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Learning Objectives

Pharmacists
Å Discuss the epidemiology and immunology of hepatitis C in the 

United States.
Å Discuss the importance of prior treatment history and liver staging 

in determining a HCV treatment regimen.
Å Discuss current available hepatitis C treatment options.
Å Describe common side effects and drug-drug interactions of 

directly-acting antiviral medications for HCV.
Å Describe immunizations related to various types of hepatitis.

Technicians
Å Review common side effects and therapeutic contraindications 

associated with hepatitis C treatment options
Å Identify patients that may be candidates for hepatitis vaccines 



Multiple Choice

1. What is the most common barrier to patients 
accessing hepatitis C treatment currently?

a) Unstable mental health disorders

b) Insurance coverage

c) Drug-drug interactions

d) A life-expectancy of <1 year



Multiple Choice

2. Which of the following drugs interacts with 
Ledipasvir/sofosbuvir(Harvoni) to decrease 
serum levels of ledipasvir?

a) Methadone

b) Levothyroxine

c) Levetiracetam

d) Omeprazole



Multiple Choice

3. Based on the ION trials, which of the following 
patients might be a candidate for 8 weeks of 
ledipasvir/sofosbuvir(Harvoni)?

a) GT 1a, treatment naïve, non-cirrhotic, HCV viral load 
4 million

b) GT 3, treatment naïve, non-cirrhotic, HCV viral load 3 
million

c) GT 1b, treatment naive, cirrhotic, HCV VL 2 million

d) GT 4, treatment naïve, non-cirrhotic, HCV viral load 6 
million



Multiple Choice

4. Which of the following is among the most 
common noted side effect of daclatasvir
(Daklinza)? 

a) Nausea

b) Fatigue

c) Skin rash

d) Diarrhea 



Multiple Choice

5. Which of the following measures are important to 
preventing morbidity associated with chronic 
hepatitis C?

a) Weekly lab monitoring

b) Vaccination against hepatitis B alone

c) Vaccination against hepatitis A and B

d) Avoidance of all medications metabolized by the 
liver



Hepatitis C

First described in 1989, Blood screening began in 1990. 

Peak prevalence occurs in those born 1945-1965. 

Worldwide 350,000-500,000 people die annually from HCV related 
causes.

Cirrhosis develops in 10-20% of patients with chronic HCV infection 
over 20-30 years on average, although rates vary widely (from 2% to 
51%). 

After cirrhosis due to HCV has developed, the annualrisk of 
developing HCC is 1-5%.

AASLD. 2015. http://www.hcvguidelines.org/
Westbrook R, J of Hepatotogy. 2014;61:S58-68. 
GrebelyJ et al.  Hepatology.2014;59:109-120.  
AlricL. Hepatology. 2014;60(6):Epub. 

http://www.hcvguidelines.org/


SStrains

variable geographic distribution

Slide courtesy of Dr. Lynn Taylor



Deaths Due to HCV Infections Now Exceed

Those Due to HIV Infection
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16,600 deaths 

Ly KN, Xing J, Klevens RM, Jiles RB, Holmberg SD. Causes of death and characteristics of decedents with viral hepatitis, United 

States, 2010. Clin Infect Dis. 2014 Jan;58(1):40-9. Mahajan, IDSA 2013 

Number of HCV-related deaths may be 
over 60,000 because of under-
reporting on death certificates



Chronic HCV Infection May Lead to 
Chronic Liver Disease and Liver Cancer 

12

Fibrosis 1

Chronic HCV 
infection can 
lead to the 
development of 
fibrous scar 
tissue within 
the liver

Fibrosis Cirrhosis Hepatocellular Carcinoma 

(with cirrhosis)

Cirrhosis 1,2

Over time, fibrosis can 
progress, causing severe 
scarring of the liver, 
restricted blood flow, 
impaired liver function, 
and eventually liver failure

HCC3

Cancer of the liver 
can develop after 
years of chronic 
HCV infection

Chronic liver disease includes fibrosis, cirrhosis, and hepatic decompensation; HCC=hepatocellular carcinoma.
1. HighleymanL. Hepatitis C Support Project. http://www.hcvadvocate.org/hepatitis/factsheets_pdf/Fibrosis.pdf. Accessed August 18, 2011
2. BatallerR et al. J ClinInvest. 2005;115:209-218; 
3. Medline Plus. http://www.nlm.nih.gov/medlineplus/enxy.article/000280.htm. Accessed August 28, 2012; 4. Centers for DiseaseControl and Prevention. 
http://www.cdc.gov/hepatitis/HCV/HCVfaq.htm. Accessed May 8, 2012.

Decompensated 

cirrhosis:
Ascites

Bleeding gastroesophageal 

varices

Hepatic encephalopathy

Jaundice

*** Slide courtesy of Dr. Camilla Graham***



Immunizations



CDC and ACIP Vaccine Schedule: http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-schedule.pdf





HAV/HCV Co-infection

Acute hepatitis A infection + chronic HCV can be 
devastating. 

In a prospective study by Vento, 432 patients 
with chronic hepatitis C (183 with cirrhosis) 
were observed over a 7-year period. 
ïOf the 17 patients with concurrent HAV infection, 

seven (41.4%) developed fulminant hepatitisand 
6 patients died (35.3%).

Vento S. J of Viral Hepatitis. 2002; 7(S1):7-8.



Hepatitis A Vaccination

Two doses required

Havrix©:1440 ELISA Units (1 ml) IM with a 
booster dose (1440 units) at 6+ months after the 
primary immunization

VAQTA©: 50 units (1 ml) IM with a booster dose 
(50 units) given at 6-18 months after primary 
immunization. 

www.uptodate.com



HBV/HCV Co-infection

7-20 million people worldwide are co-infected 
with HBV/HCV. 

Patients with HBV/HCV coinfection have an 
increased risk for cirrhosis, hepatocellular 
carcinoma (HCC) and even death.

Potthoff A, MannsMP, WedemeyerH. Expert Opinon Pharmacotherapy. 2010;11(6):919-28. 



Hepatitis B Immunization

Energix-B©: 

ïImmunocompetent hosts: 

Å1 ml/dose for 3 total doses administered at 0, 1, and 6 
months.

ïImmunocompromised hosts: 

Å20 mcg/ml: administer 2 ml per dose at 0, 1, 2 and 6 
months.

RecombivaxHB©: 

ïImmunocompromised hosts: 

Å40 mcg/ml: administer 1 ml per dose at 0, 1, and 6 months 

www.uptodate.com





Twinrix©: Hepatitis A and B vaccine

Hepatitis A and recombinant hepatitis B inactivated vaccine
ïHepatitis A virus antigen 720 ELISA units and hepatitis B surface 

ag 20 mcg/mL (1 ml)
ïContains aluminum, trace amounts of neomycin, and some 

yeast protein

Given as 1 mL intramuscular injections at 0, 1, and 6 months 
(3 doses total)
ïHepA component is ½ that of the HepA vaccine alone, so it 

may be less immunogenic after 1 dose.
ïHepB component is likewise ½ that of the HepB vaccine alone, 

so it may be less immunogenic after a single dose.
ïShould not be used as post-exposure prophylaxis.





Developing a HCV Vaccine: 
The Challenges

Hepatitis C is highly variable even among strains

HCV mutates quickly

The vaccine likely needs to be specific to only one 
genotype

Utilization of the T cell response is critical to viral 
clearance 





Hepatitis C  Vaccine

ÅSimian adenovirus vector (ChAd3) + modified vaccinia 
Ankara vector (MVA) that encodes NS3, NS4, NS5A and 
NS5B proteins of Hepatitis C genotype 1b

ÅHCV specific T-cells are induced ChAd3, then boosted by 
MVA,  to generate high levels of CD8+ and CD4+ HCV-
specific T cells that target multiple HCV antigens

Å Sustained memory cells and effector T cells are then 
generated 

ÅT-cell memory evolves over time  to produce anti-HCV 
immunity

Å{ƻ ŦŀǊ ŀǇǇŜŀǊǎ ǘƻ ǇǊƻŘǳŎŜ ŀ άŘǳǊŀōƭŜΣ ōǊƻŀŘΣ ǎǳǎǘŀƛƴŜŘ ŀƴŘ 
balanced T-ŎŜƭƭ ǊŜǎǇƻƴǎŜ ǘƻ ώI/±ϐΧ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾƛǊŀƭ 
ŎƻƴǘǊƻƭέΦ

Swadlinget al. Science Translational Medicine. 2014; 6(261):261.



Treatment



Burden

Treatment

Lifecycle

GENOME

HCV genome 



December 2013
FIRST IFN-Free Therapy FDA-approved

? cyclosporine

Nucleotide Analogue Inhibitor of HCV NS5B polymerase enzyme

Effective for treatment-naives + pts who failed prior IFN treatment, cirrhotics, 

decompensated cirrhotics

Slide courtesy of Dr. Lynn Taylor



Multiple Validated Drug Targets
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Graphic courtesy of Dr John Link,
Not all-inclusive

Slide courtesy of Dr. Camilla Graham.

Cyclophilin
Inhibitors
- Alisporivir
-SCY-635

MIR 122 Inhibitors
- MIravirsen

HOST

HOST



Ahmed A, FelmleeDJ. Viruses. 2015 Dec 18;7(12):6716-29. 










































































