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Abstract
The hepatitis C virus (HCV) prevalence is extremely high in patients who consume
and inject illicit drugs. Concerns about poor adherence and fear of interaction with

drugs of abuse could constitute further disincentive for treatment initiation in these
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patients. We discussed the pharmacokinetics (PKs) and pharmacodynamics (PD) of
currently prescribed direct antiviral agents (NSA5 inhibitors: daclatasvir, elbasvir,
ledipasvir, pibrentasvir, velpatasvir; NS5B inhibitor: sofosbuvir; NS3/4A protease
Handling Editor: Radl Andrade inhibitors: glecaprevir, grazoprevir, voxilaprevir) and most common substances of
abuse (opioids: buprenorphine, fentanyl, heroin, methadone, morphine, oxycodone;
stimulants: amphetamines, cathinones, cocaine; cannabinoids; ethanol). Overall,
most direct-acting antivirals (DAAs) are substrates and inhibitors of the transmem-
brane transporter P-glycoprotein (P-gp), and several of them are metabolized by cy-
tochrome P450 enzymes. Clinically relevant interactions are associated with P-gp
and CYP3A modulators. Most substances of abuse are eliminated by Phase | and
Phase Il metabolizing enzymes, but none of them are either major inhibitors or in-
ducers. PK studies did not show any relevant interactions between DAA and metha-
done or buprenorphine. Based on pharmacological considerations, neither efficacy
loss nor adverse drug event associated with detrimental interaction are expected
with opioids, stimulants, cannabinoids and ethanol. In summary, our literature review
shows that the interaction potential of DAA with most opioids and illicit drugs is lim-
ited and should not be a hurdle to the initiate DAA.
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1 | INTRODUCTION

The hepatitis C virus (HCV) prevalence is variable across the world:
around 0.1%-1.0% in European countries, 2.0%-6.5% in Central Asia

Chronic viral hepatitis C infections are a major health problem, with and up to 7.0% in African countries.® In western countries, the major

1,2

approximately 1.75 million new cases worldwide (2015 estimation). source of new HCV infections remains intravenous drug use, which

Abbreviations: 4-MMC, 4-methyl-N-methylcathinone; 6-AM, 6-acetylmorphine; Ab, antibody; ADH, alcohol dehydrogenase; AE, adverse event; AUC, area under the curve; AZCERT,
Arizona Education and Research on Therapeutics; BBV, blood-borne viral; BCRP, breast cancer resistance protein; CBD, cannabidiol; C__ , maximal concentrations; CYP450, cytochrome
P450; DAA, direct-acting antiviral; DCV, daclatasvir; EBR, elbasvir; GZR, grazoprevir; HBV, hepatitis B virus; hCE, human carboxylesterase; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IDU, injection drug use; M3G, morphine-3-glucuronide; Mé6G, morphine-6-glucuronide; MDMA, 3,4-methylenedioxymethamphetamine; non-1V, non-intrave-
nous; NS, non-structural; OATP, organic-anion-transporting polypeptide; OR, odds ratio; OST, opioid substitution therapy; OUD, opioid use disorder; PD, pharmacodynamics; P-gp,
P-glycoprotein; PK, pharmacokinetic; PWID, people who inject drugs; PWSUD, people with substance use disorder; QALY, quality-adjusted life-year; SVR, sustained virologic response;
TdP, torsades de pointes; UGT, uridine glucuronosyltransferase; A9-THC, delta-9-tetrahydrocannabinol.
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caused 390 000 new cases in 2015.%2 People with substance use
disorders (PWSUDs) constitute the majority of incident (75%) and
prevalent (80%) HCV cases in high-income regions.4 Thus, people
who inject drugs (PWID) were more frequently HCV antibody (Ab)-
positive than non-intravenous (non-1V) drug users.®

Since 2014, the development of direct-acting antivirals (DAAs)
revolutionized the management of chronic HCV infections, with
higher rates of sustained virologic response (SVR) (>90%) and short-
ened treatment duration (8 to 12 weeks). Current available regi-
mens consist of pangenotypic fixed-drug combinations (sofosbuvir/
velpatasvir or glecaprevir/pibrentasvir), or of alternative genotype-
specific regimen that includes sofosbuvir, ledipasvir, daclatasvir, gra-
zoprevir/elbasvir and tritherapy with the fixed-dose association of
sofosbuvir/velpatasvir/voxilaprevir.®”

In PWSUD, the eradication of HCV could decrease the virus cir-
culation community, reducing the infection rate.8 However, several
barriers to HCV therapy have been identified, such as high rate of
psychiatric disorders (psychosis and depression),” poor adherence,
ongoing substance use including alcohol use, lower responses to
therapy, medication price and the risk of reinfection.’® The risk of
interactions of DAAs with drugs used in substance disorders, such
as opioid substitution therapy (OST), as well as with illicit or recre-
ational substances (cocaine, alcohol), can constitute a barrier to DAA
access in PWSUD.

DAAs could be subject to drug-drug interactions (DDI), as they
are transformed by metabolic enzymes and substrates of efflux
transporters. They can also act as perpetrator of DDI if they mod-
ulate enzyme or transporter activity.” The evidence regarding rele-
vant DDI with most of the potential concomitantly prescribed drugs
has been recently reviewed.”*!

2 | METHODS

In order to review the main pharmacokinetic (PK) and pharma-
codynamic (PD) characteristics and interaction potential of cur-
rently available DAAs (based on 2018 EASL recommendations?),
and of selected substances of abuse, we performed a PubMed
search of articles published until June 2019. The following key-
words were used: drug-drug interaction, pharmacokinetics, phar-
macodynamics, daclatasvir, elbasvir/grazoprevir, glecaprevir/
pibrentasvir, sofosbuvir/ledipasvir, sofosbuvir/velpatasvir, so-
fosbuvir/velpatasvir/voxilaprevir, substance of abuse, opioids,
buprenorphine, fentanyl, methadone, morphine, oxycodone, am-
phetamine, ecstasy, cathinones, cocaine, cannabis and ethanol.
The paritaprevir/ombitasvir/ritonavir + dasabuvir combination
was not considered in our review since this regimen is no longer
recommended.!12

The following article types were eligible: PK/PD reviews, orig-
inal articles, articles on physiologically based pharmacokinetic
(PBPK) models and case reports. Only articles written in English
or in French were selected. The following types of studies were

eligible: in vitro PK studies, human clinical studies (PK phase 1

Key points

e Overall, the interaction potential of direct-acting antivi-
rals (DAAs) with most opioids and illicit drugs is limited.

e Most DAA inhibits P-gp, and to a lesser extent CYP3A.

e Interactions are theoretically possible with opioids in-
cluding methadone, but not confirmed in pharmacoki-
netic studies.

e Given the frequent association with methadone,
there is no evidence of an increased risk of long QT or
torsade-de-pointes.

studies or phase 2/3 clinical studies) and post hoc or pooled anal-
ysis of clinical studies. Only studies regarding interactions of cur-
rently available DAAs with the selected substances of abuse were
eligible.

For currently available DAAs, we included in our search the sum-
mary of product characteristics and the European public assessment
report on the European Medicines Agency website (https://www.
ema.europa.eu/en).

Finally, we performed a Google search to find congress abstracts
or conference proceeding reporting unpublished interaction studies
or data.

Papers involving other molecules than the keywords, and not

considering PK, PD or drug-interaction data, were excluded.

3 | CLINICAL PHARMACOLOGY OF DAA

The currently available drugs in Europe are presented in Table 1,
and their main PK and PD characteristics in Table 2, and in Figures
1and 2.

3.1 | Daclatasvir

Daclatasvir (DCV) is an inhibitor of the HCV non-structural 5A (NS5A)
protein approved for HCV genotypes 1, 3 and 4 in association with
sofosbuvir, with or without ribavirin.*® It is readily absorbed after oral

administration, with maximal concentrations (C__ ) achieved after

max
1-2 hours, and an absolute bioavailability of 67%, and is highly bound
to plasma proteins (99%). DCV is a substrate of the P-glycoprotein (P-
gp) efflux transporter, and is metabolized by cytochrome P450 (CYP)
3A isoenzymes, predominantly CYP3A4. A majority of the dose (88%)
is excreted in the faeces and 7% in urine. The mean terminal half-life
after multiple dosing is 12-15 hours. DCV is an inhibitor of P-gp, or-
ganic-anion-transporting polypeptide (OATP) 1B1 and breast cancer
resistance protein (BCRP) transporters.14 Interactions may occur when
DCV is used concomitantly with CYP3A and P-gp inhibitor or inducers,
and with P-gp, OATP and BCRP substrates.

From a safety point of view, the most common adverse events

(AEs) in studies combining DCV and sofosbuvir were headache,
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nausea, diarrhoea, arthralgia and cough.14

Regarding cardiac safety,
a thorough QT study with therapeutic (60 mg) and supratherapeutic
doses (180 mg) showed the absence of QTc variations or related re-

polarization abnormalities.*®

3.2 | Elbasvir/grazoprevir

Elbasvir (EBR) and grazoprevir (GZR) are available as a 50/100 mg
fixed-dose combination, approved for HCV genotypes 1a, 1b and
41 EBR is an inhibitor of the HCV NS5A while GZR inhibits NS3/4A
protease. EBR and GZR's bioavailability is 20% to 40%, and C___ is
achieved after 2-4 hours.}”'® Both compounds display extensive
protein binding (free fraction: 1%).18 Excretion into faeces as parent
drugs accounts for 75% to 80% of elimination of both EBR and GZR,
the remaining 20% being excreted as oxidative metabolites formed
via CYP3A.Y Both compounds are P-gp substrates. In addition, GZR
(but not EBR) is a substrate of OATP1B1 and OATP1B3.118 Their
steady-state elimination half-lives in HCV-infected subjects were 24
and 31 hours for EBR and GZR respectively.'® Neither EBR nor GZR
are potent inhibitors or inducers of CYP or uridine glucuronosyl-
transferase (UGT) enzymes in vitro,*® but GZR is a weak inhibitor of
CYP3A. EBR is a mild inhibitor of intestinal P-gp and BCRP, and GZR
is an intestinal BCRP inhibitor.?” Clinically relevant DDI are likely to
occur with moderate and strong CYP3A and P-gp inducers (but not
with CYP3A inhibitors), and when GZR is combined with OATP1B
inhibitors.” CYP3A and P-gp/BCRP substrates with a narrow ther-
apeutic range may be subject to DDI with EBR/GZR (increases in
plasma concentrations).

The most frequently reported AEs were fatigue (17.0%), head-
ache (16.4%), nausea and dose-dependent increases in liver function

markers.*&%?

3.3 | Glecaprevir/pibrentasvir

Glecaprevir and pibrentasvir are available as a 100/40 mg fixed-dose
combination, approved for all HCV genotypes.19 The recommended
dose is 300/120 mg once daily (three tablets) to be taken with a meal.
Glecaprevir is HCV NS3/4A protease inhibitor while pibrentasvir

TABLE 1 Available drugs and fixed-
dose combinations according to the EASL
2018 recommendations®

Drug or fixed-dose
combinations

Daclatasvir

Elbasvir/grazoprevir

Glecaprevir/pibrentasvir

Sofosbuvir

Sofosbuvir/ledipasvir

Sofosbuvir/velpatasvir

Sofosbuvir/velpatasvir/

voxilaprevir

[ |3
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inhibits HCV NS5A.%° Their C, s attained after 5 hours. Both
drugs are extensively bound to plasma proteins (>95%). Glecaprevir
undergoes limited CYP3A-mediated metabolism,20 with 26% of the
dose excreted as oxidative metabolites,'? whereas pibrentasvir is not
metabolized.?® Both drugs are excreted in the faeces. Their elimina-
tion half-lives are 6-9 and 23-29 hours respectively.?® Glecaprevir
is a substrate and inhibitor of P-gp, BCRP and OATP1B1/B3.
Pibrentasvir is a substrate of P-gp and of BCRP,?! and inhibits P-gp,
BCRP and OATP1B1/B3.% Clinical DDI studies have confirmed clini-
cally relevant inhibition of P-gp, BCRP and OATP1B1/B3.?2 Finally,
glecaprevir and pibrentasvir are weak inhibitors of CYP3A and UGT
1A1 in vitro and in vivo.}”?! Therefore, CYP3A, UGT1A1, P-gp/
BCRP and OATP1B substrates with a narrow therapeutic range are
subject to DDI with glecaprevir and pibrentasvir.

The most frequently reported AEs were headache (13%), fatigue
(11%) and nausea (8%).2°

3.4 | Sofosbuvir/ledipasvir

The fixed-dose combination of sofosbuvir and ledipasvir contains
400 and 90 mg of each active substance respectively. It is approved
for the treatment of HCV genotypes 1, 4, 5 and 6.2 Sofosbuvir is
a prodrug that requires several steps bioactivation to GS-461203,
the pharmacologically active nucleoside analog triphosphate
metabolite, which inhibits NS5B,2*?> and is ultimately dephos-
phorylated to an inactive metabolite, GS-331007.242° Ledipasvir
inhibits NS5A. Sofosbuvir and ledipasvir C__ are reached after
1 and 4 hours respectively. Their protein bound fractions are,
respectively, 65% and 99%.2* Sofosbuvir and its metabolites are
not substrates of CYP or UGT enzymes. Ledipasvir and sofosbuvir
itself are substrates for P-gp and BCRP, but not GS$-331007.24%¢
Sofosbuvir elimination is essentially non-renal, whereas renal clear-
ance is the major elimination pathway for GS-331007.%° The latter
has a half-life of 27 hours.?* Ledipasvir half-life is 50 hours and it is
mainly excreted in faeces (>70%).2” Sofosbuvir and GS-331007 do
not display significant inhibition or induction of CYP, UGT1A1 and
main drug transporters.?® Ledipasvir does not inhibit major human
CYP,%” but has shown to inhibit the transporters P-gp and BCRP

Brand Recommended

name dose Comment

Daklinza® 60 mg qd In combination
with other drugs

Zepatier® 50/100 mg qd

Maviret® 100/40 mg qd

Sovaldi® 400 mg qd In combination
with other drugs

Harvoni® 400/90 mg qd

Epclusa® 400/100 mg qd

Vosevi® 400/100/100 mg qd

Note: bid: twice daily; qd: once daily.
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TABLE 2 Main PK and PD characteristics of DAA

CYP/transporter inhibition

Drug Metabolism and transport Elimination or induction Main adverse effects References
NS5A inhibitors
Daclatasvir CYP3A, P-gp Faeces P-gp, OATP1B1, BCRP Headache, nausea, o
inhibition diarrhoea, arthralgia and
cough
Elbasvir CYP3A, P-gp Faeces P-gp, BCRP inhibition Fatigue, headache, nausea %18
Ledipasvir P-gp, BCRP Faeces P-gp, BCRP inhibition Headache, fatigue, insom- 22
nia, nausea, diarrhoea
Pibrentasvir No metabolism, P-gp Faeces CYP3A, UGT1A1, P-gp, Headache, fatigue, nausea 19,20
(BCRP) BCRP, OATP1B1 and
OATP1B3 inhibition
Velpatasvir Minor metabolism by Faeces P-gp, BCRP, OATP1B1, Headache, fatigue 2250
CYP2B6, CYP2C8 and OATP1B3, OATP2B1
CYP3A4, P-gp, BCRP inhibition
NS5B inhibitors
Sofosbuvir P-gp, BCRP Urine = Headache, fatigue, insom- A
(GS-331007) nia, nausea, diarrhoea
Protease inhibitors
Glecaprevir CYP3A, P-gp, BCRP, Faeces CYP3A, UGT1A1, P-gp, Headache, fatigue, nausea £220
OATP1B1 and OATP1B3 BCRP, OATP1B1 and
OATP1B3 inhibition
Grazoprevir CYP3A, P-gp, OATP1B1 Faeces CYP3A, BCRP inhibition Fatigue, headache, nausea 1718
and OATP1B3
Voxilaprevir CYP3A, P-gp, BCRP, Faeces P-gp, OATP1B1 and Headache, fatigue, diar- B2

OATP1B1 and OATP1B3

OATP1B3 inhibition

rhoea, nausea

Abbreviations: BCRP, breast cancer resistance protein; CYP, cytochrome; DAA, direct-acting antiviral; PD, pharmacodynamic; Pk, pharmacokinetic.

in vitro.?>2¢ The concomitant use of P-gp and/or BCRP inducers
may result in virologic failure. P-gp and/or BCRP substrates with a
narrow therapeutic range may see their exposure increase in the
presence of sofosbuvir/ledipasvir.

Patients treated with the association may experience headaches,
fatigue, insomnia, nausea and diarrhoea.?* In healthy volunteers, the
corrected QT interval was not prolonged after single therapeutic
(400 mg) and after supratherapeutic doses of sofosbuvir (1200 mg)

and ledipasvir 120 mg (twice daily) in thorough QT studies.?>%®

3.5 | Sofosbuvir/velpatasvir

The pangenotypic combination of sofosbuvir and velpatasvir con-
tains 400 and 100 mg of each active substance respectively.?’?
Velpatasvir is an HCV NS5A protein inhibitor. Its C__ is reached
3 hours after oral administration. Velpatasvir is extensively bound
to plasma proteins (>99%), and undergoes minor metabolism by
CYP2B6,CYP2C8 and CYP3A4, and is excreted (77% as parent drug)
in the faeces with a median terminal plasma half-life of 15 hours.
Velpatasvir is transported by P-gp and BCRP, and is also an inhibi-
tor of P-gp, BCRP, OATP1B1/B3 and OATP2B1.2%3! There is a risk
of therapeutic failure when the association is administered with P-
gp and/or BCRP inducers. Substrates of P-gp, BCRP and OATP can
be subject to an increase in their exposure when administered with

sofosbuvir/velpatasvir.3°

The most common AEs when sofosbuvir/velpatasvir is used
without ribavirin are headache and fatigue.3°*31 In healthy volun-
teers, the corrected QT interval was not significantly prolonged by
therapeutic sofosbuvir (400 mg) or supratherapeutic doses of velpa-
tasvir (500 mg) or sofosbuvir (1200 mg).%°

3.6 | Sofosbuvir/velpatasvir/voxilaprevir

The pangenotypic combination of sofosbuvir, velpatasvir and vox-
ilaprevir contains 400, 100 and 100 mg of each active substance.*?
Voxilaprevir is a reversible NS3/4A protease inhibitor. It reaches
C...x 4 hours after administration. Food substantially increases
the systemic exposure. It is extensively bound to plasma proteins
(>99%) and undergoes metabolism by CYP3A4. Voxilaprevir is elimi-
nated through biliary excretion, 40% as the parent drug, with a half-
life of 33 hours.**33 Voxilaprevir is a substrate of P-gp, BCRP and
OATP1B1/B3.3* Inhibition of OATP1B1/B3 at clinically achieved
concentrations is reported.3* There is a risk of therapeutic failure
when inducers of CYP3A, P-gp and/or BCRP are co-administered.
Concentrations of OATP1B1/B3 substrates can increase when ad-
ministered with sofosbuvir/velpatasvir/voxilaprevir.3®

The most frequently reported AEs with this association are head-
ache, fatigue, diarrhoea and nausea. Voxilaprevir was not shown to
significantly prolong the QTc interval when given at nine times the

recommended dose.*®
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FIGURE 1 Transmembrane transport
of direct-acting antiviral (substrates are
underlined) and inhibition effect (&)
(alphabetic order). BCRP, breast cancer
resistance protein; DCV, daclatasvir;
EBR, elbasvir; GLE, glecaprevir; GRZ,
grazoprevir; LED, ledipasvir; OATP,
organic-anion-transporting polypeptide;
P-gp, P-glycoprotein; PIB, pibrentasvir;
SOF, sofosbuvir; VEL, velpatasvir; VOX,
voxilaprevir

FIGURE 2 Metabolism of direct-acting
antiviral and inhibitor (&) (alphabetic

substrate

order). DCV, daclatasvir; EBR, elbasvir;
GLE, glecaprevir; GRZ, grazoprevir; PIB,
pibrentasvir; VEL, velpatasvir; VOX,

DCV, EBR, GLE,
GRZ, VOX, VEL

voxilaprevir
<L GLE, GRZ, PIB
<L GLE, PIB

4 | CLINICAL PHARMACOLOGY OF

SUBSTANCES OF ABUSE

The main PK/PD characteristics of selected substances of abuse are
presented in Table 3.

4.1 | Opioids

People often start with oral non-medical use of opioids, and move
to more efficient routes of administration, such as insufflation,
smoking or injection, and possibly initiate heroin use.®® Data on
Drug Abuse Trends showed a first increase in the misuse of opioids
between 2004 and 2011.3¢ Synthetic opioids, such as fentanyl, are
major contributors to opioid-related overdoses.?” The management
of opioid use disorder (OUD) requires an integrated treatment that

includes opioid substitution therapy (OST). Methadone was the

[ s
IN‘I!E}Q{\IE(I;NAL WI LEY

OATP1B3

substrate

VEL

substrate

VEL

o]

first medication approved in this indication, and buprenorphine
is also approved. Other available options include intravenous di-
amorphine (medical heroin), levomethadone and slow-release oral
morphine.38

All opioids are metabolized through two major enzyme systems,
CYP450 and UGT, but few of them are inhibitors or inducers of me-
tabolizing enzymes or transporters; only methadone is identified as
a CYP2D6%? and P-gp inhibitor.*° Excepted methadone, opioids are
not expected to be significant perpetrator of CYP- or P-gp-mediated
DDI with DAA.

Buprenorphine is a semisynthetic derivative of thebaine
with partial opioid agonist properties, metabolized to norbu-
prenorphine by CYP3A (65%) and to a lesser extent by CYP2C8.
Buprenorphine and norbuprenorphine undergo extensive Phase Il
metabolism by UGT, mainly UGT2B7 (>40%), followed by UGT1A1
and UGT1A3.4
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TABLE 3 Main PK and PD characteristics of substances of abuse

CYP/transporter
Metabolism and inhibition or
Drug transport Elimination induction Main adverse effects References
Opioids
Buprenorphine CYP3A, CYP2CS, Faeces — Tolerance, dependence, cognitive ef- A
UGT2B7, UGT1A1, fects, sedation, delirium, constipation, ~ “¢47
UGT1A3 vertigo, nausea, respiratory depression
Fentanyl CYP3A, P-gp Urine - As for buprenorphine 4143
46,47
Heroin hCE then as = As for buprenorphine @
morphine Wy
Methadone CYP2B6, P-gp Faeces and CYP2D6, P-gp As for buprenorphine, and QT prolonga- 37414445
urine inhibition tion, TdP 4647
Morphine UGT2B7,UGT1A1,  Urine - As for buprenorphine RS540 208
UGT1A3, UGT1A9, e
CYP3A, CYP2CS8,
P-gp
Oxycodone CYP3A, CYP2D6 Urine - As for buprenorphine 445
46,47
Stimulants
Amphetamine CYP2D6é6, CYP2C Urine — Anorexia, insomnia, nausea, vomiting, in- 49:52,53
and metham- creases in blood pressure and heart rate
phetamine
MDMA CYP2D6 CYP1A2, Urine CYP2D6 Perceptual disturbances, increases in &
CYP2B6, CYP3A inhibition blood pressure and heart rate, mydria-
sis, derealization, panic attacks, delirium
Cathinones CYP2D6 Urine CYP2Dé6 Tachycardia, hypertension, agitation, hal- 067
inhibition lucinations confusion, creatine kinase
elevation
Cocaine hCE Urine - g2
Various
Cannabinoids CYP2C9, CYP3A4 Faeces CYP450, P-gp Asthenia, balance problems, confusion, REHEH
(65%-80%) inhibition (prob- dizziness, dry mouth, fatigue, hallucina-
and urine ably minor) tions, nausea, vomiting, drowsiness
(20%-35%)
Ethanol ADH, CYP2E1, Urine, sweat, CYP450, P-gp Depressive effect on the central nervous 7875
CYP2A1, CYP3A4 saliva, tears, induction? system: anxiolytic effect, disinhibition
expired air of behaviour, sedation, respiratory

Abbreviations: CYP, cytochrome; PD, pharmacodynamics; Pk, pharmacokinetic.

depression

Fentanyl is a synthetic opioid agonist, 50 times more potent than
morphine, metabolized to norfentanyl by CYP3A and transported
by P-gp.*!

Heroin is rapidly metabolized by a sequential hydrolysis/
deacetylation to 6-acetylmorphine (6-AM) and morphine.42 The en-
zymatic metabolism is mediated mainly by human carboxylesterase
1 (hCE) and in part by hCE-2. Heroin has a very low affinity for p-opi-
oid receptors, and it acts as a highly lipophilic prodrug of its active
metabolites 6-AM, morphine and morphine-6-glucuronide (M6G).*®

Methadone is a synthetic opioid receptor agonist generally used
as the racemic mixture of (R)- and (S)-methadone.*! It is extensively
metabolized by CYP450 enzymes, CYP2Bé6 being currently recognized
as the major isoform in human.** Methadone is a P-gp substrate.*!

Morphine is conjugated mainly by UGT2B7 to the inactive me-
tabolite morphine-3-glucuronide (M3G) and, to a lesser extent, to
the pharmacological active compound M6G.*! UGT1A1, 1A3 and
1A9 are also involved but to a lesser extent.*3

Oxycodone is a semisynthetic opioid that is mainly (80%) me-
tabolized by CYP3A to noroxycodone, and to a lesser extent (10%)
by CYP2D6 to oxymorphone, which is pharmacologically active.**#

All opioids share a common profile of potential AEs that include
among others tolerance and dependence, cognitive effects, seda-
tion, delirium, constipation, vertigo, nausea and respiratory depres-
sion.***” Reported AE also include cardiovascular effects, the most
common being the prolongation of the QT interval, which can lead to
torsades de pointes (TdP) and sudden death. The arrhythmogenicity
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of the main available opioids has been recently reviewed.*® The web-
site https://crediblemeds.org/, created and maintained by Arizona
Education and Research on Therapeutics (AZCERT), is also a recom-
mended source of information for drug-induced QT prolongation.
This website defines three main categories of risk: known, possible
and conditional risk.

Methadone is classified within the known risk category, bu-
prenorphine within the possible risk category and fentanyl, mor-
phine and oxycodone are not classified in any category. There have
been many reports and studies showing the potential of methadone
to induce QT interval prolongation and TdP even in low doses.*8
Buprenorphine at conventional doses, by itself, does not appear to
produce clinically significant QT interval prolongation or polymor-

phic ventricular arrhythmia.*®

4.2 | Stimulants

4.2.1 | Amphetamine and derivatives

Amphetamine and its derivatives, which include 3,4-methylenedi-
oxymethamphetamine (MDMA) or ecstasy, belong to the class of
B-phenylethylamines and show chemical similarity with the catecho-
lamine neurotransmitters, noradrenaline and dopamine.*>° After
marijuana, these stimulants are the second most widely used group
of illicit drugs worldwide. HCV infection is frequent among meth-
amphetamine (N-methylated derivative of amphetamine) users as a
consequence of unsafe injection methods, and as its use contributes
to high-risk behaviours. One study in Veterans Affairs showed that
37% of HCV patients had a history of methamphetamine use. These
patients were particularly prone to polysubstance use, alcohol and
marijuanain particular.51

Amphetamine is metabolized to 4-hydroxyamphetamine via
CYP2Dé6, while isoenzymes of the CYP2C subfamily mediate its
deamination pathway. Amphetamine does not exert significant in-
hibition towards main CYP enzymes or P-gp,52 Methamphetamine
metabolism is also mediated by CYP2D6.°®> Amphetamine and
methamphetamine are excreted through the kidneys.®>°® MDMA
metabolism occurs through two metabolic pathways, O-demethyl-
ation followed by catechol-O-methyltransferase (COMT)-catalysed
methylation and/or glucuronide/sulphate conjugation; and N-deal-
kylation, deamination and oxidation to the corresponding benzoic
acid derivatives conjugated with glycine. The involved enzymes are
CYP2Dé6 and CYP1A2, and to a lesser extent CYP2B6 and CYP3A4.
Moreover, MDMA is also a quasi-irreversible inhibitor of CYP2D6,
through the formation of a metabolite-intermediate complex.54

As stimulants, amphetamines and derivatives can cause in-
creases in blood pressure and heart rate, gastrointestinal symptoms
such as nausea, vomiting and abdominal cramps.*’ After high dose
and frequent methamphetamine use, psychotic episodes and neu-
rotoxic effects such as memory deficits and impaired psychomotor
can occur.’®> MDMA can produce panic attacks, delirium and brief
psychotic episodes that usually resolve rapidly when the drug action

wears off.>*
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4.2.2 | Cathinones

Synthetic cathinones are derivatives of the parent compound cathi-
none, a naturally occurring psychostimulant found in the khat plant,
Catha edulis.>®> The most common AEs associated with the use of
cathinones include tachycardia, hypertension, anxiety/agitation,
hallucinations/delusions, confusion and creatine kinase elevation.’®

In vitro studies have shown that cathinones are mainly metab-
olized by CYP2Dé, but the involvement of other enzymes is possi-
ble.>° For example, mephedrone is mainly metabolized by CYP2D6.”7
A study in healthy users of khat showed that the use of this plant re-
sulted in a CYP2Dé6 inhibition and a marginal effect on CYP3A4 and
CYP2C19 activities, owing to competitive inhibition by cathinone.*®

Potential interactions between cathinones and DAA are limited.

4.2.3 | Cocaine

Cocaine, the main alkaloid of Erythroxylum coca, is a powerful stimu-
lant whose metabolism is mainly mediated by three esterases, pseu-
docholinesterase, human carboxylesterase-1 (hCE-1) and 2 (hCE-2).
HCE-1 mediates the formation of benzoylecgonine, the main metab-
olite excreted in the urine. Pseudocholinesterase and hCE-2 cataly-
ses the formation of ecgonine methyl ester.”” Approximately, 85%
to 90% of a dose are excreted in the urine, including 1% to 5% in
unchanged form, and 75% to 90% of a dose as the metabolites ben-
zoylecgonine and ecgonine methyl ester. Cocaine also undergoes
oxidative metabolism by N-demethylation to pharmacologically ac-
tive norcocaine. This metabolism is catalysed either by CYP3A4 or
by a route involving both CYP and flavin-monooxygenases (2-step
metabolism in the latter case).>’ Oxidative metabolism to norcocaine
represents less than 10% of the biotransformation of cocaine.®®
Cocaine did not inhibit P-gp and BCRP in vitro.*° The risk of interac-
tion with DAA is, if any, very limited.

Cocaine blocks the presynaptic reuptake of norepinephrine
and dopamine and acts as a powerful sympathomimetic agent. It
has been associated with a variety of cardiac and other systemic
complications. On the central nervous system, cocaine can cause
cerebrovascular, neurological and psychological effects that include
intracranial haemorrhage, seizures, movement disorders and psychi-
atric illness (such as psychosis, depression, decreased appetite).61
Among the many complications exhibited by cocaine use, cardiovas-
cular toxicities are very prominent and comprise hypertension, cor-
onary spasm, arrhythmias, myocardial infarction, cardiomyopathy,
atherosclerosis and coronary artery disease.? Pulmonary, hepatic

and renal toxicities have also been reported.®*

4.3 | Various

4.3.1 | Cannabinoids

The cannabis plant (Cannabis sativa) contains more than 100 dif-
ferent cannabinoids. Among them, delta-9-tetrahydrocannabinol
(A9-THC) and cannabidiol (CBD) are quantitatively important and of
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medical interest.®> Commonly observed AEs with cannabinoids in-
cluded: asthenia, balance problems, confusion, dizziness, dry mouth,
fatigue, hallucinations, nausea, vomiting and drowsiness.®*

THC is essentially stored in adipose tissue and is slowly released
into the bloodstream, with a long terminal half-life of 25-36 hours.®
THC metabolism is catalysed by CYP2C9 and CYP3A4. CBD is me-
tabolized by CYP3A4.%% At high concentrations, THC and CBD have
demonstrated a potential inhibitory effect on CYP450 in vitro.%”
72 Some data suggested that cannabinoids might inhibit P-gp but
at high concentrations that are probably not achieved in vivo.4°
Potential interactions with DAA have not been studied but probably

appear limited without loss of DAA activity.

4.3.2 | Ethanol

The vast majority of ethanol (>90%) is metabolized by liver alcohol
dehydrogenase (ADH), whereas a small fraction (<6%) occurs via
CYP2E1. These enzymes are inducible. Even though they account
for a small percentage of ethanol metabolism, induction of CYP ac-
tivity can increase ethanol elimination by more than 25%.”%

The impact of ethanol on drug-metabolizing enzymes seems to
differ after acute and chronic ingestion. Several in vitro studies have
shown that some components of red wine inhibited CYP3A, and
eventually CYP2C19 at high concentrations.”* However, a study in
healthy volunteers suggested the opposite. Indeed, acute red wine
led to a 30%-40% decrease in the exposure of ciclosporine, a CYP3A
substrate. The authors suggested that the mechanism could be de-
crease in ciclosporine solubility and absorption.”* Consistent with in
vitro data, a study in healthy volunteers showed that acute ethanol
ingestion resulted in an average 30% increase in the area under the
curve (AUC) of diazepam, a CYP2C19 (major pathway) and CYP3A
substrate, although this observation was not confirmed by ulterior
studies. Other clinical studies have shown the lack of significant
impact of acute alcohol ingestion on the PKs of CYP3A substrates
(triazolam, zolpidem, felodipine, verapamil, maraviroc, vardenafil).”®

In an in vitro study, assessing the effects of chronic alcohol ex-
posure on the expression of drug-metabolizing enzymes and drug
transporters, ethanol strongly increased the mRNA expression of
CYP2C19, CYP2E1 and ABCB1 after 1 and 3 weeks of exposure.
Regarding ABCB1, this induction did not translate into an increase in
efflux activity.”® In another in vitro study, ethanol was shown to in-
duce CYP3A4.”7 A study examining the liver biopsy from 12 patients
with a history of excessive chronic alcohol consumption reported
higher levels of CYP3A as compared to five patients with non-al-
coholic hepatitis.78 In a clinical study involving 20 individuals with
moderate chronic alcohol consumption (average 2-3 drinks per day),
the disposition of intravenous midazolam, a CYP3A substrate, was
not altered as compared to 20 individuals without alcohol consump-
tion. However, the oral availability of midazolam was reduced by
26% in the alcohol group, suggesting CYP3A induction at the small
bowel level.”? In another clinical study evaluating the PK of diazepam
(CYP2C19 and CYP3A substrate), the AUC was lower in chronic al-
cohol drinkers than in healthy subjects, also suggesting an induced

diazepam metabolism.”® In conclusion, a modest induction of CYP3A
could be expected in chronic alcohol users, but the change in drug
PK may be confounded by the alteration of CYP enzyme activities as
a result of chronic liver disease or mild cirrhosis rather than the pres-
ence of ethanol in the blood alone.””

Alcohol exhibits a dose-dependent effect on the central nervous
system that can include disinhibition, sedation and respiratory de-
pression. The cardiovascular effect can manifest as coronary vaso-
dilatation after acute consumption, whereas chronic use can lead to
increased blood pressure as well as arrhythmias and cardiomyopa-
thy. Other effects associated with alcohol use are pancreatitis and
liver diseases such as hepatitis and cirrhosis.”®

5 | REVIEW OF CLINICAL EVIDENCES

5.1 | Interactions of DAA with opioids

The DDI between DCV and methadone, and the association bu-
prenorphine-naloxone was assessed in a PK study including 25
subjects on stable OST (14 on methadone, 11 on buprenorphine/
naloxone). This study showed no clinically relevant effect of DCV
on methadone PK, whereas a raise in buprenorphine and norbu-
prenorphine exposure was observed (buprenorphine: AUCand C, ..
increased by 30%-40%). However, these increases were not consid-
ered to be clinically significant by the authors. None of the opioid
had an impact on DCV PK as compared to historical data in healthy
volunteers.®°

The DDI between elbasvir/grazoprevir and buprenorphine/nal-
oxone has been assessed in two PK studies, one in healthy volunteers
(13 subjects), and one in patients on stable buprenorphine/naloxone
OST (12 subjects). Elbasvir/grazoprevir did not significantly affect
the PK of buprenorphine, norbuprenorphine or naloxone. Similarly,
the OST had no impact on the PK profiles of EBR and GZR.%!

The DDI between glecaprevir/pibrentasvir and methadone or
buprenorphine/naloxone has been assessed in a PK study in 23
subjects on stable OST (11 on methadone, 12 on buprenorphine/
naloxone). No significant impact of glecaprevir/pibrentasvir on
methadone and buprenorphine/naloxone PK was observed. The
exposures of glecaprevir and pibrentasvir when administered with
methadone or with buprenorphine-naloxone were marginally lower
than those observed in other studies of glecaprevir and pibrentasvir
administered alone in healthy subjects, which could be explained by
the reduced rate of gastric emptying induced by opioids, decreas-
ing the absorption of glecaprevir and pibrentasvir. However, these
changes in the PK of glecaprevir and pibrentasvir were not consid-
ered as clinically significant.®?

The lack of clinically relevant DDI between glecaprevir/pibrent-
asvir and OST has been recently confirmed based on data from eight
international phase 2 and 3 trials of glecaprevir/pibrentasvir. Among
2256 enrolled patients, 157 patients (7%) were on OST, with 76%
receiving methadone. With similar adherence frequencies between
OST and non-OST patients (98% and 99% respectively), the SVR 12
rates were high in both groups (96.2% in OST vs 97.9% in non-OST
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patients). The safety profile was comparable, with a modestly higher
percentage of patients on OST experiencing AE considered as possi-
bly related to the study drugs (48% vs 40%).8%

We did not find published PK studies on DDI between opioids
and sofosbuvir-based combination. The lack of effect of sofosbu-
vir on methadone PK was already reported in the EMA reports of
Sovaldi®.® The risk of a clinically relevant DDI with the addition
of voxilaprevir is low.%* In a pooled analysis of phase 3 studies, 194
patients (4%) were on OST (113 on methadone, 75 on buprenor-
phine): the SVR 12 rates were high in both groups (94% in OST vs
97% in non-OST patients). The rates of AE were similar in both
groups (78% vs 77%). These results suggest that sofosbuvir-based
therapies are effective and safe in patients receiving 0oST.85 A
Canadian cohort study that enrolled 5283 eligible PWSUD treated
by sofosbuvir/ledipasvir (n finally treated = 3413) or sofosbuvir/
velpatasvir (n treated = 1574) showed that patients with injection
drug use (IDU) were less likely to achieve SVR as compared to
other groups without IDU (adjusted odds ratio: 1.91 in patients
not on OST, and 1.50 in patients on OST). The lower observed
SVR among PWID was related to higher loss to follow-up, with
a part of this loss related to deaths from drug overdose, rather
than detrimental interactions between DAA and OST and/or drugs
of abuse.®® Another cohort study compared the efficacy of DAA
(sofosbuvir-based therapy as well as paritaprevir-ritonavir/om-
bitasvir + dasabuvir and elbasvir/grazoprevir) in patients with or
without a history of injecting drug use: among the 1752 patients
enrolled, 47% reported no history of injecting drug use and 53%
were PWID, with 42% not on OST and 11% on OST (mainly metha-
done). This study confirmed that the SVR rates were lower among
PWID (92% in PWID not on OST, 89% in PWID on OST) compared
to patients without a history of injecting drug use (95%). This ob-
servation was mainly attributable to higher rates of discontinua-
tions after the occurence of AEs and, especially, loss to follow-up
in PWID, and not to virologic failure.®” The likelihood of potential
interactions issues is not plausible.

5.2 | Interactions of DAA with stimulants

No detrimental outcome associated with potential interactions of
DAA with stimulants was reported. Based on their respective me-
tabolism and clearance, a clinically significant interaction is unlikely
(see the website https://www.hep-druginteractions.org/checker).

5.3 | Interactions of DAA with ethanol

High-risk alcohol consumption was recognized as a factor associ-
ated with lower adherence to antiviral treatment and increased pro-
pensity of failure with former interferon and ribavirin treatment.®®
Few comparable data are available with the DAA.8? Some authors
suggested that alcohol consumption may be a risk factor in a lower
response to DAA, through different mechanisms: decreased suscep-
tibility of viruses to DAA and decreased immune response to elimi-

nate remaining viruses.”®
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A study compared the SVR of 15 151 veterans treated with DAA
according to alcohol consumption. The DAAs were as follows: sofos-
buvir, ledipasvir/sofosbuvir or ombitasvir-paritaprevir-ritonavir and
dasabuvir. Most patients were abstinent (10 387, 69%), while 3422
(23%) had low alcohol consumption, and 1342 (9%) had high-risk drink-
ing. The proportion of patients with SVR was comparable between the
three groups: 91.9% (95% Cl: 91.3-92.5) vs 93.2 (95% Cl: 92.2-94.1) vs
91.4% (95% Cl: 89.5-92.9). These results suggested that the response
to DAA remained regardless the level of alcohol use!

A German registry study assessed the impact of alcohol and can-
nabis consumption on the efficacy of DAA (sofosbuvir-based therapy
and paritaprevir-ritonavir/ombitasvir + dasabuvir). Among the 7747
enrolled patients, 1015 reported alcohol consumption, and 631 of
them were not on OST and did not use injected drugs. In these non-
OST non-IDU patients with high alcohol consumption, the SVR rates
were lower (85%) than in patients consuming no or less than 30 g/day
(women) or 40 g/day (men) (91%-92%). Regarding cannabis consump-
tion, SVR rates did not differ between the different patient groups.g’2

6 | DISCUSSION

The interactions between DAA and substances of abuse have been
assessed in four PK phase 1 studies, all involving opioids.8°82 Even
though a wide range of phase 3 studies including DAA were per-
formed and taken into account in the review, we did not identify
any adverse outcome associated with PK/PD interactions. PK stud-
ies with opioids were performed in a limited number of healthy vol-
unteers or patients on OST, whereas no specific PK data on ethanol
and stimulants were found. Hence, our hypothesis on the lack of
interaction with alcohol and amphetamine derivatives is derived
from in vitro PK considerations. Clinical data involving higher num-
bers of patients were mainly based on post hoc and pooled analysis
of phase 2 or 3 studies, whose primary endpoint was SVR.

In PWID (ie 0.34% of the total population in Western Europe),
the prevalence of HCV is significantly higher (up to 50%).”° PWID are
a key cluster and reservoir because of the interindividual dynamics
of HCV transmission. However, only approximately 50% of PWID
in Switzerland and in other European countries were adequately
screened in the past with at least one antibody test, followed by the
HCV RNA quantification if tested positive for antibodies.”

An increased access screening program using rapid antibody
saliva test and dried blood spot testing to the PWID population
is likely to be highly cost-effective, since the increased uptake of
DAA could achieve significant reduction in this vulnerable popu-
lation. (Incremental Cost-Effectiveness Ratio per Quality-Adjusted
Life-Year (QALY): USD 8337 - net monetary benefit USD 99 192

per person).”®

At a willingness-to-pay threshold approaching USD
100 000 per QALY, an increased access screening program linked to
treatment scale-up with DAA is expected to have a 97.0% probabil-
ity of being cost-effective compared to standard screening methods.

Treatment scale-up with DAA was identified as a require-

ment to achieve a significant reduction in HCV prevalence in
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European countries, including custodial setting as a virus reser-
voir.”® Similarly to the PWID population, comprehensive screening
strategies in detention centres are likely to be very worthwhile,
with 82.3% probability of cost-effectiveness. Extended screening
strategies in the largest custodial setting of Switzerland are ex-
pected to achieve positive HCV-RNA identification in 63% instead
of 35% of detainees and 117 instead of 65 cures per year com-
pared with current practice.”’

Associations between blood-borne viral (BBV) diseases and
severe mental illnesses were identified and more precisely docu-
mented. Before HIV (odds ratio - OR = 2.57) and HBV (OR = 2.29),
HCV (OR = 6.18) appears to have the highest risk in people having
severe mental illness in Sweden.”® A systematic review and meta-
analysis indicated that pooled prevalence of HCV in people with
mental illness was as high as 17.4% in North America (HIV 6%; HBV
2.2%) and 5% in Europe (HIV 1.9%; HBV 2.7%).”

In psychiatric patients, the potential for interaction with DAA is
particularly critical because of dose-dependent and life-treating AEs,
such as torsades de pointes associated with long QT.1°° In psychiatric
setting, drug-induced long QT patients had more prevalent HCV in-
fection (41.9% vs 9.8%, P < .001) associated with additional T-wave
abnormality frequencies (35.5% vs 15.4%, P = .003).°! Independent
predictors for long QT tend to cluster and correlate indirectly with
chronic HCV infection, such as drug abuse (or uncontrolled intrave-
nous administration), and opiate maintenance program.

This finding is likely explained by the higher number of prescribed
drugs in patients with severe mental illness and HCV infection. Altered
liver function is further an independent risk factor to develop repolar-
ization abnormalities, including drug-induced long QT. Since the 1970s,
patients under a methadone maintenance treatment appeared to have
a lower heroin overdose mortality, lower probability of relapse, blood-
borne infections (including chronic HCV infection) and criminal activi-
ties compared to those who did not receive treatment.}®? Methadone
is largely prescribed as maintenance treatment in patients suffering
from dependence since it is considered as the most effective opiate
substitution.'%2 In psychiatric patients and PWID receiving methadone
in addition to psychotropic medications (antidepressants, antipsychot-
ics), an impaired liver function (with consecutive reduced cytochromes
P450 enzymatic activity) increases the likelihood of DDI and long QT
interval to occur.

Moreover, methadone appears to be more effective than other
opiate maintenance treatments in retaining patients in cares.

In a cohort study of 1648 patients over a 3-year period, HCV
co-infection nearly doubled the propensity of QTc of 470 ms or
greater in patients with HIV infection (29.6% vs 15.8%, P < .001).1%4
In contrast to HIV infection, it is not known whether the HCV viral
load is associated with QT interval lengthening. Further, there are
associated immunological mechanisms, such as liver kidney micro-
somal type 1 antibodies triggered by the HCV with reduction in the
CYP2Dé6 activity, the most significant metabolic pathway that me-
tabolizes a wide range of antipsychotics and antidepressants.105

A still ongoing case-control study in the largest custodial setting
in Switzerland shows a linear correlation between QT interval and

methadone dose (personal communication). Initial analyses of the
preliminary results suggest that methadone dose, HCV infection and
patient age may have an influence that could provide further insight
to envision indirect benefit of DAA, to optimize screening and medi-
cal management of vulnerable population. There is neither increased
propensity of adverse drug reaction nor reported repolarization dis-
order (eg long QT) in detainees taking DAA.

Overall, it is reasonable to assume that treating chronic hepatitis
infection with DAA does not significantly increase the risk of both PK
and PD interactions. In high-risk patients such as PWIDs or patient
with severe mental illness, the risk of serious drug AEs by adding DAA
appears limited. It is expected that screening and treatment of chronic
hepatitis C infection as early as possible before hepatic dysfunction are
not only cost-effective (limited transmission and complication) but also

safe even in the presence of QT interval lengthening drugs.

7 | CONCLUSION

The HCV prevalence is significantly elevated in detainees, patients
with severe mental illness and PWID. Marginalized populations rep-
resent key clusters and reservoir with high dynamic interindividual
BBV transmission. These populations further consume a wide range
of medications and illicit drugs. Efficacy and safety are paramount
during the prescription of DAA. Based on our literature review with
PK and PD consideration, the interaction potential of DAA with most
opioids and illicit drugs appears rather marginal. Taken together,
most DAA mainly inhibit the transmembrane transporter P-gp
and to a lesser extent the metabolizing enzyme subfamily CYP3A.
Although, theoretically, interactions are plausible with opioids in-
cluding methadone, these were not confirmed in PK studies. Large
phase 3 and cohort studies did not show any clinically significant
SVR decrease in PWID taking DAA.

ACKNOWLEDGEMENTS

None.

CONFLICT OF INTEREST

The authors declared that they have no conflict of interest.

ORCID

Kuntheavy Ing Lorenzini https://orcid.org/0000-0001-8472-7714

Francois Girardin https://orcid.org/0000-0002-0842-927X

REFERENCES

1. World Health Organization. Global Hepatits Report 2017. 2017.
https://apps.who.int/iris/bitstream/handle/10665/25501
6/9789241565455-eng.pdf;jsessionxml:id=4E6AD00C9627B83
CF31560A03EC0117E?sequence=1.Accessed June 17, 2019.


https://orcid.org/0000-0001-8472-7714
https://orcid.org/0000-0001-8472-7714
https://orcid.org/0000-0002-0842-927X
https://orcid.org/0000-0002-0842-927X
https://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionxml:id=4E6AD00C9627B83CF31560A03EC0117E?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionxml:id=4E6AD00C9627B83CF31560A03EC0117E?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionxml:id=4E6AD00C9627B83CF31560A03EC0117E?sequence=1

ING LORENZINI anp GIRARDIN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Thomas DL. Global elimination of chronic hepatitis. N Engl J Med.
2019;380:2041-2050.

Polaris Observatory HCV Collaborators. Global prevalence and
genotype distribution of hepatitis C virus infection in 2015: a mod-
elling study. Lancet Gastroenterol Hepatol. 2017;2:161-176.
Williams N, Bossert N, Chen Y, Jaanimagi U, Markatou M, Talal AH.
Influence of social determinants of health and substance use char-
acteristics on persons who use drugs pursuit of care for hepatitis
C virus infection. J Subst Abuse Treat. 2019;102:33-39.

Persico M, Masarone M, Aglitti A, et al. HCV point-of-care screen-
ing program and treatment options for people who use drugs in a
metropolitan area of Southern Italy. Liver Int. 2019;39:1845-1851.
Pawlotsky JM, Negro F, Aghemo A, et al. EASL recommendations
on treatment of hepatitis C 2018. J Hepatol. 2018;69:461-511.
Neant N, Solas C. Drug-drug interactions potential of direct-acting
antivirals for the treatment of chronic hepatitis C virus infection.
Int J Antimicrob Agents. 2018. in press.

Skeer MR, Ladin K, Wilkins LE, Landy DM, Stopka TJ. Hep C's like
the common cold": understanding barriers along the HCV care
continuum among young people who inject drugs. Drug Alcohol
Depend. 2018;190:246-254.

Christensen S, Buggisch P, Mauss S, et al. Direct-acting antivi-
ral treatment of chronic HCV-infected patients on opioid sub-
stitution therapy: Still a concern in clinical practice? Addiction.
2018;113:868-882.

Litwin AH, Drolet M, Nwankwo C, et al. Perceived barriers related
to testing, management and treatment of HCV infection among
physicians prescribing opioid agonist therapy: The C-SCOPE
Study. J Viral Hepat. 2019;26(9):1094-1104.

Smolders EJ, Jansen AME, Ter Horst PGJ, Rockstroh J, Back DJ,
Burger DM. Viral hepatitis C therapy: pharmacokinetic and phar-
macodynamic considerations: a 2019 update. Clin Pharmacokinet.
2019;58(10):1237-1263.

Vidal. Hépatite C chronique: arrét de commercialisation d'EXVIERA
et VIEKIRAX. 2018. https://www.vidal.fr/actualites/22891/hepat
ite_c_chronique_arret_de_commercialisation_d_exviera_et_vieki
rax/.Accessed June 17, 2019.

European Medicines Agency.Summary of product characteristics:
Daklinza. https://www.ema.europa.eu/en/documents/product-in-
formation/daklinza-epar-product-information_en.pdf.  Accessed
June 17, 2019.

McCormack PL. Daclatasvir: a review of its use in adult patients
with chronic hepatitis C virus infection. Drugs. 2015;75:515-524.
European Medicines Agency.Public assessment report: Daklinza.
2014. https://www.ema.europa.eu/en/documents/asses
sment-report/daklinza-epar-public-assessment-report_en.pdf.
Accessed June 18, 2019.

European Medicines Agency.Summary of product characteristics:
Zepatier. https://www.ema.europa.eu/en/documents/product-in-
formation/zepatier-epar-product-information_en-0.pdf. Accessed
June 18, 2019.

European Medicines Agency.Public assessment report: Zepatier.
2016. https://www.ema.europa.eu/en/documents/asses
sment-report/zepatier-epar-public-assessment-report_en.pdf.
Accessed June 18, 2019.

Kiang TKL. Clinical pharmacokinetics and drug-drug interac-
tions of elbasvir/grazoprevir. Eur J Drug Metab Pharmacokinet.
2018;43:509-531.

European Medicines Agency.Summary of product characteristics:
Maviret. https://www.ema.europa.eu/en/documents/product-in-
formation/maviret-epar-product-information_en.pdf. ~ Accessed
June 18, 2019.

Lamb YN. Glecaprevir/pibrentasvir: first global approval. Drugs.
2017;77:1797-1804.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

i 11
IN’I!E}Q{\Ig(I)FNAL WI LEY

European Medicines Agency.Public assessment report: Maviret.
2017. https://www.ema.europa.eu/en/documents/assessment-re-
port/maviret-epar-public-assessment-report_en.pdf.Accessed
June 18, 2019.

Kosloski MP, Bow DAJ, Kikuchi R, et al. Translation of in vitro trans-
port inhibition studies to clinical drug-drug interactions for gleca-
previr and pibrentasvir. J Pharmacol Exp Ther. 2019;370(2):278-287.
European Medicines Agency.Summary of product characteristics:
Harvoni. https://www.ema.europa.eu/en/documents/product-in-
formation/harvoni-epar-product-information_en.pdf. ~ Accessed
June 18, 2019.

Smith MA, Chan J, Mohammad RA. Ledipasvir-sofosbuvir: inter-
feron-/ribavirin-free regimen for chronic hepatitis C virus infec-
tion. Ann Pharmacother. 2015;49:343-350.

Kirby BJ, Symonds WT, Kearney BP, Mathias AA. Pharmacokinetic,
pharmacodynamic, and drug-interaction profile of the hepatitis C
virus NS5B polymerase inhibitor sofosbuvir. Clin Pharmacokinet.
2015;54(7):677-690.

European Medicines Agency.Public assessment report: Harvoni.
2014; https://www.ema.europa.eu/en/documents/asses
sment-report/harvoni-epar-public-assessment-report_en.pdf.
Accessed June 18, 2019.

Gentile I, Buonomo AR, Borgia F, Castaldo G, Borgia G. Ledipasvir
: a novel synthetic antiviral for the treatment of HCV infection.
Expert Opin Investig Drugs. 2014;23:561-571.

German P, Mathias A, Brainard DM, Song Q, Ling J, Kearney BP.
A thorough QT study to evaluate the effects of supratherapeutic
doses of ledipasvir on the QTc interval in healthy subjects. Clin
Pharmacol Drug Dev. 2018;7:641-651.

European Medicines Agency.Summary of product characteristics:
Epclusa. https://www.ema.europa.eu/en/documents/product-in-
formation/epclusa-epar-product-information_en.pdf.  Accessed
June 18, 2019.

. Greig SL. Sofosbuvir/velpatasvir: a review in chronic hepatitis C.

Drugs. 2016;76:1567-1578.

Chahine EB, Sucher AJ, Hemstreet BA. Sofosbuvir/velpatasvir: the
first pangenotypic direct-acting antiviral combination for hepatitis
C. Ann Pharmacother. 2017;51:44-53.

European Medicines Agency.Summary of product characteristics:
Vosevi. https://www.ema.europa.eu/en/documents/product-in-
formation/vosevi-epar-product-information_en.pdf. Accessed
June 18, 2019.

Chahine EB, Kelley D, Childs-Kean LM. Sofosbuvir/velpatasvir/
voxilaprevir: a pan-genotypic direct-acting antiviral combination
for hepatitis C. Ann Pharmacother. 2018;52:352-363.

European Medicines Agency.Public assessment report: Vosevi.
2017. https://www.ema.europa.eu/en/documents/assessment-re-
port/vosevi-epar-public-assessment-report_en.pdf.Accessed
June 18, 2019.

Compton WM, Jones CM, Baldwin GT. Relationship between
nonmedical prescription-opioid use and heroin use. N Engl J Med.
2016;374:154-163.

Atluri S, Sudarshan G, Manchikanti L. Assessment of the trends in
medical use and misuse of opioid analgesics from 2004 to 2011.
Pain Physician. 2014;17:E119-E128.

Schepis TS, McCabe VYV, Boyd CJ, McCabe SE. The epidemiology
of prescription fentanyl misuse in the United States. Addict Behav.
2019;96:89-93.

Dematteis M, Auriacombe M, D'Agnone O, et al. Recommendations
for buprenorphine and methadone therapy in opioid use dis-
order: a European consensus. Expert Opin Pharmacother.
2017;18:1987-1999.

Holmquist GL. Opioid metabolism and effects of cytochrome
P450. Pain Medicine. 2009;10:520-S29.


https://www.vidal.fr/actualites/22891/hepatite_c_chronique_arret_de_commercialisation_d_exviera_et_viekirax/
https://www.vidal.fr/actualites/22891/hepatite_c_chronique_arret_de_commercialisation_d_exviera_et_viekirax/
https://www.vidal.fr/actualites/22891/hepatite_c_chronique_arret_de_commercialisation_d_exviera_et_viekirax/
https://www.ema.europa.eu/en/documents/product-information/daklinza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/daklinza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/daklinza-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/daklinza-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/product-information/zepatier-epar-product-information_en-0.pdf
https://www.ema.europa.eu/en/documents/product-information/zepatier-epar-product-information_en-0.pdf
https://www.ema.europa.eu/en/documents/assessment-report/zepatier-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/zepatier-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/product-information/maviret-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/maviret-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/maviret-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/maviret-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/product-information/harvoni-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/harvoni-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/harvoni-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/harvoni-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/product-information/epclusa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/epclusa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vosevi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vosevi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/vosevi-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/vosevi-epar-public-assessment-report_en.pdf

2 | wiLey-|HER
INTERNATIONAL

40.

41.
42.
43.

44,
45.

46.

47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.

58.
59.

60.

61.

ING LORENZINI anp GIRARDIN

Tournier N, Chevillard L, Megarbane B, Pirnay S, Scherrmann
JM, Decleves X. Interaction of drugs of abuse and maintenance
treatments with human P-glycoprotein (ABCB1) and breast can-
cer resistance protein (ABCG2). Int J Neuropsychopharmacol.
2010;13:905-915.

Meyer MR, Maurer HH. Absorption, distribution, metabo-
lism and excretion pharmacogenomics of drugs of abuse.
Pharmacogenomics. 2011;12:215-233.

Girardin F, Rentsch KM, Schwab MA, et al. Pharmacokinetics of
high doses of intramuscular and oral heroin in narcotic addicts. Clin
Pharmacol Ther. 2003;74:341-352.

Dinis-Oliveira RJ. Metabolism and metabolomics of opiates: A
long way of forensic implications to unravel. J Forensic Leg Med.
2019;61:128-140.

Kharasch ED, Greenblatt DJ. Methadone disposition: implement-
ing lessons learned. J Clin Pharmacol. 2019;59(8):1044-1048.
Mercadante S. Opioid metabolism and clinical aspects. Eur J
Pharmacol. 2015;769:71-78.

Herndon CM, Kalauokalani DA, Cunningham AJ, Jackson KC 2nd,
Dunteman ED. Anticipating and treating opioid-associated ad-
verse effects. Expert Opin Drug Saf. 2003;2:305-319.

Harned M, Sloan P. Safety concerns with long-term opioid use.
Expert Opin Drug Saf. 2016;15:955-962.

Behzadi M, Joukar S, Beik A. Opioids and cardiac arrhythmia: a
literature review. Med Princ Pract. 2018;27:401-414.

Heal DJ, Smith SL, Gosden J, Nutt DJ. Amphetamine, past and pres-
ent-a pharmacological and clinical perspective. J Psychopharmacol.
2013;27:479-496.

Tyrkko E, Andersson M, Kronstrand R. The toxicology of new
psychoactive substances: synthetic cathinones and phenylethyl-
amines. Ther Drug Monit. 2016;38:190-216.

Riley DE, Liu L, Cohen B, Robinson S, Groessl EJ, Ho SB.
Characteristics and impact of methamphetamine use in patients
with chronic hepatitis C. J Addict Med. 2014;8:25-32.

Markowitz JS, Patrick KS. The clinical pharmacokinetics of am-
phetamines utilized in the treatment of attention-deficit/hyperac-
tivity disorder. J Child Adolesc Psychopharmacol. 2017;27:678-689.
Courtney KE, Ray LA. Methamphetamine: an update on epidemi-
ology, pharmacology, clinical phenomenology, and treatment liter-
ature. Drug Alcohol Depend. 2014;143:11-21.

de la Torre R, Farré M, Roset PN, et al. Human pharmacology of
MDMA: pharmacokinetics, metabolism, and disposition. Ther Drug
Monit. 2004;26:137-144.

Papaseit E, Molto J, Muga R, Torrens M, de la Torre R, Farre M.
Clinical pharmacology of the synthetic cathinone mephedrone.
Curr Top Behav Neurosci. 2017;32:313-331.

White CM. Mephedrone and 3,4-Methylenedioxypyrovalerone
(MDPV): synthetic cathinones with serious health implications. J
Clin Pharmacol. 2016;56:1319-1325.

Bracchi M, Stuart D, Castles R, Khoo S, Back D, Boffito M.
Increasing use of 'party drugs' in people living with HIV on antiret-
rovirals: a concern for patient safety. AIDS. 2015;29:1585-1592.
Bedada W, de Andrés F, Engidawork E, Hussein J, LLerena A,
Aklillu E. Effects of Khat (Catha edulis) use on catalytic activities
of major drug-metabolizing cytochrome P450 enzymes and impli-
cation of pharmacogenetic variations. Sci Rep. 2018;8:12726.
Maurer HH, Sauer C, Theobald DS. Toxicokinetics of drugs of
abuse: current knowledge of the isoenzymes involved in the
human metabolism of tetrahydrocannabinol, cocaine, heroin, mor-
phine, and codeine. Ther Drug Monit. 2006;28:447-453.

Antoniou T, Tseng AL. Interactions between recreational drugs
and antiretroviral agents. Ann Pharmacother. 2002;36:1598-1613.
Riezzo |, Fiore C, De Carlo D, et al. Side effects of cocaine abuse:
multiorgan toxicity and pathological consequences. Curr Med
Chem. 2012;19:5624-5646.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Kim ST, Park T. Acute and chronic effects of cocaine on cardiovas-
cular health. Int J Mol Sci. 2019;20:584.

National Academies of Sciences, Engineering, and Medicine.
The health effects of cannabis and cannabinoids: the current state
of evidence and recommendations for research. 2017/02/10 ed.
Washington, DC: National Academies Press; 2017.

Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids for
medical use: a systematic review and meta-analysis. JAMA.
2015;313:2456-2473.

Grotenhermen F. Pharmacokinetics and pharmacodynamics of
cannabinoids. Clin Pharmacokinet. 2003;42:327-360.

Stout SM, Cimino NM. Exogenous cannabinoids as substrates,
inhibitors, and inducers of human drug metabolizing enzymes: a
systematic review. Drug Metab Rev. 2014;46:86-95.

Yamaori S, Okamoto Y, Yamamoto |, Watanabe K. Cannabidiol,
a major phytocannabinoid, as a potent atypical inhibitor for
CYP2Dé6. Drug Metab Dispos. 2011;39:2049-2056.

Yamaori S, Ebisawa J, Okushima Y, Yamamoto |, Watanabe K.
Potent inhibition of human cytochrome P450 3A isoforms by can-
nabidiol: role of phenolic hydroxyl groups in the resorcinol moiety.
Life Sci. 2011;88:730-736.

Jiang R, Yamaori S, Takeda S, Yamamoto |, Watanabe K.
Identification of cytochrome P450 enzymes responsible for
metabolism of cannabidiol by human liver microsomes. Life Sci.
2011;89:165-170.

YamaoriS, KushiharaM, Yamamoto |, Watanabe K. Characterization
of major phytocannabinoids, cannabidiol and cannabinol, as iso-
form-selective and potent inhibitors of human CYP1 enzymes.
Biochem Pharmacol. 2010;79:1691-1698.

Yamaori S, Koeda K, Kushihara M, Hada Y, Yamamoto |, Watanabe
K. Comparison in the in vitro inhibitory effects of major phyto-
cannabinoids and polycyclic aromatic hydrocarbons contained in
marijuana smoke on cytochrome P450 2C9 activity. Drug Metab
Pharmacokinet. 2012;27:294-300.

Yamaori S, Maeda C, Yamamoto |, Watanabe K. Differential inhibi-
tion of human cytochrome P450 2A6 and 2B6 by major phytocan-
nabinoids. Forensic Toxicol. 2011;29:117-124.

Pizon AF, Becker CE, Bikin D. The clinical significance of variations
in ethanol toxicokinetics. J Med Toxicol. 2007;3:63-72.

Jang GR, Harris RZ. Drug interactions involving ethanol
and alcoholic beverages. Expert Opin Drug Metab Toxicol.
2007;3:719-731.

Chan LN, Anderson GD. Pharmacokinetic and pharmacodynamic
drug interactions with ethanol (alcohol). Clin Pharmacokinet.
2014;53:1115-1136.

Theile D, Schmidt TT, Haefeli WE, Weiss J. In-vitro evalua-
tion of chronic alcohol effects on expression of drug-metab-
olizing and drug-transporting proteins. J Pharm Pharmacol.
2013;65:1518-1525.

Feierman DE, Melinkov Z, Nanji AA. Induction of CYP3A by eth-
anol in multiple in vitro and in vivo models. Alcohol Clin Exp Res.
2003;27:981-988.

Niemela O, Parkkila S, Juvonen RO, Viitala K, Gelboin HV, Pasanen
M. Cytochromes P450 2Aé6, 2E1, and 3A and production of pro-
tein-aldehyde adducts in the liver of patients with alcoholic and
non-alcoholic liver diseases. J Hepatol. 2000;33:893-901.
Liangpunsakul S, Kolwankar D, Pinto A, Gorski JC, Hall SD,
Chalasani N. Activity of CYP2E1 and CYP3A enzymes in adults
with moderate alcohol consumption: a comparison with nonalco-
holics. Hepatology. 2005;41:1144-1150.

Garimella T, Wang R, Luo W-L, et al. Assessment of drug-drug in-
teractions between daclatasvir and methadone or buprenorphine-
naloxone. Antimicrob Agents Chemother. 2015;59:5503-5510.
Feng H-P, Guo Z, Caro L, et al. No pharmacokinetic interactions
between elbasvir or grazoprevir and methadone in participants



ING LORENZINI anp GIRARDIN

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

receiving maintenance opioid agonist therapy. Clin Transl Sci.
2018;11:553-561.

Kosloski MP, Zhao W, Asatryan A, Kort J, Geoffroy P, Liu W.
No clinically relevant drug-drug interactions between meth-
adone or buprenorphine-naloxone and antiviral combination
glecaprevir and pibrentasvir. Antimicrob Agents Chemother.
2017;61:e00958-17.

Grebely J, Dore GJ, Alami NN, et al. Safety and efficacy of gle-
caprevir/pibrentasvir in patients with chronic hepatitis C geno-
types 1-6 receiving opioid substitution therapy. Int J Drug Policy.
2019;66:73-79.

European Medicines Agency.Public assessment report: Sovaldi.
2013. https://www.ema.europa.eu/en/documents/asses
sment-report/sovaldi-epar-public-assessment-report_en.pdf.
Accessed June 18, 2019.

Grebely J, Feld JJ, Wyles D, et al. Sofosbuvir-based direct-acting
antiviral therapies for HCV in people receiving opioid substitu-
tion therapy: an analysis of phase 3 studies. Open Forum Infect Dis.
2018;5:0fy001.

Janjua NZ, Darvishian M, Wong S, et al. Effectiveness of ledip-
asvir/sofosbuvir and sofosbuvir/velpatasvir in people who inject
drugs and/or those in opioid agonist therapy. Hepatol Commun.
2019;3:478-492.

Macias J, Morano LE, Téllez F, et al. Response to direct-acting anti-
viral therapy among ongoing drug users and people receiving opi-
oid substitution therapy. J Hepatol. 2019;71:45-51.

McCartney EM, Beard MR. Impact of alcohol on hepatitis C
virus replication and interferon signaling. World J Gastroenterol.
2010;16:1337-1343.

Serfaty L. Clinical implications of concomitant alcohol use, obesity,
and viral hepatitis. Gastroenterology. 2016;150:1718-1722.

Osna NA, Ganesan M, Kharbanda KK. Hepatitis C, innate immu-
nity and alcohol: friends or foes? Biomolecules. 2015;5:76-94.

Tsui JI, Williams EC, Green PK, Berry K, Su F, loannou GN.
Alcohol use and hepatitis C virus treatment outcomes among
patients receiving direct antiviral agents. Drug Alcohol Depend.
2016;169:101-109.

Christensen S, Buggisch P, Mauss S, et al. Alcohol and cannabis
consumption does not diminish cure rates in a real-world cohort
of chronic hepatitis C virus infected patients on opioid substitu-
tion therapy-data from the German Hepatitis C-Registry (DHC-R).
Subst Abuse. 2019;13:1178221819835847.

Larney S, Peacock A, Leung J, et al. Global, regional, and country-
level coverage of interventions to prevent and manage HIV and
hepatitis C among people who inject drugs: a systematic review.
Lancet Glob Health. 2017;5:e1208-e1220.

Bregenzer A, Conen A, Knuchel J, et al. Management of hepatitis C
in decentralised versus centralised drug substitution programmes
and minimally invasive point-of-care tests to close gaps in the HCV
cascade. Swiss Med Wkly. 2017;147:w14544.

Girardin F, Hearmon N, Negro F, Eddowes L, Bruggmann P,
Castro E. Increasing hepatitis C virus screening in people who
inject drugs in Switzerland using rapid antibody saliva and dried

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

i 13
IN’I!E}Q{\Ig(I)FNAL WI LEY

blood spot testing: A cost-effectiveness analysis. J Viral Hepatitis.
2019;26:236-245.

Fraser H, Martin NK, Brummer-Korvenkontio H, et al. Model pro-
jections on the impact of HCV treatment in the prevention of HCV
transmission among people who inject drugs in Europe. J Hepatol.
2018;68:402-411.

Girardin F, Hearmon N, Castro E, et al. Modelling the impact and
cost-effectiveness of extended hepatitis C virus screening and
treatment with direct-acting antivirals in a Swiss custodial setting.
Clin Infect Dis. 2019. in press.

Bauer-Staeb C, Jorgensen L, Lewis G, Dalman C, Osborn DPJ,
Hayes JF. Prevalence and risk factors for HIV, hepatitis B, and
hepatitis C in people with severe mental iliness: a total population
study of Sweden. Lancet Psychiatry. 2017;4:685-693.

Hughes E, Bassi S, Gilbody S, Bland M, Martin F. Prevalence of
HIV, hepatitis B, and hepatitis C in people with severe mental ill-
ness: a systematic review and meta-analysis. Lancet Psychiatry.
2016;3:40-48.

Girardin F, Sztajzel J. Cardiac adverse reactions associated with
psychotropic drugs. Dialogues Clin Neurosci. 2007;9:92-95.
Girardin FR, Gex-Fabry M, Berney P, Shah D, Gaspoz JM, Dayer P.
Drug-induced long QT in adult psychiatric inpatients: the 5-year
cross-sectional ECG screening outcome in psychiatry study. Am J
Psychiatry. 2013;170:1468-1476.

Dole VP, Joseph H. Long-term outcome of patients treated with
methadone maintenance. Ann N Y Acad Sci. 1978;311:181-189.
Amato L, Davoli M, Perucci CA, Ferri M, Faggiano F, Mattick RP.
An overview of systematic reviews of the effectiveness of opiate
maintenance therapies: available evidence to inform clinical prac-
tice and research. J Subst Abuse Treat. 2005;28:321-329.

Nordin C, Kohli A, Beca S, et al. Importance of hepatitis C coin-
fection in the development of QT prolongation in HIV-infected
patients. J Electrocardiol. 2006;39:199-205.

Girardin F, Daali Y, Gex-Fabry M, et al. Liver kidney microsomal type
1 antibodies reduce the CYP2Dé activity in patients with chronic
hepatitis C virus infection. J Viral Hepatitis. 2012;19:568-573.
Gudin J. Opioid therapies and cytochrome p450 interactions.
J Pain Symptom Manage. 2012;44:54-514.

Borgelt LM, Franson KL, Nussbaum AM, Wang GS. The pharma-
cologic and clinical effects of medical cannabis. Pharmacotherapy.
2013;33:195-209.

Goulle JP, Guerbet M. [Pharmacokinetics, metabolism, and analyt-
ical methods of ethanol]. Ann Pharm Fr. 2015;73:313-322.

How to cite this article: Ing Lorenzini K, Girardin F. Direct-

acting antivirals interactions with opioids, alcohol or illicit
drugs in HCV-infected patients. Liver Int. 2019;00:1-13.
https://doi.org/10.1111/liv.14283



https://www.ema.europa.eu/en/documents/assessment-report/sovaldi-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/sovaldi-epar-public-assessment-report_en.pdf
https://doi.org/10.1111/liv.14283

