-interferon (peg-IFN) plus ribavirin 
(RBV) therapy, which was associated with suboptimal 
response rates and considerable short- and long-term toxic-
ity. HCV cure rates markedly improved with the approval 
of boceprevir and telaprevir, the first direct-acting antivirals 
(DAAs), but toxicity was still high [5]. Since the approval 
of these drugs, several other DAAs have been licensed, with 
a further increase in response rates for the different HCV 
genotypes and special patient populations. The timeline of 
DAA development is presented in Fig. 1.

With the recent approval of the highly effective regimens 
of glecaprevir (GLE)/pibrentasvir (PIB) [6] and sofosbuvir 
(SOF)/velpatasvir (VEL) [7] with or without voxilaprevir 
(VOX) [8], more than 95% of chronic HCV-infected patients 
can be treated successfully and safely. A remaining challenge 
is drug pricing, which is still limiting HCV treatment access 
globally. Clinical challenges in HCV treatment only remain 
in a few special patient groups such as patients with decom-
pensated cirrhosis, renal impairment, and drug–drug interac-
tions (DDIs). Nevertheless, further DAA drug development 
has seemingly ended, with few DAAs left in the development 
pipelines of the major drug companies. The drugs licensed 
today are the regimens that we will use to reach the WHO 

goals to eliminate and eradicate HCV [1]. To accomplish this, 
the biggest challenge in resource-rich countries is to identify 
all patients who are HCV infected and lost from care or those 
who were never diagnosed. For the low-income countries, the 
availability of these drugs is often a major issue because of 
high pricing.

The aim of this descriptive review is to give an overview 
of the pharmacokinetics and pharmacodynamics (safety 
and efficacy) of the DAAs currently used for chronic HCV 
treatment. In addition, special populations are identified and 
separately discussed.

2  Methods

All phase II and III studies describing efficacy and/or safety 
of the following DAA combinations were selected for this 
review: SOF/daclatasvir (DCV); SOF/ledipasvir (LDV); 
elbasvir (EBR)/grazoprevir (GZR); SOF/VEL; GLE/PIB; 
and SOF/VEL/VOX. Boceprevir, telaprevir, simeprevir, 
and paritaprevir/ritonavir, ombitasvir, dasabuvir are not dis-
cussed as they have been withdrawn (licensed not extended) 
from the market and no generic versions of these DAAs will 
be produced. Retrospective studies and case reports/series 
were excluded. In addition, the Summaries of Product Char-
acteristics (SmPCs) published by the European Medicines 
Agency (EMA), the prescribing information published by 
the US Food and Drug Administration (FDA), and poster 
presentations available online were used.

The overview of the search terms and results can be found 
in the Electronic Supplementary Material (ESM) (Table S1), 
as well as the summary of the efficacy and safety data found 
in the studies (ESM Table S3–S8).

3  Pharmacokinetics

Table 1 presents a summary of the product and dosing 
information of the DAAs approved by the FDA and EMA. 
Table 2 provides an overview of the pharmacokinetic param-
eters of the DAAs. 

3.1  Daclatasvir (DCV)

3.1.1  Absorption

DCV is readily absorbed as the time to maximal plasma 
concentration (tmax) is 1–2 h. The maximal plasma con-
centration (Cmax), area under the concentration–time curve 
(AUC), and minimal plasma concentration (Cmin) increase 
in a dose-proportional matter. Exposure was comparable in 
HCV-infected patients and healthy volunteers after a dosage 
of 60 mg [9, 10]. A high-fat meal (950 kcal; 492 kcal fat, 
312 kcal carbohydrates, 144 kcal protein) decreases absorp-
tion as both the Cmax and AUC decreased (28% and 23%, 

Fig. 1  Timeline of approval of direct-acting antivirals for both the US 
Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA). 1Drugs are withdrawn or were not re-approved for 
the EMA and/or FDA markets
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The immunosuppressive agent cyclosporine (ciclo-
sporin) is a perpetrator of DDIs as it is a strong inhibitor 
of OATP1B1. Coadministration with EBR/GZR resulted in 
a 15-fold increase of the GZR AUC. Higher GZR expo-
sure potentially leads to hepatotoxicity and coadministra-
tion is thus not recommended [17]. Similarly, combining 
cyclosporine 100 mg with GLE resulted in an increased 
AUC (37%) and the GLE AUC increased by 451% after a 
dose of 400 mg. Since cyclosporine seemingly has a dose-
dependent influence on OATP, a maximum of 100 mg/day is 
recommended [6]. For VOX, the AUC and Cmax increased by 
19- and 9.4-fold when combined with cyclosporine, respec-
tively. Therefore, SOF/VEL/VOX is not recommended in 
subjects using cyclosporine [8]. However, to overcome this 
drug interaction, therapeutic drug monitoring (TDM) of the 

DAA could be used when no other DAA treatment options 
are available.

Tacrolimus is a CYP3A4 substrate and its AUC increased 
by 43% and 1.45-fold after coadministration with EBR/GZR 
and GLE/PIB, respectively, due to CYP3A4 inhibition [6, 
17]. Additional monitoring or dose alterations may be nec-
essary as tacrolimus has a narrow therapeutic range. This 
DDI can be overcome by using frequent TDM when starting 
DAA therapy. We strongly recommend frequent monitoring 
of the tacrolimus plasma concentration when HCV-infected 
patients are treated, not only to overcome possible DDIs but 
also because in patients recovering from an HCV infection 
the tacrolimus plasma concentration can be altered due to 
altered CYP3A4 metabolism [33]. Significant pharmacoki-
netic DDIs are not expected with SOF/DCV, SOF/LDV, 

Hepatic update, metabolism, and biliary excretion  
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Fig. 3  Overview of the drug metabolism enzymes and drug trans-
porters involved in the metabolism and distribution of the several 
direct-acting antivirals (DAAs). Only enzymes and drug transporters 
involved in the metabolism/transport of DAAs are included. Informa-
tion obtained from the relevant Summaries of Product Characteristics 
(SmPCs) and from Chu et  al. [205]. 1See substrates and inhibitors 
relating to hepatocyte. 2See substrates and inhibitors relating to intes-
tine. 3Minor substrate. 4Weak inhibitor. BCRP breast cancer resist-

ance protein, CYP cytochrome P450, EBR elbasvir, GLE glecaprevir, 
I inhibitor of drug transporter and/or enzyme, MRP multidrug resist-
ance protein, OATP organic anion transporting polypeptide, OCT 
organic cation transporter, P-gp P-glycoprotein, PIB pibrentasvir, S 
substrate of drug transporter and/or enzyme, SOF sofosbuvir, UGT  
uridine 5′-diphospho-glucuronosyltransferase, VEL velpatasvir, VOX 
voxilaprevir



DAA and ARV Interactions



CASE 2

• MT is a 60-year-old male well controlled on a salvage 
regimen of darunavir/cobicistat (Prezcobix) + 
Bictegravir/Emtricitabine/Tenofovir AF (Biktarvy®) and 
needs to be treated for GT 1 (naïve without cirrhosis).  
Which of the following would be the best treatment option 
for this patient?
A. Glecaprevir/Pibrentasvir (Mavyret®)
B. Sofosbuvir/Velpatasvir (Epclusa)
C. Something else



Navigating Interactions
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DAA and ARV Interactions

Adapted from: MacBrayne CE et al. CID 2016.  Additions made based on prescribing info and Liverpool HEP Interactions.

DAA Avoid/Not 
Recommended 

Use with caution or 
adjust dose/timing

Glecaprevir/pibrentasvir

Efavirenz and etravirine 
(decrease G/P)
Boosted atazanavir and 
darunavir (increase G/P)

Sofosbuvir
Tipranavir/ritonavir 
(decrease SOF through 
PgP)

Velpatasvir
Efavirenz, etravirine, 
tipranavir/ritonavir 
(decrease VEL)

Avoid TDF if possible (increases 
TDF), especially with ritonavir or 
cobicistat (TAF ok)



DAAs and Non-ARV Interactions



CASE 3

• MH is a 35-year-old female with HIV and well controlled on 
Bictegravir/Emtricitabine/Tenofovir AF (Biktarvy®).  She 
takes EE/Levonorgestrel (various) and omeprazole 40 QD 
for control of her Barrett’s Esophagus and you are 
considering treating her HCV with either G/P or SOF/VEL. 
Which of the following interactions would be the most 
significant?
A. Increase in EE levels from G/P
B. Decrease in SOF levels from omeprazole
C. Decrease in Glecaprevir levels from omeprazole
D. Increase in EE levels from SOF/VEL



Package inserts / Liverpool

Drug Class Glecaprevir/Pibrentasvir
(Mavryet®)

Sofosbuvir/Velpatasvir
(Epclusa)

Acid Reducing Agents No interaction VEL solubility decreases as pH increase
• Separate antacids by 4 hours
• Administer with H2RA OR separate by 12 

hours (~40mg famotidine BID)
• Not recommended with PPIs

Amiodarone Use with caution Significant bradycardia

Anticonvulsants: 
Carbamazepine, phenytoin, 
PHB

↓ G/P (not recommended) ↓ SOF/VEL (not recommended)

Antimycobacterial: 
Rifabutin, rifampin, 
rifapentine 

↓ G/P (not recommended) ↓ SOF/VEL (not recommended)

Statins ↑ Lovastatin (Avoid)
↑ Simvastatin (Avoid
↑ Atorvastatin (Avoid)
↑ Rosuvastatin (10 mg max)
↑ Pravastatin (↓ dose 50%)
↑ Pitavastatin (Lowest dose)
↑ Fluvastatin (Lowest dose)

↑ Rosuvastatin (10 mg max)
↑ Atorvastatin (monitor)

Oral Contraceptives ↑ EE levels (avoid or monitor 
LFTs)

St Johns Wort ↓ G/P (not recommended) ↓ SOF/VEL (not recommended)
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