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Telaprevir (VX-950)
Introduction

Robert S. Kauffman, MD, PhD

Chief Medical Officer

Vertex Pharmaceuticals Incorporated

CI-2

Proposed Indication for Telaprevir

• A HCV NS3-4A protease inhibitor indicated 

– In combination with Peg-IFN/RBV

– For the treatment of genotype 1 chronic 

hepatitis C 

– In adult patients with compensated liver 

disease, including cirrhosis 

– Who are treatment-naive 

– Or who have been previously treated

• Including prior null responders, partial 

responders, and relapsers

HCV, hepatitis C virus; Peg-IFN, pegylated-interferon-alfa; RBV, ribavirin.
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Telaprevir Key Regulatory and 

Development Milestones

2004

2005

2007

2008

2009

2010

2011

2006

a Dates refer to first patient enrolled. 

Study 101 

Study 103
Study 102

Phase 1

Key development

milestonesa

Study 104 (PROVE-1)

Study 106 (PROVE-3)

Study 104EU (PROVE-2)

Study 107

Study 108 (ADVANCE)

Study 111 (ILLUMINATE)
Study C216 (REALIZE)

Phase 2

Phase 3

Clinical advice meeting

CMC pre-NDA meeting

Clinical pre-NDA meeting

Priority review

Key regulatory

milestones

NDA rolling 

submission

CI-4

Telaprevir—A Paradigm Shift in the 

Treatment of HCV

• Hepatitis C is a significant public health challenge

• Unmet need for therapies that can increase SVR and 

reduce treatment burden

• Telaprevir results in significantly higher SVR rates 

vs current treatment

– SVR rate of 79% in treatment-naive patients

– Marked efficacy advantage in treatment-

experienced patients 

• 24-week duration for ~ 2/3 treatment-naive and 

relapser patients 

• Well-characterized safety profile

AE, adverse event; SVR, sustained virologic response. 
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Today’s Agenda

Introduction Robert S. Kauffman, MD, PhD

Chief Medical Officer 

Vertex Pharmaceuticals Incorporated

Hepatitis C Virus—Disease 

Background and Treatment 

Landscape

Ira M. Jacobson, MD

Chief, Division of Gastroenterology 

and Hepatology

Weill Cornell Medical College

Development Program Overview Robert S. Kauffman, MD, PhD

Phase 3 Efficacy Shelley George, MD

Vice President, HCV Therapeutic Area Lead

Vertex Pharmaceuticals Incorporated

Safety Priya Singhal, MD, MPH

Senior Director, Disease Area Safety Lead

Global Patient Safety

Vertex Pharmaceuticals Incorporated

Benefit Risk Assessment Robert S. Kauffman, MD, PhD

CI-6

Consultants

• Ira M. Jacobson, MD

Chief, Division of Gastroenterology and Hepatology

Medical Director, Center for the Study of Hepatitis C

Weill Cornell Medical College

• Robert S. Stern, MD

Professor of Dermatology

Harvard Medical School
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CL-1CL-1

Hepatitis C Virus—Disease 
Background and Treatment Landscape

Ira M. Jacobson, MD

Chief, Division of Gastroenterology and Hepatology

Medical Director, Center for the Study of Hepatitis C

Weill Cornell Medical College

CL-2

Hepatitis C Is a Global Disease

• ~ 170 million people currently infected

• 3 to 4 million people newly infected annually

• 75% of cases in US are Genotype 1

World Health Organization (WHO) website: http://www.who.int/vaccine_research/diseases/viral_cancers/en/print.html 

Reprinted from Alter MJ. World J Gastroenterol. 2007;13:2436-2441. © 2007 The WJG Press.
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In the US, Prevalence of HCV Higher 
Than HIV or HBV

Institute of Medicine. Hepatitis and Liver Cancer: A National Strategy for Prevention and Control of Hepatitis B and C. Washington, DC: The National 

Academic Press; 2010 

Number of infected individuals vs 

number aware they are infected (diagnosed)

2.7-3.9 million infected

75% undiagnosed

1.4 million infected

65% undiagnosed

1.1 million infected

21% undiagnosed

HCVHBVHIV
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CL-4

Natural History of HCV Infection

Hepatocellular carcinoma
(1% − 4%/yr)

Liver failure

Resolved
25% − 30%

Acute HCV

Cirrhosis
10% − 20% 

Chronic Hepatitis C 
70% − 75% 

20 yrs

Santantonio T et al, J Hepatology. 2008;49:625-33.

NIH Consensus Conference Statement, June 2002.

John-Baptiste A et al, J Hepatology. 2010;53:245-51.

Seeff LB, Liver International. 2009;29(suppl 1):89-99.
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What Do Patients With HCV 
Cirrhosis Face?

Decreased quality of lifea,b

• Fatigue        

• Weight loss

• Depression

• Muscle wasting

• Impaired cognition

Complicationsc

• GI bleeding (varices, gastropathy)

• Ascites

• Bacterial infections

• Encephalopathy

− Overt

− Minimal

• Hepatocellular carcinoma

Liver Transplantation
• Hepatitis C is most frequent 

indicationd

• 30% develop cirrhosis 5-7 yrs 

post-transplante

Death
• ~ 12,000 deaths/yr (based on 

death certificate documentation)f

• Likely an under-representationg

a Bonkovsky HL, et al. J Hepatol. 2007;46:420-431. b Bonkovsky HL and Woolley JM. Hepatology. 1999;29:264-70. c Planas R, et al. J Hepatol. 

2004;40:823-30. d Berg CL, et al. Am J Transplant. 2009;9:907-931. e Berenguer M. Clin Liver Dis. 2007;11:355-376. f Everhart JE, et al. 

Gastroenterology. 2009;136:1134-1144. g Wise M, et al. Hepatology. 2008;47:1128-1135. 

CL-6

Decompensated Cirrhosis and Hepatocellular 
Carcinoma Cases Are on the Rise

Year

C
a
s
e
s
, 

n

1950 1970 1990 2010 2030

160,000

0

120,000

80,000

40,000

Decompensated

cirrhosis

Peak incidence: > 145,000 
cases/year in ~ 2020

Peak incidence: 14,000 
cases/year in 2019a

Year

1950 1970 1990 2010 2030

0

40,000

20,000

Hepatocellular 

Carcinoma (HCC)
30,000

10,000

a If HCC risk in HCV-infected individuals with fibrosis does not change. Davis GL, et al. 

Gastroenterology. 2010;138(2):513-521. 
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Increasing Prevalence of Cirrhosis and 
Liver Cancer in Patients With Hepatitis C 
Crude Prevalences in VA HCV Clinical Case Registry

1996 2006 P value

Cirrhosis 9% 18.5% < .0001

Decompensated

cirrhosis

5% 11% < .0001

Hepatocellular

carcinoma

0.07% 1.3% < .0001

Kanwal F, et al. Gastroenterology. 2011;140:1182-88.

CL-8

Hepatocellular Carcinoma Has the 
Fastest Growing Death Rate in the US

-1 0

All other cancers (average)

Liver

Thyroid

Esophagus

Lung and bronchus (female)

Testis

Corpus and uterus, NOS

Trends in US cancer mortality rates

Annual percent change (1994 – 2003)

-1.5-2 -0.5 0.5 1 1.5 2

National Cancer Institute. Seer Summary Figures and Tables: http://seer.cancer.gov/csr/1975_2003/results_merged/topic_graph_trends.pdf. 
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Hepatitis C—Not Just a Liver Disease

• Other diseases associated with HCV

–Diabetes

–B cell proliferative disorders

• Essential mixed cryoglobulinemia

• Non-Hodgkin’s lymphoma 

–Depression and cognitive disorders

–Arthritis

–Sjogren’s syndrome

Jacobson IM, et al. Clin Gastroenterol Hepatol. 2010;8:1017-1029.

CL-10

The Biological Features of HCV Make It 
Potentially Curable 

HIV HBV HCV

Proviral DNA

Viral RNA

TREATMENT TREATMENT
Life-long suppression 

of viral replicationa,b
Definitive viral 

clearancec



Cure possible for HCVc,d

cccDNA, covalently closed circular DNA.
a Siliciano JD andSiliciano RF. J Antimicrob Chemother. 2004;54:6-9. b Lucas GM. J Antimicrob Chemother. 2005;55:413-416. 
c Pawlotsky JM. J Hepatol. 2006;44:S10-S13. d Swain, MG, et al. Gastroenterol. 2010;139:1593-1601.

Host DNA

Nucleus

cccDNA

TREATMENT
Long-term reduction 

of viral replication to 

lowest possible levelc

Host cell
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Current HCV Treatment

• Goal = SVR

– Considered virologic cure

• Peg-IFN/RBV is the current therapy for HCV 

– Genotype 1

• 40% − 52% of patients achieve SVRa-f

• Duration of therapy 48 weeksa-f

• Low success rates with retreatment in 

nonresponders and relapsers (10% − 25%)g-i

• Peg-IFN/RBV has known toxicitiesa-i

• Rationale for response-guided therapy with 

potential to shorten therapy

a Pegasys [package insert]. Nutley, NJ: Hoffmann-La Roche Inc.; 2011. b Copegus [package insert]. Nutley, NJ: Hoffmann-La Roche Inc.; 2010. 
c Hadziyannis SJ, et al. Ann Intern Med. 2004;140:346-355. d Fried MW, et al. NEJM. 2002;347:975-982. e Manns MP, et al. Lancet. 2001;358:958-965. 
f McHutchinson JG, et al. NEJM. 2009;361:58-593. g Bacon BR, et al. Hepatology. 2009;49:1838-1846. h Jensen DM, et al. Ann Intern Med. 

2009;150:528-540.  i Poynard T, et al. Gastroenterology. 2009;136:1618-1628. 

CL-12

Common Factors That May Lead to 
Lower SVR with Peg-IFN/RBV

• Genotype 1

• High HCV RNA levels

• Cirrhosis/bridging fibrosis

• Age ≥ 40 years

• Heavy body weight

• Insulin resistance

• African American and Latino ethnicity

• Genetic polymorphisms (IL28B)

• HIV coinfection
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SVR Associated With Improved Outcomes

• Improved histology

• Clinical benefit

–Decreases decompensationa-c

–Prevents de novo esophageal varicesd

–Decreases risk of hepatocellular 

carcinomac

–Decreases mortalityc,e

a Veldt BJ, et al. Ann Intern Med. 2007;147:677-684. b Maylin S, et al. Gastroenterology. 2008;135:821-829. c Morgan TR, et al. Hepatology.

2010;52(3):833-844. d Bruno S, et al. Hepatology. 2010;51:2069-2076. e Backus L, et al. Hepatology. 2010;52(4 Suppl):428A.

CL-14

SVR Improves Outcomes in Patients 
With HCV-Associated Advanced Fibrosis

Morgan TR, et al. Hepatology. 2010;52(3):833-844.

0

2

4

6

8

10

12

14

Decompensated

liver disease

Liver

transplantation

Liver-related

death

13.9

9.1

11.0

6.8

16

1.4 1.4
0.7 0.7

R
a
te

s
 o

f 
li

v
e
r-

re
la

te
d

 

c
o

m
p

li
c
a
ti

o
n

s
, 
%

Patients with SVR (n = 140)

Nonresponders (n = 309)

• In the HALT-C trial, achieving SVR significantly reduced HCV-associated 

complications and mortality

• Median follow-up 96 months for patients with SVR, 79 months for nonresponders
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Backus L, et al. Hepatology. 2010;52(4 Suppl):428A.

• In a large study by the US Department of Veterans Affairs, 
SVR improved survival in patients with common 
comorbidities

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

All-cause mortality hazard ratio (95% CI)

Genotype 1

Genotype 2

Genotype 3

SVR better No SVR better

P < .0001

P = .004

P < .0001

SVR Substantially Decreased Risk of All-Cause 
Mortality in Patients With Common Comorbidities

CL-16

What Can a New Era of Antivirals Offer?

• Marked increase in SVR (cure)

• Reduction in treatment duration in far 

more patients than currently possible

• Prevent many complications, 

transplants, and deaths

• Reverse current tide of increasing 

morbidity and mortality
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CO-1

Telaprevir (VX-950)
Development Program Overview

Robert S. Kauffman, MD, PhD

Chief Medical Officer

Vertex Pharmaceuticals Incorporated

CO-2

Telaprevir—An Orally Bioavailable HCV 
Protease Inhibitor

• Reversible and tight 

binding to HCV protease 

active site with slow 

off-rate

• Ki* = 7 nM (formation of 

stable enzyme-inhibitor 

complex)

• Replicon IC50 = 350 nM

Telaprevir in NS3-4A protease
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Overview of Clinical Development Program

• Overall goals

– Increase SVR rates

– Shorten treatment duration

• Broad clinical program

– 5 Phase 2 studies

– 3 Phase 3 studies

• Extensive clinical pharmacology and virology program

– PK/PD

– DDIs

– Potential for viral resistance

DDI, drug-drug interactions; PD, pharmacodynamic; PK, pharmacokinetic; 

SVR, sustained virologic response. 

CO-4

Clinical Pharmacology of Telaprevir

• Plasma t1/2 = 9 to 11 hours at steady state

• Food substantially increases exposure

• Extensively metabolized (CYP3A4, non-CYP)

– Excreted largely in GI tract

• Metabolic inhibition does not markedly increase 

exposures at steady state
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Clinical Pharmacology of Telaprevir—

Drug-Drug Interactions

• Substrate and potent inhibitor of CYP3A

• Substrate of P-gP; may saturate/inhibit P-gP in GI tract

• DDI potential similar to some HIV PIs

• Studies with drugs commonly used for 

– HCV—methadone, esomeprazole, atorvastatin, 

escitalopram, alprazolam, amlodipine, zolpidem, oral 

contraceptives 

– HIV—ritonavir boosted HIV PIs (LPV, ATV, fAMP, DRV), 

efavirenz, tenofovir (ongoing: raltegravir)

– Transplantation—cyclosporine, tacrolimus

– Opioid dependency—methadone (ongoing: 

buprenorphine)

PI, protease inhibitor.

CO-6

Clinical Pharmacology of Telaprevir—

Special Populations

• Hepatic impairment

– Minimal impact of mild (Child-Pugh A) impairment

– Exposure reduced with moderate (Child-Pugh B) 

impairment—clinical relevance unknown

• Renal impairment

– Minimal impact of severe impairment in 

single- dose study

• HIV/HCV co-infection

– Pilot study ongoing; DDI data available

• Liver transplant

– Study planned; DDI data available
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Telaprevir Decrease in Plasma HCV RNA Is 

Enhanced by Peg-IFN

Telaprevir 750 mg q8h 

+ Peg-IFN
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Placebo

Telaprevir

450 mg q8h

Telaprevir

750 mg q8h

Telaprevir 

1250 mg q12h

CO-8

Impact of Telaprevir-Resistant Variants

• HCV exists as a genetically diverse viral population

– High replication rate, error-prone polymerase

• Pre-existing variants can be selected with treatment

– Sequences from 3449 patients examined at 

baseline; 740 patients who did not achieve SVR

– Patients not achieving SVR have telaprevir-

resistant variants at time of treatment failure

• 12% to 22% of all patients starting treatment

– Resistance profile consistent across populations

• Resistant variants tend to diminish over time
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Characterization of NS3 Variants 

Selected by Telaprevir

• All variants 

– Less fit than wild-type  

– Fully sensitive in vitro to interferon-α, RBV, HCV 

polymerase inhibitors (nucleoside and 

non-nucleoside), and HCV NS5A inhibitors

Lower level Higher level

IC50 fold 
change

A156V/T
> 60

R155T
20

A156S
10

V36A/M,
R155K

7

T54A/S
4-6

WT
1

V36M+R155K
> 60

RBV, ribavirin.

CO-10

Viral Dynamic Approach to 

Response-Guided Therapy

10-5

106

PR 

Estimated duration of treatment for SVR, weeks

Cure = Total body burden < 1 copy

T + PR

WT

103

Viral Variants

248-12 48

LOQ < 25 IU/mL

PR, pegylated interferon-alfa-2a and ribavirin; T, telaprevir; WT, wild type.
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Key Learnings From Phase 1-2 Program

• Efficacy in treatment-naive and treatment-experienced patients

• Management strategies for rash and anemia

• Dose based on 

– Phase 1 monotherapy antiviral data

– PK/PD modeling

• Duration of telaprevir (12 weeks) based on 

– Phase 2 data

– Viral dynamic modeling

– No advantage to > 12 weeks of telaprevir 

• Absence of RBV increases breakthrough and relapse rates

• Response-guided therapy (individualized treatment)

– Potential demonstrated in treatment-naive patients in Phase 2 

• 61% to 69% SVR with 24 weeks of total treatment
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CE-1

Telaprevir (VX-950)
Phase 3 Efficacy

Shelley George, MD

Vice President 

HCV Therapeutic Area Lead

Vertex Pharmaceuticals, Inc.

CE-2

Background

• SVR considered virologic cure

• Standard treatment of PR leaves 50% to 60% 

of G1 treatment-naive patients without cure

− Limited options for successful 

re-treatment

• Important goals for Phase 3 program

− Increase SVR rates

− Shorten treatment duration

G1, genotype 1; PR, pegylated-interferon and ribavirin; SVR, sustained virologic response.
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CE-3

Introduction—Phase 3 Clinical 
Study Program

• Assess efficacy and safety of 12 weeks of 

telaprevir with 24 or 48 weeks of PR

– Treatment-naive and treatment experienced 

patients

– Including those with compensated cirrhosis

• Primary endpoint: Proportion of patients 

with SVR

– Undetectable HCV RNA levels 24 weeks after 

last planned dose of study drug

CE-4

Overview and Goals of Phase 3 Program

Study Population, N Study type Efficacy goals

eRVR, extended rapid viral response.

111

(ILLUMINATE)

G1 treatment-naive,

540

Supportive

non-inferiority

• Confirm response-guided therapy

C216

(REALIZE)

G1 treatment

experienced

(prior relapsers,

partial responders

null responders),

662

Pivotal

superiority

• Confirm efficacy 

• Evaluate 4-week lead-in (LI) 

with PR

108

(ADVANCE) 

G1 treatment-naive, 

1088

Pivotal

superiority

• Confirm efficacy

• Response-guided therapy: 

eRVR = HCV RNA undetectable 

at wks 4 and 12

eRVR = 24 wks PR

No eRVR = 48 weeks PR

• Evaluate 8 or 12 wks of telaprevir
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Pivotal Study 108 (ADVANCE)

eRVR, extended rapid viral response.

Study Population, N Study type Efficacy goals

111

(ILLUMINATE)

G1 treatment-naive,

540

Supportive

non-inferiority

• Confirm response-guided therapy

C216

(REALIZE)

G1 treatment

experienced

(prior relapsers,

partial responders

null responders),

662

Pivotal

superiority

• Confirm efficacy 

• Evaluate 4-week lead-in (LI) 

with PR

108

(ADVANCE) 

G1 treatment-naive, 

1088

Pivotal

superiority

• Confirm efficacy

• Response-guided therapy: 

eRVR = HCV RNA undetectable 

at wks 4 and 12

eRVR = 24 wks PR

No eRVR = 48 weeks PR

• Evaluate 8 or 12 wks of telaprevir

CE-6

Follow-up

Follow-up

SVR

SVR

Follow-up

Follow-up

Follow-up
SVR

Study Design
Study 108—Treatment-Naive 

Wk

8

Wk

12

Wk

24

Wk

48

Wk

72

n = 363 T12/PR

n = 364 T8/PR
Pbo/

PR PR

PR

eRVR−:

PR to Wk 48

eRVR−:

PR to Wk 48

n = 361 Pbo/PR PR

SVR
eRVR+: Follow-up

SVR
eRVR+: Follow-up

Wk

4
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Demographics and 
Baseline Characteristics
Study 108—Treatment-Naive 

Variable

T12/PR

N = 363

T8/PR

N = 364

Pbo/PR

N = 361

Male gender, n (%) 214 (59) 211 (58) 211 (58)

Race, n (%)

Caucasian

Black/African American

325 (90)

26 (7)

315 (87)

40 (11)

318 (88)

28 (8)

Ethnicity, n (%)

Hispanic/Latino 35 (10) 44 (12) 38 (11)

Median age, years (range) 49 (19 - 69) 49 (19 - 68) 49 (18 - 69)

Median BMI, kg/m2 (range) 26 (18 - 47) 26 (17 - 46) 26 (17 - 48)

HCV RNA ≥ 800,000 IU/mL, n (%) 281 (77) 279 (77) 279 (77)

HCV genotype subtype, n (%)

1a

1b

1, unknown

213 (59)

149 (41)

1 (< 1)

210 (58)

151 (41)

3 (1)

208 (58)

151 (42)

2 (1)

Stage of fibrosis, n (%)

Bridging fibrosis

Cirrhosis

52 (14)

21 (6)

59 (16)

26 (7)

52 (14)

21 (6)

CE-8

SVR Rates 
Study 108—Treatment-Naive 

* P < .0001.

46

P
a

ti
e

n
ts

 w
it

h
 S

V
R

, 
%

0

10

20

30

40

50

60

70

80

90

100

79

* 33% difference

95% CI (25.9%, 39.2%)
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SVR Rates 
Study 108—Treatment-Naive 
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T8/PR
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SVR

166/361261/364285/363
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CE-10

eRVR+ Rates
Study 108—Treatment-Naive 

207/364212/363 29/361
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SVR Rates by eRVR Status
Study 108—Treatment-Naive 
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CE-12

Relapse Rates
Study 108—Treatment-Naive 
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Relapse Rates by eRVR Status
Study 108—Treatment-Naive 
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T8/PR

Pbo/PR
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12/207 19/203 92/24115/12115/120
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6
9

13 12

38

CE-14

Sex Male
Female

Age, years ≤ 45

> 45 and ≤ 65

> 65

Race Caucasian

Black

Asian

Other

Ethnicity Hispanic/Latino

Non-Hispanic/Latino

HCV subtype 1a

1b

1, unknown

Baseline HCV RNA, IU/mL < 800,000

≥ 800,000

Liver disease status No/minimal fibrosis

Portal fibrosis

Bridging fibrosis

Cirrhosis

BMI, kg/m2 < 25

≥ 25 and < 30

≥ 30

Medical history Diabetes

No diabetes

Geographic region North America

Europe

Other

Efficacy by Subgroups—T12/PR vs Pbo/PR 
Study 108—Treatment-Naive 

-0.75 -0.5 -0.25 0 0.25 0.5 0.75 1
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CE-16
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Conclusions
Study 108—Treatment-Naive 

• Telaprevir-based regimens significantly improved 

SVR rates vs standard treatment

– Absolute, significant difference of 33% 

(T12/PR vs Pbo/PR48)

• Clinical benefit achieved across broad range 

of patients

– Blacks/African Americans and Hispanic/Latinos

– Patients with cirrhosis

• High SVR and low relapse rates in patients with 

eRVR support a 24-week treatment duration

CE-18

Supportive Study 111 (ILLUMINATE)

Study Population, N Study type Efficacy goals

111

(ILLUMINATE)

G1 treatment-naive,

540

Supportive

non-inferiority

• Confirm response-guided therapy

C216

(REALIZE)

G1 treatment

experienced

(prior relapsers,

partial responders

null responders),

662

Pivotal

superiority

• Confirm efficacy 

• Evaluate 4-week lead-in (LI) 

with PR

108

(ADVANCE) 

G1 treatment-naive, 

1088

Pivotal

superiority

• Confirm efficacy

• Response-guided therapy: 

eRVR = HCV RNA undetectable 

at wks 4 and 12

eRVR = 24 wks PR

No eRVR = 48 weeks PR

• Evaluate 8 or 12 wks of telaprevir
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CE-19

Study Design
Study 111—Treatment-Naive 

n = 540 T12/PR PR

Wk

12

Wk

20 Wk

24

Randomized Wk

48
Wk

72

Wk

24

Follow-up for SVR

D/C

before

Wk 20

eRVR− PR to Wk 48 Follow-up for SVR

Follow-up for SVR

eRVR+

PR to Wk 48 Follow-up for SVR

CE-20
Study Design and 
Statistical Considerations
Study 111—Treatment-Naive 

• Evaluate differences in SVR rates between 

24- and 48-week telaprevir-based regimens 

in patients who achieved eRVR

• Primary endpoint: Proportion of patients 

with SVR 

– Rule out inferiority of 24-week regimen

– Predefined non-inferiority margin of –10.5% 
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CE-21
Demographics and 
Baseline Characteristics
Study 111—Treatment-Naive 

Randomized patients

Overall

N = 540

T12/PR24

N = 162

T12/PR48

N = 160

Male gender, n (%) 325 (60) 104 (64) 97 (61)

Race, n (%) 

Caucasian

Black/African American

427 (79)

73 (14)

135 (83)

17 (10)

131 (82)

17 (11)

Ethnicity, n (%)

Hispanic/Latino 54 (10) 18 (11) 11 (7)

Median age, years (range) 51(19 - 70) 51 (22 - 70) 50(19 - 67)

Median BMI, kg/m2 (range) 27(18 - 54) 28(18 - 53) 27(19 - 49)

HCV RNA ≥ 800,000 IU/mL, n (%) 445 (82) 124 (77) 126 (78)

HCV genotype subtype, n (%) 

1a

1b

1, unknown

388 (72)

149 (28)

3 (1)

115 (71)

46 (28)

1 (1)

117 (73)

43 (27)

0

Stage of fibrosis or cirrhosis, n (%)

Bridging Fibrosis

Cirrhosis

88 (16)

61 (11)

20 (12)

18 (11)

21 (13)

12 (8)

CE-22

SVR Rates 
Study 111—Treatment-Naive 
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2.0% difference
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352/540 (65%) with eRVR+
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Conclusions
Study 111—Treatment-Naive 

• Confirmed response-guided therapy in 

treatment-naive patients

– No evident efficacy advantage to 

extending treatment from 24 to 48 weeks 

in patients with eRVR 

• Outcome similar to pivotal Study 108

CE-24

Pivotal Study C216 (REALIZE)

Study Population, N Study type Efficacy goals

111

(ILLUMINATE)

G1 treatment-naive,

540

Supportive

non-inferiority

• Confirm response-guided therapy

C216

(REALIZE)

G1 treatment

experienced

(prior relapsers,

partial responders

null responders),

662

Pivotal

superiority

• Confirm efficacy 

• Evaluate 4-week lead-in (LI)

with PR

108

(ADVANCE) 

G1 treatment-naive, 

1088

Pivotal

superiority

• Confirm efficacy

• Response-guided therapy: 

eRVR = HCV RNA undetectable 

at wks 4 and 12

eRVR = 24 wks PR

No eRVR = 48 weeks PR

• Evaluate 8 or 12 wks of telaprevir
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Previous Patterns of Response 
to Treatment

Updated from Shiffman ML. Curr Gastroenterol Rep. 2006;8(1):46-52.

Detection limit

Relapse

Null response

Partial response

Treatment

Nonresponse
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CE-26

Study Design
Study C216—Prior Treatment Experience

Wk

12

Wk

48

Wk

72

Wk

4

Wk

16

PRT12/PRn = 266 Follow-up
Pbo/

PR

PR
T12(LI)/

PR
n = 264

Pbo/

PR Follow-up

n = 132 Pbo/PR Follow-upPR
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CE-27
Demographics and 
Baseline Characteristics
Study C216—Prior Treatment Experience

T12/PR

N = 266

T12(LI)/PR

N = 264

Pbo/PR

N = 132

Male gender, n (%) 183 (69) 189 (72) 88 (67)

Race, n(%)

Caucasian

Black/African American

246 (92)

11 (4)

252 (95)

8 (3)

117 (89)

11 (8)

Ethnicity, n (%)

Hispanic/Latino 25 (9) 27 (10) 20 (15)

Median age, years (range) 51 (23 - 69) 51 (24 - 70) 50 (21 - 69)

HCV RNA ≥ 800,000 IU/mL, n (%) 238 (89) 234 (89) 114 (86)

HCV genotype subtype, n (%)

1a

1b

136/262 (52)

126/262 (48)

149/262 (57)

113/262 (43)

67/128 (52)

61/128 (48)

Prior response, n (%)

Relapser

Null responder

Partial responder

145 (55)

72 (27)

49 (18)

141 (53)

75 (28)

48 (18)

68 (52)

37 (28)

27 (20)

Stage of fibrosis, n (%)

Bridging fibrosis

Cirrhosis

60 (23)

72 (27)

58 (22)

67 (25)

29 (22)

30 (23)

CE-28

SVR Rates Among Prior Relapsers
Study C216—Prior Treatment Experience

P < .001 for both telaprevir groups vs Pbo/PR.
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SVR Rates Among Prior Nonresponders
Study C216—Prior Treatment Experience

T12/PR

T12(LI)/PR

Pbo/PR

P < .001 for both telaprevir groups vs Pbo/PR.
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CE-30

Relapse

Virologic 
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SVR

Detectable 

at EOT

Lost-to-

follow-up

Partial 

responders

T12/PR48 T12(LI)/

PR48

Null 
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Treatment Outcomes By Prior Response
Study C216—Prior Treatment Experience
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Efficacy by Subgroups—T12/PR vs Pbo/PR 
Study C216—Prior Treatment Experience

Prior relapsers Prior nonresponders
Sex Male

Female

Age, years ≤ 45

> 45 and ≤ 65

> 65

Race Caucasian

Black

Asian

Ethnicity Hispanic/Latino

Non-Hispanic/Latino

HCV subtype 1a

1b

Baseline HCV RNA, IU/mL < 800,000

≥ 800,000

Liver disease status No/minimal fibrosis

Portal fibrosis

Bridging fibrosis

Cirrhosis

BMI, kg/m2 < 25

≥ 25 and < 30

≥ 30

Geographic region North America

Europe

-0.5 -0.25 0 0.25 0.5 0.75 1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

CE-32

Conclusions
Study C216—Prior Treatment Experience

• SVR rates were significantly higher in pooled 

T12/PR48 groups vs Pbo/PR48 

– Prior relapsers: 86% vs 22%

– Prior partial responders: 59% vs 15%

– Prior null responders: 32% vs 5%  

• Similar treatment outcomes in the two telaprevir 

groups with and without lead-in 
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CE-33

Response-Guided Therapy in Prior 
Relapser Population—Rationale

• Not evaluated in Phase 3 studies in 

treatment-experienced population

• Prior relapse and prior nonresponse populations 

are distinct

– Prior relapsers appear more similar to 

treatment-naive population

• SVR and relapse rates from Phase 2/3 studies 

indicate that prior relapsers should benefit from 

response-guided therapy

CE-34

SVR Rates by eRVR+ 
Treatment-Naive and Prior Relapsers
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CE-35

Summary—Response-Guided Therapy in 
Prior Relapsers

• Prior relapsers and treatment-naive patients 

represent populations with high interferon 

responsiveness 

• Prior relapsers and treatment-naive patients 

with eRVR have a similar response

– High SVR rates regardless of PR duration

• Results confirmed by viral dynamic modeling

• These data support response guided therapy 

in prior relapsers

CE-36

Durability of SVR

1.  Phase 2: 1-year follow-up

2.  Study 112 (EXTEND): ongoing 3-year 

follow-up
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CE-37

Durability of SVR 
Long-term Follow-up

• Relapse after SVR in < 1% of PR-treated patients

Phase 2 follow-up 

– 361 patients with SVR followed for up to 48 weeks 

post-SVR

– 2 patients had late relapse within 6 months after SVR

Observational follow-up (Study 112: ongoing, 3-year)

– Interim analysis includes 123 treatment-naive and 

treatment-experienced patients from Phase 2

– SVR durable in 122/123 patients (99%) followed for 

5 to 35 months after SVR (median follow up, 22 months)

– No late relapses during observational period

CE-38

Evolution of Resistant Variants 
After Treatment

1.  Phase 3: 1-year follow-up

2.  Study 112 (EXTEND): ongoing 3-year 

follow-up
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0.6

Time after failure, months

1b: 54% 

(64/119)

1a: 84% (225/269)
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• Median time to having 

undetectable resistant 

variants by population 

sequencing (95% CI)

− 1a: 10 months (9, 11)

− 1b: 0.8 months (0, 2)

Evolution of Resistant Variants in 
the Absence of Telaprevir
Phase 3 Studies—By Subtype

CE-40

Results
Study 112—Median Follow-up ~ 2 Years

• 3 year ongoing observational follow-up study 

to evaluate evolution of resistant variants after 

treatment

• Interim analysis includes 56 treatment-naive and 

previously treated patients from Phase 2

Outcome

• 89% of patients no longer had detectable variants 

by population sequencing

– Median follow-up ~ 2 years
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CE-41
Frequency of Resistant Variants Are 
Similar at Baseline and Follow-up
Study 112—Long-term Follow-up (Clonal Analysis)

• Clonal sequence analysis (sensitive to < 5%) 

evaluated viral populations from a representative 

subset of 20 patients with no detectable resistant 

variants by population sequencing

Overall frequency of resistant variants, % (n/N)

At baseline During Study 112

1% (14/1567) 1% (16/1769)

CE-42

Conclusions
Study 112—Long-term Follow-up

• SVR is durable

– Late relapse rate low (< 1%) and similar 

to PR

• Emerging data suggest that frequency of 

resistant variants declines over time
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CE-43

Overall Efficacy Conclusions
Phase 3 Program

• Telaprevir-based regimens had significantly higher SVR rates in 

treatment-naive and treatment experienced patients vs PR  

– Clinical benefit observed across broad range of patients, 

including subgroups associated with poor response to PR

• Similar treatment outcomes achieved with and without lead-in 

• Response-guided therapy enabled majority of 

treatment-naive patients to achieve high SVR rates with 24 

weeks of therapy

– Clinical data and viral dynamic modeling support 

response-guided therapy in prior relapsers
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CS-1

Telaprevir (VX-950) 
Safety

Priya Singhal, MD, MPH 

Senior Director, Disease Area Safety Lead

Global Patient Safety

Vertex Pharmaceuticals, Inc.

CS-2

Presentation Outline

• General safety

• Specific adverse event analyses 

and management

• Conclusions
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CS-3

Important Considerations

• Telaprevir added for first 12 weeks of 24- or 48-week 

PR regimen

• PR has a well-characterized safety profile

– Common AEs occur in first 12 weeks

– Significant prevalence until PR completed 

• Telaprevir has a similar safety profile

– Across treatment-naive and treatment-experienced 

patients

– In Phase 2 and 3 studies

• Safety data pooled across Phase 2 and 3 studies

• Focus on Phase 3 studies

AE, adverse event; PR, pegylated-interferon and ribavirin.

CS-4

General Safety
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CS-5

Safety Population

• Total telaprevir exposure in 3,819 patients

• Pooled data from three Phase 3 studies

− Genotype 1 HCV treatment-naive and prior 

treatment-experienced patients with 

compensated liver disease

− 1,797 patients randomized to any T/PR

− 493 patients randomized to Pbo/PR

• T/Pbo phase

Pbo, placebo; t, telaprevir.

CS-6

Patient Disposition and Reasons 
for Discontinuation

Patients, n (%)

Study drug DC type

T/PR

N = 1797

Pbo/PR

N = 493

Completed 1277 (71.1) 252 (51.1)

Discontinuation 520 (28.9) 241 (48.9)

AE 209 (11.6) 34 (6.9)

Virologic endpoint 190 (10.6) 185 (37.5)

Death 0 1 (0.2)

Other 30 (1.7) 6 (1.2)

Noncompliant 64 (3.6) 9 (1.8)

Withdrew consent 7 (0.4) 2 (0.4)

Lost to follow-up 16 (0.9) 4 (0.8)

Ineligible to continue 4 (0.2) 0

Discontinuation of treatment regimen.
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CS-7

Summary of AEs

Patients, n (%)

Type of AE

T/PR

N = 1797

Pbo/PR

N = 493

AEs 1773 (98.7) 474 (96.1)

SAEs 99 (5.5) 11 (2.2)

AEs of Grade 3 / severe 420 (23.4) 62 (12.6)

AEs leading to permanent DC of 

Any T/Pbo 296 (16.5) 20 (4.1)

All study drugs 119 (6.6) 17 (3.4)

SAE, serious adverse event.

CS-8

Review of Adverse Events 
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CS-9

Incidence of highlighted AEs was ≥ 5% higher in T/PR vs Pbo/PR group.

AEs in ≥ 20% of Patients

Patients, n (%)

Preferred term

T/PR

N = 1797

Pbo/PR

N = 493

Fatigue 998 (55.5) 245 (49.7)

Pruritus 840 (46.7) 137 (27.8)

Nausea 704 (39.2) 138 (28.0)

Headache 657 (36.6) 171 (34.7)

Influenza-like illness 516 (28.7) 127 (25.8)

Rash 597 (33.2) 86 (17.4)

Anemia 590 (32.8) 66 (13.4)

Insomnia 458 (25.5) 116 (23.5)

Diarrhea 458 (25.5) 86 (17.4)

Pyrexia 392 (21.8) 110 (22.3)

CS-10

Incidence of highlighted AEs was ≥ 1.5% higher in T/PR vs Pbo/PR group.

AEs ≥ Grade 3 or Severe
in ≥ 1.0% of Patients

Patients, n (%)

Preferred term

T/PR

N = 1797

Pbo/PR

N = 493

Anemia 99 (5.5) 3 (0.6)

Neutropenia 70 (3.9) 20 (4.1)

Fatigue 36 (2.0) 2 (0.4)

Rash 36 (2.0) 1 (0.2)

Leukopenia 32 (1.8) 7 (1.4)

Thrombocytopenia 18 (1.0) 1 (0.2)

Nausea 18 (1.0) 0
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CS-11AEs Leading to Permanent 
Discontinuation of T/Pbo
in ≥ 1.0 % of Patients

Patients, n (%)

Preferred term

T/PR

N = 1797

Pbo/PR

N = 493

Anemia 70 (3.9) 1 (0.2)

Rash 65 (3.6)      1 (0.2)

Fatigue 24 (1.3) 4 (0.8)

Nausea 15 (0.8) 5 (1.0)

Incidence of highlighted AEs was ≥ 1.0% higher in T/PR vs Pbo/PR group.

CS-12

Specific Adverse Event Analyses 
and Management
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CS-13

Rash

CS-14

Background and Approach

• Severe rash first reported in Phase 2

• Implemented Rash Assessment and 

Management Plan

– For severe rash

• Phase 2—DC of all study drugs

• Phase 3—DC of telaprevir alone; 

continue PR per clinical judgment

• External Rash Adjudication Panel performed 

detailed review of severe cases
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Potential Rash Mechanism

• Several investigations undertaken

–Metabolite characterization

–HLA and P-gp analyses

–Exposure/response relationship

• No mechanism identified

HLA, human leukocyte antigen; P-gp, P-glycoprotein.

CS-16

Summary of Rash Special Search Category 
(SSC) Events

Patients, n (%)

Rash SSC events

T/PR

N = 1797

Pbo/PR

N = 493

AEs 1009 (56.1) 168 (34.1)

SAEs 12 (0.7) 0

AEs ≥ Grade 3 66 (3.7) 2 (0.4)

AEs leading to permanent DC of

T/Pbo 115 (6.4) 2 (0.4)

All study drugs 15 (0.8) 0
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CS-17

Onset, Progression, Resolution, and 
Management of Rash SSC Eventsa

• Earlier onset, higher 

incidence in T12/PR

• 93% mild/moderate

• 90% did not progress 

• Resolved on treatment 

completion or DC 

• Majority received topical 

corticosteroids and/or 

systemic antihistamines

BL 8 16 24 32 40 48

Time to onset of rash SSC events, weeks

1.0

0.8

0.6

0.4

0.2

0

Pbo/PR

T12/PR
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ro
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 o

f 
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a
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e
n

ts

a Placebo-controlled Phase 2/3 studies, overall treatment phase.

BL, baseline. 

CS-18

T/PR Severe Rash Characterization

• In the literature, PR-associated rash often 

described as eczematous

• Severe rash reported in 3.7% of patients (T/PR)

• Characterized as primarily eczematous, pruritic, 

spongiotic dermatitis involving < 30% BSA

– No evidence of vasculitis or type 1 

hypersensitivity reactions

– Rare cases had features possibly suggestive 

of severe skin reactions

BSA, body surface area.
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Severe Skin Reaction Characterization

• Adapted Registry of Severe Cutaneous Adverse Reactions 

scoring system

– Cases assessed as ‘possible’ not likely true cases

• Suspected 3 cases of SJS: all resolved

– 1 definite, unrelated to telaprevir

• Occurred 11 weeks after last dose of telaprevir while 

patient was on PR, bupropion, and naproxen

– 1 probable, 1 possible 

• Suspected 11 cases of DRESS: 10 resolved, 1 resolving but 

later lost to follow-up

– 1 definite, 2 probable, 8 possible

– Predominant features: fever, rash, and eosinophilia

– Organ involvement absent in 9, unconfirmed in 2

DRESS, drug reaction with eosinophilia and systemic symptoms; SJS, Stevens-Johnson Syndrome.

CS-20

Rash Management

• Monitoring required for all rash events

• Guidance on symptomatic treatment

• Guidance for identification and distinction of

– Mild/moderate rash

– Severe rash

• Rare severe skin reactions

• Severe rash required

– DC of telaprevir alone; could not be reduced/restarted

– PR continued per clinical judgment

• Rare severe skin reactions required

– Permanent DC of all study drugs

• T/PR rash leading to permanent DC of all study drugs

– 5.2% (Phase 2) vs 0.8% (Phase 3) 
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CS-21

Anemia

CS-22

Mean Hemoglobin (g/dL) Over Timea

16

15
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12

13

11

Pbo/PR
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W8Time, weeks
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T12/PR

a Placebo-controlled Phase 2/3 studies, overall treatment phase.

FU, follow-up; SE, standard error 

Nadir
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CS-23

Lowest Post-Baseline Hemoglobin Nadir

Patients, n (%)

Hemoglobin, g/dL

T/PR

N = 1797

Pbo/PR

N = 493

8.5 to < 10 484 (27.3) 58 (11.9)

< 8.5 169 (9.5) 14 (2.9)

Total < 10 653 (36.8) 72 (14.8)

CS-24

Potential Anemia Mechanism

• Nonclinical

– Repeat-dose toxicity studies: suggested 

extravascular hemolysis; accompanied by a 

regenerative response

– In vitro human RBC mechanistic evaluations: 

no direct effects 

• Clinical

– Exposure/response: suggested a relationship 

between ≥ Grade 2 hemoglobin decline and telaprevir, 

Peg-IFN, and RBV exposures

– Mean RPI: suggested peripheral destruction of RBCs 

and decreased RBC production may both contribute

Peg-IFN; pegylated-interferon; RBC, red blood cell; RBV, ribavirin; RPI, reticulocyte production index.
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Summary of Anemia SSC Events

Patients, n (%)

Anemia SSC events

T/PR

N = 1797

Pbo/PR

N = 493

AEs 642 (35.7) 82 (16.6)

SAEs 35 (1.9) 1 (0.2)

AEs ≥ Grade 3 105 (5.8) 3 (0.6)

AEs leading to RBV dose 

reduction
420 (23.4) 49 (9.9)

AEs leading to permanent DC of 

T/Pbo 76 (4.2) 2 (0.4)

RBV 39 (2.2) 2 (0.4)

All study drugs 24 (1.3) 2 (0.4)

CS-26

Anemia Management

• Guidance on hemoglobin monitoring

• Required

– RBV dose modification per the label

– DC of telaprevir per clinical judgment; could 
not be reduced/restarted

– DC of RBV also required DC of telaprevir

• Blood transfusions: 6% (T/PR) and 1% (Pbo/PR)

• ESAs not permitted in per protocola

– Use < 1.0% across treatment groups

a Study C216 in France allowed use of ESAs; however, all patients had completed telaprevir treatment.

ESA, erythropoietin stimulating agents.
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CS-27

Anorectal Signs and Symptoms

CS-28

Summary of Anorectal Signs and 
Symptoms SSC

Patients, n (%)

Anorectal SSC events

T/PR

N = 1797

Pbo/PR

N = 493

AEs 518 (28.8) 34 (6.9)

SAEs 1 (0.1) 0

AEs ≥ Grade 3 13 (0.7) 0

AEs leading to permanent DC of   

T/Pbo 7 (0.4) 0

All study drugs 4 (0.2) 0

• Anorectal AEs rarely severe, DC < 0.5%
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CS-29

Conclusions

CS-30

Telaprevir Safety Conclusions

• Total telaprevir exposure in 3,819 patients

• Addition of telaprevir to PR increased incidence of AEs

– Majority occurred in first 12 weeks

– Mainly mild to moderate 

– Did not generally lead to treatment DC

• Rash and anemia

– Increased incidence, severity, and treatment DC

– Well characterized

– Reversible and manageable

• Early recognition of rash and anemia facilitated 

characterization and development of management 

strategies tested in Phase 3
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CB-1

Telaprevir (VX-950)
Benefit Risk Assessment

Robert S. Kauffman, MD, PhD

Chief Medical Officer

Vertex Pharmaceuticals Incorporated

CB-2

Telaprevir—A Paradigm Shift in The 
Treatment of Genotype 1 HCV

• Significantly higher SVR rates with T12 regimen

– Treatment-naive patients

– Prior relapsers

– Partial and null responders 

– Groups with poor response to current treatment

• African Americans 

• Hispanics/Latinos

• Patients with advanced fibrosis

• 24-week treatment in ~ 2/3 of treatment-naive patients

– Results also support response-guided therapy for 

prior relapsers 

SVR, sustained virologic response.
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CB-3

Treatment Regimens by Patient Subgroups

T12/PR PR

Treatment-naive and relapsers

Null and partial responders

T12/PR PR

SVR
eRVR+: Follow-up

eRVR−

PR

SVR
Follow-up

SVR
Follow-up

Wk 12 Wk 24 Wk 48 Wk 72Wk 4

CB-4

Resistance Profile of Telaprevir Is 
Well-Characterized 

• Frequency of telaprevir-resistant variants

– Most patients who do not achieve SVR 

have resistant variants initially 

– 12% to 22% of all treated patients

• No cross resistance to DAAs with 

different MOAs

• Resistant variants tend to diminish over time

DAA, direct-acting antiviral; MOA, mechanism of action.
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CB-5

Risk Profile of Telaprevir Is 
Well-Characterized and Manageable

• Rash

– Mostly (> 90%) mild to moderate

– Primarily eczematous 

– Reversible after treatment completion

– Severe rash manageable with early recognition and 

sequential drug DC

– Instances of severe skin reactions were rare; resolved 

with treatment DC 

• Anemia

– Incremental 1g/dL decrease in hemoglobin 

– Responds to RBV dose reduction and, if necessary, 

RBV and telaprevir DC

– SVR not compromised by RBV dose reduction

AE, adverse event; DC, discontinuation.

CB-6

Patient and Physician Education

• Rash

• Anemia

• Contraindications, warnings and precautions

• Administration with food

• Dosing and adherence 

• Pregnancy and contraception

• Potential for drug-drug interactions 
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CB-7

Ongoing and Planned Future Studies

• Special populations

– African Americans

– Cirrhotics

– HIV/HCV co-infection

– Post-transplant

– Pre-transplant and hepatic 

decompensation

– Pediatrics (ages 3-17)

• Twice a day telaprevir dosing regimen

CB-8

Benefits of Telaprevir Greatly 
Outweigh the Risks

• Telaprevir results in significantly higher SVR 

rates vs current treatment

• 24-week duration appropriate for majority of 

treatment-naive patients and prior relapsers

– Shorter treatment duration reduces 

treatment burden

• Well-characterized safety profile

– Implemented practical management 

strategies for rash and anemia
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