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Chronic Hepatitis C Virus Infection in the United States, National 
Health and Nutrition Examination Survey 2003 to 2010

Risk Factors OR
Age > 40  6‐9.5
Male 1.6
Non‐hispanic black 1.6
Low education 2
Family income 3.7
IVDU 8.7

Ann Int Med 2014; 160:293‐300
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HEPATITIS C

• Agent 35 nm RNA
• Genotypes 1, 2, 3, 4, 5, 6
• Antibody HCV IgG
• Mortality 3‐8%
• Chronicity 90%
• Vaccine none



Risk Factors for Hepatitis C

IVDU
High risk
Sexual
Blood
Occupation
Unknown



Pattern of ALT Elevation

Normal
>3X ULN
>2X ULN
<2X ULN





Hepatitis C

Top Antiviral Med. 2011:19(3):117‐120

Identified in 1989 by the group of Michael Houghton as the cause of hepatitis non‐A 
non‐B‐1



Viral Replication Cycle
The viral replication cycle can 
broadly be divided into three phases:
1. Entry into the host cell
2. Intracellular RNA replication
3. Assembly of new particles and 
their release into the blood

Replication Cycle – von Hahn T, Steinmann E, Ciesek S, Pietschmann T, Expert Rev Gastroenterol Hepatol. 2010 Feb;4(1):633‐79.



Viral Targets of antiviral drugs

Top Antiviral Med. 2011:19(3):117‐120



Different classes of direct‐acting antiviral drugs 
(DAAs)

Liver International
pages 18‐23, 23 DEC 2013 DOI: 10.1111/liv.12405







Summary of Investigational HCV 
Agents 

Class Drug Dosing

NS3/4A protease inhibitor ABT-450/RTV 150/100 mg

NS3 protease inhibitor Asunaprevir 200 mg BID

NS3/4A protease inhibitor Faldaprevir 120 mg or 240 mg QD

NS3 protease inhibitor GS-9451 200 mg QD

NS3/4A protease inhibitor MK-5172 100 mg QD

NS3/4A protease inhibitor Simeprevir 150 mg QD

NS5B nonnucleoside polymerase inhibitor ABT-333 400 mg BID

NS5B nonnucleoside polymerase inhibitor BMS-791325 75 mg or 150 mg BID

NS5B nonnucleoside polymerase inhibitor Deleobuvir 600 mg BID

NS5B nonnucleoside polymerase inhibitor GS-9669 500 mg QD

NS5B nucleotide polymerase inhibitor Sofosbuvir 400 mg QD

NS5A inhibitor ABT-267 25 mg QD

NS5A inhibitor Daclatasvir 30 mg BID or 60 mg QD

NS5A inhibitor Ledipasvir 90 mg QD 

NS5A inhibitor MK-8742 20 or 50 mg QD

NS5A inhibitor PI-688 200 mg QD



Adapted from the US Food and Drug Administration, Antiviral Drugs Advisory Committee Meeting, 
April 27-28, 2011, Silver Spring, MD. 
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GENOTYPE 1



NEUTRINO: Sofosbuvir + P/R for 12 Weeks 
in Treatment‐Naive GT 1/4/5/6 HCV

• Open‐label, single‐arm study of sofosbuvir 400 mg QD + P/R for 
12 weeks in treatment‐naive patients with GT1/4/5/6 HCV

– 17% cirrhosis; 89% GT1; 9% GT4; < 1% GT5; 2% GT6

Lawitz E, et al. N Engl J Med. 2013;368:1878-1887.
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QUEST: Simeprevir + P/R
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12 weeks 36 weeks

Simeprevir + P/R for GT1 HCV: 
Approved Indications

• Simeprevir 150 mg/day with food, administered with P/R
– Fixed duration (no RGT)

• Treatment‐naive patients and relapsers (including cirrhotic patients

• Previous partial or null responders (including cirrhotic patients)

• Stopping rules

12 weeks 12 weeks

Treatment Wk HCV RNA (IU/mL) Action
4 ≥ 25 Discontinue simeprevir, pegIFN, and RBV

12 ≥ 25 Discontinue pegIFN and RBV (SMV stops at 12 wks)

24 ≥ 25 Discontinue pegIFN and RBV

Simeprevir + P/R P/R

Simeprevir + P/R P/R

Simeprevir  [package insert]. November 2013.



INTERFERON FREE GENOTYPE 1



COSMOS: Simeprevir + Sofosbuvir ±
RBV inGenotype 1 HCV Patients

 Planned interim analysis of randomized phase IIa study
 2 cohorts with same study design evaluating impact of duration and RBV
 Primary endpoint: SVR12

Simeprevir 150 mg QD; sofosbuvir 400 mg QD; weight-based RBV 1000-1200 mg/day.

Patients With GT1 HCV 

Cohort 1: 
Previous null responders, 

F0-F2
(N = 80)

Cohort 2: 
Naives and previous null 

responders, F3-F4 
(N = 87)

Simeprevir + Sofosbuvir + RBV

Simeprevir + Sofosbuvir

Wk 12 Wk 24

Simeprevir + Sofosbuvir

Simeprevir + Sofosbuvir + 
RBV

Jacobson I, et al. AASLD 2013. Abstract LB-3.

Randomized 2:1:2:1



COSMOS: SVR12 in F0‐F2 Pts (All Arms) and 
SVR4 in F3‐F4 Pts (12‐Wk Arms Only)

• Relapse in 3 pts in Cohort 1 and 1 pt in Cohort 2; all with GT1a and Q80K polymorphism at BL
• AEs (anemia and indirect bilirubin increases) largely confined to RBV arms
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PEARL‐I: Virologic Response Rates With 
ABT‐450/RTV + ABT‐267 in GT1b Pts

• No discontinuations due to AEs or laboratory abnormalities
• No virologic failures in naive patients; 4 virologic failures in null responders 

(1 viral breakthrough and 3 relapses)
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Sapphire‐1: ABT‐450/RTV/Ombitasvir + 
Dasabuvir + Riba. GT1 Naïve Patients
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ABT/RTV NS3/4A PI, Ombitasvir NS5A, Dasabuvir NS5B PI
N=473 pts, 57% males, 90% Cau
SVR and fibrosis 0‐1 97%, F2 94%, F3 93%
SAE fatigue 34%, HA 33%
Feld JJ. EASL 2014



Sapphire II: ABT‐450/RTV/Ombitasvir + 
Dasabuvir + Riba. GT 1 Treatment Experienced
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12 week treatment course, n=394 patients
Relapse 29%, Partial 22%, Null 49%
No difference in response in GT 1a or 1b.
Zeuzem S. EASL 2014



Turquoise II: Cirrhotic Genotype 1 Treated ABT 
450/RTV/Ombitasvir + Dasabuvir + Riba
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ION 1: Sofosbuvir/Ledipasvir +/‐ Riba GT1 Naive
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No cirr SVR 12%

Cirrhosis SVR 12
%

Sofosbuvir NS5B PI, Ledipasvir NS5A inhibitor
12 Weeks of treatment, n=865 patients, 16% cirrhosis
Fatigue 21‐36%, Headache 23‐30% SAE
Mangia A, EASL 2014



ION 2: Sofosbuvir/Ledipasvir +/‐ Riba. 
Treatment Experienced GT 1
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n=440 patients,  nonresponder 45%, PI failure 46‐61%, Cirrhosis 30%
Afdhal N. EASL 2014



ION 3: Sofosbuvir/Ledipasvir 8 wk GT1 Naive
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Kowdley KV. EASL 2014.



ELECTRON: Sofosbuvir/Ledipasvir FDC 
+ RBV for 6 Wks in Naive GT1 HCV Pts

• Open‐label phase II trial in GT1 HCV pts
• 68% SVR12 rate with 6 wks of SOF/LDV FDC + RBV lower[1] than SVR rates previously 

achieved with 8 wks[2] or 12 wks[3] treatment with this regimen

SOF/LDV FDC + RBV
(n = 25)

Tx-naive pts, 
GT1 HCV, 

F0-F2
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1. Gane EJ, et al. AASLD 2013. Abstract 73. 
2. Lawitz E, et al. AASLD 2013. Abstract 215. 3. Gane EJ, et al. EASL 2013. Abstract 14. 

Sofosbuvir 400 mg QD;/ledipasvir 90 mg QD; 
weight-based RBV 1000-1200 mg/day

ELECTRON[1]

17/25

ELECTRON[3]LONESTAR[2]

Duration of SOF/LDV + RBV in Tx-Naive Pts



ELECTRON 2: Sofosbuvir/Ledipasvir +/ Riba. 
Difficult to Treat Patients
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Sofosbuvir + GS‐5816 Genotype 1‐6 Naive
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Virologic Response Rates With Faldaprevir
+ Deleobuvir + PPI‐688 ± RBV

• Very high early response rates with all‐oral therapy with or without RBV

• Only 1 severe AE and 1 discontinuation for AE 

• Frequent bilirubin elevations ≥ grade 1, consistent with FDV inhibition of UGT1A1

DBV 400 + FDV + PI-688 + RBVDBV 600 + FDV + PI-688 + RBV DBV 600 + FDV + PI-688
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AI443‐014: Virologic Response Rates With 
Daclatasvir + Asunaprevir + BMS‐791325

• 3 pts with virologic breakthrough in 150‐mg arm
– Both GT1a; 2 intensified treatment with P/R 

DCV + ASV + BMS-791325 150 mg (n = 86) DCV + ASV + BMS-791325 75 mg (n = 80)
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Everson GT, et al. AASLD 2013. Abstract LB-1. 
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C‐WORTHY: Virologic Response Rates 
With MK‐5172 + MK‐8742 ± RBV

MK 5172 NS3/4A PI, MK8742 NS 5A inhibitor
All treatment regimens safe and well tolerated
No early discontinuations due to drug‐related AEs

Lawitz E, et al. AASLD 2013. Abstract 76.

MK-5172 100 mg + 
MK-8742 20 mg + RBV
(n = 25)

MK-5172 100 mg + 
MK-8742 50 mg + RBV
(n = 27)

MK-5172 100 mg + 
MK-8742 50 mg (n = 13)
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C‐WORTHY: MK 5172 + MK 8742 +/ RBV. GT1 +/‐
Cirrhosis and Null Responders
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MK 5172 NS3/4 A PI, MK 8742 NS5a inhibitor
N=253 patients
SVR GT1a cirrotic naïve 94%, GT 1b 100%, Null cirrhotics GT1 a 94%, GT 1b 100%
Lawitz E. EASL 2014.



Schinazi et al. Liver Int. 2014 Feb;34 Suppl 1:69‐78.

Interferon Free trials for Genotype 1‐treatment 
Naïve Patients



Interferon Free trials for Genotype 1‐treatment 
experienced Patients



GENOTYPE 2/3



Fission: SOF/RBV in GT2 and  GT3 Naives

Lawitz E, et al. N Engl J Med. 2013;368:1878-1887.
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FUSION: Impact of Cirrhosis and 
Duration on SVR Rates

Jacobson IM, et al. N Engl J Med. 2013;368:1867-1877.

6/10 5/26

SV
R

12
 (%

)

25/26 7/923/23 14/38 14/2325/40

No Cirrhosis

Sofosbuvir + RBV 12 wks Sofosbuvir + RBV 16 wks

No CirrhosisCirrhosis Cirrhosis

Genotype 2 Genotype 3

19

6163

37

n/N =

100

80

60

40

20

0

96 100

60

78

100

80

60

40

20

0

SV
R

12
 (%

)

n/N =



VALENCE: SVR12 With 12 or 24 Wks of 
SOF + RBV in GT2 and GT3 Pts

• No increase in AEs seen with longer duration treatment
– AEs seen consistent with RBV

GT2 12-Wk Treatment
(n = 73)

GT3 24-Wk Treatment
(n = 250)
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Zeuzem S, et al. AASLD 2013. Abstract 1085. 
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Retreatment Sofosbuvir/RBV or add PEG INF 
GT2, 3 prior failure of Sofosbuvir/RBV
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Esteban R. EASL 2014



INITIAL TREATMENT

HCVguidelines.org‐AASLD+IDSA



Retreatment of Hepatitis C



Retreatment of Hepatitis C

†† A recommendaƟon for simeprevir use for patients with previous telaprevir or 
boceprevir exposure not provided due to potential risk of preexistant resistance 
to protease inhibitor treatment.



Monitoring During Treatment

• Follow usual monitoring with INF/R
• Without INF, no specific guideline
• Personal experience: 
• Pre: genotype, HCV RNA level, TSH, Pregnancy 
testing, CBC, CMP

• During treatment: q 2 wks (CBC, Hepatic 
panel) ??? HCV level (2 wks)

• HCV 12 weeks post treatment



Drug‐Drug Interactions

• Sofosbuvir
– Rifampin and St Johns Wort (decrease SOF)



Drug‐Drug Interactions SMV
Increase decrease

Antibiotics/antifungal ↑ SMV

Calcium Channel blockers ↑ Ca channel blocker level

herbals ↑ SMV (milk thistle) ↓ SMV (St John wart)

HIV ↑ SMV ↓ SMV

HMG CO A  ↑ HMG CO A levels

Immunosupression ↑ CSA ↓ FK

Midazolam/Triazolam ↑ drug levels



HCV Post Transplant RX

Genotype Peg/Sof/R Sof + Sim Sof + R

GT1 4/4 neg 2/2 neg 1/1 neg

4 pending 14 pending 2 pending

GT 2 4/4 neg

GT 3 (24 wks)

4/4 pending

EOT HCV RNA Negative

As of 6/6/14, UNMC



Future ??



Future HCV Treatment?

HCV 
PT

GT1

GT2,3

INF Free RX Cost
Follow Formulary
Guidelines
Know monitor 
rules


