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Executive Summary1-5: 
· Boceprevir is a member of the class of ketoamide protease inhibitors that inhibit viral replication by binding to the active site of the hepatitis C virus (HCV) non-structural protein 3 protease. Cross-resistance has been demonstrated with other similar protease inhibitors.
· Boceprevir is indicated in combination with peginterferon alfa and ribavirin for treatment of chronic HCV genotype 1 infection in adult patients with compensated liver disease who are treatment naïve or who have previously failed interferon and ribavirin therapy. The recommended dose in adults is 800 mg orally (4 x 200mg capsules) every 8 hours with food initiated at week 5 immediately following a 4 week lead-in period with peginterferon alfa and ribavirin. Duration is generally determined by response guided therapy (RGT); use of RGT allows for shorter treatment durations in some patients who have early virologic responses.
· The efficacy of boceprevir has been established in treatment naïve and treatment experienced patients with HCV genotype 1. In these trials, compared to peginterferon and ribavirin therapy, boceprevir given with peginterferon and ribavirin produced 25%-30% higher sustained virologic response (SVR) rates in treatment- naïve patients and 38%-45% higher SVR rates in prior partial responders and prior relapsers. Consistently higher response rates were observed across populations who are usually poor responders to peginterferon alfa and ribavirin therapy, such as blacks, cirrhotics, and previous treatment failures. Relapse rates were also lower in boceprevir treated subjects.
· The most common treatment related adverse events occurring with a ≥5% difference in the combined boceprevir/PEG/ribavirin arms compared with combined PEG/ribavirin control arms include anemia, dysgeusia, nausea, diarrhea, and neutropenia. Anemia occurred in 49% of boceprevir treated patients compared to 29% of peginterferon/ribavirin treated patients. The use of boceprevir was associated with an additional 1g/dL decrease in hemoglobin beyond what is observed with peginterferon/ribavirin (an average of 4g/dL decline). Neutropenia and thrombocytopenia occurred to a lesser extent. The proportion of patients who discontinued treatment due to AEs was less in those who received boceprevir RGT (9%) compared with those receiving boceprevir plus peginterferon and ribavirin for 48 weeks (17%).
· Boceprevir is primarily metabolized by the aldoketoreductase-mediated pathway to ketone-reduced metabolites, and to a lesser extent, CYP3A4/5 mediated oxidative metabolism. Boceprevir is a strong reversible inhibitor of CYP450 3A4 isoenzymes and a moderate inhibitor of P-GP.  

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 boceprevir 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
Boceprevir is a member of the class of ketoamide protease inhibitors that inhibit viral replication by creating a covalently bonded reversible inhibition complex between the ketoamide of boceprevir and the active site of the HCV non-structural protein 3 (NS3) protease. The 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.  Boceprevir 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 boceprevir with peginterferon and ribavirin also minimizes the emergence of viral resistance.
Boceprevir exhibits less than dose-proportional increases in dose-ranging studies suggesting diminished absorption at higher doses. Accumulation is minimal and pharmacokinetic steady state is achieved after approximately 1 day of three times daily dosing. Food increases exposure by 40-60%. Bioavailability is similar regardless of meal type (high vs. low fat) or whether taken right before, during, or immediately following completion of the meal.
Boceprevir is administered as an equal mixture of two diastereomers which rapidly interconvert in plasma. The predominant diastereomer is pharmacologically active and the other diastereomer is inactive. Studies in vitro indicate that boceprevir primarily undergoes metabolism through the aldoketoreductase-mediated pathway to ketone-reduced metabolites that are inactive against HCV.
For the purposes of assessing the impact of intrinsic and extrinsic factors, a decrease in boceprevir trough concentration at 8 hours postdose of 50% or greater, or an increase in boceprevir area under the curve (AUC) of 2-fold or greater was considered a clinically meaningful alteration in boceprevir PK. No clinically significant differences in pharmacokinetic parameters were observed in patients with end-stage renal disease or in patients with varying degrees of stable chronic liver impairment. No dosage adjustment is required in patients with any degree of renal impairment or liver impairment. 
Table 1.  Pharmacokinetics of Boceprevir
	Parameter
	Boceprevir

	Cmax
	1,913 ng/mL

	Cmin
	90 ng/mL

	Tmaxss 
	2 hours

	AUC12hr
	6,147ng∙hr/mL

	T1/2 (terminal)
	3.4  hours 

	Vd
	772 L

	CL
	161 L/hr

	Protein Binding
	75% to human plasma proteins

	Metabolism
	Aldoketoreductas-mediated pathway to ketone-reduced metabolites, and to a lesser extent, CYP3A4/5 mediated oxidative metabolism

	Elimination
	Feces (79%) and urine (9%)


FDA Approved Indication1
Boceprevir is indicated in combination with peginterferon alfa and ribavirin for treatment of chronic HCV genotype 1 infection in adult patients with compensated liver disease, including cirrhosis, who are treatment naïve or who failed prior interferon and ribavirin treatment.
· Boceprevir in combination with peginterferon and ribavirin has not been studied in patients documented to be historical null responders (less than a 2-log10 HCV-RNA decline by treatment week 12) during prior therapy with peginterferon alfa and ribavirin.  The indication for use in these patients is based upon mathematical modeling. 
· Poorly interferon responsive patients who were treated with boceprevir in combination with peginterferon alfa and ribavirin have a lower likelihood of achieving a SVR, and a higher rate of detection of resistance-associated substitutions upon treatment failure, compared to patients with a greater response to peginterferon alfa and ribavirin. 
Potential Off-label Uses8
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 boceprevir in patients coinfected with HIV and hepatitis C (ClinicalTrials.gov identifier: NCT00959699 and NCT01335529).  Other potential off-label uses may be boceprevir in patients coinfected with hepatitis B and hepatitis C.  

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.
Dosage and Administration1-3
The recommended dose in adults is 800 mg orally (4 x 200mg capsules) every 8 hours with food initiated at week 5 of treatment following a 4 week lead-in period with peginterferon alfa and ribavirin. 

Boceprevir has been approved for administration according to a specific response guided therapy (RGT) algorithm. Therapy is initiated with peginterferon and ribavirin for the first 4 weeks of treatment (peginterferon/ribavirin “lead in” period) prior to adding boceprevir:

Weeks 1-4: peginterferon (either peginterferon alfa-2a 180 mcg/week or alfa-2b 1.5 mcg/kg/week) plus 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.
Beginning at Week 5: Boceprevir 800 mg orally (4 x 200mg capsules) every 8 hours) with food plus pegylated interferon alfa plus ribavirin 
Prescriptions should be limited to a 28-day supply.  Boceprevir capsules should be refrigerated until dispensed. Once dispensed, the capsules can be stored at room temperature up to 25°C (77°F) for 3 months.
Treatment duration is guided by patient characteristics and on-treatment HCV RNA response at weeks 4, 8, 12, 24, and 36 or at other timepoints as clinically indicated as described in Table 2. 
Table 2. Duration of Therapy Using Response Guided Therapy (RGT) for Boceprevir Regimens
	Population
	HCV RNA Assessment at Treatment Weeka
	Regimen
	Total 

treatment duration

	
	Week 8
	Week 12
	Week 24
	
	

	Treatment Naïve
(without cirrhosis)
	Undetectable
	Undetectable
	Undetectable
	PEG/riba for 4 weeks, 

then boceprevir and PEG/riba for 24 weeks
	28 weeks

	
	Detectable
	Undetectable

OR Detectable <100 IU/mL
	Undetectable
	PEG/riba for 4 weeks, 
then  boceprevir and PEG/riba for 32 weeks, then  PEG/riba for 12 weeksb 
	48 weeks

	Treatment Naïve

Poorly Interferon Responsive 

(defined as HCV RNA decline  <1.0 log10 at week 4)
	Undetectable  OR Detectable
	Undetectable

OR Detectable <100 IU/mL


	Undetectable


	PEG/riba for 4 weeks, 
then boceprevir and  PEG/riba for 44 weeks
	48 weeks

	Prior Relapserc/Partial Responderd
	Undetectable
	Undetectable


	Undetectable
	PEG/riba for 4weeks, 
then boceprevir and PEG/riba for 32 weeks
	36 weeks

	
	Detectable
	Undetectable

OR Detectable <100 IU/mL
	Undetectable
	PEG/riba for 4weeks, 
then boceprevir and PEG/riba for 32 weeks, 
then PEG/riba for 12weeks 
	48 weeks

	Prior Null Respondere
	Undetectable OR Detectable
	Undetectable

OR Detectable <100 IU/mL
	Undetectable
	PEG/riba for 4 weeks, 

then boceprevir and PEG/riba for 44 weeks
	48 weeks

	Compensated Cirrhosis
(Treatment-naïve or -experienced)
	Undetectable OR Detectable
	Undetectable

OR Detectable <100 IU/mL
	Undetectable
	PEG/riba for 4 weeks,

then boceprevir and PEG/riba for 44 weeks
	48 weeks

	Treatment Futility
	NA


	If ≥100 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. 
b Discontinuation of boceprevir at week 36 is supported by modeling but was not directly studied in the clinical trials.  Following a 4 week lead-in with PEG-RIBA, the addition of boceprevir to PEG-RIBA for 44 weeks achieved higher SVR compared to 24 weeks in late responders (detectable HCV RNA at week 8) in the registration trials.
cRelapser=undetectable HCV-RNA at end of prior treatment with a subsequent detectable HCV-RNA in plasma; 
dPartial responder=decrease in HCV-RNA viral load greater than or equal to 2-log10 by Week 12, but never achieved SVR; 
eNull Responder=decrease of <2 log10 in HCV RNA after 12 weeks of prior HCV therapy with peginterferon and ribavirin; Boceprevir was not studied in null responders; this population was excluded from the Phase 2/3 study of patients who had previously failed treatment.  Efficacy data and FDA labeling for this population is based solely on mathematical modeling
PEG=peginterferon; riba=ribavirin; NA=not applicable 
Hepatic Impairment:  No dosage adjustment is necessary for patients with mild, moderate, or severe hepatic impairment.    
Renal Impairment:  No dosage adjustment is necessary for patients with renal impairment or end-stage renal disease.  
Efficacy1-5
The efficacy of boceprevir was established in two large, double-blind Phase 3 clinical studies conducted in treatment-naïve patients (SPRINT-2) and patients who had previously failed treatment with peginterferon and ribavirin (RESPOND-2). In both trials, the primary endpoint was SVR defined as undetectable HCV RNA (< 10 IU/mL) measured 24 weeks after the end of therapy. Both trials for boceprevir included a 4-week lead-in treatment period with peginterferon alfa-2b and ribavirin prior to addition of boceprevir in each of the treatment arms. Three treatment arms were included: (1) 48-weeks of peginterferon/ribavirin (PEG/riba) as the standard of care control, (2) boceprevir response-guided treatment (RGT) arm, and (3) boceprevir added to a standard 48-week course of PEG/riba (BOC/PEG/riba 48). In these trials, boceprevir given with peginterferon alfa-2b and ribavirin produced significantly higher SVR rates compared with a standard 48-week course of peginterferon alfa-2b and ribavirin. 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. Recent VA data indicates that 32% of Veterans with chronic hepatitis C are black and at least 15% have cirrhosis. Approximately half of patients in boceprevir RGT arms received a shorter duration of therapy, and SVR rates were superior to 48-weeks of PEG/riba. 

SPRINT-25
In this study of treatment naïve patients, two separate population cohorts were enrolled: Cohort 1- non-black subjects, and Cohort 2-black subjects. For the primary endpoint analysis, Cohorts 1 and 2 were combined. The RGT arm in this study consisted of 24 weeks of boceprevir in combination with PEG/riba (after the 4 week PEG/riba lead-in period). For subjects with undetectable HCV RNA at week 8 through week 24 (early responders), all 3 drugs were stopped at week 28. Those with detectable HCV RNA at week 8 but undetectable at week 24 (late responders), boceprevir was stopped at week 28 and subjects received an additional 20 weeks of PEG/riba and placebo. Efficacy results are shown in table 3.  Therapy was halted if HCV RNA was detectable after 24 weeks of therapy.  For patients with incomplete virological responses, virologic breakthrough or an incomplete virologic response and rebound while receiving therapy, boceprevir treatment could be discontinued, but PEG/riba could be continued for up to 48 weeks with appropriate clinical follow-up.
SVR rates in the two boceprevir treatment arms (RGT and boceprevir/PEG/riba 48) were compared to evaluate whether short treatment duration is as efficacious as 48-week duration among both early and late responders. In early responders, SVR rates were 96% both for patients in the RGT arm (completed treatment with 24 weeks of boceprevir and 28 weeks total) and for the corresponding patients in the fixed-duration therapy boceprevir/PEG/riba 48 arm.  These results support the efficacy of short duration therapy among early responders.

In late responders, SVR rates were 72% for patients in the RGT arm (treated with 24 weeks of boceprevir and 48 weeks total) and 75% for the corresponding patients given fixed-duration therapy BOC/PEG/riba 48 (treated with 44 weeks of boceprevir and 48 weeks total). Of note, when 14 patients with a "false positive" HCV RNA result between week 8 and week 24 were excluded from the FDA analysis, the SVR rate among late responders in the RGT arm was 66%. FDA analyses suggest that treatment-naïve subjects with detectable HCV RNA at week 8 but undetectable at week 24 (i.e., late responders) may benefit from receiving a longer duration (for example, 32 or 44 weeks of boceprevir plus PEG/riba), rather than boceprevir plus PEG/riba through week 28, followed by PEG/riba alone to week 48.
Table 3. Efficacy in Treatment-Naïve Subjects (SPRINT-2) 
	Cohort
	PEG/riba

48 week control
	Boceprevir Response Guided Therapy
(24 weeks boceprevir plus 28 or 48 weeks PEG/riba)
	Boceprevir/PEG/riba

48 week 
(44weeks boceprevir plus 48 weeks PEG/riba)
	P value 
(Boceprevir arms vs PEG/riba)

	Overall Cohort
	38% (138/363)
	63% (233/368)
	66% (242/366)
	<0.0001a

	Early Responders
	na
	97% (156/161)
	96% (155/161)
	ns

	Late Responders
	na
	66% (45/68)
	75% (55/73)
	ns

	Metavir Fibrosis Score F0, F1,F2
	38% (124/328)
	67% (213/319)
	67% (211/313)
	

	Metavir Fibrosis Score F3,F4
	38% (9/24)
	41% (14/34)
	52% (22/42)
	

	Cirrhosis (Score F4)
	46% (6/13)
	31% (5/16)
	42% (10/24)
	

	Non-Black Cohort
	41% (126/311)
	67% (211/316)
	69% (213/311)
	<0.0001 a

	Early Responders
	na
	98% (143/146)
	97% (137/142)
	ns

	Late Responders
	na
	68% (38/56)
	74% (48/65)
	ns

	Black Cohort
	23% (12/52)
	42% (22/52)
	53% (29/55)
	0.044/0.004  

	Early Responders
	na
	87% (13/15)
	95% (18/19)
	ns

	Late Responders
	na
	59% (7/12)
	88% (7/8)
	ns


PEG/riba= peginterferon/ribavirin; aResult is same for each of the boceprevir-containing regimens compared to PEG/riba control arm
RESPOND-24
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). Prior null responders (< 2 log10 decline in HCV RNA at week 12 of prior therapy) were excluded from the trial. All subjects received a 4 week lead-in treatment phase with PEG/riba alone. In the RGT arm, subjects with an undetectable HCV RNA at week 8 through week 24 completed all therapy at week 36. Those with detectable HCV RNA at week 8, but undetectable HCV RNA at week 12 through week 24 received triple therapy through week 36, followed by an additional 12 weeks of PEG/riba alone (total of 48 weeks therapy). In all treatment arms, subjects with detectable HCV RNA (≥9.3 IU/mL) at week 12 discontinued all therapy for futility, and were considered treatment failures. Patients were mostly male (70%), with high HCV RNA (>800,000) and mean BMI of 28. Efficacy results are shown in table 4.
 SVR rates were statistically significantly higher in patients receiving a boceprevir-containing regimen compared to standard of care alone: 59% RGT, 66% BOC/PEG/riba 48 vs. 21% PEG/riba 48 control (p<0.0001 for both comparisons). Achievement of SVR was associated with the patient's prior response to treatment at study entry. Rates of SVR for prior relapsers were 29% in the control arm vs. 69% and 75% for RGT and BOC/PEG/riba 48 week, respectively. For prior non-responders, SVR rates were 7% in the control arm vs. 40% and 52% for RGT and BOC/PEG/riba 48, respectively.

SVR rates in the two boceprevir treatment arms (RGT and BOC/PEG/riba 48) were compared to evaluate whether short treatment duration is as efficacious as 48-week duration among both early and late responders. In early responders, SVR rates were 89% for patients in the RGT arm (treated with 32 weeks of boceprevir and 36 weeks total) and 97% for the corresponding patients in the fixed-duration therapy BOC/PEG/riba 48 week arm (treated with 44 weeks of boceprevir and 48 weeks total). In late responders, SVR rates were 79% for patients in the RGT arm (treated with 32 weeks of boceprevir and 48 weeks total) and 73% for the corresponding patients in the fixed-duration therapy BOC/PEG/riba 48 week arm.
Table 4. Efficacy in Treatment-Experienced Subjects (RESPOND-2) 
	Cohort
	PEG/riba

48 week control
	Boceprevir Response Guided Therapy 
(32 weeks boceprevir plus 36 or 48 weeks PEG/riba)
	Boceprevir/PEG/riba

48 week
(44 weeks boceprevir plus 48 weeks PEG/riba)
	P value 
(vs PEG/riba)

	Overall Cohort
	23% (18/80)
	59% (96/162)
	66% (107/161)
	<0.0001

	Early Responders
	na
	91% (62/68)
	97% (68/70)
	ns

	Late Responders
	na
	79% (27/34)
	73% (29/40)
	ns

	Metavir Fibrosis Score F0, F1,F2,F3
	24% (16/66)
	64% (85/132)
	66% (85/128)
	

	Cirrhosis (Metavir Fibrosis Score F4)
	0% (0/10)
	35% (6/17)
	77% (17/22)
	

	Non-Black Subset
	24% (16/68)
	58% (84/144)
	68% (97/142)
	ns

	Black Subset
	8% (1/12)
	61% (11/18)
	53% (10/19)
	ns

	Previous Non-responder (partial  Responder)
	8% (2/24)
	47% (21/45)

FDA analysis: 

40% (23/57)
	51% (24/47)
FDA analysis: 

52% (30/58)
	

	Previous Relapser
	33% (14/42)
	74% (64/87)
	75% (61/81)
	


 PEG/riba= peginterferon/ribavirin

Resistance1-3 
The potential for HCV to develop boceprevir resistance was evaluated in vitro and from population sequence data from HCV samples obtained from patients enrolled in Phase 2 studies. Putative boceprevir resistance associated variants (RAVs) in the NS3 protease domain (aa1-181), including the NS3/4a protease cleavage junctions, were identified by clonal sequencing. Boceprevir potency was reduced (2- to-10 fold) by the following RAVs: V36M, T54A, R155K, and V170A. A loss of potency (>50 fold) was observed with the RAV A156T. Replicons carrying the A156T variants were less fit than replicons carrying other RAVs. The fold increase in resistance for NS3 proteases harboring two or more RAVS was approximately equal to the product of fold resistances for the individual RAVs. 
Baseline sequence data were available for 980 of 1020 (96%) patients treated with boceprevir in the Phase 3 studies. Of these, 66/980 (7%) patients had viruses with RAVs detected at baseline. Treatment-emergent substitutions in boceprevir treated patients not achieving SVR occurred more frequently in those with genotype 1a (54%) than 1b (48%) and patterns differed. The following were most common in 1a: R155K (36%), V36M (33%), T54S (10%), V36M+R155K (23%); while the most common substitutions in 1b were T54A (20%), T54S (17%), I/V170A (15%), A156S (12%). The likelihood of having an SVR among persons with a < 2 log decrease after the 4 week lead-in was less among the persons with these RAVS compared to those without  (21% (3/14) vs 55% (283/434), however very few patients fit into this category.  Overall, SVR rates in patients with baseline resistance substitutions mirrored that of the patients without baseline RAVS (70% vs 73%).  At this time, there is no indication that resistance testing should be done prior to treatment.

The detection of post-baseline RAVs was highly associated with viral breakthrough (detectable HCV RNA after being undetectable) or incomplete virologic response (initial decrease in HCV RNA followed by ≥ 1 log10 increase from nadir); viruses isolated from 75% (18/24) of viral breakthrough patients and 92% (54/59) of incomplete virologic response patients displayed viruses with RAVs. RAVs were detected in viruses isolated from 41% (32/78) of relapsers. RAVs were detected with similar frequencies in RGT and BOC/PEG/riba treatment arms. Long-term follow-up analysis in patients who did not achieve SVR and had ≥1 boceprevir treatment-emergent substitution associated with treatment failure showed the following substitutions persisted in patients after >2.5years of follow-up: T54S (19%), R155K (19%), V36M (2%), any substitution (25%).
In treatment naïve subjects in SPRINT-2, relapse occurred in 9% of RGT treated subjects, 9% of boceprevir/PEG/riba 48 week subjects, and in 22% of PEG/riba patients.  Relapse rates in the black cohort were slightly higher: 12% of RGT treated subjects, 17% of boceprevir/PEG/riba 48 week subjects, and in 14% of PEG/riba patients, though numbers were small.  In treatment-experienced patients, relapse occurred in 14% of RGT treated subjects, 12% of boceprevir/PEG/riba 48 week subjects, and in 28% of PEG/riba patients. The long term implication of these resistance mutations is unknown. There is cross resistance with telaprevir.
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 peginterferon and ribavirin, should be discontinued if any of the following occur:

· HCV RNA ≥100 IU/mL at week 12 

· HCV RNA detectable at week 24 or at any other timepoint thereafter

· The 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 was genotyped in 62% of SPRINT-2 subjects and 66% of RESPOND-2 subjects and effect on treatment response was evaluated. In treatment-naïve subjects with the C/T and T/T genotypes, boceprevir-containing regimens resulted in significantly higher SVR rates than PEG/riba alone (p=0.005), whereas SVR rates did not differ significantly between the boceprevir-containing arms and PEG/riba alone in the C/C genotype subgroup. While SVR rates were similar for boceprevir-containing regimens and PEG/riba in treatment-naïve C/C subjects, responses to boceprevir occurred more rapidly in subjects with the C/C genotype in arms 2 and 3 relative to PEG/riba.  Over 96% of C/C subjects treated with boceprevir had undetectable HCV-RNA by week 8, whereas similar response rates were not achieved until week 24 for those treated with PEG/riba.  In treatment-failure subjects, IL28B genotype effects were less pronounced and thus treatment effects did not differ significantly based on IL28B genotype (P=0.60). These results are from retrospective subgroup analyses and should be interpreted with caution.
Table 5. Treatment Comparisons by IL28B Genotype and Treatment 
	
	SVR, n/N (%) 

	IL28B Genotype
	PEG/riba
	Boceprevir Response Guided Therapy
	Boceprevir/PEG/riba

48 week

	SPRINT-2 (naïve)

	C/C
	50/64 (78)
	63/77 (82)
	44/55 (80)

	C/T 
	33/116 (28)
	67/103 (65)
	82/115 (71)

	T/T 
	10/37 (27)
	23/42 (55)
	26/44 (59)

	RESPOND-2 (experienced)

	C/C 
	6/13 (46)
	22/28 (79)
	17/22 (77)

	C/T 
	5/29 (17)
	38/62 (61)
	48/66 (73)

	T/T 
	5/10 (50)
	6/11 (55)
	13/18 (72)


PEG/riba= peginterferon/ribavirin
Adverse Events (Safety Data)1-5
The safety profile of boceprevir has been characterized in more than 1500 patients who received boceprevir 800 mg three times daily in combination with peginterferon alfa-2b and ribavirin. 

Anemia and dysgeusia are the two events that were reported with a ≥20% difference in the combined BOC/PEG/riba arms compared with combined PEG/riba control arms; nausea, diarrhea, and neutropenia occurred with ≥5% difference. Dysgeusia was not severe or treatment-limiting. Overall, rash was reported with a similar incidence in boceprevir-containing treatment arms compared with PEG/riba and was described as the typical rash observed with ribavirin use. There were no reported cases of Stevens-Johnson syndrome/toxic epidermal necrolysis.

Boceprevir has an incremental effect on hematopoiesis beyond that seen with PEG/riba therapy which led to increased rates of anemia (incremental 1g/dL decline), and to a lesser extent neutropenia, compared to PEG/riba control. In the studies most dose modifications due to adverse effects occurred in the context of management of anemia (26% BOC/PEG/riba vs 13% PEG/riba) and neutropenia (12% BOC/PEG/riba vs 7% PEG/riba). Due to the increased incidence of anemia, the boceprevir-containing arms had a greater proportion of patients with ribavirin dose reduction (31%) and erythropoietin use (38%) than did the PEG/riba  control arm (18% and 19%, respectively). Patients receiving boceprevir were more likely to develop WHO Grade 3 (3% vs 1% control) and Grade 4 (<1% vs 0 control) decreases in hemoglobin concentration and to meet protocol-specified guidelines for dose reduction (hemoglobin 8.5 to <10 g/dL; 42% BOC/PEG/riba vs 26% PEG/riba) and study drug discontinuation (hemoglobin <8.5 g/dL; 7% BOC/PEG/riba vs 3% PEG/riba). In the Phase 2 dose finding studies, there was no correlation between boceprevir exposure (AUC, Cmax or Cmin) with hemoglobin decline and in Phase 3 PK/PD analyses boceprevir PK parameters were not significantly correlated with incidence of anemia but ribavirin PK parameters were. Anemia did not affect SVR rates. FDA analyses evaluated adverse events which may represent clinical manifestations of anemia and found dyspnea, dizziness and syncope to be slightly more common in boceprevir treated patients. Events such as MI and CVA were too infrequent to assess. 

Treatment-related neutropenia was reported by 23% of all patients in the BOC/PEG/riba arms and 18% in the PEG/riba arms of the key studies. Degree of neutropenia was also more severe (ANC<750) in patients receiving boceprevir requiring more dose modifications and drug discontinuations.  Granulocyte colony stimulation factor (GCSF) use occurred in 9% of boceprevir treated and 6% of PEG/riba treated subjects.  Coadministration of boceprevir with peginterferon resulted in a decrease in mean neutrophil counts, of approximately 1.5 to 2.8 x 109/L. Three boceprevir receiving patients experienced severe life threatening infections within two weeks of grade 3/4 neutropenia and two additional cases occurred in a Phase 2 open label trial.
In the pooled Phase 2 and Phase 3 boceprevir trials analyzed for safety, an increased number of subjects reported psychiatric symptoms of suicidal and homicidal ideation in boceprevir-containing arms (1%) as compared to control (<1%). Adverse events such as anxiety (19% vs. 15%), depression (29% vs. 26%) and insomnia (48% vs. 41%) were noted in a somewhat higher proportion of boceprevir-treated subjects compared to subjects treated with PEG/riba alone, respectively. 
The proportion of patients who discontinued treatment due to AEs was less in the RGT arm (9%) compared with the BOC/PEG/riba 48 arm (17%). The proportion of patients with hemoglobin values < 8 g/dL was lower in the RGT vs BOC/PEG/riba 48 arms (2% vs 8%) and mean duration of erythropoietin use was reduced by 46% among patients in the RGT arm compared with patients in the BOC/PEG/riba 48 arm. Among patients reporting moderate/severe depression, the mean duration of symptoms was shorter in the RGT arm compared to the BOC/PEG/riba arm (15 weeks vs 28 weeks).
Table 6.  Adverse Events Reported in >2% of Subjects, Combined Analyses 

	
	Boceprevir arms (n=1548)
	PEG/riba arms (n=547)

	Subjects with one or more AEs
	99%
	97%

	Total SAEs
	11%
	8%

	AEs resulting in discontinuation
	13%
	12%

	Dose modifications due to AEs
	39%
	24%

	Fatigue
	57%
	57%

	Anemia
	49%
	29%

	Nausea
	45%
	40%

	Headache
	44%
	43%

	Dysgeusia
	37%
	15%

	Chills 
	33%
	29%

	Diarrhea
	23%
	18%

	Neutropenia
	23%
	18%

	Thrombocytopenia (<50K)
	4%
	0%


PEG/riba= peginterferon/ribavirin

Deaths2,3
No clinically significant imbalance in the number of deaths was observed. A total of 8 deaths occurred during treatment; 4 in the boceprevir arms (4/1548) and 4 in the PEG/riba arm (4/547). Of the AEs that resulted in death, 6 were considered by the investigators to be unlikely related to study drugs and two were possibly related to study drug (one suicide each in the PEG/riba and BOC/PEG/riba arms, respectively). 
Contraindications1
· All contraindications to peginterferon alfa and ribavirin also apply since boceprevir must be administered with peginterferon alfa and ribavirin. 
· Because ribavirin may cause birth defects and fetal death, boceprevir in combination with peginterferon alfa and ribavirin is contraindicated in pregnant women and in men whose female partners are 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 boceprevir plasma concentrations may be associated with reduced efficacy. 
Warnings and Precautions1
· Pregnancy - 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. Systemic hormonal contraceptives may not be as effective in women while taking boceprevir. Two alternative effective methods of contraception, including intrauterine devices and barrier methods, should be used in women during treatment with boceprevir and concomitant ribavirin.
· Anemia - The addition of boceprevir to peginterferon alfa and ribavirin is associated with an additional decrease in hemoglobin concentrations compared with peginterferon alfa and ribavirin alone. Complete blood counts should be obtained pretreatment, and at weeks 4, 8, and 12, and should be monitored closely at other time points, as clinically appropriate. If hemoglobin is less than 10 g/dL, a decrease in dosage or interruption of ribavirin is recommended; and if hemoglobin is less than 8.5 g/dL, discontinuation of ribavirin is recommended.  
If ribavirin is discontinued secondary to adverse event(s), boceprevir should be discontinued to avoid the development of resistance.
· Neutropenia - The addition of boceprevir to peginterferon alfa and ribavirin may result in worsening of neutropenia associated with peginterferon alfa and ribavirin therapy alone. Complete blood count (with white blood cell differential counts) must be conducted in all patients prior to initiating boceprevir combination therapy. Complete blood counts should be obtained at weeks 4, 8, and 12, and should be monitored closely at other time points, as clinically appropriate. Decreases in neutrophil counts may require dose reduction or discontinuation of peginterferon alfa and ribavirin.
Pregnancy/Nursing Mothers1
· Pregnancy category B; However, ribavirin is category X and these drugs must be used in combination
· Nursing mothers:  it is unknown whether boceprevir 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 VictrelisTM: Vitrase
LA/SA for Boceprevir:  Telaprevir
Drug-Drug Interactions1-3
Boceprevir is a strong inhibitor of CYP3A4/5 and is partly metabolized by CYP3A4/5.  Boceprevir is also a moderate inhibitor and substrate of P-glycoprotein.  Refer to Prescribing Information for additional information on drug-interactions including drugs that are contra-indicated with boceprevir. 
· Drugs metabolized primarily by CYP3A4 may have increased exposure when administered with boceprevir, which could increase or prolong their therapeutic and adverse effects.   Boceprevir should not be coadministered with drugs metabolized primarily by CYP3A4 that have a known narrow therapeutic index.

· Coadministration of boceprevir with drugs that induce or inhibit CYP3A4/5 could decrease or increase exposure to boceprevir.
· Pharmacokinetic studies of concomitant administration of oral HCV protease inhibitor and oral contraceptive therapy have shown decreased levels of oral contraceptives and therefore, oral contraceptives may be ineffective with concomitant administration of boceprevir.
Table 7.   Effect of the Co-administration of Agents on the Pharmacokinetics of Boceprevir
	
	Effect on boceprevir
	Effect on concomitant drug
	Recommendations for dosage modifications

	Clarithromycin
	↔
	unknown
	none

	Drospirenone/ ethinyl estradiol
	↔
	↑Cmax 57%

↑AUC 99%
	

	Efavirenz
	↓Cmin 44%
	↔
	

	Ketoconazole
	↑Cmax 41%

↑AUC 131%
	
	

	Midazolam
	unknown
	↑AUC 5.3-fold
	Do not coadminister

	Ritonavir
	↔
	
	

	Tenofovir
	↔
	
	


Pharmacoeconomic Analysis

A pharmacoeconomic analysis of boceprevir 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
Boceprevir FSS is $3,125.49 for 28 day supply while telaprevir FSS is $12,276.10 for 28 day supply.  Below tables provide cost of HCV therapy based upon duration of therapy.  

Table 8.  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)
Table 9.  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)
Conclusions1-5
Boceprevir, a ketoamide inhibitor, is one of two drugs in this new class of agents to receive FDA approval for the treatment of adults with chronic HCV genotype 1 who are treatment naïve or failed prior treatment with peginterferon and ribavirin. Boceprevir must be used in combination with peginterferon and ribavirin. Duration of treatment follows response guided therapy and depending if the patient has an early or late virologic response, treatment duration may be shortened to 28 or 36 weeks.  Boceprevir demonstrated superiority in large, double-blind Phase 3 clinical studies compared with peginterferon/ribavirin.  Boceprevir given with peginterferon and ribavirin produced significantly higher SVR rates compared with a standard 48-week course of peginterferon and ribavirin.   SVR was about 30% higher among treatment-naïve patients and 35-45% higher among patients who had previously failed treatment. Consistently higher response rates were observed across populations who are usually poor responders to peginterferon and ribavirin therapy, such as blacks, cirrhotics, and previous treatment non-responders. Anemia and dysgeusia are the two events most reported more frequently than in peginterferon/ribavirin control arms. Nausea, diarrhea, and neutropenia also occurred more commonly in boceprevir treated patients. Serious SAEs occurred in 11% of boceprevir arms versus 8% of peginterferon/ribavirin arms. Most dose modifications due to adverse effects occurred in the context of management of anemia (26% BOC/PEG/riba vs 13% PEG/riba) and neutropenia (12% BOC/PEG/riba vs 7% PEG/riba). Boceprevir is a strong reversible inhibitor of CYP4503A4 isoenzymes and a moderate inhibitor of P-GP.  
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