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Pawlotsky JM. New Hepatitis C Virus (HCV) Drugs and the Hope for a Cure: Concepts in Anti-HCV Drug 
Development. Semin Liver Dis. 2014 Feb;34(1):22-9.. 



Milestones in Therapy of CHC: 
Average SVR Rates from Clinical Trials 
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Adapted from US Food and Drug Administration, Antiviral Drugs Advisory Committee Meeting, April 27-28, 2011, Silver Spring MD.  



Changing HCV treatment landscape 

Dore G. The changing therapeutic landscape for hepatitis C. J Med J Aust. 2012 Jun 4;196(10):629-32. 



• Boceprevir (BOC) and Telaprevir (TVR) represent a new era of therapy, as they 
are the first commercially available hepatitis C direct-acting antiviral (DAA) 
agents, which directly inhibit viral replication. 

• In clinical trials of HCV genotype 1-infected patients receiving PegIFN and RBV, 
combined with BOC or TVR, SVR was achieved in 63-75% of treatment-naïve 
patients, in 69-88% of PegIFN and RBV relapsers, and in up to 33% of PegIFN 
and RBV nonresponders. 

• Triple therapy is associated with more side effects and requires closer patient 
follow-up than treatment with PegIFN and RBV alone. 

• Increased hematological toxicity from triple therapy may lead to increased 
utilization of growth factors, which will further strain medical resources in 
healthcare systems. 

• Additionally, BOC and TVR carry the risk of inducing HCV resistance mutations, 
and it is likely that cross-resistance to future generations of PIs will develop in 
some patients who do not achieve SVR. 

 

Hepatitis C direct-acting antiviral (DAA) agents 



• Boceprevir plus pegIFN/RBV 

• SPRINT-2: treatment-naive patients[1] 

• RESPOND-2: treatment-experienced patients[2] 

 

• Telaprevir plus pegIFN/RBV 

• ADVANCE: treatment-naive patients[3] 

• ILLUMINATE: treatment-naive patients[4] 

• REALIZE: treatment-experienced patients[5] 

Boceprevir and Telaprevir Clinical Trials 

 
[1] Poordad F, et al. N Engl J Med. 2011;364:1195-1206.  
[2] Bacon BR, et al. N Engl J Med. 2011;364:1207-1217.  
[3] Jacobson IM, et al. N Engl J Med. 2011;364:2405-2416. 
[4] Sherman KE, et al. N Engl J Med. 2011 Sep 15;365:1014-24. 
[5] Zeuzem S, et al. N Engl J Med. 2011;364:2417-2428. 



• Telaprevir and boceprevir only approved for Genotype 1 

• Interferon backbone required 

• TID dosing for telaprevir/boceprevir 

• Response guided therapy (both) and lead-in (boceprevir) complicated 

• 24-48 week treatment  

• Limited efficacy in difficult to cure patients (e.g., patients with cirrhosis, 

prior null responders, African-Americans) 

• Hematologic (both) and rash/dermatological (telaprevir) adverse events: 

(management plan) 

• Drug-drug interactions 

Boceprevir/Telaprevir in  Combination with PEG-
IFN/RBV: Limitations of Current Therapy 



Boceprevir-Related Adverse Events in Clinical 
Trials 

• Most notable adverse events occurring more frequently with 

boceprevir plus pegIFN/RBV vs pegIFN/RBV alone 

• Anemia, neutropenia, and dysgeusia 

Adverse Event, % Boceprevir + 

PegIFN/RBV 

PegIFN/RBV 

Treatment-naive patients 

 Anemia* 

 Neutropenia 

 Dysgeusia 

(n = 1225) 

50 

25 

35 

(n = 467) 

30 

19 

16 

Treatment-experienced patients 

 Anemia 

 Dysgeusia 

(n = 323) 

45 

44 

(n = 80) 

20 

11 



Boceprevir-Related Adverse Events in Clinical 
Trials 



Boceprevir-Related Adverse Events in Clinical 
Trials 

 Selected Hematological Parameters 



Telaprevir-Related Adverse Events in Clinical 
Trials 

• Most notable adverse events occurring more frequently with telaprevir vs 

pegIFN/RBV alone 

• Rash, anemia, and anorectal symptoms 

Adverse Event, % Telaprevir + PegIFN/RBV 

(n = 1797) 

PegIFN/RBV 

(n = 493) 

Rash 56 34 

Anemia* 36 17 

Anorectal symptoms 29 7 

• In most subjects, rash was mild to moderate 

 Severe rash in 4%; discontinuation due to rash in 6% of subjects 

• Occurred early, usually first 4 wks, but can occur at any time during TVR 

exposure 

• < 1% had SJS or DRESS (11 cases DRESS and 3 cases SJS) 



Sofosbuvir-Related Adverse Events in Clinical 
Trials 

• Fatigue (59%), headache (36%), nausea (34%) and insomnia (25%). 

• 20% of patients developed a hemoglobin level of <10 g/dL and 2% developed 
a hemoglobin level of <8.5 g/dL.  

• Neutropenia developed in approximately 20% of cases and 
thrombocytopenia in <1% of cases. 

 

Simeprevir-Related Adverse Events in Clinical 
Trials • Photosensitivity (28%), pruritus (22%), nausea (22%), dyspnea (12%), and 

hyperbilirubinemia (49%).  
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Boceprevir-Related Adverse Events: 
Management of Anemia 

 
• In clinical trials, anemia 

managed with RBV dose 

reduction and/or erythropoietin 

 43% of boceprevir-treated 

patients took erythropoietin 

 3% required blood transfusion 

• SVR rates with boceprevir 

higher among anemic vs 

nonanemic patients 

 RBV dose reduction does not 

impair boceprevir efficacy 
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Telaprevir-Related Adverse Events: 
Management of Anemia 

 
• In clinical trials, erythropoietin 

use was prohibited; anemia 

managed through RBV dose 

reduction 

 Among anemic patients              

(Hg < 10 g/dL), more blood 

transfusions required in telaprevir 

(12%) vs control (5%) arm 

• Neither anemia nor RBV dose 

modification associated with 

lower SVR in telaprevir-treated 

patients 

 Lower SVR rates with both in 

pegIFN/RBV-treated patients 
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Boceprevir/Telaprevir-Related Adverse Events: 
Management of Anemia 

 

Yee HS et al. Update on the management and treatment of hepatitis C virus infection: recommendations from the Department of Veterans 
Affairs Hepatitis C Resource Center Program and the National Hepatitis C Program Office. Am J Gastroenterol. 2012 May;107(5):669-89. 



Boceprevir/Telaprevir-Related Adverse Events: 
Management of Anemia 

 

• Ribavirin dose reduction 

• Erythropoietin alpha (EPO) 

• Peg-INF reduction 

• PI discontinuation  

 

NEVER REDUCE THE DOSE OF PROTEASE INHIBITOR 



• Telaprevir-related rash 

• Primarily eczematous 

• Resolves with discontinuation of therapy 

• Typically observed within first 4 wks of treatment but can occur at 

any time during therapy 

Telaprevir-Related Adverse Events: 
Management of Rash 

 

Rash Severity Definition 

Grade 1 Mild, localized skin eruption 

Grade 2 Diffuse skin eruption involving ≤ 50% of body surface area 

Grade 3 
Severe, generalized skin eruption involving > 50% of body 

surface area, or rash with substantial systemic signs/symptoms 



Telaprevir-Related Adverse Events: 
Percentage of Patients with Rash 

 

 
Jacobson IM, et. al. N Engl J Med.  2011;364:2405-16. 



Telaprevir-Related Adverse Events: 
Mild Rash Identification and Management 

 



Telaprevir-Related Adverse Events: 
Moderate Rash Identification and Management 

 



Telaprevir-Related Adverse Events: 
Severe Rash Identification and Management 

 



Telaprevir-Related Adverse Events: 
Good Skin Care for Telaprevir-Associated Rash 

• Apply skin moisturizers at least twice a day  

• Avoid perfumes and other scented skin care products 

• Use hypoallergenic products 

• Keep hydrated 

• Wear loose-fitted clothing 

• Avoid scratching 

• Use unscented and mild laundry detergent 

• Avoid using dryer sheets with clothes in dryer 

• Limit sun exposure and use sun screen when out in sun 

• Avoid hot showers and hot baths 

• Consider using a nonsoap cleanser 

• Apply skin moisturizers after bathing (before drying off) 

 
Source: Vertex Pharmaceuticals 



Telaprevir-Related Adverse Events: 
Treatment and prophylactic measures for rash 



Telaprevir-Related Adverse Events: 
SCAR (Severe Cutaneous Adverse Reactions) 



Telaprevir-Related Adverse Events: 
SCAR (Severe Cutaneous Adverse Reactions) 



Telaprevir-Related Adverse Events: 
SCAR (Severe Cutaneous Adverse Reactions) 



Telaprevir-Related Adverse Events: 
Anorectal Symptoms 



Effect of Dietary Fat on Serum Levels of 
Telaprevir  



• Modest RBV dose reduction is a good approach for managing anemia 

 Some clinicians may choose to use erythropoietin 

• Preventing blood transfusion is a primary goal of anemia management 

• Anemia management is critical for avoiding discontinuation of the PI 

 Once a PI has been stopped, it should not be restarted 

 PIs cannot be dose reduced 

• Patients should be educated prior to treatment initiation regarding the signs and 

symptoms so rash can be quickly identified and managed 

 Topical steroids and antihistamines are primary management; systemic steroids 

should be avoided 

• Practices should use a “go-to” dermatologist for identification and management 

of telaprevir-associated rash 

• Suggestions for anorectal symptom management include administration of any 

of the following: fiber, loperamide, hydrocortisone, or pramoxine topical cream 

Panel Recommendations: Managing Adverse 
Events With PI-Based Therapy 



Drug-Drug Interactions 
Boceprevir 

• Potential for Boceprevir to Affect Other Medications  

 Boceprevir is strong inhibitor of CYP3A4/5 enzyme 

 Boceprevir is potential inhibitor of p-glycoprotein (P-gp) 

  

• Potential for Other Medications to Affect Boceprevir 

 Boceprevir primarily metabolized by aldo-ketoreductase (AKR) 

 Boceprevir may be co-administered with aldo-ketoreductase 

inhibitors 

 Partially metabolized by CYP3A4/5 

 Potential for interactions with drugs that inhibit or reduce CYP3A4/5 

 



Drug-Drug Interactions 
Boceprevir 

Boceprevir and Interactions with HIV Antiretroviral Medications 

Medication 
Effect on Boceprevir or 

Concomitant Drug 
Recommendation 

HIV NNRTIs: 

efavirenz     
↓ Boceprevir Plasma trough concentrations of 

boceprevir were decreased when 

boceprevir was coadministered with 

efavirenz, which may result in loss of 

therapeutic effect. Avoid combination 

HIV PIs: 

ritonavir 

↓ Boceprevir 

↑ or ↓ HIV protease 

inhibitors 

Boceprevir concentrations decreased 

with ritonavir; the effect of ritonavir-

boosted HIV protease inhibitors on 

boceprevir exposure is unknown. The 

effect of boceprevir on HIV protease 

inhibitor concentrations is unknown. 



Drug-Drug Interactions PIs 



Several drugs contraindicated; many more require dose 

adjustment or caution (studies of drug–drug interactions 

incomplete) 

Drug-Drug Interactions 

Drug Class Contraindicated With BOC[1] Contraindicated With TVR[2] 

Alpha 1-adrenoreceptor antagonist Alfuzosin Alfuzosin 

Anticonvulsants Carbamazepine, phenobarbital, phenytoin N/A 

Antimycobacterials Rifampin Rifampin 

Ergot derivatives Dihydroergotamine, ergonovine, ergotamine, 

methylergonovine 

Dihydroergotamine, ergonovine, ergotamine, 

methylergonovine 

GI motility agents Cisapride Cisapride 

Herbal products Hypericum perforatum (St John’s wort) Hypericum perforatum 

HMG CoA reductase inhibitors Lovastatin, simvastatin Lovastatin, simvastatin 

Oral contraceptives Drospirenone  N/A 

Neuroleptic Pimozide Pimozide 

PDE5 inhibitor Sildenafil or tadalafil when used for tx of pulmonary 

arterial hypertension 

Sildenafil or tadalafil when used for tx of pulmonary 

arterial hypertension 

Sedatives/hypnotics Triazolam; orally administered midazolam  Orally administered midazolam, triazolam 

1. Boceprevir [package insert]. November 2012. 2. Telaprevir [package insert]. October 2012. 



Drug-Drug Interactions 



Drug-Drug Interactions 
 



Drug-Drug Interactions 
 



Drug-Drug Interactions 



http://reference.medscape.com/drug-interactionchecker 

Drug-Drug Interactions 



Christophe Hezode, Helene Fontaine - Gastroenterology 2014 

…….. 



Several Patient Populations With Continued 
Need in Current Era 

• Contraindication or poor tolerance to pegIFN or RBV 

• Safety and efficacy of boceprevir and telaprevir not fully established 

 Organ transplant recipients 

 Patients with end-stage liver disease 

 Patients with HIV and/or HBV coinfection 

 Pediatric patients 

• Patients with decompensated cirrhosis or moderate to severe hepatic 

impairment 

• Although pegIFN/RBV effective for non–genotype 1, comes with all of 

the issues related to the use of IFN 

• Patients with poor IFN responsiveness 

• Patients unable to adhere to complex, lengthy regimens 

1. Boceprevir [package insert]. November 2012. 2. Telaprevir [package insert]. October 2012. 



Remaining challenges 

• Unclear how to use in special patient populations with highest risk of 

disease progression 

• Need for defining stopping rules to prevent resistance emergence 

• High compliance requirement 

• Drug-drug interactions 

• In whom to start and in whom to wait 


