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Executive Summary1-6: 
· Telaprevir is a member of the class of ketoamide protease inhibitors that inhibit viral replication by binding to the active site of the HCV non-structural protein 3 protease. Cross-resistance has been demonstrated with other similar protease inhibitors.
· Telaprevir is indicated in combination with peginterferon alfa and ribavirin for the treatment of genotype 1 chronic hepatitis C infection in adults with compensated liver disease (including cirrhosis) who are treatment-naive or who have previously been treated with peginterferon-alfa (PEG) and ribavirin, including prior relapsers, partial responders, and null responders. The recommended dose in adults is 750 mg orally (2 x 375 mg tablets) every 8 hours with food (not low fat) for the first 12 weeks of treatment, in combination with PEG/ribavirin. Duration of treatment is determined by the achievement of an extended rapid virologic response (eRVR), i.e., undetectability of HCV RNA at both Weeks 4 and 12 of treatment. This approach may allow for shorter treatment durations in treatment-naïve patients who have early virologic responses.
· The efficacy of telaprevir has been established in treatment-naïve and treatment-experienced patients with HCV genotype 1. In these trials, compared to standard peginterferon and ribavirin, telaprevir given with peginterferon and ribavirin produced over 30% higher sustained virologic response (SVR) rates in naïve patients and 30%-60% SVR rates in treatment-experienced prior relapsers, prior partial responders, and null responders. Consistently higher response rates were observed across all subgroups, including populations who are usually poor responders to current therapy, such as blacks, cirrhotics, and previous treatment non-responders. Relapse rates were also lower in telaprevir-treated subjects.
· The most common treatment related adverse events occurring with a ≥5% difference in the combined telaprevir/PEG/ribavirin arms compared with combined PEG/ribavirin control arms include rash, anemia, hemorrhoids, anorectal discomfort, anal pruritus, dysgeusia, dizziness, depression,and hyperuricemia. Rash was reported in 56% of subjects receiving telaprevir in combination with PEG/ribavirin, compared to 32% of control subjects receiving only PEG/ribavirin.  The rash generally resolved  over 4-6 weeks after telaprevir treatment ended, and was managed with oral antihistamines or topical steroids.  Rash required discontinuation in 6% of telaprevir-treated patients.  Anemia occurred in 33% of telaprevir-treated patients compared to 14% of peginterferon/ribavirin-treated patients. The use of telaprevir was associated with an additional 1g/dL decrease in hemoglobin beyond the mean 3 g/dL decrease observed with peginterferon/ribavirin alone. Other adverse events of note include ano-rectal disorders and hyperuricemia.
· Telaprevir is metabolized primarily by cytochrome P450 CYP3A4; it is a strong inhibitor of CYP3A4 and it is a substrate of P-gp. Caution should be used if telaprevir is coadministered with drugs metabolized primarily by CYP3A4
· Telaprevir exposure is reduced by 53% in patients with Child-Pugh B hepatic impairment ; telaprevir should not be administered to patients with moderate to severe hepatic impairment (Child-Pugh Class B or C)

· Telaprevir exposure may be greater in renally impaired patients. The effects of telaprevir in patients with CrCl<30 ml/min have not been sufficiently evaluated to determine whether it is safe and effective in these patients.  
Introduction      
The purposes of this monograph are to (1) evaluate the available evidence of safety, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating telaprevir for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1-3
Telaprevir is a member of the class of peptidomimetic ketoamide protease inhibitors that inhibit viral replication by creating a tightly bonded reversible inhibition complex between the ketoamide of telaprevir and the active site of the HCV non-structural protein 3 (NS3) protease. NS3 is an essential virally-encoded enzyme that cleaves the HCV polyprotein at specific sites to form the functional proteins required for viral replication.  The net effect is an interruption in post-translational processing which results in profound reductions in measurable HCV RNA.  Telaprevir has demonstrated potent in vitro antiviral activity against HCV genotypes 1a and 1b and showed additive antiviral activity when administered in combination with interferon alpha and ribavirin. Administration of telaprevir with peginterferon and ribavirin also minimizes the emergence of viral resistance.
Pharmacokinetics1-3 
Telaprevir has been shown to be additive to moderately synergistic with peginterferon and ribavirin. Telaprevir exhibits greater than dose proportional increases in exposure within the therapeutic dose range; it has time-dependent pharmacokinetics (PK), accumulating 2-fold at steady-state. In clinical trials, higher telaprevir exposure was weakly associated with increased sustained virologic response 24 weeks after the end of planned treatment.  Following multiple-dose administration of telaprevir in HCV-infected patients, there are three predominant metabolites (including  pyrazinoic acid and an R-diastereomer of telaprevir) present at >10% of total drug-related material at steady-state. No metabolite demonstrates antiviral activity comparable to the parent drug. Telaprevir is absorbed in the small intestine, with no evidence for absorption in the colon. Telaprevir had no activity in a HIV-1 protease enzyme and cell-based HIV 1/IIIB and HBV replication assays.
Food substantially increases exposure. The systemic exposure to telaprevir was increased by 237% when telaprevir was administered with a standard fat meal (containing 533 kcal and 21 g fat) compared to when telaprevir was administered under fasting conditions. Because the type of meal significantly affects exposure to telaprevir and doses of telaprevir were administered within 30 minutes of completing

a meal or snack containing approximately 20 grams of fat in the Phase 3 trials, telaprevir should always be taken with food (not low fat) to achieve optimal exposure. 
Telaprevir is metabolized primarily by cytochrome P450 CYP3A4.  Telaprevir is extensively metabolized in the liver, involving hydrolysis, oxidation, and reduction;  CYP3A4 is the major CYP isoform responsible for telaprevir metabolism. Telaprevir is a strong inhibitor of CYP3A4 and it is a substrate and inhibitor of P-gp. After oral administration telaprevir is moderately bound to plasma proteins. Telaprevir binds primarily to alpha 1-acid glycoprotein and albumin and the binding is concentration dependent, decreasing with increasing concentrations of telaprevir.
Table 1.  Pharmacokinetics of Telaprevir
	Parameter
	Telaprevir

	Cmax
	3510 ± 1280 ng/mL

	Cmin
	2030 ± 930 ng/mL

	Tmaxss 
	2.5 hours

	AUC8hr
	22,300 ± 8650 ng∙hr/mL

	T1/2
	9-11 hours at steady state

	Vd
	252 ± 181.9 L

	CL
	32.4 ± 8.8 L/hr

	Protein Binding
	Moderately (59-76%) bound to human plasma proteins

	Metabolism
	Hepatic primarily via CYP450 3A4

	Elimination
	Feces (82%) and minimal renal elimination (1%)


FDA Approved Indication1
Telaprevir, in combination with peginterferon alfa and ribavirin, is indicated for the treatment of genotype 1 chronic hepatitis C infection in adults with compensated liver disease (including cirrhosis) who are treatment-naive or who have previously been treated with interferon based treatments, including prior null responders, partial responders, and relapsers.
· Telaprevir must not be administered as monotherapy and must only be prescribed with both peginterferon alfa and ribavirin

· A high proportion of previous null responders (particularly those with cirrhosis) did not achieve a Sustained Virologic Response and had telaprevir resistance-associated substitutions emerge on treatment with telaprevir combination treatment

· Telaprevir efficacy has not been established for patients who have previously failed therapy with a treatment regimen that includes other HCV NS3/4A protease inhibitors

Current VA National Formulary Alternatives

Other FDA-approved VANF options for treatment of HCV genotype 1 infection include pegylated interferon alfa 2a or alfa 2b in combination with ribavirin.
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM intranet site only).
At this time, clinical trials are being conducted on the safety and efficacy study of telaprevir in patients coinfected with HIV and Hepatitis C (ClinicalTrials.gov identifier: NCT01332955).  Other potential off-label uses may be telaprevir in patients coinfected with Hepatitis B and Hepatitis C.  
Dosage and Administration1-3
The recommended dose in adults is 750 mg orally (2 x 375mg tablets) every 8 hours with food (not low fat).  
Telaprevir must be initiated in combination with peginterferon (either peginterferon alfa-2a 180 mcg/week or alfa-2b 1.5 mcg/kg/week) and ribavirin (in 2 divided doses) with food: <75 kg: 1000 mg/day or ≥75 kg: 1200 mg/day; alternative weight-based ribavirin dosing: <65 kg: 800 mg/day, 65-85 kg: 1000 mg/day, >85-105 kg: 1200 mg/day, >105 kg: 1400 mg/day. 

Telaprevir monotherapy results in rapid emergence of resistant isolates. 
Telaprevir must be administered with a high fat meal or snack containing at least 20 grams of fat.  The high fat meal or snack should be ingested within 30 minutes prior to each telaprevir dose. Examples of some foods include a bagel with cream cheese, 0.5 cup nuts, 3 tablespoons peanut butter, 1 cup ice cream, 2 ounces American or cheddar cheese, 2 ounces potato chips, or 1.5 cup trail mix.
The recommended treatment duration of telaprevir is 12 weeks in combination with peginterferon and ribavirin, plus an additional 12 or 36 weeks of peginterferon and ribavirin alone, depending on the subject’s treatment history and HCV RNA response. HCV-RNA levels should be monitored at weeks 4 and 12 to determine combination treatment duration and assess for treatment futility as described in Table 2. 
Prescriptions should be limited to a 28-day supply. Tablets can be stored at room temperature between 59-86ºF (15-30ºC). 
Table 2. Treatment Regimen and Duration of Therapy by Patient Population
	Population
	HCV RNA Assessmenta
	Regimen
	Total treatment duration

	
	Week 4
	Week 12
	Week 24
	
	

	Treatment-naïve (without cirrhosis)
OR
Prior Relapserb
	Undetectable
	Undetectable
	Undetectable 
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 12 weeks
	24 weeks

	
	Detectable but ≤1000 IU/mL
	Undetectable or Detectable but ≤1000 IU/mL
	Undetectable 
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 36 weeks
	48 weeks

	Compensated Cirrhosis 

(Treatment- naïve or 
-experienced)
OR

Prior Partial Responderc 

OR
Prior Null Responderd
	Undetectable or detectable but ≤1000 IU/mL
	Undetectable or detectable but ≤1000 IU/mL
	Undetectable
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 36 weeks
	48 weeks

	Treatment Futility
	If >1000 IU/mL,
discontinue all treatment
	If >1000 IU/mL,
discontinue all treatment
	Detectable at Week 24 or at any timepoint thereafter; discontinue all treatment
	See recommended monitoring for further details
	


aA sensitive real-time quantitative HCV RNA assay with a lower limit of detection of <10-15 IU/mL should be used for decision making to determine treatment duration with response guided therapy. 
bRelapser=undetectable HCV-RNA at end of prior treatment with a subsequent detectable HCV-RNA in plasma
cPartial responder=decrease in HCV-RNA viral load greater than or equal to 2-log10 by Week 12, but never achieved SVR
dNull Responder=decrease of <2 log10 in HCV viral load after 12 weeks of prior HCV therapy with peginterferon and ribavirin

PEG=peginterferon, riba=ribavirin
To prevent treatment failure, the dose of telaprevir must not be reduced or interrupted. If PEG/ribavirin treatment is discontinued for any reason, telaprevir must also be discontinued.

Hepatic Impairment:  Two hepatic impairment studies were conducted in non-HCV infected subjects with mild (Child-Pugh Class A) and moderate (Child-Pugh Class B) impairment. Hepatic impairment decreased telaprevir exposures in subjects with Child-Pugh Class A and Class B liver disease by 15% and 53%, respectively, compared to healthy controls. Because of reduced exposure to telaprevir in subjects with Child-Pugh Class B, subjects with Child-Pugh Class C have not been evaluated. Based on these data and the lack of information on appropriate dosing, telaprevir should not be administered to patients with moderate to severe hepatic impairment (Child-Pugh B or C, score greater than or equal to 7).   
Renal Impairment:  A single dose study of telaprevir in subjects with severe renal impairment demonstrated a 10% higher Cmax and 21% higher AUC compared to healthy controls. Based on these data, and due to telaprevir’s non-linear and time-dependent pharmacokinetics, exposure to telaprevir may be greater in renally impaired patients following multiple-dosing. Because this data has not been sufficiently evaluated, the impact of renal impairment on telaprevir PK and its clinical implication is not fully understood. Telaprevir has not been studied in HCV-infected patients with CrCl less than or equal to 50 mL/min, in patients with end-stage renal disease (ESRD) or on hemodialysis.
Efficacy1-7
The efficacy of telaprevir was established in one large, double-blind Phase 3 clinical study and one large open label partially randomized study conducted in treatment-naïve patients (ADVANCE and ILLUMINATE, respectively) and one large, double-blind Phase 3 clinical study conducted in treatment-experienced who had previously failed treatment with peginterferon and ribavirin (REALIZE). In these trials of HCV genotype 1 patients, the primary endpoint was sustained virologic response (SVR) defined as undetectable HCV RNA measured 24 weeks after the end of therapy. Multiple studies, including data from Veterans with chronic hepatitis C in VHA care, have shown that SVR is associated with a decreased risk of death or HCV-related liver disease. All studies were designed to establish the superiority of a telaprevir+peginterferon+ribavirin regimen to standard peginterferon+ribavirin. In these trials, 12 weeks of telaprevir given with peginterferon and ribavirin for 24 or 48 weeks produced significantly higher SVR rates compared with a standard 48-week course of peginterferon alfa-2b and ribavirin. The treatment benefit of adding telaprevir to PEG/riba appeared to be consistent across a broad spectrum of demographic and disease characteristic subgroups including subgroups associated with poorer response to PEG/riba (i.e, older age, males, minorities, subjects with higher BMI, subjects with high baseline viral load, and genotype 1a). The addition of 12 weeks of telaprevir to a peginterferon/ribavirin regimen decreased the relapse rate from 26% to 5% in treatment-naïve subjects and from 57% to 10% in experienced subjects. Only 2% of patients in these studies were over the age of 65, 9% were black, and 10% Hispanic/Latino. About 8% of naïve patients and 25% of treatment-experienced patients had cirrhosis at baseline.
ADVANCE1-5
In this study of treatment-naïve patients, individuals were randomized to an initial regimen of either 8 or 12 weeks of telaprevir (T8 or T12) in combination with peginterferon plus ribavirin (PEG/riba) or a control regimen of -placebo plus peginterferon and ribavirin (PEG/riba48). A response-guided therapy (RGT) approach was incorporated and subjects who achieved undetectable HCV RNA after week 4 and 12 of treatment (extended rapid viral response, eRVR) were assigned to stop treatment with peginterferon plus ribavirin after 24 weeks; subjects without eRVR received 48 weeks of treatment with peginterferon plus ribavirin.  Of patients enrolled 58.9% were from North America,  9% were Black/African American,  15% had  F3 fibrosis , 6% F4 fibrosis, mean BMI was 26, mean age  was 49, and 58% had genotype 1a. Stopping rules were as follows: patients were to discontinue telaprevir and continue PEG/RIBA if week 4 HCV RNA was >1000 IU/mL, and were to discontinue all drugs if there was <2 log10 decrease in HCV RNA compared to baseline at week 12. Patients with detectable HCVRNA between week 24 – 36 were to discontinue all study drugs. 

SVR rates were significantly higher in the telaprevir treatment arms, 72% for T8/PEG/riba and 79% for T12/PEG/RIBA, compared to 46% for the PEG/RIBA48 control arm (<0.0001) as determined by the FDA analysis. Published reports of SVR rates were 69% for T8/PEG/riba and 75% for T12/PEG/RIBA, compared to 44% for the PEG/RIBA48 control arm (<0.001).   Subjects treated with a telaprevir regimen who had eRVR, and therefore had a 24-week planned treatment duration, had a high SVR rate and low relapse rate, suggesting that a 24-week treatment duration is sufficient for subjects with eRVR. In the published ADVANCE study, among patients with bridging fibrosis or cirrhosis,62% of patients in the T12/PEG/RIBA group and 33% in the PR group had a sustained virologic response. In ADVANCE, 57% of subjects had at least one RBV dose reduction with or without at least 1 dose interruption. RBV dose reduction did not adversely effect SVR (SVR 74% with no dose reduction and 81% with RBV dose reduction). Ribavirin dose reduction consisted of an initial reduction to 600mg.
The 12 week telaprevir regimen produced slightly higher overall SVR rates compared to the 8 week telaprevir regimen, higher SVR rates among subjects with demographic or disease characteristics associated with poorer response, and was associated with less on-treatment virologic failure.
ILLUMINATE1-3,6
This study of treatment-naïve patients was intended to confirm the utility of RGT by determining whether subjects who achieved an early response (eRVR) derived additional benefit from extending dosing with PEG/Riba to 48 weeks. All subjects initiated treatment with 12 weeks of telaprevir in combination with peginterferon/ribavirin. Those who achieved an eRVR were then randomized to either 24 or 48 weeks of total peginterferon/ribavirin treatment. Subjects who failed to achieve an eRVR were assigned to continue 48 weeks of peginterferon/ribavirin treatment after telaprevir. About 14% of subjects were black, 72% had genotype 1a, and 11% had cirrhosis. A total of 27% of patients discontinued treatment with almost all discontinuations occurring in those who received peginterferon/ribavirin for 48 weeks. The overall SVR rate in this study was 74%. Of the 65% of patients who achieved an eRVR, there were no significant differences in SVR rates between subjects achieving eRVR who received either 24 weeks (92% SVR) or 48 weeks (90% SVR) of peginterferon/ribavirin treatment. Of the 40% of subjects not achieving eRVR who received T12/PEG/Riba48, about 64% achieved SVR. Of those exhibiting an eRVR, the SVR rate for subjects with cirrhosis was 61.1% (11 subjects) in the T12/PEG/Riba24 group, and 91.7% (11 subjects) in the T12/PEG/Riba48 group. For subjects with advanced fibrosis (bridging fibrosis and cirrhosis) the SVR rates were 78.9% and 87.9%, in the T12/PEG/Riba24 and T12 PEG/Riba 48 arms, respectively. Relapse rates for subjects who completed treatment were low: 6.3% in the T12/PEG/Riba24/eRVR+ group, 0.8% in the T12/PEG/RIBA48/eRVR+ group, and 6.3% in the eRVR- T12/PEG/Riba48 group.
Overall, using the response-guided therapy approach, 58.4% of patients in ADVANCE and 65.2% of patients in ILLUMINATE achieved eRVR and were eligible for 24 weeks of total treatment, instead of 48 weeks standard treatment. Approximately 90% of patients with eRVR achieved SVR after 24 weeks of therapy. Although only 8% of PEG/Riba48 subjects achieved an eRVR, of those that that did there was a high success rate with 28/29 (97%) of these  patients achieving SVR. Extending the duration of PEG/Riba treatment to 48 weeks (T12/PEG/Riba48) in patients without an eRVR resulted in a significantly higher SVR rate (61%) than the corresponding subgroup receiving treatment with PEG/Riba alone (42%).
Substantial benefit, compared to standard therapy, was achieved in treatment-naïve patients who were black, Hispanic or Latino, had cirrhosis or bridging fibrosis, or had high baseline levels of HCV RNA.
Table 3. Efficacy in Treatment-Naïve Subjects: ADVANCE (Study 108) FDA Analysis
	Cohort
	Telaprevir 8 wks +RGT 24 or 48wks
(n=364)
	Telaprevir 12 weeks +RGT 24 or 48wks
(n=363)
	PR48 control
(N=361)

	SVR, Overall Cohort
	72% 
	79%
	46%

	eRVR acheived
	57%
	59%
	8%

	SVR with eRVR
	87%(179/207)
	92%(195/212)
	93%(27/29)

	SVR without eRVR
	52%(82/157)
	60%(90/151)
	42%(139/332)

	Bridging fibrosis (F3)
	58% (34/59)
	64% (33/52)
	35% (18/52)

	Cirrhosis (F4)
	42% (11/26)
	71% (15/21)
	38% (8/21)

	Blacks
	60% (24/40)
	62%(16/26)
	29% (8/28)

	Hispanic/Latino
	68%(30/44)
	77% (27/35)
	40% (15/38)

	Genotype 1a
	69% (145/210)
	74% (157/213)
	42%(88/208)

	Genotype 1b
	76%(115/151)
	85%(127/149)
	52%(78/151)

	Discontinued treatment
	26%
	29%
	44%


.
REALIZE1-3,7
This study enrolled patients who had previously failed treatment with pegylated interferon and ribavirin: previous partial responders (≥ 2 log10 decline in viral RNA at week 12, but never achieving undetectable HCV RNA) and relapsers (undetectable HCV RNA at the end of therapy, but detectable HCV RNA during 24 week follow-up) and prior null responders (< 2 log10 decline in HCV RNA at week 12 of prior therapy). The total treatment duration was 12 weeks with telaprevir or placebo
concurrent with 48 weeks of peginterferon/ribavirin for all patients in the study. One arm of this study also evaluated the effect of a 4 week lead-in period with peginterferon/ribavirin before the telaprevir treatment phase. The rationale for inclusion of the 4 week lead-in was to assess the effect of a short initial course of treatment with peginterferon/ribavirin on the frequency of emergence of resistant strains during telaprevir exposure and on overall treatment efficacy. Of patients enrolled 7% were Black/African American,  22% had  F3 fibrosis , 27% F4 fibrosis, mean BMI was 27, mean age was 50 years, 53% had genotype 1a, 27% were null responders, 19% partial responders, and 53% relapsers. Of prior relapsers, 23% discontinued triple drug treatment versus 10% in the peginterferon/ribavirin arm; of prior non-responders, 34% discontinued triple drug treatment versus 58% in the peginterferon/ribavirin arm.  
Lead-in treatment for 4 weeks with peginterferon/ribavirin before telaprevir treatment in a prior treatment failure population did not improve SVR rates over a simultaneous start and these groups were pooled in the FDA analyses. The SVR rates for the pooled T12/PEG/Riba48 groups (65%) were significantly higher than peginterferon/ribavirin alone (17%), (p<0.001). Achievement of SVR was associated with the patient's prior response to treatment at study entry and varied according to prior treatment response: prior null responders 31% and 3%, prior partial responders 57% and 15%, and prior relapsers 84% and 22%, respectively for the T12/PEG/Riba48 and PEG/Riba48 groups. On-treatment virologic failure was more frequent in prior null-responders with genotype 1a HCV. The relapse rates in subjects in the T/PEG/Riba groups were 7% to 9% in subjects with prior relapse, 27% to 28% in subjects with prior partial response and 30% to 31% in subjects with prior null response.
Table 4. Efficacy in Treatment-Experienced Subjects: REALIZE (Study C216) FDA Analysis
	Cohort
	Telaprevir 12 weeks + 48wks PEG/Riba

(n=266)

	Lead-in + Telaprevir 12 weeks + 48wks PEG/Riba
(n=264)
	PEG/RIBA48 control
(n=132)

	SVR, Overall Cohort
	65%
	67%
	17%

	Relpasers
	84%(122/145)
	88%(124/141)
	22%(15/68)

	Null responders
	31%(22/72)
	33%(25/75)
	5%(2/37)

	Prior Partial Responder
	61%(30/49)
	56%(27/48)
	15%(4/27)

	Bridging Fibrosis (F3) prior relapsers /partial responders/null responders
	86%(31/36)/71%(5/7)/ 47%(8/17)
	85%(22/26)/46%(5/11)/38%(8/21)
	13%(2/15)/0%(0/5)/0%(0/9)

	Cirrhosis (F4) prior relapsers /partial responders/null responders
	82%(23/28)/ 33%(6/18)/ 19% (5/26)
	86%(25/29)/36%(5/14)/8%(2/24)
	7% (1/15)/ 20%(1/5)/ 10%(1/10)

	Blacks, prior relapsers /partial responders/null responders
	86%(6/7)/ 50%(1/2)/ 50%(1/2)
	
	67%(2/3)/ 33%(2/6)/ 0%(0/2)


Resistance1-3 

Clinical virology results from clinical studies of telaprevir in combination with peginterferon and ribavirin have shown a clear and consistent resistance profile across HCV genotype 1 

treatment-naive and peginterferon and ribavirin treatment experienced patients. Sequence analyses in patients not achieving an SVR with a telaprevir-based regimen consistently identified amino acid substitutions at four positions in the NS34A protease region that were associated

with decreased sensitivity to telaprevir: V36A/M, T54A/S, R155K/T, A156S/T/V, and V36M+R155K. Phenotypic characterization of these HCV NS3 variants determined that lower-level resistance to telaprevir (3- to 25-fold decrease in IC50)  was conferred by V36A/M, T54A/S, R155K/T, and A156S, and higher-level resistance to telaprevir (>25-fold decrease in IC50) was conferred by A156T/V and V36M+R155K. Resistance-associated variants (RAVS)  had a decreased replication capacity compared to wild-type (effect greater with A156V/T than V36M+R155K).
Predominant baseline resistance to telaprevir is rare (< 1% to 2.7%). On-treatment virologic failure during telaprevir treatment is associated with higher-level telaprevir-resistant variants, and occurs more frequently in genotype 1a compared to 1b. Virologic failure rates on treatment with telaprevir plus peginterferon and ribavirin are low in treatment-naive patients, and prior relapser patients, but are higher for prior nonresponder patients. Relapse is generally associated with wild-type or lower-level resistant variants. 
Telaprevir treatment emergent resistance substitutions emerged in the majority of isolates from subjects who did not achieve SVR. Overall, telaprevir-resistant variants were observed in 12% of treatment-naïve patients and 22% of treatment-experienced patients, after therapy with a telaprevir-containing regimen. Resistant variants were observed in 80% of subjects who did not achieve an SVR in the REALIZE study. Data suggest that resistance emerges during the first 12 weeks of teparevir use and the role of ongoing peginterferon and ribavirin is to eliminate these resistant variants. Resistant variants tend to be replaced by wild-type virus over time in the absence of telaprevir selective pressure; after a median follow-up of 46 weeks, 66% of patients in the naïve trial who had resistant variants at the post-nadir time point no longer had resistant variants detected. Kaplan Meier estimates of the median time to loss of detectable resistant variants varied by NS3 position and ranged from 13 to 44 weeks. In the treatment-experienced trial, 58% of subjects with resistant variants at the post-nadir time point no longer had resistant variants detected by population sequencing after a median follow-up time of 46 weeks. At this time there are no data on re-treatment of patients who have failed a telaprevir-containing regimen with another direct acting antiviral agent. The long term implication of these resistance mutations is unknown. There is cross resistance with boceprevir.
Careful virologic monitoring is required to assess when treatment is futile and should be halted to avoid the emergence of resistance. Prompt follow-up of HCV RNA levels and assessment of therapy is necessary.
All treatment, including PEG/riba must be discontinued if any of the following occur:
· HCV RNA is >1000 IU/mL at week 4 or 12
· HCV RNA is detectable at week 24 or at any other timepoint thereafter
· HCV RNA rebounds (≥1 log10 increase from the nadir HCV RNA) at any time while on treatment
IL28B Pharmacogenetics1-3
Although not included as part of the original protocols, IL28B genotype was retrospectively determined in subsets of two Phase 2 trials and two Phase 3 trials. Samples from 42% (454/1088) of treatment-naïve patients were available and samples from 80% (527/662) of treatment-experienced subjects were available. Of note, the substudy population included very few African American subjects.  In both treatment-naïve and -experienced subjects, those with the C/T and T/T genotypes had higher SVR rates with telaprevir-containing regimens than peginterferon and ribavirin alone (Table 5). These results should be interpreted with caution because the sample size of some subgroups was small, results were obtained retrospectively, and the cohort may not fully represent the study population.

In treatment-naïve patients, telaprevir-based therapy more than doubled the rates of SVR in CT and TT subjects, and increased SVR rates in subject with CC genotype, compared with PEG/Riba therapy alone. Non-attainment of eRVR was associated with lower SVR rates across all IL28B genotypes, with the largest decrement in CT and TT subjects. Treatment-naïve CC subjects responded favorably to peginterferon and ribavirin alone, although SVR rates were higher for all of the telaprevir-containing regimens in this subgroup.

In treatment-experienced patients, the highest proportion of IL28B TT subjects was among prior null responders (28%) whereas the highest frequency of CC subjects was among prior relapsers (27%). Differences in SVR rates among IL28B CC, CT and CC subjects were only evident when the three subject subpopulations were pooled; however, SVR rates among CT and TT subjects were still high. In this retrospective analysis, IL28B genotype did not contribute to outcome prediction in prior treatment-failure subjects treated with a telaprevir-based regimen.
Table 5. Treatment Comparisons by IL28B Genotype and Treatment 
	Regimen
	SVR 

	
	CC Genotype
	CT Genotype
	TT Genotype

	
	ADVANCE (naïve)

	Telaprevir12 PEG/riba 
	45/50 90%
	48/68 71%
	16/22 73%

	Telaprevir8 PEG/riba
	38/45 84%
	43/76 57%
	19/32 59%

	PEG/riba
	35/55 64%
	20/80 25%
	6/26 23%

	
	REALIZE (experienced)

	Telaprevir12PEG/riba48
	31/41 76%
	84/134 63%
	21/37 57%

	Telaprevir12(DS)PEG/riba48
	29/35 83%
	76/132 58%
	28/43 65%

	Pooled Telaprevir12PEG/riba
	60/76 79%
	160/266 60%
	49/80 61%

	Prior relapse
	88%
	86%
	85%

	Prior partial
	63%
	58%
	71%

	Prior null
	0%
	29%
	31%

	PEG/riba
	5/17 29%
	9/58 16%
	4/30 13%

	Prior relapse
	33%
	20%
	30%

	Prior partial
	20%
	20%
	0%

	Prior null
	ND
	6%
	7%


       PEG/riba= peginterferon/ribavirin
Adverse Events (Safety Data)1-7
The safety profile of telaprevir has been characterized in more than 1700 patients who received telaprevir at the proposed clinical dose of 750 mg three times daily in combination with peginterferon alfa and ribavirin. Telaprevir is associated with two key toxicities: skin reactions (rash and pruritus) and anemia, events that were common, sometimes severe, and in some cases treatment-limiting. Other events of interest include ano-rectal disorders and hyperuricemia. The most frequent adverse events observed in >20% of subjects of all grades regardless of attribution during the telaprevir dosing period were fatigue, pruritus, nausea, headache, influenza-like illness, rash, anemia, insomnia, diarrhea, and pyrexia. Other AEs that were reported at a rate of more than 5% in the telaprevir-treated arms  included hemorrhoids, anorectal discomfort, anal pruritus, and dysgeusia, dizziness, depression , and hyperuricemia likely related to hemolysis. 
Rash was reported in 56% of subjects receiving telaprevir compared to 32% of PEG/riba48 subjects. The rash is typically eczematous, maculopapular, and papular-lichenoid, and in many cases accompanied by pruritus. Most involved ≤30% body surface area. Histologically, the rash appeared as spongiform dermatitis, with predominantly lymphocytic or eosinophilic perivascular infiltration. The appearance and histopathology of the rash is comparable to the rash associated with peginterferon and ribavirin, although often is increased in severity and extent.  Rash generally resolved over 4-6 weeks after telaprevir treatment ended. Patients should be monitored until the rash has resolved.  Telaprevir must not be reduced or restarted if discontinued due to rash. In most subjects, the rash was mild to moderate in severity, but was severe (e.g., at least Grade 3, a generalized rash or rash with vesicles or bullae or ulcerations other than SJS,) in 4% of subjects and resulted in discontinuing telaprevir in about 7% of subjects. Telaprevir-associated rash usually occurred within the first 16 to 20 days of treatment. Fewer than 1% of subjects experienced StevensJohnson Syndrome (SJS) or Drug Related Eruption with Systemic Symptoms (DRESS); no subjects died of rash-related complications. In the trials, rash was managed by discontinuation of telaprevir (6%), discontinuation of the entire regimen (1%), and/or use of oral antihistamines (9%), topical steroids (10%) or systemic corticosteroids (3%).  No data are available to assess effectiveness of these medication interventions. Treatment of rash with systemic corticosteroids is not recommended due to significant drug interactions. In treatment-experienced subjects, rash events occurred more frequently in telaprevir-treated subjects with cirrhosis compared to no cirrhosis (62% versus 48%), and Caucasians compared to Blacks/African Americans (52% versus 21%).
Anemia is a known ribavirin-related toxicity exacerbated by the addition of telaprevir. Use of telaprevir further decreased hemoglobin levels by an additional ~1.0-1.5 g/dL compared to levels seen with peginterferon/ribavirin alone (mean overall decline in hemoglobin of 4 g/dL). Subjects treated with telaprevir had a higher frequency of anemia overall (36% versus 17%) and a higher frequency of any hemoglobin level <10 g/dL (45% versus 27%) and <8.5 g/dL (14% versus 5%). There was also a higher frequency of hemoglobin reductions to Grade 3 (7.0 to <8.9 g/dL or any decrease > 4.5 m/dL) levels (55% versus 25%). Telaprevir use was also associated with more anemia-related SAEs (2.5% versus <1%) and a higher frequency of anemia-related discontinuations (3% versus <1%). Management of anemia in the clinical trials involved ribavirin dose reductions in accordance with the product labeling. If ribavirin had to be permanently discontinued for the management of anemia, telaprevir was also discontinued. In the telaprevir studies combined, 32% of patients had a ribavirin dose reduction, 6% interrupted ribavirin (and telaprevir) treatment, 6% received blood transfusion, and 1% received erythropoietin stimulating agents (ESAs). Of note, the use of ESAs was generally prohibited during the Phase 3 trials. In subjects treated with peginterferon alfa and ribavirin alone, there were two discontinuations and 12% underwent ribavirin dose modification due to anemia. Hemoglobin should be monitored prior to and at least every 4 weeks during telaprevir combination treatment. For the management of anemia, ribavirin dose reductions should be used as initial management. 
Ano-rectal events (hemorrhoids, pruritus ani, proctalgia, anal inflammation, perianal erythema, and anal discomfort) were reported by 15% to 26% of telaprevir-treated subjects compared to 5% of PEG/riba48 recipients. These events were pimarily mild to moderate in severity, rarely serious, and resulted in only a few incidents of study discontinuation.
. 

Hyperuricemia was more frequently reported in subjects receiving telaprevir. Elevations of bilirubin and uric acid were frequently observed and may be related to the excess breakdown of red blood cells in telaprevir-treated subjects with anemia.  A total of 13 subjects experienced clinical gout/gouty arthritis: 11 in telaprevir-treated subjects and 2 in PEG/riba-treated subjects (<1% for both regimens). During the telaprevir dosing period, substantially more telaprevir-treated subjects than PEG/riba48 subjects had elevated uric acid levels (73% compared to 29%). The steepest increase in uric acid levels occurred during the first two weeks of treatment. Bilirubin elevations occurred in 41% of telaprevir-treated subjects compared to 28% of PEG/riba48 subjects, and 4% and 2%, respectively, had Grade 3 or higher (>2.6 x ULN) elevations.
Table 6.  Adverse Events Reported in >2% of Subjects, Combined Analyses 

	
	Telaprevir arms (n=1797)
	PEG/riba arms (n=493)

	Subjects with one or more AEs
	99%
	96%

	Total SAEs
	5.5%
	2.2%

	AEs of Grade 3 / severe
	23%
	13%

	AEs resulting in discontinuation of telaprevir or placebo
	17%
	4%

	Rash
	56%
	32%

	Pruritus
	47%
	28%

	Nausea
	39%
	28%

	Anemia
	36%
	17%

	Diarrhea
	26%
	17%

	dizziness
	14%
	8%

	depression
	16%
	10%

	vomiting
	13%
	8%

	Hemorrhoids
	12%
	2%

	Ano-rectal discomfort
	11%
	3%

	Dysgeusia
	10%
	3%

	Lymphopenia <499/mm3
	15%
	6%

	Thrombocytopenia (<50,000mm3)
	3%
	1%

	Elevated uric Acid Grade 3(>12.1 mg/dL)
	7%
	2%

	Elevated bilirubin Grade 3 or higher (>2.6 x ULN)
	4%
	2%


Deaths2,3
In Phase 3 trials, there were no deaths among telaprevir-treated patients and one among patients receiving only peginterferon/ribavirin. 
In Phase 2 and 3 trials, there were five deaths among telaprevir-treated patients and four among patients receiving only peginterferon/ribavirin. None of the deaths among telaprevir-treated patients occurred during administration of telaprevir; the median time between the last dose of telaprevir and death was 323 days (range, 138-403 days).  Causes of death included pulmonary carcinoma, decompensated cirrhosis, upper respiratory tract infection, suicide, and a motor vehicle accident.  The only fatal event assessed as being potentially related to telaprevir was development of pulmonary carcinoma 96 days after the last dose of telaprevir.

Contraindications1
· Use of telaprevir as monotherapy

· All contraindications to peginterferon alfa and ribavirin also apply since telaprevir must be administered with peginterferon alfa and ribavirin. 
· Because ribavirin may cause birth defects and fetal death, telaprevir in combination with peginterferon alfa and ribavirin is contraindicated in pregnant women or in men whose female partners are pregnant or plan to become pregnant. 

· Coadministration with drugs that are highly dependent on CYP3A4/5 for clearance, and for which elevated plasma concentrations are associated with serious and/or life-threatening events. 

· Potent CYP3A4/5 inducers where significantly reduced telaprevir plasma concentrations may be associated with reduced efficacy. 

· Specific drugs which are contraindicated with telaprevir include rifampin, ergot derivatives, cisapride, St. Johns Wort, atorvastatin, lovastatin, simvastatin, pimozide, PDE5 Inhibitors, orally administered midazolam, and triazolam

Warnings and Precautions1
· Because telaprevir must be used in combination with peginterferon and ribavirin, all contraindications to peginterferon alfa and ribavirin also apply 
· Ribavirin may cause birth defects and/or death of the exposed fetus. Extreme care must be taken to avoid pregnancy in female patients and in female partners of male patients. Ribavirin therapy should not be started unless a report of a negative pregnancy test has been obtained immediately prior to initiation of therapy. Women of childbearing potential and men must use at least two forms of effective contraception during treatment and for at least 6 months after treatment has concluded. Routine monthly pregnancy tests must be performed during this time. 
· Hormonal contraceptives may be continued but may not be reliable during telaprevir dosing and for up to two weeks following cessation. Two effective non-hormonal methods of contraception, including intrauterine devices and barrier methods, should be used in women during treatment with telaprevir and concomitant ribavirin.
· Serious Skin Reactions - Serious skin reactions, including Drug Rash with Eosinophilia and Systemic Symptoms (DRESS) and Stevens-Johnson Syndrome (SJS) were reported in less than 1% of subjects who received telaprevir combination treatment compared to none who received peginterferon alfa and ribavirin alone. These serious skin reactions required hospitalization, and all patients recovered. The presenting signs of DRESS may include rash, fever, facial edema, and evidence of internal organ involvement (e.g., hepatitis, nephritis). Eosinophilia may or may not be present. The presenting signs of SJS may include fever,target lesions, and mucosal erosions or ulcerations (e.g., conjunctivae, lips). If a serious skin reaction occurs, all components of telaprevir combination treatment must be discontinued immediately and the patient should be promptly referred for urgent medical care.
· Rash - Patients with mild to moderate rashes should be followed for progression of rash or development of systemic symptoms. If rash progresses and becomes severe or if systemic symptoms develop, telaprevir should be discontinued. Peginterferon alfa and ribavirin may be continued. If improvement is not observed within 7 days of telaprevir discontinuation, sequential or simultaneous interruption or discontinuation of ribavirin and/or peginterferon alfa should be considered. If medically indicated, earlier interruption or discontinuation of ribavirin and peginterferon alfa should be considered. Patients should be monitored until the rash has resolved. Telparevir must not be reduced or restarted if discontinued due to rash.

· Anemia - The addition of telaprevir to peginterferon alfa and ribavirin is associated with an additional decrease in hemoglobin concentrations compared with peginterferon alfa and ribavirin alone. Hemoglobin should be monitored prior to and at least every 4 weeks during telaprevir combination treatment. For the management of anemia, ribavirin dose reductions should be used. If ribavirin dose reductions are inadequate, discontinuation of telaprevir should be considered. If ribavirin is permanently discontinued for the management of anemia, telaprevir must also be permanently discontinued. The dose of telaprevir must not be reduced and telaprevir must not be restarted if discontinued.
· Caution should be used when co-administering telaprevir with drugs metabolized primarily by CYP3A4 of which telaprevir is a strong inducer.
· HCV-RNA levels should be monitored at weeks 4 and 12 and as clinically indicated. Use of a sensitive real-time RT-PCR assay for monitoring HCV-RNA levels during treatment is recommended. The assay should have a lower limit of HCV-RNA quantification equal to or less than 25 IU/mL.

· Hematology evaluations (including white cell differential count) are recommended at weeks 2, 4, 8 and 12 or as clinically appropriate thereafter. Chemistry evaluations (electrolytes, serum creatinine, uric acid, hepatic enzymes, bilirubin, and TSH) are recommended as frequently as the hematology evaluations or as clinically indicated.

Pregnancy/Nursing Mothers1
· Pregnancy category B; However, ribavirin is category X and these drugs must be used in combination.
· Because telaprevir must be used in combination with ribavirin therapy (which is pregnancy category X), it should not be started unless a report of a negative pregnancy test has been obtained immediately prior to initiation of therapy. Systemic oral contraceptives may not be effective in women taking telaprevir; therefore, it is recommended that two alternative effective methods of contraception, including intrauterine devices and barrier methods, should be used in women during treatment with telaprevir and concomitant ribavirin.
· Nursing mothers:  It is not known whether telaprevir is excreted in human breast milk. 
Postmarketing Safety Experience

No data.

Sentinel Events

No data. 

Look-alike / Sound-alike (LA / SA) Error Risk Potential

The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

LA/SA for IncivekTM  Increlex, Imitrex, Invirase, Invernase

LA/SA for Telaprevir:  Telavancin, Tenofovir, Boceprevir

Drug-Drug Interactions1-3
Telaprevir is metabolized primarily by cytochrome P450 CYP3A4; it is a strong inhibitor of CYP3A4 and it is a substrate and inhibitor of P-GP. Time- and concentration-dependent inhibition of

CYP3A by telaprevir was observed in human liver microsomes. These results suggested the potential for drug interactions between telaprevir and substrates, inducers, and inhibitors of CYP3A. Clinical drug-drug interaction studies were performed to determine the PK parameters for telaprevir and co-administered drugs. Results from these studies show that telaprevir can affect the PK of co-administered drugs that are CYP3A substrates and/or transported by P-gp. Telaprevir PK may also be affected by inducers of CYP3A. In addition to metabolic drug interactions, protein displacement has been shown to occur both in vitro and in vivo during combination with telaprevir and may explain some of the observed lowered concentrations of telaprevir or the concomitant medication. Multiple drug interaction studies were done characterizing telaprevir’s effect on various CYP3A4 substrates and commonly used medications in patients with chronic HCV infection, including methadone, escitalopram, a combined oral contraceptive, digoxin, HIV antiretrovirals, immunosuppresants, atorvastatin, midazolam, and digoxin. In addition, the effects of potent CYP3A induction (rifampin) and inhibition (ketoconazole) on telaprevir PK were assessed in vivo. Drugs metabolized primarily by CYP3A4 may have increased exposure when administered with telaprevir, which could increase or prolong their therapeutic and adverse effects. Caution should be use if telaprevir is coadministered with drugs metabolized primarily by CYP3A4 that have a known narrow therapeutic index. If dose adjustments of concomitant medications are made during telaprevir treatment, they should be re-adjusted after administration of telaprevir is completed.
Specific drug interactions that have been studied are included in Table 7. Refer to package insert for specific listing of other potential drug-drug interactions.

Table 7.   Effect of the Co-administration of Agents on the Pharmacokinetics of Telaprevir
	
	Effect on telaprevir or concomitant drug
	Recommendations for dosage modifications

	alprazolam
	↑alprazolam
	Concomitant use of alprazolam and telaprevir increases exposure to alprazolam. Clinical monitoring is warranted.

	amlodipine
	↑amlodipine
	Exposure to amlodipine was increased when co-administered with telaprevir. Caution should be used and dose reduction for amlodipine should be considered. Clinical monitoring is recommended.

	Systemic corticosteroids
	↑ prednisone

↑ methyl-prednisolone

↓ telaprevir
	Systemic corticosteroids such as prednisone and methylprednisolone are CYP3A substrates. Since telaprevir is a potent CYP3A inhibitor, plasma concentrations of these corticosteroids can be increased significantly. Co-administration of systemic corticosteroids and telaprevir is not recommended.

Systemic dexamethasone induces CYP3A and can thereby decrease telaprevir plasma concentrations. This may result in loss of therapeutic effect of telaprevir. Therefore this combination should be used with caution or alternatives should be considered.

	Inhaled fluticasone or budesonide
	↑ fluticasone

↑ budesonide
	Concomitant use of inhaled fluticasone or budesonide and telaprevir may increase plasma concentrations of fluticasone or budesonide resulting in significantly reduced serum cortisol concentrations. Co-administration of fluticasone or budesonide and telaprevir is not recommended unless the potential benefit to the patient outweighs the risk of systemic corticosteroid side effects.

	digoxin
	↑ digoxin
	The lowest dose of digoxin should be initially prescribed. The serum digoxin concentrations should be monitored

	escitalopram
	↓ escitalopram
	SSRIs such as escitalopram have a wide therapeutic index, but doses may need to be adjusted when combined with telaprevir.

	HIV Antiviral Agents
	↑↓ HIV Protease Inhibitors
↓ efavirenz

↑ tenofovir

↓ telaprevir
	See package insert for details

	Hormonal contraceptives
	↓ ethinyl estradiol

↔ norethindrone
	Exposure to ethinyl estradiol was decreased when co-administered with telaprevir. Two effective nonhormonal methods of  contraception should be used during treatment with telaprevir.

	Immunosuppressants 
	↑ cyclosporine

↑ sirolimus

↑ tacrolimus
	See package insert for details

	ketoconazole
	↑ketoconazole

↑telaprevir
	Plasma concentrations of itraconazole, ketoconazole, or posaconazole may be increased in the presence of telaprevir. When co-administration is required, high doses of itraconazole or ketoconazole (greater than 200 mg/day) are not recommended.

Ketoconazole increases the plasma concentrations of telaprevir. Concomitant systemic use of itraconazole or posaconazole with telaprevir may increase plasma concentration of telaprevir.

	methadone
	↓ R-methadone
	Concentrations of methadone were reduced when co-administered with telaprevir. No adjustment of methadone dose is required when initiating co-administration of telaprevir. However, clinical monitoring is recommended as the dose of methadone during maintenance therapy may need to be adjusted in some patients.

	midazolam
	↑ midazolam
	Concomitant use of parenterally administered midazolam with telaprevir increased exposure to midazolam.  Co-administration should be done in a setting which ensures clinical monitoring and appropriate medical management in case of respiratory depression and/or prolonged sedation. Dose reduction for midazolam should be considered, especially if more than a single dose of midazolam is administered.


Pharmacoeconomic Analysis
A pharmacoeconomic analysis of telaprevir was not found in a review of the published literature.  
The VHA Public Health Strategic Health Care Group (PHSHG) has the following resource for VA facilities:  National Hepatitis C Registry Reports are generated from the national Clinical Case Registry (CCR) for Hepatitis C by the Center for Quality Management in Public Health (CQMPH).  The current reports describe basic demographics, mortality, treatment, conditions commonly seen in patients with hepatitis C and selected measures of clinic care. These reports are intended to provide information that will be of interest and use to providers and administrators of care as they plan and deliver services to Veterans with hepatitis C.  The 2010 report data are posted on intranet site at the following link.  http://vaww.hepatitis.va.gov/data-reports/ccr-index.asp  Choose the report and then scroll down to VISN/Facility specific data.
Acquisition Costs
Telaprevir FSS is $12,276.10 for 28 day supply while boceprevir FSS is $3,125.49 for 28 day supply.  Below tables provide cost of HCV therapy based upon duration of therapy.  
Table 8.  Cost of Telaprevir in combination with Pegylated interferon and Ribavirin for Chronic HCV Based on Duration of Treatment
	Population
	Regimen
	Total treatment duration
	Cost of HCV Therapya

	
	
	
	

	Treatment-naïve 

OR
Prior Relapser
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 12 weeks
	24 weeks
	$41,388

	
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 36 weeks
	48 weeks
	$45,948

	Treatment naïve with Cirrhosis
OR

Prior Partial Responder

OR

Null Responder
	Telaprevir plus PEG/riba for 12 weeks, 
then PEG/riba for an additional 36 weeks
	48 weeks
	$45,948


a Cost of Telprevir and PEG/riba (at an average adult dose of $190/week); FSS Pricing (May 2011)
Table 9.  Cost of Boceprevir in combination with Pegylated interferon and Ribavirin for Chronic HCV Based on Duration of Treatment
	Population
	Regimen
	Total

Treatment Duration
	Cost of HCV Therapya

	Treatment Naïve
	PEG/riba for 4 weeks, 

then boceprevir and PEG/riba for 24 weeks
	28 weeks
	$24,073

	
	PEG/riba for 4 weeks, 

then  boceprevir  and PEG/riba for 32 weeks,

then  PEG/riba for 12 weeks 
	48 weeks
	$34,124

	Treatment Naïve

Poorly Interferon Responsive
	PEG/riba for 4 weeks, 

then boceprevir and  PEG/riba for 44 weeks
	48 weeks
	$43,500

	Relapser/Partial Responder
	PEG/riba for 4weeks, 

then boceprevir and PEG/riba for 32 weeks
	36 weeks
	$31,844

	
	PEG/riba for 4weeks, 

then boceprevir and PEG/riba for 32 weeks 

then PEG/riba for 12weeks 
	48 weeks
	$34,124



	Null Responder
	PEG/riba for 4 weeks,

then boceprevir and PEG/riba for 44 weeks
	48 weeks
	$43,500

	Cirrhotics
	PEG/riba for 4 weeks,

then boceprevir and PEG/riba for 44 weeks
	48 weeks
	$43,500


a Cost of Boceprevir and PEG/riba (at an average adult dose of $190/week); FSS Pricing (May 2011)
Conclusions1-7
Telaprevir, a ketoamide inhibitor, is one of two drugs in this new class of agents to receive FDA approval for the treatment of adults with HCV genotype 1 who are treatment naïve or treatment-experienced with prior relapse or partial response to peginterferon and ribavirin. Telaprevir must be used in combination with peginterferon and ribavirin. Telaprevir is administered in combination with PEG/riba for the first 12 weeks of treatment and duration of PEG/riba reatment follows response-guided therapy and depending if the patient has achieved an eRVR, treatment duration may be shortened to 24 weeks.  Telaprevir demonstrated superiority to peginterferon/ribavirin in large, double-blind Phase 3 clinical studies .  Telaprevir given with peginterferon and ribavirin produced significantly higher SVR rates compared with a standard 48-week course of peginterferon and ribavirin..   SVR rates were about 30% higher among treatment-naïve patients and 30-60% higher among patients who had previously failed treatment. Consistently higher response rates were observed across populations who are usually poor responders to current therapy, such as blacks, cirrhotics, and previous treatment non-responders. Rash, anemia and ano-rectal disorders are the three events most reported more frequently than in PEG/riba control arms. Nausea, diarrhea, and hyperuricemia also occurred more commonly in telaprevir-treated patients. Serious SAEs occurred in 6% of telaprevir-treated patients versus 2% of PR-treated patients arms. Telaprevir is a strong reversible inhibitor of CYP4503A4 isoenzymes and a substrate of P-GP and has the potential for significant drug interactions.  
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