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Welcome to Alaska Infectious Disease ECHO: 
HCV, HIV, PrEP, STIs

Approved Provider Statements:

In support of improving patient care, Alaska Native Medical Center (ANMC) is jointly accredited by 
the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for 
Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide 
continuing education for the healthcare team.

Contact Hours:
ANMC designates this activity for a maximum of 12 contact hours, including 3 total pharmacotherapeutics contact hours, 
commensurate with participation.

Financial Disclosures:
Youssef Barbour, MD & Lisa Townshend-Bulson, APRN / faculty for this educational event, are primary investigators in an ANTHC 
sponsored hepatitis C study funded in part by Gilead Sciences. All of the relevant financial relationships listed have been 
mitigated. 

Requirements for Successful Completion:
To receive CE credit please make sure you have actively engaged in the entire activity, your attendance is recorded by the 
facilitator, and complete the course evaluation form found here:  https://forms.gle/18t4EgvN2WdnM4P77

For more information contact 
jlfielder@anthc.org or (907) 729‐1387



WELCOME

 Questions will be saved until the end of the didactic presentation. Feel free to put your questions in 
the chat for the Q&A.

 Recording ‐we record the didactic portion of every session and make it available on the ANTHC .org 
AK ID ECHO page, https://anthc.org/project‐echo/hcv‐hiv‐prep‐stis‐echo

Thank you for participating!
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Drug Interactions: 
Understanding the “Why” to remember the “What”

Part I: Common drug interactions for medications commonly 
used to treat HCV and HIV

Rod Gordon, R.Ph. AAHIVP
RASU Staff Pharmacist

Anchorage, Alaska
May 10, 2022



1. Veteran’s Administration for Medication Safety. Adverse drug events, adverse drug reactions, and medication errors. https: //www.pbm.va.gov/PBM/vacenterformedicationsafety/tools/AdverseDrugReaction.pdf 
2. Carpenter M, Berry H, Pelletier AL. Clinically relevant drug-drug interactions in primary care. Am Fam Physician. 2019; 99(9): 558-564.
3. Roblek T, Deticek A, Leskovar B, et al. Clinical-pharmacist intervention reduces clinically relevant drug-drug interactions in patients with heart failure: a randomized, double-blind, controlled trial. Int J Cardiol. 2016; 203: 647-652.

It is estimated that drug-drug interactions cause 26% of all 
adverse drug events (ADEs), which are defined as any 

injuries resulting from use of a drug,1 and cost the health 
care system $1.3 billion annually in hospitalizations.2,3 It is 

estimated that up to 62% of ADEs are preventable.3



Pharmaceutical Pharmacological

Chemical Physical

Pharmacodynamic
[how drug affects body]

Pharmacokinetic
[how body handles drug]
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Additive

Synergistic
Absorption

Distribution
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Drug Interactions

EliminationOutside the body Inside the body



Drug Interactions- Pharmacological

Inside the bodyPharmacodynamic
[how drug affects body]

Pharmacokinetic
[how body handles drug]

Antagonistic

Additive

Synergistic
Absorption

Distribution

Metabolism Excretion

Elimination

Antagonistic: Naloxone + Opioid Analgesics
[reversing overdose]

Synergistic: NS5B + NS5A Inhibitor 
[potentiates HCV clearance]

Additive: ASA + DOAC
[APT + Anticoag potentiates risk for bleeding]

Absorption: Antacid + Rilpivirine
[ ↑ gastric pH, ↓ absorption]

Distribution: velpatasvir + loperamide
[P-gp inhibition ↑ loperamide AUC ↑ CNS side effect ]

Metabolism: grapefruit juice + simvastatin
[furanocoumarins in juice inhibit CPY3A4, ↑ statin AUC and AE]

Excretion: metformin + dolutegravir
[DTG ↓ active tubular secretion by OCT2, ↑ metformin AUC ]
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DDI Targets: Membrane Transporters

ABC

SLC

Membrane transport proteins play a crucial role in the pharmacokinetic pathways of drug 
absorption, distribution, metabolism, and excretion, and help set systemic drug levels that drive 
either therapeutic or adverse drug effects. Transporters are a major targets for DDIs

International Transporter 
Consortium, Giacomini 
KM, et. al. Membrane 
transporters in drug 
development. Nat Rev 
Drug Discovery. 2010 Mar; 
9(3):215-36. doi: 
10.1038/nrd3028. PMID: 
20190787; PMCID: 
PMC3326076.

(ATP Binding Cassette)

(Solute Carrier)



Other DDI Targets: CYPs and Transferases

UDPGA: uridine diphosphate-glucuronic acid
GSH: glutathione
PAPS: phosphoadenosine-phosphosulfate

SLC: solute carrier transporter proteins—Uptake Processes

NTCP: sodium taurocholate cotransporting polypeptide;

OAT: organic anion transporters;
OATP: organic anion transporting polypeptides;

Esteves F, Rueff J, Kranendonk M. The Central Role of Cytochrome P450 in Xenobiotic 
Metabolism-A Brief Review on a Fascinating Enzyme Family. J Xenobiot. 2021 Jun 
22;11(3):94-114. doi: 10.3390/jox11030007. PMID: 34206277; PMCID: PMC8293344.

ABC: ATP binding cassette transporter proteins –Efflux processes 
MDR: multidrug resistance transporters
P-gp: P-glycoprotein transporter
BCRP: breast cancer resistance protein

Biotransformation
Step 1

Biotransformation
Step 2



DDI Targets: Phase I and Phase II Enzymes
Types of Phase I Biotransformation

Types of Phase II Biotransformation 

Citation: Chapter 6 Drug Metabolism, Brunton LL, Hilal-Dandan R, Knollmann BC. Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 13e; 2017. Available at: 
https://accesspharmacy.mhmedical.com/ViewLarge.aspx?figid=194542687&gbosContainerID=0&gbosid=0&groupID=0&sectionId=167889421&multimediaId=undefined 
Accessed: April 22, 2022
Copyright © 2022 McGraw-Hill Education. All rights reserved

epoxidation, dealkylation, oxygenation,
dehydrogenation, dehalogenation

CYP mediated:

Non-CYP Mediated:
Flavin-containing monooxygenases (FMOs), 
NAD(P)H:quinone oxidoreductases (NQOs), 
amine oxidases, alcohol dehydrogenases,
esterases and peroxidases

UDP glucuronsyltransferase (UGTs)..to add glucuronic acid
Sulfotransferases (SULT) ………………..to add sulfate 
Glutathione S-transferases (GSTs)…..to add glutathione
N-acetyltransferase (NATs)……………..to add acetyl group
Methyl transferases (MTs)………………to add methyl group

12 CYPs (CYP1A1, 
1A2, 1B1, 2A6, 
2B6, 2C8, 2C9, 
2C19, 2D6, 2E1, 
3A4, and 3A5) are 
important for 
metabolism of 
70-80% of drugs 
in clinical sue

CYP3A4, the most 
abundantly expressed 
CYP in the liver, is 
involved in the 
metabolism of over 
50% of clinically used 
drugs

UGTs represent the 
highest percentage of 
Phase 2 reactions



Basic DDI Concepts

“Substrate”: a drug that 
interacts with or is modified by 
an enzyme or membrane 
transporter.

“Inducer”: a drug that exerts an 
indirect effect to activate the 
transcription and induce the 
nuclear expression of genes that 
encode for drug-metabolizing 
enzymes or membrane transporters

Greenblatt DJ. Mechanisms and Consequences of Drug-Drug Interactions. Clin Pharmacol Drug 
Dev. 2017 Mar;6(2):118-124. doi: 10.1002/cpdd.339. PMID: 28263467.

“Inhibitor”: a drug that exerts a 
direct effect to block the activity of 
an enzyme or membrane 
transporter through a competitive, 
reversible process or a mechanistic 
based, irreversible process.

Direct effect on enzyme
Rapid
Rapid 

Reduced 
Increased

Enhanced effect,or toxicity

Indirect effect by increased protein expression 
Slow
Slow 

Increased 
Decreased

Reduced effect,or ineffectiveness 

Mechanism 
Onset of effect 
Offset of effect
Effect on substrate clearance 
Effect on substrate AUC 
Potential clinical consequence 

Comparison of Drug Interactions Caused by Metabolic Inhibition or Induction

Inhibition Induction



Perpetrator

Victim

Primary Drug Comedication

Greenblatt DJ. Mechanisms and Consequences of Drug-Drug Interactions. Clin Pharmacol Drug Dev. 2017 Mar;6(2):118-124. doi: 
10.1002/cpdd.339. PMID: 28263467.

Basic DDI Concepts

Questions to consider:

Is the drug a substrate of Phase 1 or Phase 2 enzymes? 

Does it interact with membrane transporters?

Is it likely to be a victim or perpetrator of interactions?
[Does it inhibit or induce enzymes or transporters?]

All drugs have the potential 
to be a “victim” or a 

“perpetrator” of DDIs.



https://www.hcvguidelines.org/unique-populations/hiv-hcv

AASLD-IDSA. Recommendations for testing, managing, 
and treating hepatitis C. http://www.hcvguidelines.org.

Specific DDIs: HIV & HCV Co-infection

Tables like this answer “What” but not ”Why” 

Avoid Safe

https://www.hcvguidelines.org/unique-populations/hiv-hcv
http://www.hcvguidelines.org/


Sofosbuvir (NS5B 
inhibitor) is a 
substrate of P-gp 
and BCRP

Glecaprevir & 
pibrentasvir are 
both substrates 
of P-gp and BCRP
Glecaprevir is 
also a substrate 
of OATP1B1/3

Velpatasvir (NS5A 
inhibitor) is a 
substrate of P-gp, 
BCRP, CYP3A4, 
2C8, 2B6, and 
OATP1B1/3

Sofosbuvir  does 
not induce or 
inhibit CYPs, UGTs 
or transporters

https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf Product Package Inserts

Glecaprevir & 
pibrentasvir are 
both inhibitors of 
P-gp, BCRP and 
OATP1B1/3
(Weak inhibitors 
of CYP1A2, 3A4, 
and UGT1A1)

Velpatasvir is an  
inhibitor of P-gp, 
BCRP  OATP1B1/3 
and OATP2B1

https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf


https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf Product Package Inserts     

Dolutegravir-
primarily 
metabolized by 
UGT1A1, but 
10-15% by 
CYP3A4

Bictegravir-
equally 
metabolized 
by UGT1A1 and 
CYP3A4,

Elvitegravir completely metabolized 
by CYP3A4

Raltegravir completely metabolized 
by UGT1A1

INSTIs do not induce or inhibit, i.e., 
they do not perpetrate DDIs but are 
often victims of DDIs by induction 

of UGT, and CYP3A4

OCT2 inhibition 
by dolutegravir 
in proximal 
renal tubule> ↑ 
metformin AUC 
79% and ↑ Sr 
Cr 0.15mg/dL 

OCT2 inhibition 
by bictegravir in 
proximal renal 

tubule> ↑ 
metformin AUC 
39% and ↑ Sr 
Cr 0.1mg/dL  

https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf


https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf

Ritonavir and Cobicistat are both strong 
inhibitors of multiple CYP enzymes, 

primarily CYP3A4 and CYP2D6

Ritonavir and Cobicistat both inhibit 
P-gp, BCRP and multiple transporters  

Ritonavir is both 
an inhibitor and 

an inducer of 
multiple CYP 

enzymes-makes 
DDIs sometimes 

difficult to predict

Atazanavir and 
darunavir- both 
substrates of 
CYP3A & P-gp; 
makes them 
targets of PK 
boosters- good 
example of a 
therapeutic PK 
DDI

Atazanavir and 
darunavir- both 
inhibit CYP3A4 
and multiple 
membrane 
transporters; 

https://hivclinic.ca/wp-content/uploads/2020/09/ARV-and-DAA-pharmacokinetic-characteristics-summary-table.pdf


https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AA_Tables.pdfhttps://www.hcvguidelines.org/unique-populations/hiv-hcv https://www.hep-druginteractions.org/checkerhttps://www.hiv-druginteractions.org/checker

HIV & HCV Co-infection

Mavyret + Boosted PI HIV regimens
Avoid Combination

Epclusa + Any TDF containing HIV regimens
Use caution and monitor renal function



https://aidsetc.org/resource/hiv-and-hcv-drug-interactions-quick-guides-clinicians

https://aidsetc.org/resource/hiv-and-hcv-drug-interactions-quick-guides-clinicians


G/P inhibits CYP1A2

G/P inhibits P-gp (P-gp substrate)

(P-gp substrate) (CYP1A2 substrate)

(OATP1B1/3 substrates)

(OATP1B1/3 substrate)

(OATP1B1/3, P-gp, BCRP subs)

(Induces CYP3A, P-gp)

(Induces CYP3A, P-gp)

(Induces CYP3A, P-gp)

(PD interaction)

G/P substrates of P-gp, BCRP
G minor substrate of CYP3A

PD interaction between 
G/P and Ethinyl Estradiol

G/P inhibits OATP1B1/3, 
P-gp, BRCP, & CYPs 

G/P inhibits OATP1B1/3

G/P caution with PPIs
(↓AUC of G but not P)  

Omeprazole max 20mg/day



(P-gp substrate)

(PD interaction- due to improved LF>> changes in INR)

(PD interaction- due to Sof/Amiodarone>> bradycardia)

( oral only--P-gp, BCRP substrate)

(Avoid is possible; if not able to avoid, max dose of omeprazole 20mg 
once daily, taken 4 hours after Sof/Vel. Take Sof/Vel with food)

(Induce CYP2B6, 2C8, 3A4, P-gp)

(Induce CYP2B6, 2C8, 3A4, P-gp)

(Induces CYP3A, P-gp)

(Rosuvastatin: BCRP, OATP1B1 substrate; max dose 10mg)

(Atorvastatin: P-gp, BCRP, OATP1B1/3 substrate)

Vel requires an acidic 
gastric pH for solubility 

and absorption 

Avoid PPI if possible
Omeprazole 20mg/day 
max, take 4 hours later

Sof-PD interaction

PD interaction

Vel inhibits P-gp

Vel inhibits P-gp, BCRP

Sof/Vel are Subs P-gp, 
BCRP
Vel minor substrate of
CYP2B6, 2C8, 3A4

Vel inhibits P-gp, BCRP, 
OATP1B1

(See specific administration
Guidance)



https://hivclinic.ca/drug-information/drug-interaction-tables/

https://hivclinic.ca/drug-information/drug-interaction-tables/


https://hivclinic.ca/drug-information/drug-interaction-tables/

https://hivclinic.ca/drug-information/drug-interaction-tables/


https://hivclinic.ca/drug-information/drug-interaction-tables/

H
IV

 A
G

EN
TS

INSTIs adversely 
affected by cation
chelation but not
acid suppression

Only two HIV
meds adversely 
affected by acid 
suppression

Avoid PPIs with 
rilpivirine



https://hivclinic.ca/drug-information/drug-interaction-tables/

https://hivclinic.ca/drug-information/drug-interaction-tables/


https://hivclinic.ca/drug-information/drug-interaction-tables/
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The more CYP3A4 
dependent statins 
pose a greater risk 
for accumulation 

and myopathy when 
co-administered 

with a cobicistat or 
ritonavir boosted 

HIV regimen. Note 
dosing limits for 
atorvastatin and 

rosuvastatin; Avoid 
simvastatin and 

lovastatin.



https://hivclinic.ca/drug-information/drug-interaction-tables/

H
IV
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FYI: Liverpool HIV 
DDI recommends 

avoiding 
budesonide and 

mometasone and 
to use caution 

with ciclesonide

Oral Inhaled or Nasal Steroids: CYP3A inhibition by ritonavir or cobicistat boosted HIV 
regimens ↑ steroid AUC and ↑ risk for adrenal suppression and cushing syndrome. 

Beclomethasone recommended alternative for oral inhalation or nasal administration.



https://hivclinic.ca/drug-information/drug-interaction-tables/

H
IV

 A
G

EN
TS

Injectable 
triamcinolone 

also boosted by 
cobicistat or 

ritonavir

Dexamethasone interactions are more complex.  Cobicistat and ritonavir boosted HIV 
regimens increase dexamethasone AUC by CYP3A4 inhibition; Dexamethasone also induces  

CYP3A4 when used chronically, lowering the AUC of multiple CYP3A4 substrates. 



https://hivclinic.ca/drug-information/drug-interaction-tables/
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Oral contraceptives 
and hormone 
replacement 

therapy: check 
Liverpool and 

other references  
carefully with any 

cobicistat or 
ritonavir boosted 

HIV regimen. 
Especially difficult 

to predict with 
ritonavir. 



Liverpool Hep Drug Interactions: https://www.hep-druginteractions.org/checker

Liverpool HIV Drug Interactions: https://www.hiv-druginteractions.org/checker

*Clinical Pharmacology: https://www.clinicalkey.com/pharmacology/login

*Lexicomp/Facts & Comparisons: https://www.wolterskluwer.com/en/solutions/lexicomp/login-create-account

*Micromedex: https://www.micromedexsolutions.com/home/dispatch

Credible Meds [QT Prolongation]: https://crediblemeds.org/

Immunodeficiency Clinic-Drug Interaction Tables: https://hivclinic.ca/drug-information/drug-interaction-tables/

NE/Caribbean AETC- HIV and HCV Drug Interactions-Quick Guide for Clinicians: https://aidsetc.org/resource/hiv-
and-hcv-drug-interactions-quick-guides-clinicians

*Requires subscription/fee

HIV & HCV Drug Interaction Resources

https://www.hep-druginteractions.org/checker
https://www.hiv-druginteractions.org/checker
https://www.clinicalkey.com/pharmacology/login
https://www.wolterskluwer.com/en/solutions/lexicomp/login-create-account
https://www.micromedexsolutions.com/home/dispatch
https://crediblemeds.org/
https://hivclinic.ca/drug-information/drug-interaction-tables/
https://aidsetc.org/resource/hiv-and-hcv-drug-interactions-quick-guides-clinicians


HIV & HCV Drug Interactions

?
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AK ID ECHO DIDACTIC TOPICS FOR 2022

 June 14: Common drug interactions part 2: now adding COVID Tx meds into the mix
 Upcoming topics
 Public health reporting – requirements/laws
 Hepatitis B screening and lab interpretation
 STI EPI Update to include HIV, C, G, w/ treatment update pearls
 HCV Reinfection vs Treatment Failure

What topics would you like to learn about? 



HCV SIMPLIFIED TREATMENT TRAINING

 Presented by: Brian McMahon, MD, Leah Besh, PA‐C, Lisa Townshend‐Bulson, APRN, FNP‐C and 
Annette Hewitt, APRN, FNP‐C

 Continuing education credits will be available and the live training will be recorded and available for 
enduring access credits. 

 To register, https://echo.zoom.us/meeting/register/tZIqdeqrrjMuG9N3Git‐BRF3oDBPBP1A9qiC

 Contact Marla at mjwehrli@anthc.org

Receive the most current updates in patient care 
for screening and treatment of HCV. 

This training will cover topics of HCV EPI, screening, 
confirmation of HCV, assessment of patient before 
treatment, HCV treatment, medication coverage, 
follow up and harm reduction.



ADDITIONAL LEARNING OPPORTUNITIES

ANTHC Liver Disease ECHO
 Third Thursday of every month from 12:00-1:00 PM AKST
 May 19: Hepatitis B and Other Vaccine Updates

anthc.org/project-echo/alaska-liver-disease-echo

ANTHC LiverConnect
 Second Tuesday of every month 8:00-9:00 AM AKST
 June 14: Workup of Alkaline Phosphatase Elevations with Case 

Slides Included
anthc.org/what-we-do/clinical-and-research-services/hep/liverconnect



ADDITIONAL LEARNING OPPORTUNITIES

Addiction Medicine ECHO
 Second and fourth Thursday of every month from 12:00-1:oo PM
 May 12: Screening Tools

anthc.org/project-echo/addiction-medicine-echo

Indian Country ECHO Programs
 Harm Reduction, Infectious Disease, and more! 

www.indiancountryecho.org/teleecho-programs
 Ending the Epidemics Training Program: 4-part series in May, the second Tuesday each 

week from 10:30 a.m. – 12:00 p.m.
Register: https://www.surveymonkey.com/r/EndingtheEpidemicsinIndianCountry
Questions: jrienstra@npaihb.org



ANTHC Staff
 Leah Besh PA-C, Program Director: labesh@anthc.org
 Jennifer Williamson, Program Coordinator: 

907-729-4596 or  jjwilliamson@anthc.org
 Lisa Rea RN, Case Manager: ldrea@anthc.org

ANTHC Liver Disease and Hepatitis Program: 907-729-1560

ANTHC Early Intervention Services/HIV Program: 907-729-2907

Northwest Portland Area Indian Health Board
 David Stephens: Director Indian Country ECHO: dstephens@npaihb.org
 Jessica Leston: Clinical Programs Director: jleston@npaihb.org

AK ID ECHO Contacts



AK ID ECHO is supported by a grant from the Northwest 
Portland Area Indian Health Board and funding is provided 
from the HHS Secretary’s Minority HIV/AIDS Fund. 

Thank you!


