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Executive Summary1-4: 
· Sofosbuvir is a nucleotide analog NS5B polymerase inhibitor.  Due to the difference in mechanism of action, cross-resistance with HCV protease inhibitors is not likely to occur. 
· Sofosbuvir is indicated for treatment of chronic HCV infection as a component of a combination antiviral regimen.  The efficacy of sofosbuvir has been established in patients with HCV genotype 1, 2, 3 or 4 infection, including those with hepatocellular carcinoma meeting Milan criteria (awaiting liver transplantation) and those with HCV/HIV-1 co-infection.
· The recommended dose in adults is 400mg mg orally every day in combination with ribavirin and peginterferon for Genotype 1 and 4 for 12 weeks.  Sofosbuvir in combination with ribavirin for 12 weeks and 24 weeks are recommended for Genotype 2 and 3, respectively.   Sofosbuvir in combination with ribavirin is also recommended for up to 48 weeks or until the time of liver transplantation, whichever occurs first, to prevent post-transplant HCV reinfection.  The prescribing information states that sofosbuvir and ribavirin for 24 weeks may be considered an option in Genotype 1 patients that are ineligible or intolerant to peginterferon.  
· The most common adverse events for sofosbuvir and ribavirin therapy were fatigue and headache while most common adverse events for sofosbuvir in combination with peginterferon and ribavirin were fatigue, headache, nausea, insomnia and anemia.
· Sofosbuvir is a substrate of drug transporter P-gp; drugs that are potent P-gp inducers in the intestine (e.g., rifampin, St. John’s wort) may significantly decrease sofosbuvir plasma concentrations.   
· Conclusion:   Sofosbuvir with PEG/riba for 12 weeks also provide high SVR12 rates with shorter duration of therapy for HCV Genotype 1patients.  Sofosbuvir in combination ribavirin represents first all-oral treatment option for HCV patients with Genotype 2 and 3 infections.  Sofosbuvir and ribavirin also represent the first direct acting antiviral regimen for pre-transplants who are awaiting liver transplantation.  
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 sofosbuvir 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/Pharmacokinetics1,2
Sofosbuvir is a direct acting antiviral; it is a member of the nucleotide analog NS5B polymerase inhibitors class.  Due to the difference in mechanism of action, cross-resistance with HCV protease inhibitors (e.g., simeprevir, boceprevir and telaprevir) is not likely to occur. 
Table 1.  Pharmacokinetics of Sofosbuvir and Metabolite 
	Parameter
	Sofosbuvir
	GS-331007 
(predominant circulating metabolite)

	Tmax
	0.5 – 2 hours
	2-4 hours

	AUC24hr at ss
	828 ng*hr/mL
	6790 ng•hr/mL

	T1/2 (terminal)
	0.4 hours  
	27 hours 

	Protein Binding
	61-65% 
	Minimal in human plasma

	Metabolism
	Extensively metabolized in the liver 
	Undergoes dephosphorylation 

	Elimination
	Feces (~14%) and urine (~80% with majority recovered as GS-331007)
	Renal clearance is major elimination pathway


FDA Approved Indication1
Sofosbuvir is indicated for the treatment of chronic HCV infection as a component of a combination antiviral regimen. 
· Sofosbuvir efficacy has been established in subjects with HCV genotype 1, 2, 3 or 4 infection, including those with hepatocellular carcinoma meeting Milan criteria (awaiting liver transplantation) and those with HCV/HIV-1 co-infection. 

· Sofosbuvir must not be used as monotherapy.  Treatment regimen and duration are dependent on both viral genotype and patient population 
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).
Potential off-label uses may be sofosbuvir in combination with simeprevir (or potential other HCV agents approved in future) with or without ribavirin; other potential off-label uses may be in patient populations that were not included in clinical trials including patients co-infected hepatitis B, post-liver transplant, decompensated cirrhosis.  Another potential off-label regimen may include sofosbuvir and PEG/riba for 12 weeks in HCV Genotype 2 and 3 patients.      

The following guidelines also recommend off-label regimens:

· Chronic Hepatitis C Virus (HCV) Infection: Treatment Considerations from the Department of Veterans Affairs National Hepatitis C Resource Center Program and the Office of Public Health. Available at http://vaww.hepatitis.va.gov  
· IDSA/AASLD Recommendations for Testing, Managing, and Treating Hepatitis C.   Available at http://www.hcvguidelines.org 

Current VA National Formulary Alternatives

Other direct acting antivirals include boceprevir or telaprevir.  Both boceprevir and telaprevir are restricted to CFU. 
Dosage and Administration1-2
Sofosbuvir 400mg orally once daily with or without food for 12 weeks plus peginterferon (either peginterferon alfa-2a 180 mcg/week or alfa-2b 1.5 mcg/kg/week) in combination with ribavirin (in 2 divided doses) with food: <75 kg: 1000 mg/day or ≥75 kg: 1200 mg/day) OR sofosbuvir and ribavirin.  FDA approved treatment regimen and duration based upon patient characteristics as described in the Table below.  
Table 2. FDA approved sofosbuvir containing regimens.  
	Population includes patients with or without cirrhosis as well as, HCV monoinfected or HCV/HIV-1 co-infected 
	FDA approved Regimens
	Total treatment duration

	
	
	

	HCV Genotype 1 
   Interferon-eligible

   Interferon-ineligible or intoleranta
	Sofosbuvir plus PEG/riba
Sofosbuvir plus ribavirin  
	12 weeks

24 weeks

	HCV Genotype 2
	Sofosbuvir plus ribavirin  
	12 weeks

	HCV Genotype 3
	Sofosbuvir plus ribavirin  
	24 weeks

	HCV Genotype 4
	Sofosbuvir plus PEG/riba
	12 weeks

	Patients with hepatocellular carcinoma awaiting liver transplantation 
	Sofosbuvir plus ribavirin  
	Up to 48 weeks or until the time of liver transplantation


a Interferon-ineligible or intolerant Genotype 1:  interferon-free treatment should only be given to patients in whom interferon intolerance or ineligibility is clearly documented and who have indications for urgent antiviral therapy where the risk of delaying treatment has a high likelihood of adverse outcomes.  Based on modest SVR rates in the populations studied along with the lack of data in both cirrhotics and treatment-experienced in Genotype 1, PBM recommends that sofosbuvir/ribavirin not be used. Interferon ineligible populations include patients with severe thrombocytopenia (platelet count <75,000/mm3); patients with severe depression not responsive to medical therapy (documented by mental health provider); patients with decompensated liver cirrhosis (i.e., Child class B or C); patients with auto-immune diseases that may be exacerbated by interferon-mediated immune modulation.
Hepatic Impairment:  No dosage adjustment is necessary for patients with mild, moderate or severe hepatic impairment.  No safety and efficacy available in HCV-infected patients with decompensated cirrhosis.
Renal Impairment:  No dosage adjustment is necessary for patients with mild or moderate renal impairment; sofosbuvir was not studied in patients with severe renal impairment (<30mL/min), end-stage renal disease or on hemodialysis.
Prescriptions should be limited no more a 28-day supply.  The prescribing information states to store sofosbuvir capsules in the original bottle in order to protect from light and at room temperature below 30°C (86°F).  Contact company for additional data on file regarding alternative storage and stability profile of sofosbuvir. 
Efficacy1-6
The FDA indication was primarily based upon four pivotal phase 3 trials and one phase 2b trial (Table 3); interim data from two additional on-going Phase 3 trials (VALENCE and PHOTON-1) were reviewed later in Prescription Drug User Fee Act (PDUFA) timeline due to sofobuvir’s breakthrough therapy designation.  The four pivotal phase 3 trials are summarized in the Appendix while several other studies (pre-transplant, VALENCE, PHOTON-1, COSMOS) are briefly described below.  Please refer to Office of Public Health HCV Infection Treatment Considerations for additional discussion of clinical trials.  Refer to Table 4 for summary of SVR12 in Phase 3 clinical trials. 
Table 3:  Clinical Trials supporting FDA indications 

	Clinical Trial
	Study
	Population
	Regimen

	Phase 3 
	GS-US-334-0110
(NEUTRINO)
	Genotype 1, 4, 5 and 6 Treatment naïve 
	Sofosbuvir, ribavirin and peginterferon for 12 weeks

	Phase 3 
	P7997-1231

(FISSION)
	Genotype 2 and 3
Treatment naïve
	Sofosbuvir and ribavirin for 12 weeks

	Phase 3 
	GS-US-334-0107

(POSITRON)
	Genotype 2 and 3
Intolerant, ineligible, or unwilling to take interferon
	Sofosbuvir and ribavirin for 12 weeks

	Phase 3
	GS-US-334-0108

(FUSION)
	Genotype 2 and 3

Treatment-experienced
	Sofosbuvir and ribavirin for 12 or 16 weeks

	Phase 2b 
	P7977-2025
	Pre-Transplant patients with HCC meeting Milan criteria 
	Sofosbuvir and ribavirin 24-48 weeks or until the time of liver transplantation

	Additional review later in the PDFUA review cycle as part of sofosbuvir’s breakthrough therapy designation 

	Phase 3
	GS-US-334-0133

(VALENCE)
	Genotype 2 and 3

Treatment-naïve or experienced
	Sofosbuvir and ribavirin with duration based upon Genotype (i.e, Genotype 2 for 12 weeks and Genotype 3 for 24 weeks)

	Phase 3
	GS-US-334-0123

(PHOTON-1)
	Genotype 1,2,3 HCV/HIV co-infected
Genotype 1 were treatment-naïve patients; Genotype 2 and 3 patients were treatment-naïve or experienced
	Sofosbuvir and ribavirin for 12 or 24 weeks


Table 4:  Primary efficacy endpoint (SVR12) in Phase 3 clinical trials

	SVR12
	Sofosbuvir & PEG/riba for 12 weeks
	Sofosbuvir & Ribavirin for 12 weeks
	Sofosbuvir & Ribavirin for 16 weeks
	Sofosbuvir & Ribavirin for 24 weeks

	NEUTRINO

Genotype 1

   Genotype 1a

   Genotype 1b

Genotype 4
	261/292 (89%)

206/225 (92%)
54/66 (82%)
27/28 (96%)
	
	
	

	FISSION
Genotype 2

Genotype 3
	
	69/73 (95%)

102/183 (56%)
	
	

	POSITRON

Genotype 2

Genotype 3
	
	101/109 (93%)

60/98    (61%)
	
	

	FUSION

Genotype 2

Genotype 3
	
	32/39 (82%)

19/64 (30%)
	31/35 (89%)

39/63 (62%)
	

	VALENCE
Genotype 2
Genotype 3
	
	93% (68/73)
	
	84% (210/250)

	PHOTON-1
Genotype 1

Genotype 2

Genotype 3
	
	88% (23/26)
	
	76% (87/114)

92% (12/13)


Pre-transplant 

In an open-label Phase 2 trial, the efficacy and safety of sofosbuvir and ribavirin was evaluated in HCV-infected patients with hepatocellular carcinoma (HCC) prior to liver transplantation to prevent HCV recurrence following liver transplantation.  Patients received sofosbuvir and ribavirin for 24-48 weeks or until the time of liver transplantation. Patients had to meet MILAN criteria for transplantation defined 1) presence of a tumor 5 cm or less in diameter in patients with single hepatocellular carcinomas OR 2) no more than three tumor nodules, each 3 cm or less in diameter in patients with multiple tumors AND 3) no extrahepatic manifestations of the cancer or evidence of vascular invasion of tumor.  An interim efficacy analysis (refer to Table 5) was conducted on 61 subjects who received sofosbuvir and ribavirin; 45 subjects had HCV genotype 1; study inclusion required Child-Pugh score < 7 and baseline unadjusted MELD score ≤14.  The median MELD was 8 for patients enrolled in study (unadjusted for the presence of hepatocellular cancer).  These data supported approval in pre-transplant population (Table 5).
Table 5. Efficacy Endpoint in Pre-transplant Patients 
	Outcomes 
	Sofosbuvir and ribavirin

(n=61)

	Primary efficacy endpoint

	Post-transplant virologic response (HCV RNA <LLOQ) at 12 weeks
	64% (23/36)

	Other endpoints

	HCV RNA < LLOQ at time of transplantation 
	90% (37/41)


LLOQ:  lower limit of quantification
VALENCE
In a Phase 3 trial conducted in Europe, the efficacy and safety of sofosbuvir and ribavirin was evaluated in HCV Genotype 2 and 3 treatment-naïve or -experienced patients.  HCV Genotype 2 patients received sofosbuvir and ribavirin for 12 weeks while Genotype 3 patients received regimen for 24 weeks.  The original protocol specified that Genotype 3 patients were to receive 12 weeks of therapy; however, this was modified to 24 weeks during the trial based upon results from Fusion (only 24 week data for Genotype 3 shown below).  Baseline demographics included 42% treatment-naïve, 21% with cirrhosis, 68% with non-CC IL28B, and 73% with baseline viral load ≥ 6 log10 IU/mL.  The SVR12 results supported longer treatment duration of 24 weeks for Genotype 3.
Table 6.  Efficacy endpoints (VALENCE)
	Outcomes 
	Genotype 2

Sofosbuvir and ribavirin 

for 12 weeks 

(n=73)
	Genotype 3

Sofosbuvir and ribavirin
for 24 weeks

(n=250) 

	Primary efficacy endpoint

	SVR
	93% (68/73)
	84% (210/250)

	Other endpoints

	On-treatment virologic failure
	0% (0/73)
	<1% (1/250)

	Relapse
	7% (5/73)
	14% (34/249)

	  Treatment-naïve
	3% (1/32)
	5% (5/105)

	  Treatment-experienced
	10% (4/41)
	20% (29/144)


Table 7.  SVR12 based upon subgroups (VALENCE)
	SVR12
	Genotype 2

Sofosbuvir and ribavirin 

for 12 weeks 

(n=73)
	Genotype 3

Sofosbuvir and ribavirin
for 24 weeks

(n=250) 

	Treatment-naïve
	97% (31/32)
	93% (98/105)

	   Non-cirrhotic
	97% (29/30)
	93% (86/92)

	   Cirrhotic
	100% (2/2)
	92% (12/13)

	Treatment-experienced
	90% (37/41)
	77% (112/145)

	   Non-cirrhotic
	91% (30/33)
	85% (85/100)

	   Cirrhotic
	88% (7/8)
	60% (27/45)


PHOTON-1
In an open-label, multi-center Phase 3 trial, the efficacy and safety of sofosbuvir and ribavirin was evaluated in HCV Genotype 1, 2 and 3 patients co-infected with HIV.  HCV Genotype 1 patients enrolled were treatment-naïve and received 24 weeks of treatment.  In comparison, HCV Genotype 2 and 3 patients enrolled were treatment-naïve and –experienced; the duration of therapy  was 12 weeks in treatment-naïve and 24 weeks in treatment-experienced (not all SVR12 results shown below).  For antiretroviral therapy, patients were required to have stable regimen with HIV-1 RNA < 50 copies/mL and CD4 count > 200cells/mm3.  Alternatively, patients could be enrolled without receiving antiretrovirals if CD4>500 cells/mm3.  Baseline demographics included 10% with cirrhosis, 78% with HCV RNA ≥6 log10 IU/mL, 66% with an IL28B non-CC genotype, mean CD4 count 625 cells/mm3, and 95% receiving antiretrovirals.  The SVR12 results (Table 8) supported the treatment option of sofosbuvir and ribavirin for 24 weeks in interferon-ineligible genotype 1 patients as well as, efficacy in the HCV/HIV co-infected patient population.
Table 8.  Efficacy endpoints (PHOTON-1) for select patient populations 
	Outcomes 
	Genotype 1

Sofosbuvir and ribavirin 

for 24 weeks 

Treatment-naive

(n=114)
	Genotype 2

Sofosbuvir and ribavirin 

for 12 weeks 

Treatment-naïve 

(n=26)
	Genotype 3

Sofosbuvir and ribavirin
for 24 weeks

Treatment-experienced

(n=13) 

	Primary efficacy endpoint

	SVR
	Genotype 1: 76% (87/114)

Genotype 1a: 82% (74/90)
Genotype 1b: 54% (13/24)
	88% (23/26)
	92% (12/13)

	Other endpoints

	On-treatment virologic failure
	1% (1/114)
	4% (1/26)
	0% (0/13)

	Relapse
	22% (25/113)
	0% (0/25)
	8% (1/13)


Simeprevir in combination with sofosbuvir (COSMOS) (Note:  This is a non-FDA approved regimen)4
The efficacy and safety of simeprevir is combination with sofosbuvir (with or without ribavirin) in HCV Genotype 1 is being been evaluated in a small on-going Phase II clinical trial (abstract only).  Patients enrolled were part of the following cohorts 1) prior null responders to PEG/riba with METAVIR score F0-F2 OR 2) treatment-naïve patients and prior null responders with METAVIR score F3-F4.   Patients were randomized to simeprevir 150mg once daily and sofosbuvir 400mg once daily with or without ribavirin for 12 or 24 weeks.  At the time of the published abstract, SVR12 results were only available in the cohort that included prior null responders to PEG/riba with METAVIR score F0-F2.  
Table 9.  SVR Rates at 4 and 12 weeks (COSMOS)

	SVR12
	Simeprevir and sofosbuvir without ribavirin 

for 12 weeks
	Simeprevir and sofosbuvir 

with ribavirin 

for 12 weeks
	Simeprevir and sofosbuvir without ribavirin 

for 24 weeks
	Simeprevir and sofosbuvir 

with ribavirin 

for 24 weeks

	SVR4

	Prior null responders to

PegIFN/RBV and METAVIR score F0-F2
	13/14 (92.9%)
	26/27 (96.3%)
	14/15 (93.3%)
	20/24 (83.3%)

	Treatment-naïve patients and prior null responders with METAVIR score F3-F4
	14/14 (100%)
	26/27 (96.3%)
	NA
	NA

	SV12

	Prior null responders to

PegIFN/RBV and METAVIR score F0-F2
	13/14 (92.9%)
	26/27 (96.3%)
	14/15 (93.3%)
	19/24 (79.2%)

	-Subgroup w/Q80K
	5/6 (83.3%)
	8/9 (88.9%)
	4/4 (100%)
	8/12 (66.7%)

	Treatment-naïve patients and prior null responders with METAVIR score F3-F4
	NA
	NA
	NA
	NA


NA: Not available; data presented in abstract and trial was on-going.

Lonestar-2

Another treatment option is sofosbuvir in combination with peginterferon and ribavirin for 12 weeks in treatment-experienced cirrhotic patients.  In the Lonestar-2 study, 22/23 (96%) HCV Genotype 2 treatment-experienced patients (55% had cirrhosis overall) achieved an SVR using this regimen, as did 83% (10/12) of non-cirrhotics and 83% of cirrhotics (10/12 with GT3 infection).  

Decompensated cirrhosis:

Safety and efficacy of sofosbuvir regimens have not been established in patients with decompensated cirrhosis.  Due to safety concerns, patients with decompensated liver disease should not receive a regimen containing peginterferon and/or NS3-4A protease inhibitor.  Studies are underway to evaluate the safety and effectiveness of sofosbuvir and ribavirin for up to 48 weeks for patients with decompensated cirrhosis. 
Post-liver transplant: 
Limited efficacy and safety data are available. Sofosbuvir plus ribavirin for 24 weeks has been evaluated in two small Phase II trials of post-transplant patients with HCV.  In one trial, SVR was achieved in 77% (31/40) of post-transplant patients.  In the other trial (a compassionate use program), SVR was achieved in 60% (19/32) in patients receiving sofosbuvir and ribavirin and 50% (6/12) in patients receiving sofosbuvir, ribavirin and peginterferon.  Because of the severity of the HCV disease in the patients at the time of treatment initiation, 15 patients died of progressive liver disease during treatment period.  
Adverse Events (Safety Data)1-2
The safety profile has been characterized in over 1200 patients who received sofosbuvir in combination with ribavirin with or without peginterferon in Phase 3 Clinical Trials.  Discontinuations due to adverse events occurred in ranged from <1-2% of patients treated with sofosbuvir regimens compared 4% treated with placebo and 11% treated with PEG/riba.  In HCV patients with Genotype 1, 4, 5 and 6, the most common adverse events were fatigue, headache, and nausea (Table 10).  In HCV patients with Genotype 2 and 3, the most common adverse events were fatigue, headache, insomnia and nausea (Table 10).  Hematologic laboratory abnormalities are shown in Table 11.  Non-hematologic laboratory abnormalities included elevations in bilirubin, creatine kinase, and lipase.  
Table 10.  Adverse events reported in ≥ 15% 
	
	Interferon-free Regimens
	Interferon-containing Regimens

	
	Sofosbuvir & Ribavirin for 12 weeks

(n=650)
	Sofosbuvir & Ribavirin 

for 24 weeks

(n=250)
	Placebo
(n=71)
	Sofosbuvir & PEG/riba 

for 12 weeks

(n=327)
	Peginterferon & Ribavirin 

for 24 weeks

(n=243)

	Fatigue
	38%
	30%
	24%
	59%
	55%

	Headache
	24%
	30%
	20%
	36%
	44%

	Nausea
	22%
	13%
	18%
	34%
	29%

	Insomnia
	15%
	16%
	4%
	25%
	29%

	Pruritus 
	11%
	27%
	8%
	17%
	17%

	Anemia
	10%
	6%
	0%
	21%
	12%

	Asthenia
	6%
	21%
	3%
	5%
	3%

	Rash
	8%
	9%
	8%
	18%
	18%

	Decreased Appetite
	6%
	6%
	10%
	18%
	18%

	Chills
	2%
	2%
	1%
	17%
	18%

	Influenza Like Illness
	3%
	6%
	3%
	16%
	18%

	Pyrexia
	4%
	4%
	0%
	18%
	14%

	Diarrhea
	9%
	12%
	6%
	12%
	17%

	Neutropenia
	<1%
	<1%
	0%
	17%
	12%

	Myalgia
	6%
	9%
	0%
	14%
	16%

	Irritability 
	10%
	10%
	1%
	13%
	16%


Table 11.  Hematologic Laboratory Abnormalities 

	
	Interferon-free Regimens
	Interferon-containing Regimens

	
	Placebo

12 weeks

N=71
	Sofosbuvir & Ribavirin

12 weeks

N=647
	Sofosbuvir & Ribavirin

24 weeks

N=250
	Sofosbuvir & PEG/Riba

12 weeks

N=327
	PEG/Riba

24 weeks

N=242

	Hemoglobin (g/dL)

	<10
	0
	8%
	6%
	23%
	14%

	<8.5
	0
	1%
	<1%
	2%
	2%

	Neutrophils (x109/L)

	≥0.5 to <0.75
	1%
	<1%
	0
	15%
	12%

	<0.5
	0
	<1%
	0
	5%
	2%

	Platelets (x109/L)
	
	
	

	≥25,000 to <50,000
	3%
	<1%
	1%
	<1%
	7%

	<25,000
	0
	0
	0
	0
	0


Deaths and Other Serious Adverse Events1-2
In the pivotal phase 3 clinical trials, 4 deaths occurred (3 of these deaths occurred in study follow-up period) but none were considered related to a sofosbuvir regimen.  In the pre-transplant trial, 5 deaths occurred and appeared to be related to underlying liver disease.  Serious adverse events occurred in 3.9% (22/566) of patients receiving sofosbuvir and ribavirin for 12 weeks, 3.1% (3/98) for sofsbuvir and ribavirin for 16 weeks and 1.2% (4/327) for sofosbuvir in combination with peginterferon and ribavirin for 12 weeks.  The SAEs that were considered related to study drug were anemia; peripheral edema and eczema; anemia and cryoglobulinemia; leukopenia and pyrexia.
Contraindications1
· All contraindications to peginterferon alfa and ribavirin also apply when sofosbuvir is administered with peginterferon alfa and/or ribavirin. 
· Because ribavirin may cause birth defects and fetal death, sofosbuvir in combination with peginterferon alfa and ribavirin is contraindicated in pregnant women and in men whose female partners are pregnant. 

Warnings and Precautions1
· Pregnancy: Ribavirin may cause birth defects and/or death of the exposed fetus; 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. 
· Drug interactions: Sofosbuvir is a substrate of drug transporter P-gp; drugs that are potent P-gp inducers in the intestine (e.g., rifampin, St. John’s wort) may significantly decrease sofosbuvir plasma concentrations.  
Special Populations
· Pregnancy Category

· Pregnancy category X when sofosbuvir is used with ribavirin and peginterferon (as ribavirin is pregnancy category X).  Sofosbuvir in combination with ribavirin and peginterferon should not be started unless a report of a negative pregnancy test has been obtained immediately prior to initiation of therapy. Two effective methods of contraception should be used during treatment with simeprevir and concomitant ribavirin, and for 6 months after treatment has concluded. Routine monthly pregnancy tests must be performed during this time.
· Pregnancy category B (sofosbuvir alone). 
· Nursing mothers: It is unknown whether sofosbuvir is excreted in human breast milk. 

· Hepatic Impairment: No dosage adjustment is necessary for patients with mild, moderate or severe hepatic impairment.  No safety and efficacy available in HCV-infected patients with decompensated cirrhosis.
· Renal Impairment: No dosage adjustment is necessary for patients with mild or moderate renal impairment; sofosbuvir was not studied in patients with severe renal impairment (<30mL/min), end-stage renal disease or on hemodialysis.
· Geriatrics:  Limited data in patients ≥ 65 years old; no dose adjustment is necessary in this age group.
· Patients with HCV/HIV-1 Co-infection: The safety and efficacy was assessed in 223 HCV/HIV-1 co-infected subjects. The safety profile in HCV/HIV-1 co-infected subjects was similar to that observed in HCV monoinfected subjects. 
· Pre-liver transplant: Close collaboration with the patient’s transplant center is necessary to determine the timing of treatment initiation.  Sofosbuvir and ribavirin have been evaluated in the pre-transplant setting in patients with HCC awaiting liver transplant; inclusion in this study required a Child-Pugh score <7 and the median MELD was 8 (unadjusted for the presence of hepatocellular cancer); the maximum unadjusted MELD among study participants was ≤ 14
· Post-Liver Transplantation:  Limited efficacy and safety data available. 
· HCV Genotype 5 or 6: Available data on subjects with genotype 5 or 6 HCV infection are insufficient for dosing recommendations

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:

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Sofosbuvir 400mg tab
	None

	None
	None

	Saquinavir
Simeprevir

	Sovaldi
	None
	None
	None
	Survanta

Cervidil


Drug-Drug Interactions1-2
Sofosbuvir is a substrate of drug transporter P-gp; drugs that are potent P-gp inducers in the intestine (e.g., rifampin, St. John’s wort) may significantly decrease sofosbuvir plasma concentrations.   Drugs that should not be coadministered include anticonvulsants (i.e., carbamazepine, phenytoin, phenobarbital, oxcarbazepine), antimycobacterials (i.e., rifabutin, rifampin, rifapentine), St. John’s wort, and tipranavir/ritonavir.  Refer to prescribing information for additional information.

Pharmacoeconomic Analysis

The VHA Office of Public Health 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 Population Health of the Office of Public Health.  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 2013 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
Refer to VA pricing sources for updated information.
Conclusions
Sofosbuvir in combination with PEG/riba for 12 weeks provides high SVR12 rates with shorter duration of therapy for HCV Genotype 1patients.  Sofosbuvir in combination ribavirin represents the first all-oral treatment option for HCV patients with Genotype 2 and 3 infections. These regimens are also approved for HIV/HCV co-infected patients.  Sofosbuvir and ribavirin also represents the first direct acting antiviral regimen for pre-transplants who are awaiting liver transplantation.  
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Appendix.  Clinical Trials

	Citation
	Phase 3 Clinical Trial: GS-US-334-0110 (NEUTRINO)1-3

	Study Goals
	Evaluate safety and efficacy of sofosbuvir in combination with PEG/riba compared to historical control (i.e., peginterferon and ribavirin) 

	Study Design
	Open-label, multicenter, single-arm phase 3 trial comparing sofosbuvir in combination with PEG/riba in HCV Genotype 1, 4, 5, or 6 patients who are treatment-naïve with compensated liver disease including cirrhosis compared to historical controls 

	Methods
	Treatment:

Sofosbuvir arm:  All patients received 12 weeks of sofosbuvir in combination with peginterferon alfa-2a and ribavirin (weight-based).  

Historical control arm:   Peginterferon and ribavirin with an SVR rate of 60% was used as historical control for statistical analysis.
Primary efficacy endpoint:  

· Sustained virologic response 12 weeks after the planned end of treatment (SVR12) in the intent-to-treat population.  

Secondary efficacy endpoints (select)
· Proportion of patients with on-treatment failure 

· Proportion of patients with viral relapse
Statistical analysis: 

· The study was designed to assess subjects who were administered sofosbuvir in combination with PEG/riba for 12 weeks achieved an SVR12 rate higher than 60% (i.e, historical SVR rate utilized for analysis).

	Criteria
	Refer to supplemental appendix of published article for comprehensive criteria

· Inclusion criteria

· Aged ≥ 18 years old

· Chronic HCV Genotype 1, 4, 5, or 6

· HCV RNA levels ≥ 10,000 IU/mL  
· Body mass index ≥ 18 kg/m2
Exclusion criteria
· Prior treatment for HCV with an interferon or ribavirin

· Liver disease of non-HCV etiology 

· HBV co-infection
· HIV co-infection
· HCC

· Contraindications to peginterferon or ribavirin
· Current or prior history of clinical hepatic decompensation (eg, ascites, jaundice,
encephalopathy, or variceal hemorrhage)

	Results
	Demographics

NEUTRINO 

N=327
Sofosbuvir with PEG/riba
Gender n (%)
Male
209 (64%)
Race n (%)
Caucasian

257 (79%)

Black

54 (17%)

Asian

7 (2%)

Other

9 (3%)

Hispanic or Latino
46 (14%)

Age (years)
Median (min, max)
54 (19, 70)
Baseline BMI

Mean (range)

29 (18-56)

Geographical Region

US
327 (100%)
IL-28B Genotype
CC

95 (29%)
CT

181 (55%)
TT

51 (16%)
HCV Genotype Subtype

1a

225 (69%)
1b

66 (20%)
4

28 (9%)

5

1 (<1%)

6

6 (2%)

Cirrhosis 
Number (%)

54 (17%)

HCV RNA log10 IU/mL
Mean 
6.4 ±0.7
≥800,000 IU/mL 
267 (82%)
Results of Primary and Select Secondary Efficacy Endpoints
Outcome
NEUTRINO 

N=327
Sofosbuvir with PEG/riba
Primary Efficacy Endpoint (SVR12)
Overall for Genotype 1 & 4
90% (295/327)
Genotype 1

89% (261/292)
    Genotype 1a
92% (206/225)
    Genotype 1b
82% (54/66)
Genotype 4 
96% (27/28)
Secondary Efficacy Endpoints
On-treatment failurea
0/327

Viral Relapse

9% (28/326)

aOn-treatment failure is defined as number of patients with detectable HCV RNA at end of therapy

SVR12 rates by Subgroups
Sofosbuvir with PEG/riba
Status of cirrhosis 

Non-cirrhosis

Cirrhosis

92% (252/273) 

80% (43/54) 

IL28B 

CC

Non-CC

98% (93/95) 

87% (202/232) 

Race

Black

Non-Black

87% (47/54)

91% (248/273)
Multiple Baseline Factors
Genotype 1, Metavir F3/F4 fibrosis, IL28B nonCC, HCV RNA>800,000 IU/mL

71% (37/52)


	Conclusion
	Sofosbuvir in combination with peginterferon and ribavirin for 12 weeks in treatment-naïve subjects with genotype 1 or 4 HCV infection was associated statistically significant higher proportion of subjects achieved SVR12 (90%, p < 0.001) compared with an historical SVR12 rate of 60%.  Cirrhosis and non-CC IL28B was associated with lower SVR12.  NEUTRINO was only conducted in treatment-naïve patients; the FDA extended indication to include treatment-experienced.  The FDA indicated an estimated response rate in treatment-experienced patients to be similar to those with multiple baseline factors associated with lower response to PEG/riba. 


	Citation
	Phase 3 Clinical Trial:  P7997-1231 (FISSION) 1-3

	Study Goals
	Evaluate efficacy and safety of sofosbuvir and ribavirin for 12 weeks compared to PEG/riba for 24 weeks 

	Study Design
	Open-label, multicenter, active-control phase 3 trial comparing sofosbuvir in combination with ribavirn in HCV Genotype 2 or 3 patients who are treatment-naïve with compensated liver disease including cirrhosis compared to peginterferon and ribavirin  

	Methods
	Treatment:

Sofosbuvir arm:  Patients received 12 weeks of sofosbuvir in combination with ribavirin (1000mg/day if body weight <75kg or 1200mg/day if body weight ≥75kg) for 12 weeks
Control arm:  Patients received peginterferon alfa-2a (180 mcg once weekly) and ribavirin (800mg/day) for 24 weeks   
Primary efficacy endpoint:  
· Sustained virologic response 12 weeks after the planned end of treatment (SVR12) 
Secondary efficacy endpoints

· Proportion of patients with on-treatment failure 

· Proportion of patients with viral relapse

Randomization

· 1:1 allocation ratio (sofosbuvir vs control) with stratification factors for HCV genotype  2 and 3 (in 1:3 ratio, respectively), screening HCV RNA level (<6 log10 IU/mL or  ≥6 log10 IU/mL) and presence/absence of cirrhosis
Statistical analysis: 
· Noninferiority:  If sofosbuvir/ribavirin group minus PEG/riba group in SVR12 was > -15%, then sofosbuvir/ribavirin was noninferior to PEG/riba.

	Criteria
	Refer to supplemental appendix of published article for comprehensive criteria

Inclusion criteria

· Aged ≥ 18 years old

· Chronic HCV Genotype 2 or 3

· HCV RNA levels ≥ 10,000 IU/mL
· Patients with Childs A cirrhosis may be included (up to 20% of patients randomized)
· Body mass index ≥ 18 kg/m2
Exclusion criteria
· Prior treatment for HCV with an interferon or ribavirin

· Liver disease of non-HCV etiology 

· HBV co-infection
· HIV co-infection
· HCC

· Contraindications to peginterferon or ribavirin
· History of consistent decompensated liver disease, including ascites, variceal hemorrhage, hepatic encephalopathy, hepatorenal syndrome, and hepatopulmonary syndrome, among others

	Results
	Demographics

Sofosbuvir and Ribavirin for 12 weeks

(n=256)

PEG/riba 

for 24 weeks

(n=243)

Gender n (%)
Male

171 (67%)
156 (64%)
Race n (%)

Caucasian

223 (87%)
212 (87%)
Black

12 (5%)
5 (2%)
Asian

14 (5%)
15 (6%)
Other

7 (3%)
11 (5%)
Hispanic or Latino

41 (16%)
31 (13%)
Geographical Region

North America
180 (70%)
175 (72%)
Austria/New Zealand

61 (24%)

59 (24%)

Europe

15 (6%)

9 (4%)

Age (years)

Median (min, max)

48 (20, 72)
48 (19, 77)
Baseline BMI

Mean (range)

28 (17, 51)
28 (19, 52)
IL-28B Genotype
CC

108 (42%)
106 (44%)
CT

121 (47%)
98 (40%)
TT

25 (10%)
38 (16%)
HCV Genotype Subtype

2
70 (27%)
67 (28%)
3
183 (71%)
176 (72%)
Cirrhosis (determined by liver biopsy, Fibroscan, or Fibrotest >0.75 plus AST/platelets >2)

Number (%)

50 (20%)
50 (21%)
HCV RNA log10 IU/mL

Mean 

6.0 ± 0.08
6.0 ± 0.08
≥800,000 IU/mL 

145 (57)
157 (65)
Results of Primary and Select Secondary Efficacy Endpoints
FISSION 

Outcome
Sofosbuvir & Riba
for 12 weeks 

N=253

PEG/riba 

For 24 weeks

N=243

Difference 

(95% CI)
Primary Efficacy Endpoint (SVR12a)
Overall  for Genotype 2 & 3
67% (170/253)

67% (162/243)

0.3% (-7.5, 8)
Genotype 2

95% (69/73)

78% (52/67)

--
Genotype 3

56% (102/183)

63% (110/176)

--
Secondary Efficacy Endpoint
On-treatment failurea
<1% (1/256)
7% (18/243)
--
Viral Relapse

30% (76/252)
21% (46/217)
--
   Genotype 2
5% (4/73)
15% (9/62)
   Genotype 3
40% (72/179)
24% (37/155)
aOn-treatment failure is defined as number of patients with detectable HCV RNA at end of therapy

SVR12 by Subgroups
Genotype 2

Genotype 3

Cirrhosis 
Sofosbuvir and Riba for 12 weeks
PEG/riba

For 24 weeks
Sofosbuvir and Riba for 12 weeks
PEG/riba

For 24 weeks
Without 
97% (59/61)
81% (44/54)
61% (89/145)
71% (99/139)
With 
83% (10/12)
62% (8/13)
34% (13/38)
30% (11/37)


	Conclusion
	Sofosbuvir in combination with ribavirin for 12 weeks was non-inferior to PEG/riba for 24 weeks in achieving SVR in HCV Genotype 2 and 3 who are treatment-naïve subjects.  Overall, Genotype 2 patients treated with sofosbuvir and ribavirin achieved higher SVR12 rates than Genotype 3 treated with sofosbuvir and ribavirin for duration of 12 weeks. 


	Citation
	Phase 3 Clinical Trial:  GS-US-334-0107 (POSITRON)1-2,4

	Study Goals
	Evaluate efficacy and safety of sofosbuvir and ribavirin for 12 weeks 

	Study Design
	Randomized, multicenter, double-blinded, placebo-controlled, phase 3 trial comparing sofosbuvir and ribavirin to placebo in HCV Genotype 2 or 3 patients who are interferon intolerant, ineligible or unwilling with compensated liver disease including cirrhosis 

	Methods
	Treatment:

Sofosbuvir arm:  Patients received 12 weeks of sofosbuvir and ribavirin (1000mg/day if body weight <75kg or 1200mg/day if body weight ≥75kg) for 12 weeks 

Placebo arm:  placebo for 12 weeks

Primary efficacy endpoint:  
· Sustained virologic response 12 weeks after the planned end of treatment (SVR12) 
Secondary efficacy endpoints

· Proportion of patients with on-treatment failure 

· Proportion of patients with viral relapse

Randomization

· 3:1 allocation ratio (sofosubuvir vs placebo) with stratification factor by presence/absence of cirrhosis

Statistical analysis: 
· Superiority was demonstrated if the 2-sided CMH p-value associated with the test of superiority was < 0.05

	Criteria
	Refer to supplemental appendix of published article for comprehensive criteria

· Inclusion criteria

· Aged ≥ 18 years old

· Chronic HCV Genotype 2 or 3

· HCV RNA levels ≥ 10,000 IU/mL
· Interferon intolerant, ineligible or unwilling
· Body mass index ≥ 18 kg/m2
Exclusion criteria
· Liver disease of non-HCV etiology 

· HBV co-infection

· HIV co-infection

· HCC

· Contraindications to ribavirin

· History of consistent decompensated liver disease, including ascites, variceal hemorrhage, hepatic encephalopathy, hepatorenal syndrome, and hepatopulmonary syndrome, among others

	Results
	Demographics

Sofosbuvir & Riba

for 12 weeks 

N=207
Placebo 

for 12 weeks

N=71
Gender n (%)
Male

117 (57%)
34 (48%)
Race n (%)

Caucasian

188 (91%)
66 (93%)
Black

9 (4%)
4 (6%)
Asian

7 (3%)
1 (1%)
Other

3 (2%)
0
Geographical Region

Canada

15 (7%)
8 (11%)
USA

168 (81%)
60 (85%)
Australia/New Zealand

24 (12%)
3 (4%)
Age (years)

Median (SD)

52 (10)
52 (8)
Baseline BMI

Mean (SD)

28 (6)
28 (6)
IL-28B Genotype
CC

97 (47%)
29 (41%)
CT

84 (41%)
36 (51%)
TT

26 (13%)
6 (9%)
HCV Genotype Subtype

2

109 (53%)
35 (48%)
3

98 (47%)
37 (52%)
Prior Treatment History

No prior HCV treatment
225/278 (81%)

Interferon Classification
Ineligible
88 (43%)

33 (47%)

Intolerant
17 (8%)

8 (11%)

Unwilling
102 (49%)

30 (42%)

Cirrhosis 

Number (%)

31 (15%)
13 (18%)
HCV RNA log10 IU/mL

Mean (SD)

6.3 (0.77)
6.3 (0.76)
≥6 log10IU/mL 

140 (68%)
54 (76%)
Results of Primary and Select Secondary Efficacy Endpoints
POSITRON
Outcome
Sofosbuvir & Riba

for 12 weeks 

N=207
Placebo 

for 12 weeks

N=71
Difference 

[95% CI]

Primary Efficacy Endpoint (SVR12)

Overall  for Genotype 2 & 3
78% (161/207)
0/71
78% [71, 84]
Genotype 2

93% (101/109)
0/34
93% [88%, 98%]
Genotype 3

61% (60/98)
0/37
61% [52%, 71%]
Secondary Efficacy Endpoint

On-treatment failurea
0/207
97% (69/71)
---

Viral Relapse

20% (42/205)
0/0
---

   Genotype 2

5% (5/107)
0/0
---

   Genotype 3

38% (37/98)
0/0
---

aOn-treatment failure is defined as number of patients with detectable HCV RNA at end of therapy
SVR12 by Subgroups

Sofosbuvir & Riba

for 12 weeks 
Genotype 2
N=109
Sofosbuvir & Riba
for 12 weeks
Genotype 3
N=98
Cirrhosis
Absence 
92% (85/92)
68% (57/84)
Presence
94% (16/17)
21% (3/14)
Interferon Classification 
Ineligible
88% (36/41)
70% (33/47)
Intolerant
100% (9/9)
50% (4/8)
Unwilling
95% (56/59)
53% (23/43)


	Conclusion
	SVR12 for sofosbuvir and ribavirin for 12 weeks were significantly higher compared to placebo.  Higher rates of relapse were seen in Genotype 3 patients.


	Citation
	Phase 3 Clinical Trial:  GS-US-334-0108 (FUSION) 1-2,4

	Study Goals
	Evaluate efficacy and safety of sofosbuvir and ribavirin for 12 or 16 weeks 

	Study Design
	Randomized, multicenter, double-blinded phase 3 trial comparing sofosbuvir and ribavirin in HCV Genotype 2 or 3 patients who are treatment-experienced (i.e. relapsers or non-responders to prior PEG/riba treatment) with compensated liver disease including cirrhosis 

	Methods
	Treatment:

Sofosbuvir arms:  Patients received 12 weeks of sofosbuvir and ribavirin (1000mg/day if body weight <75kg or 1200mg/day if body weight ≥75kg) for 12 weeks or 16 weeks
Primary efficacy endpoint:  
· Sustained virologic response 12 weeks after the planned end of treatment (SVR12) 
Secondary efficacy endpoints

· Proportion of patients with on-treatment failure 

· Proportion of patients with viral relapse

Randomization

· 1:1 allocation ratio (12 weeks vs 16 weeks) with stratification factors for HCV genotype  2 or 3 and presence/absence of cirrhosis
Statistical analysis: 
· Detect improvement in SVR12 of at least 20% compared to 25% (historical control). 

	Criteria
	Refer to supplemental appendix of published article for comprehensive criteria

· Inclusion criteria

· Aged ≥ 18 years old

· Chronic HCV Genotype 2 or 3

· HCV RNA levels ≥ 10,000 IU/mL
· Prior treatment failure with IFN for 12 weeks with or without RBV
           -Nonresponse: patient did not achieve undetectable HCV-RNA levels on treatment; or         
           -Relapse: patient achieved undetectable HCV-RNA levels during treatment or w/in 4     weeks after treatment with subsequent detectable HCV-RNA level.

· Body mass index ≥ 18 kg/m2
Exclusion criteria
· Liver disease of non-HCV etiology 

· HBV co-infection
· HIV co-infection

· HCC

· Contraindications to ribavirin

· History of consistent decompensated liver disease, including ascites, variceal hemorrhage, hepatic encephalopathy, hepatorenal syndrome, and hepatopulmonary syndrome, among others

	Results
	Demographics

Sofosbuvir and Ribavirin for 12 weeks

(n=)

Sofosbuvir and Ribavirin for 16 weeks

(n=)
Gender n (%)
Male

73 (71%)
67 (68%)
Race n (%)

Caucasian

88 (85%)
86 (88%)
Black

5 (5%)
1 (1%)
Asian

7 (8%)
5 (5%)
Other

3 (3%)
6 (6%)
Hispanic or Latino

Geographical Region
Canada
26 (25%)
17 (17%)
USA
74 (72%)
76 (78%)
New Zealand
3 (3%)
5 (5%)
Age (years)

Median (SD)

54 (7.7)
54 (7.8)
Baseline BMI

Mean (SD)

28 (5)
29 (5)
IL-28B Genotype
CC

31 (30%)
30 (31%)
CT

53 (52%)
56 (57%)
TT

19 (18%)
12 (12%)
HCV Genotype Subtype

2
39 (38%)
35 (36%)
3
64 (62%)
63 (64%)
Treatment-experienced 
Non response

25 (24%)

25 (26%)

Relapse

78 (76%)

73 (75%)

Cirrhosis 

Number (%)

36 (35%)
32 (33%)
HCV RNA log10 IU/mL

Mean (SD)
6.5 (0.7)
6.5 (0.6)
≥6 log10IU/mL 

77 (75%)
69 (70%)
Results of Primary and Select Secondary Efficacy Endpoints
FUSION
Outcome
Sofosbuvir & Riba
for 12 weeks 

N=103
Sofosbuvir &  Riba
for 16 weeks 

N=98
Difference 

[95% CI]
Primary Efficacy Endpoint (SVR12a)
Overall  for Genotype 2 & 3
50% (51/103)
71% (70/98)
-22% [-35%, -9%] 
Genotype 2

82% (32/39)
89% (31/35)
-7% [-23%, 9%]
Genotype 3

30% (19/64)
62% (39/63)
-32%[-49%,-16%]
Secondary Efficacy Endpoint
On-treatment failurea
0/103
0/98
---
Viral Relapse

48% (49/103)
29% (28/98)
---
   Genotype 2

18% (7/39)

11% (4/35)

---
   Genotype 3
66% (42/64)

38% (24/63)

---
aOn-treatment failure is defined as number of patients with detectable HCV RNA at end of therapy

	Conclusion
	SVR12 for sofosbuvir and ribavirin 12 and 16 weeks were significantly higher (p<0.001) compared to historical rate of PEG/riba of 25%.  In this trial, HCV Genotype 3 treatment-experienced patients that received 16 weeks had significantly higher SVR12 compared to those who received a 12 week regimen. 
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