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The	
  Center	
  for	
  Evidence-­‐based	
  Policy	
  (Center)	
  is	
  recognized	
  as	
  a	
  national	
  leader	
  in	
  evidence-­‐
based	
  decision	
  making	
  and	
  policy	
  design.	
  The	
  Center	
  understands	
  the	
  needs	
  of	
  policymakers	
  
and	
  supports	
  public	
  organizations	
  by	
  providing	
  reliable	
  information	
  to	
  guide	
  decisions,	
  
maximize	
  existing	
  resources,	
  improve	
  health	
  outcomes,	
  and	
  reduce	
  unnecessary	
  costs.	
  The	
  
Center	
  specializes	
  in	
  ensuring	
  diverse	
  and	
  relevant	
  perspectives	
  are	
  considered,	
  and	
  
appropriate	
  resources	
  are	
  leveraged	
  to	
  strategically	
  address	
  complex	
  policy	
  issues	
  with	
  high-­‐
quality	
  evidence	
  and	
  collaboration.	
  The	
  Center	
  is	
  based	
  at	
  Oregon	
  Health	
  &	
  Science	
  University	
  
in	
  Portland,	
  Oregon.	
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Introduction 

Chronic	
  hepatitis	
  C	
  virus	
  (HCV)	
  infection	
  is	
  a	
  slowly	
  progressive	
  condition	
  affecting	
  between	
  2.7	
  
million	
  and	
  5.2	
  million	
  United	
  States	
  (US)	
  citizens	
  (Chak	
  2011;	
  Denniston	
  2014).	
  Hepatitis	
  C	
  
infection	
  is	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  cirrhosis,	
  liver	
  failure,	
  and	
  hepatocellular	
  
carcinoma,	
  and	
  is	
  the	
  most	
  common	
  condition	
  leading	
  to	
  liver	
  transplant.	
  Over	
  a	
  20-­‐	
  to	
  30-­‐year	
  
period,	
  5%	
  to	
  20%	
  of	
  infected	
  patients	
  will	
  develop	
  cirrhosis	
  and	
  1%	
  to	
  5%	
  will	
  die	
  of	
  cirrhosis	
  or	
  
liver	
  cancer	
  (Center	
  for	
  Disease	
  Control	
  and	
  Prevention	
  [CDC]	
  2010).	
  

For	
  HCV	
  infected	
  patients	
  who	
  develop	
  liver	
  disease,	
  the	
  most	
  recently	
  recommended	
  standard	
  
of	
  care	
  is	
  a	
  combination	
  of	
  pegylated	
  interferon	
  therapy	
  (PEG)	
  and	
  ribavirin	
  (RBV),	
  and,	
  for	
  
patients	
  with	
  genotype	
  1	
  HCV	
  infection,	
  one	
  of	
  the	
  protease	
  inhibitors	
  boceprevir	
  (VICTRELIS®)	
  
or	
  telaprevir	
  (INCIVEK®).	
  The	
  standard	
  interferon-­‐based	
  treatment	
  regimens	
  result	
  in	
  45%	
  to	
  
75%	
  of	
  patients	
  having	
  no	
  detectable	
  virus	
  at	
  24	
  weeks	
  post	
  treatment	
  with	
  results	
  varying	
  
based	
  on	
  patient	
  characteristics	
  (US	
  Department	
  of	
  Veterans	
  Affairs	
  2013).	
  These	
  regimens	
  can	
  
take	
  up	
  to	
  a	
  year	
  to	
  complete,	
  place	
  a	
  high	
  burden	
  on	
  patients	
  by	
  requiring	
  weekly	
  injections	
  
and	
  complicated	
  dosing	
  schedules,	
  and	
  are	
  associated	
  with	
  significant	
  side	
  effects	
  leading	
  
patients	
  to	
  discontinue	
  treatment.	
  The	
  ideal	
  treatment	
  for	
  HCV	
  would	
  be	
  highly	
  effective,	
  easy	
  
to	
  take,	
  have	
  a	
  low	
  side	
  effect	
  profile,	
  have	
  a	
  low	
  patient	
  burden,	
  and	
  be	
  affordable.	
  	
  

Pharmaceutical	
  companies	
  have	
  invested	
  significant	
  resources	
  in	
  finding	
  alternative	
  treatment	
  
regimens	
  that	
  would	
  improve	
  rates	
  of	
  sustained	
  viral	
  response	
  while	
  reducing	
  patient	
  burden	
  
for	
  patients	
  infected	
  with	
  HCV.	
  More	
  than	
  30	
  direct-­‐acting	
  anti-­‐viral	
  agents	
  (DAAs)	
  designed	
  to	
  
treat	
  HCV	
  have	
  entered	
  clinical	
  trials	
  since	
  2011	
  (Tice	
  2014).	
  In	
  2013,	
  two	
  new	
  DAAs	
  were	
  
approved:	
  sofosbuvir	
  (SOVALDI®)	
  and	
  simeprevir	
  (OLYSIO™).	
  At	
  least	
  two	
  more	
  DAAs	
  are	
  
expected	
  to	
  be	
  approved	
  in	
  2014,	
  including	
  faldaprevir	
  and	
  daclatasvir.	
  In	
  addition,	
  Gilead	
  
Sciences,	
  Inc.	
  (Gilead)	
  is	
  seeking	
  approval	
  for	
  multi-­‐drug	
  combination	
  pills	
  including	
  sofosbuvir,	
  
and	
  AbbVie	
  Inc.	
  recently	
  reported	
  positive	
  results	
  from	
  its	
  investigational	
  oral	
  regimen	
  (AbbVie	
  
2014).	
  

Of	
  the	
  recently	
  developed	
  DAAs,	
  sofosbuvir	
  has	
  drawn	
  the	
  most	
  attention,	
  because	
  it	
  is	
  the	
  first	
  
new	
  DAA	
  the	
  US	
  Food	
  and	
  Drug	
  Administration	
  (FDA)	
  approved	
  for	
  the	
  treatment	
  of	
  HCV	
  
genotypes	
  1	
  to	
  4	
  (including	
  an	
  interferon-­‐free	
  regimen	
  for	
  genotypes	
  2	
  and	
  3).	
  In	
  addition,	
  
many	
  reports	
  of	
  the	
  initial	
  sofosbuvir	
  trials	
  suggest	
  that	
  80%	
  to	
  90%	
  of	
  patients	
  will	
  not	
  have	
  
detectable	
  virus	
  levels	
  12	
  weeks	
  after	
  completing	
  treatment.	
  In	
  January	
  2014,	
  the	
  American	
  
Association	
  for	
  the	
  Study	
  of	
  Liver	
  Diseases	
  (AASLD)	
  and	
  the	
  Infectious	
  Diseases	
  Society	
  of	
  
America	
  (IDSA)	
  released	
  treatment	
  guidance	
  for	
  hepatitis	
  C	
  and	
  recommended	
  sofosbuvir	
  for	
  all	
  
patients	
  except	
  those	
  with	
  severe	
  renal	
  impairment.	
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With	
  the	
  recent	
  FDA	
  approval	
  of	
  sofosbuvir,	
  clinicians	
  and	
  purchasers	
  will	
  need	
  to	
  decide	
  
whether	
  to	
  include	
  sofosbuvir	
  in	
  their	
  treatment	
  protocols	
  for	
  HCV	
  infection.	
  This	
  report	
  
evaluates	
  the	
  evidence	
  about	
  the	
  effectiveness	
  and	
  harms	
  of	
  sofosbuvir	
  treatment	
  for	
  HCV,	
  
evaluates	
  the	
  AASLD	
  guideline,	
  and	
  provides	
  a	
  compilation	
  of	
  the	
  evidence	
  to	
  guide	
  decisions	
  
on	
  who	
  and	
  when	
  to	
  treat.	
  With	
  the	
  approval	
  of	
  new	
  HCV	
  treatments	
  and	
  more	
  drug	
  approval	
  
applications	
  currently	
  at	
  the	
  FDA,	
  it	
  is	
  clear	
  that	
  this	
  is	
  a	
  rapidly	
  evolving	
  clinical	
  and	
  policy	
  
topic.	
  Center	
  for	
  Evidence-­‐based	
  Policy	
  staff	
  will	
  continue	
  to	
  place	
  updated	
  material	
  on	
  the	
  
Medicaid	
  Evidence-­‐based	
  Decisions	
  (MED)	
  Project	
  Clearinghouse	
  website	
  and	
  will	
  consider	
  this	
  
report	
  for	
  updating	
  as	
  new	
  evidence	
  emerges.	
  

Background 

Clinical Overview 
Between	
  2.7	
  million	
  and	
  5.2	
  million	
  Americans	
  are	
  infected	
  with	
  the	
  HCV	
  virus	
  (Chak	
  2011;	
  
Denniston	
  2014).	
  Prevalence	
  of	
  the	
  HCV	
  infection	
  is	
  greater	
  in	
  Medicaid	
  and	
  non-­‐insured	
  
populations	
  than	
  in	
  commercially	
  insured	
  groups,	
  with	
  one	
  Florida	
  study	
  showing	
  the	
  Medicaid	
  
infection	
  rate	
  to	
  be	
  twice	
  that	
  of	
  the	
  commercially	
  insured	
  populations	
  (663	
  per	
  100,000	
  
beneficiaries	
  compared	
  to	
  302	
  per	
  100,000	
  over	
  ten	
  years)	
  (Levin	
  2012).	
  Because	
  the	
  early	
  
stages	
  of	
  the	
  disease	
  are	
  often	
  asymptomatic,	
  up	
  to	
  half	
  of	
  infected	
  individuals	
  are	
  unaware	
  of	
  
their	
  status.	
  In	
  June	
  2013,	
  the	
  United	
  States	
  Preventive	
  Services	
  Task	
  Force	
  (USPSTF)	
  
recommended	
  that	
  individuals	
  at	
  high	
  risk	
  of	
  infection	
  (i.e.,	
  intravenous	
  drug	
  users,	
  individuals	
  
who	
  received	
  blood	
  transfusions	
  before	
  1992)	
  and	
  all	
  adults	
  born	
  between	
  1945	
  and	
  1965	
  be	
  
screened	
  for	
  HCV	
  (USPSTF	
  2013).	
  	
  

Progression	
  of	
  HCV	
  is	
  generally	
  slow	
  and	
  varies	
  significantly	
  by	
  individual.	
  Approximately	
  15%	
  to	
  
25%	
  of	
  people	
  infected	
  with	
  HCV	
  will	
  clear	
  the	
  virus	
  during	
  the	
  acute	
  stage	
  without	
  treatment.	
  
Seventy-­‐five	
  percent	
  to	
  85%	
  of	
  infected	
  individuals	
  will	
  develop	
  a	
  chronic	
  HCV	
  infection,	
  and	
  
60%	
  to	
  70%	
  of	
  patients	
  with	
  chronic	
  infection	
  will	
  develop	
  chronic	
  liver	
  disease.	
  Over	
  20	
  to	
  30	
  
years,	
  5%	
  to	
  20%	
  of	
  infected	
  patients	
  will	
  develop	
  cirrhosis	
  and	
  1%	
  to	
  5%	
  will	
  die	
  of	
  cirrhosis	
  or	
  
liver	
  cancer	
  (CDC	
  2010).	
  

Table	
  1.	
  Progression	
  of	
  Hepatitis	
  C	
  Virus	
  Infection	
  (CDC	
  2014)	
  

Condition	
   Percentage	
  of	
  Patients	
  Who	
  Develop	
  Condition	
  

Chronic	
  HCV	
  infection	
   75%	
  to	
  85%	
  

Chronic	
  liver	
  disease	
   60%	
  to	
  70%	
  

Cirrhosis	
  over	
  20	
  to	
  30	
  years	
   5%	
  to	
  20%	
  

Death	
  from	
  cirrhosis	
  or	
  liver	
  cancer	
   1%	
  to	
  5%	
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Accelerated	
  progression	
  of	
  the	
  disease	
  is	
  associated	
  with	
  male	
  gender,	
  greater	
  age,	
  duration	
  of	
  
the	
  disease,	
  steatosis,	
  obesity,	
  human	
  immunodeficiency	
  virus	
  infection	
  (HIV),	
  hepatitis	
  B	
  
infection	
  (HBV),	
  immunosuppression	
  following	
  solid	
  organ	
  transplant,	
  insulin	
  resistance	
  and	
  
type	
  2	
  diabetes,	
  and	
  significant	
  alcohol	
  consumption	
  (European	
  Association	
  for	
  the	
  Study	
  of	
  the	
  
Liver	
  [EASL]	
  2013;	
  Ghany	
  2009;	
  Louie	
  2012).	
  It	
  is	
  also	
  important	
  to	
  note	
  that	
  neither	
  
spontaneous	
  clearance	
  nor	
  successful	
  treatment	
  confers	
  immunity	
  and	
  that	
  reinfection	
  can	
  
occur	
  (Grebely	
  2012).	
  

Common	
  comorbid	
  conditions	
  with	
  HCV	
  infection	
  include	
  metabolic	
  syndrome	
  (approximately	
  
27%	
  of	
  infected	
  people),	
  dyslipidemia	
  (16%	
  to	
  21%),	
  peripheral	
  vascular	
  disease	
  (19%),	
  HIV	
  
(4%),	
  and	
  diabetes	
  (5%	
  to	
  15%)	
  (Levin	
  2012).	
  In	
  a	
  commercially	
  insured	
  population,	
  alcohol	
  and	
  
drug	
  abuse	
  were	
  more	
  common	
  in	
  HCV-­‐infected	
  patients	
  than	
  non-­‐infected	
  controls,	
  with	
  7%	
  
versus	
  less	
  than	
  1%	
  having	
  an	
  alcohol	
  problem	
  and	
  15%	
  versus	
  3%	
  abusing	
  illegal	
  drugs	
  (Louie	
  
2012).	
  	
  

There	
  are	
  six	
  major	
  genotypes	
  of	
  the	
  HCV	
  virus.	
  Genotype	
  1	
  (HCV-­‐1)	
  is	
  the	
  most	
  common	
  form	
  
found	
  in	
  the	
  US	
  population	
  accounting	
  for	
  approximately	
  73%	
  of	
  cases.	
  Genotype	
  1	
  is	
  further	
  
distinguished	
  by	
  subtypes	
  1a	
  (HCV-­‐1a)	
  (39%	
  of	
  patients)	
  and	
  1b	
  (HCV-­‐1b)	
  (29%).	
  Genotype	
  2	
  
(HCV-­‐2)	
  is	
  found	
  in	
  approximately	
  14%	
  of	
  US	
  patients,	
  genotype	
  3	
  (HCV-­‐3)	
  in	
  8%,	
  a	
  mixed-­‐
genotype	
  in	
  4%,	
  and	
  genotypes	
  4	
  through	
  6	
  (HCV-­‐4,	
  -­‐5,	
  -­‐6)	
  in	
  less	
  than	
  1%	
  of	
  patients	
  (Blatt	
  
2000).	
  Patients	
  with	
  genotype	
  1	
  have	
  had	
  a	
  poorer	
  response	
  to	
  treatment	
  than	
  patients	
  with	
  
genotype	
  2	
  or	
  3,	
  and	
  subtype	
  1a	
  has	
  a	
  poorer	
  response	
  than	
  subtype	
  1b.	
  

In	
  addition,	
  people	
  have	
  a	
  gene	
  that	
  is	
  related	
  to	
  HCV	
  infection	
  called	
  the	
  IL28B	
  gene.	
  The	
  IL28B	
  
genotype	
  can	
  be	
  of	
  CC,	
  CT	
  or	
  TT	
  type.	
  Patients	
  with	
  IL28B	
  genotype	
  CC	
  are	
  significantly	
  more	
  
likely	
  to	
  clear	
  the	
  virus	
  spontaneously	
  and	
  to	
  respond	
  to	
  HCV	
  treatment	
  than	
  patients	
  with	
  
types	
  CT	
  or	
  TT	
  (EASL	
  2013).	
  

Treatment 
The	
  goal	
  of	
  HCV	
  treatment	
  is	
  to	
  decrease	
  the	
  risk	
  of	
  virus-­‐related	
  conditions	
  such	
  as	
  cirrhosis,	
  
hepatocellular	
  carcinoma	
  (HCC),	
  decompensated	
  liver	
  disease,	
  liver	
  transplant,	
  or	
  death	
  from	
  
other	
  liver-­‐related	
  causes.	
  Because	
  of	
  the	
  slow	
  progression	
  of	
  the	
  disease,	
  clinical	
  trials	
  have	
  
not	
  evaluated	
  these	
  patient-­‐important	
  conditions	
  as	
  trial	
  outcomes.	
  Instead,	
  a	
  surrogate	
  
endpoint	
  of	
  sustained	
  virologic	
  response	
  (SVR)	
  has	
  been	
  used	
  to	
  measure	
  success	
  of	
  treatment.	
  
The	
  SVR	
  is	
  defined	
  as	
  undetectable	
  HCV-­‐ribonucleic	
  acid	
  (RNA)	
  levels.	
  The	
  standard	
  measure	
  of	
  
treatment	
  success	
  has	
  been	
  SVR	
  at	
  24	
  weeks	
  post	
  treatment	
  (SVR24).	
  	
  

Several	
  long-­‐term	
  studies	
  of	
  patients	
  with	
  chronic	
  HCV	
  infection	
  have	
  shown	
  an	
  association	
  
between	
  achieving	
  SVR24	
  and	
  patient-­‐important	
  clinical	
  outcomes.	
  In	
  a	
  systematic	
  review	
  by	
  
the	
  Agency	
  for	
  Healthcare	
  Research	
  and	
  Quality	
  (AHRQ),	
  Chou	
  (2012)	
  found	
  a	
  moderate	
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strength	
  of	
  evidence	
  that	
  achievement	
  of	
  SVR24	
  post	
  treatment	
  was	
  associated	
  with	
  lower	
  risks	
  
of	
  all-­‐cause	
  mortality,	
  liver-­‐related	
  mortality,	
  and	
  HCC	
  with	
  hazard	
  ratios	
  ranging	
  from	
  0.10	
  to	
  
0.71.	
  Chou	
  (2012)	
  also	
  reviewed	
  nine	
  poor-­‐quality	
  studies	
  which	
  found	
  a	
  low	
  strength	
  of	
  
evidence	
  that	
  achieving	
  SVR24	
  was	
  associated	
  with	
  improvement	
  in	
  generic	
  and	
  disease-­‐
specific	
  quality	
  of	
  life.	
  Two	
  additional	
  studies	
  were	
  published	
  since	
  the	
  AHRQ	
  systematic	
  review	
  
and	
  corroborate	
  its	
  findings.	
  Van	
  der	
  Meer	
  (2012)	
  found	
  that	
  among	
  patients	
  with	
  HCV	
  and	
  
advanced	
  fibrosis	
  or	
  cirrhosis	
  (Ishak	
  scores	
  between	
  four	
  and	
  six)	
  achievement	
  of	
  SVR24	
  was	
  
significantly	
  associated	
  with	
  reduced	
  mortality.	
  The	
  ten-­‐year	
  cumulative	
  all-­‐cause	
  mortality	
  rate	
  
in	
  the	
  192	
  patients	
  who	
  achieved	
  SVR24	
  was	
  8.9%	
  (95%	
  confidence	
  interval	
  [CI],	
  3.3%	
  to	
  14.5%)	
  
compared	
  to	
  26%	
  (95%	
  CI,	
  20.2%	
  to	
  28.4%)	
  (p<0.001)	
  in	
  the	
  338	
  patients	
  who	
  failed	
  to	
  achieve	
  
SVR24.	
  A	
  2014	
  observational	
  study	
  of	
  a	
  VA	
  population	
  found	
  that	
  out	
  of	
  128,769	
  patients	
  
infected	
  with	
  HCV,	
  the	
  5,180	
  patients	
  (4%)	
  who	
  were	
  able	
  to	
  achieve	
  an	
  undetectable	
  viral	
  load	
  
with	
  interferon-­‐based	
  treatment	
  had	
  a	
  45%	
  reduction	
  in	
  the	
  risk	
  of	
  death	
  (hazard	
  ratio	
  [HR]	
  
0.55,	
  95%	
  CI	
  0.47	
  to	
  0.64)	
  and	
  a	
  27%	
  reduction	
  in	
  the	
  composite	
  clinical	
  endpoint	
  (HR	
  0.73,	
  95%	
  
CI	
  0.66	
  to	
  0.82)	
  of	
  newly	
  diagnosed	
  cirrhosis,	
  HCC,	
  or	
  a	
  liver-­‐related	
  hospitalization	
  (McCombs	
  
2014).	
  	
  

The	
  FDA	
  recently	
  accepted	
  SVR	
  at	
  12	
  weeks	
  post	
  treatment	
  (SVR12)	
  as	
  an	
  endpoint	
  for	
  FDA	
  
drug	
  approval	
  (FDA	
  2013a).	
  This	
  decision	
  is	
  based	
  on	
  a	
  2013	
  analysis	
  of	
  data	
  from	
  13,599	
  adults	
  
(11,730	
  with	
  genotype	
  1)	
  treated	
  with	
  double	
  (PEG+RBV)	
  or	
  triple	
  therapy	
  (PEG+RBV+PI)	
  in	
  
phase	
  II	
  or	
  III	
  drug	
  development	
  trials.	
  The	
  analysis	
  found	
  an	
  association	
  between	
  SVR12	
  and	
  
SVR24	
  as	
  measured	
  by	
  a	
  positive	
  predictive	
  value	
  (PPV)	
  of	
  98%.	
  (Chen	
  2013).	
  However,	
  there	
  is	
  
uncertainty	
  about	
  this	
  result	
  due	
  to	
  uncertainty	
  about	
  how	
  the	
  authors	
  accounted	
  for	
  missing	
  
data.	
  Although	
  the	
  authors	
  state	
  that	
  they	
  imputed	
  missing	
  data	
  for	
  some	
  analyses,	
  the	
  data	
  
used	
  to	
  calculate	
  their	
  main	
  measure	
  of	
  concordance	
  (positive	
  and	
  negative	
  predictive	
  values)	
  
did	
  not	
  employ	
  imputed	
  values.	
  The	
  authors	
  state	
  that	
  "missing	
  viral	
  load	
  data	
  were	
  not	
  used	
  in	
  
calculating	
  the	
  tabularized	
  relations	
  between	
  SVR24	
  and	
  SVR12	
  or	
  SVR4"	
  (Chen	
  2013,	
  p.	
  1451).	
  
There	
  were	
  1,536	
  patients	
  excluded	
  with	
  missing	
  data.	
  Ten-­‐thousand	
  one	
  hundred-­‐ninety-­‐four	
  
(10,194/11,730	
  or	
  87%)	
  genotype	
  1	
  patients	
  were	
  included	
  in	
  the	
  analysis.	
  If	
  the	
  1,536	
  missing	
  
patients	
  were	
  added	
  back	
  into	
  the	
  calculations	
  for	
  PPV,	
  making	
  assumptions	
  about	
  the	
  best	
  
case	
  scenario	
  (all	
  patients	
  with	
  missing	
  data	
  achieved	
  SVR24)	
  and	
  worst	
  case	
  scenario	
  (all	
  
patients	
  with	
  missing	
  data	
  did	
  not	
  achieve	
  SVR24),	
  the	
  range	
  of	
  potential	
  values	
  for	
  the	
  PPV	
  is	
  
77%	
  to	
  99%.	
  These	
  calculations	
  show	
  that	
  of	
  a	
  hundred	
  patients,	
  between	
  1	
  and	
  23	
  patients	
  
who	
  achieved	
  SVR12	
  will	
  not	
  achieve	
  SVR24.	
  In	
  addition,	
  these	
  calculations	
  are	
  based	
  on	
  trial	
  
populations	
  who	
  generally	
  have	
  favorable	
  treatment	
  characteristics	
  and	
  may	
  not	
  reflect	
  patient	
  
populations	
  likely	
  to	
  be	
  treated	
  under	
  Medicaid	
  programs.	
  	
  

In	
  contrast	
  to	
  Chen’s	
  findings	
  (2013),	
  Thorlund	
  (2014)	
  performed	
  a	
  meta-­‐analysis	
  of	
  randomized	
  
controlled	
  trials	
  that	
  treated	
  HCV	
  genotype	
  1	
  patients	
  with	
  PEG	
  and	
  RBV.	
  Thorlund	
  found	
  that	
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SVR12	
  was	
  5%	
  to	
  6%	
  higher	
  than	
  SVR24	
  in	
  these	
  studies	
  (2014).	
  It	
  may	
  be	
  that	
  the	
  association	
  
between	
  SVR12	
  and	
  SVR24	
  could	
  vary	
  depending	
  on	
  treatment	
  regimen	
  and	
  concordance	
  
measures	
  for	
  one	
  treatment	
  cannot	
  be	
  extrapolated	
  from	
  data	
  gathered	
  from	
  other	
  regimens	
  
(Thorlund	
  2014).	
  If	
  this	
  is	
  true,	
  the	
  lack	
  of	
  data	
  on	
  both	
  SVR12	
  and	
  SVR24	
  for	
  the	
  new	
  DAAs	
  
precludes	
  certainty	
  about	
  long-­‐term	
  effectiveness	
  of	
  these	
  drugs.	
  	
  

The	
  sofosbuvir	
  trial	
  protocols	
  registered	
  in	
  the	
  ClinicalTrials.gov	
  database	
  include	
  SVR24	
  as	
  a	
  
secondary	
  outcome,	
  yet	
  only	
  two	
  of	
  these	
  studies,	
  ELECTRON	
  (Gane	
  2013)	
  and	
  the	
  NIH-­‐funded	
  
study	
  (Osinusi	
  2013),	
  reported	
  SVR24	
  data.	
  Thorlund	
  (2014)	
  has	
  called	
  upon	
  researchers	
  in	
  
clinical	
  trials	
  to	
  report	
  both	
  SVR12	
  and	
  SVR24	
  “to	
  allow	
  for	
  complete	
  transparency	
  and	
  clarity	
  in	
  
[…]	
  interpretation”	
  (p.	
  49).	
  	
  

Standard Treatment Regimens 
Since	
  the	
  early	
  2000s,	
  standard	
  treatment	
  for	
  HCV	
  infection	
  has	
  been	
  a	
  combination	
  of	
  
pegylated	
  interferon	
  (PEG-­‐INF)	
  in	
  a	
  weekly	
  injection	
  (either	
  PEG-­‐INF	
  alfa-­‐2a	
  or	
  alfa-­‐2b)	
  and	
  
ribavirin	
  (RBV)	
  daily	
  (double	
  therapy).	
  In	
  2011,	
  the	
  FDA	
  approved	
  the	
  protease	
  inhibitors	
  
boceprevir	
  (BOC)	
  or	
  telaprevir	
  (TVR)	
  in	
  addition	
  to	
  PEG-­‐INF	
  and	
  RBV	
  to	
  treat	
  genotype	
  1	
  (triple	
  
therapy).	
  Standard	
  treatment	
  protocols	
  by	
  genotype	
  and	
  the	
  estimated	
  SVR24	
  rates	
  from	
  
treatment	
  are	
  described	
  in	
  Table	
  2	
  below.	
  

Table	
  2.	
  Standard	
  of	
  Care	
  Treatment	
  Regimens	
  (US	
  Department	
  of	
  Veterans	
  Affairs	
  2013)	
  

Genotype	
   Treatment	
  
Approximate	
  
SVR24	
  Rate	
  

HCV-­‐1	
  

Double	
  therapy	
  

PEG-­‐IFN	
  alfa-­‐2a	
  or	
  alfa-­‐2b	
  weekly	
  +	
  RBV	
  daily	
  for	
  up	
  to	
  48	
  
weeks	
  

45%	
  

Triple	
  therapy	
  

PEG-­‐INF	
  alfa-­‐2a	
  OR	
  alfa-­‐2b	
  weekly	
  +	
  RBV	
  	
  daily	
  for	
  up	
  to	
  48	
  
weeks	
  depending	
  on	
  treatment	
  response	
  and	
  either	
  	
  BOC	
  or	
  
TVR.	
  BOC	
  is	
  added	
  during	
  weeks	
  8	
  to	
  32	
  depending	
  on	
  
treatment	
  response	
  and	
  TVR	
  is	
  given	
  with	
  PEG-­‐INF	
  and	
  RBV	
  
during	
  first	
  12	
  weeks	
  of	
  treatment.	
  	
  

65%	
  to	
  70%	
  

HCV-­‐2	
   PEG-­‐INF	
  weekly	
  +	
  RBV	
  daily	
  for	
  up	
  to	
  24	
  weeks	
   75%	
  

HCV-­‐3	
   PEG-­‐INF	
  weekly	
  +	
  RBV	
  daily	
  for	
  up	
  to	
  24	
  weeks	
   75%	
  

Treatment	
  effectiveness	
  for	
  HCV	
  with	
  double	
  or	
  triple	
  therapy	
  varies	
  based	
  on	
  patient	
  
characteristics.	
  Patients	
  with	
  genotype	
  1	
  are	
  significantly	
  less	
  likely	
  to	
  achieve	
  SVR24	
  than	
  
patients	
  with	
  genotypes	
  2	
  or	
  3.	
  Patients	
  with	
  high	
  pre-­‐treatment	
  viral	
  loads	
  (HCV-­‐RNA	
  greater	
  
than	
  600,000	
  IU/mL)	
  are	
  also	
  less	
  likely	
  to	
  achieve	
  SVR.	
  Other	
  factors	
  associated	
  with	
  lower	
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response	
  to	
  treatment	
  include	
  male	
  sex,	
  older	
  age,	
  being	
  African	
  American,	
  obesity,	
  diabetes,	
  
reduced	
  alanine	
  aminotransferase	
  (ALT)	
  levels,	
  bridging	
  fibrosis	
  or	
  cirrhosis,	
  and	
  a	
  CT	
  or	
  TT	
  
polymorphism	
  on	
  the	
  IL28B	
  gene.	
  In	
  patients	
  with	
  genotype	
  1	
  treated	
  with	
  PEG-­‐INF	
  and	
  RBV,	
  
SVR24	
  rates	
  ranged	
  from	
  69%	
  in	
  patients	
  with	
  the	
  CC	
  genotype,	
  to	
  33%	
  with	
  CT,	
  and	
  27%	
  with	
  
TT	
  (Ghany	
  2011).	
  Differences	
  in	
  response	
  rates	
  by	
  race	
  may	
  be	
  related	
  to	
  African	
  Americans	
  
being	
  less	
  likely	
  to	
  have	
  the	
  favorable	
  CC	
  polymorphism	
  on	
  the	
  IL28B	
  gene	
  (Chou	
  2012;	
  Ghany	
  
2011).	
  

Issues with Standard Treatment 
Interferon-­‐based	
  treatments	
  have	
  high	
  rates	
  of	
  side	
  effects	
  that	
  affect	
  quality	
  of	
  life.	
  Patients	
  
report	
  significant	
  fatigue,	
  headache,	
  and	
  flu-­‐like	
  symptoms	
  as	
  well	
  as	
  neuropsychiatric	
  
symptoms	
  such	
  as	
  depression.	
  The	
  Veteran’s	
  Administration	
  reports	
  that	
  approximately	
  10%	
  of	
  
patients	
  discontinue	
  interferon-­‐based	
  treatment	
  due	
  to	
  side	
  effects	
  (VA	
  2013).	
  Interferon	
  and	
  
RBV	
  are	
  also	
  associated	
  with	
  anemia,	
  neutropenia,	
  thrombocytopenia,	
  ophthalmologic	
  
disorders,	
  thyroid	
  dysfunction,	
  and	
  sarcoidosis.	
  

Triple	
  therapy	
  with	
  BOC	
  or	
  TVR	
  involves	
  a	
  high	
  burden	
  on	
  patients	
  as	
  the	
  dosing	
  schedule	
  is	
  
complicated	
  with	
  multiple	
  doses	
  during	
  the	
  day	
  and	
  all	
  medication	
  must	
  be	
  consumed	
  with	
  fat.	
  
There	
  are	
  also	
  significant	
  drug-­‐drug	
  interactions	
  with	
  BOC	
  and	
  TVR	
  (Ghany	
  2011).	
  Adverse	
  
events	
  associated	
  with	
  these	
  drugs	
  include	
  increased	
  hematological	
  complications	
  (BOC)	
  and	
  
increased	
  risk	
  of	
  anemia	
  and	
  severe	
  rash	
  (TVR)	
  that	
  may	
  lead	
  to	
  discontinuation	
  of	
  treatment	
  
(Chou	
  2012).	
  	
  

Deciding to Initiate Treatment 
In	
  contrast	
  to	
  conditions	
  where	
  there	
  is	
  rapid	
  progression	
  and	
  an	
  immediate	
  need	
  for	
  
treatment	
  (e.g.,	
  acute	
  leukemia	
  or	
  serious	
  bacterial	
  infections),	
  hepatitis	
  C	
  is	
  a	
  slowly	
  
progressing	
  disease.	
  Fifteen	
  percent	
  to	
  25%	
  of	
  infected	
  persons	
  clear	
  the	
  infection	
  
spontaneously.	
  For	
  those	
  with	
  ongoing	
  infection,	
  it	
  is	
  a	
  disease	
  where	
  clinicians	
  and	
  patients	
  
have	
  the	
  option	
  of	
  delaying	
  or	
  forgoing	
  treatment.	
  Because	
  of	
  the	
  slow	
  progression	
  of	
  the	
  
disease	
  as	
  well	
  as	
  the	
  moderate	
  success	
  rates	
  and	
  the	
  side	
  effects	
  of	
  current	
  treatments,	
  many	
  
patients	
  have	
  refused	
  interferon-­‐based	
  treatments.	
  Some	
  physicians	
  have	
  also	
  been	
  
recommending	
  that	
  patients	
  wait	
  until	
  new	
  treatment	
  regimens	
  are	
  approved	
  by	
  the	
  FDA.	
  
Earlier	
  guidelines	
  by	
  the	
  AASLD	
  recommended	
  that	
  patients	
  be	
  monitored	
  and	
  treated	
  if	
  they	
  
show	
  signs	
  of	
  liver	
  involvement.	
  Indications	
  include	
  a	
  liver	
  biopsy	
  showing	
  significant	
  fibrosis	
  
(bridging	
  or	
  higher),	
  compensated	
  liver	
  disease	
  (defined	
  as	
  total	
  serum	
  bilirubin	
  less	
  than	
  1.5	
  
g/dL;	
  international	
  normalized	
  ratio	
  [INR]	
  of	
  1.5;	
  serum	
  albumin	
  greater	
  than	
  3.4,	
  platelet	
  count	
  
of	
  75,000	
  mm	
  and	
  no	
  evidence	
  of	
  hepatic	
  decompensation)	
  and	
  acceptable	
  hematological	
  and	
  
biochemical	
  indices	
  (hemoglobin	
  13	
  g/dL	
  for	
  men	
  and	
  12	
  g/dL	
  for	
  women;	
  neutrophil	
  court	
  of	
  
1500/mm3,	
  serum	
  creatinine	
  less	
  than	
  1.5	
  mg/dL).	
  Interferon	
  treatment	
  is	
  contraindicated	
  for	
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patients	
  with	
  uncontrolled	
  major	
  depression,	
  solid	
  organ	
  transplant,	
  untreated	
  thyroid	
  disease,	
  
severe	
  comorbid	
  health	
  conditions	
  (e.g.,	
  hypertension,	
  heart	
  failure,	
  coronary	
  heart	
  disease,	
  
diabetes,	
  chronic	
  obstructive	
  pulmonary	
  disease),	
  or	
  known	
  hypersensitivity	
  to	
  medications	
  
(Ghany	
  2009).	
  

Sofosbuvir (SOVALDI®) 
Sofosbuvir	
  (SOF),	
  manufactured	
  by	
  Gilead,	
  is	
  a	
  nucleotide	
  analog	
  NS5B	
  polymerase	
  inhibitor.	
  In	
  
December	
  2013,	
  the	
  FDA	
  approved	
  SOF	
  400mg	
  in	
  a	
  once	
  daily	
  pill	
  for	
  the	
  treatment	
  of	
  hepatitis	
  
C	
  genotypes	
  1,	
  2,	
  3	
  and	
  4,	
  in	
  combination	
  with	
  RBV	
  and,	
  for	
  genotype	
  1,	
  PEG-­‐INF.	
  The	
  approval	
  
specifically	
  includes	
  patients	
  who	
  have	
  the	
  most	
  urgent	
  need	
  for	
  treatment	
  due	
  to	
  advanced	
  
disease	
  and	
  increased	
  risk	
  of	
  death	
  including	
  those	
  with	
  HCC,	
  those	
  awaiting	
  liver	
  
transplantation,	
  and	
  patients	
  with	
  HIV-­‐1	
  co-­‐infection.	
  Sofosbuvir	
  is	
  not	
  approved	
  for	
  patients	
  
with	
  severe	
  renal	
  impairment	
  (estimated	
  glomerular	
  filtration	
  rate	
  less	
  than	
  or	
  equal	
  to	
  30	
  
mL/min/1.73m2)	
  or	
  end	
  stage	
  renal	
  disease.	
  The	
  FDA	
  approved	
  sofosbuvir	
  under	
  a	
  priority	
  
review	
  process	
  that	
  allowed	
  use	
  of	
  SVR12	
  as	
  a	
  study	
  endpoint.	
  Approved	
  treatment	
  regimens	
  
are	
  described	
  in	
  Table	
  3	
  below.	
  

Table	
  3.	
  FDA	
  Approved	
  Sofosbuvir	
  Treatment	
  Regimens	
  (FDA	
  2013b)	
  

Patient	
  Genotype	
   Treatment	
  Regimen	
   Duration1	
  

HCV-­‐1	
  or	
  -­‐4	
   PEG-­‐INF	
  	
  weekly	
  +	
  RBV	
  +	
  SOF	
  daily	
   12	
  weeks	
  

HCV-­‐1	
   For	
  interferon-­‐ineligible:	
  RBV	
  +	
  SOF	
   24	
  weeks	
  

HCV-­‐2	
   RBV	
  +	
  SOF	
  	
   12	
  weeks	
  

HCV-­‐3	
   RBV	
  +	
  SOF	
  	
   24	
  weeks	
  

1All	
  medications	
  are	
  taken	
  for	
  the	
  full	
  duration.	
  	
  

The	
  FDA	
  approved	
  label	
  for	
  sofosbuvir	
  does	
  not	
  identify	
  any	
  adverse	
  reactions	
  besides	
  those	
  
that	
  commonly	
  occur	
  with	
  RBV	
  treatment	
  (fatigue	
  and	
  headache)	
  or	
  PEG-­‐INF	
  (fatigue,	
  
headache,	
  nausea,	
  insomnia,	
  and	
  anemia).	
  	
  

Sofosbuvir	
  has	
  attracted	
  attention	
  because	
  of	
  its	
  potential	
  improvement	
  over	
  previous	
  standard	
  
of	
  care.	
  For	
  genotypes	
  2	
  and	
  3,	
  SOF	
  plus	
  RBV	
  provides	
  an	
  interferon-­‐free,	
  all	
  oral	
  regimen	
  with	
  
shorter	
  duration.	
  For	
  genotype	
  1,	
  SOF	
  provides	
  an	
  alternative	
  to	
  BOC	
  and	
  TVR	
  with	
  their	
  higher	
  
pill	
  burden	
  and	
  side	
  effect	
  profile;	
  it	
  provides	
  a	
  shorter	
  treatment	
  period;	
  and,	
  for	
  interferon-­‐
ineligible	
  patients,	
  it	
  offers	
  an	
  alternative	
  treatment	
  protocol.	
  Studies	
  report	
  SVR12	
  rates	
  of	
  
80%	
  to	
  90%	
  in	
  patients	
  treated	
  with	
  sofosbuvir	
  regimens,	
  and	
  low	
  rates	
  of	
  serious	
  adverse	
  
events.	
  If,	
  indeed,	
  the	
  clinical	
  research	
  evidence	
  supports	
  these	
  claims,	
  the	
  new	
  SOF	
  regimens	
  
would	
  be	
  a	
  tremendous	
  step	
  forward	
  for	
  patients	
  with	
  HCV.	
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Gilead	
  has	
  set	
  the	
  wholesale	
  acquisition	
  cost	
  of	
  sofosbuvir	
  at	
  $1,000	
  per	
  tablet	
  in	
  the	
  US.	
  With	
  
daily	
  dosing,	
  the	
  cost	
  of	
  a	
  course	
  of	
  treatment	
  with	
  sofosbuvir	
  will	
  range	
  from	
  $84,000	
  for	
  12	
  
weeks	
  of	
  treatment	
  to	
  $168,000	
  for	
  24	
  weeks	
  of	
  treatment	
  (Robison	
  2013).	
  This	
  price	
  does	
  not	
  
include	
  the	
  drug	
  cost	
  of	
  RBV	
  and/or	
  PEG-­‐INF	
  in	
  regimens	
  that	
  include	
  those	
  drugs.	
  These	
  costs	
  
also	
  do	
  not	
  account	
  for	
  the	
  medical	
  care	
  needed	
  before,	
  during	
  and	
  after	
  treatment,	
  or	
  further	
  
treatment	
  in	
  the	
  case	
  of	
  treatment	
  failure	
  or	
  relapse.	
  	
  

Key Questions 

This	
  report	
  will	
  address	
  the	
  following	
  Key	
  Questions:	
  

1. What	
  is	
  the	
  evidence	
  for	
  the	
  efficacy	
  of	
  sofosbuvir	
  in	
  treating	
  hepatitis	
  C?	
  
2. What	
  is	
  the	
  evidence	
  for	
  harms	
  of	
  sofosbuvir	
  treatment?	
  
3. Is	
  there	
  any	
  evidence	
  of	
  subgroup	
  differences	
  in	
  efficacy	
  and	
  harms	
  (e.g.,	
  genotype,	
  

race,	
  comorbidity)?	
  
4. Are	
  there	
  studies	
  in	
  the	
  research	
  pipeline	
  that	
  will	
  add	
  significantly	
  to	
  the	
  knowledge	
  of	
  

sofosbuvir’s	
  effectiveness	
  and	
  harms?	
  
5. What	
  polices	
  have	
  private	
  payers	
  set	
  around	
  sofosbuvir	
  coverage?	
  
6. What	
  is	
  the	
  quality	
  and	
  reliability	
  of	
  the	
  AASLD	
  treatment	
  guideline?	
  	
  
7. What	
  does	
  the	
  evidence	
  say	
  about	
  whom	
  to	
  treat	
  and	
  when	
  to	
  treat?	
  

Methods 

Search Strategy 
The	
  FDA’s	
  website	
  was	
  searched	
  for	
  the	
  summary	
  review	
  of	
  evidence	
  and	
  the	
  approved	
  label	
  
for	
  sofosbuvir.	
  The	
  website	
  ClinicalTrials.gov	
  was	
  searched	
  with	
  the	
  term	
  “sofosbuvir”	
  and	
  all	
  
studies	
  were	
  reviewed	
  for	
  their	
  design,	
  treatment	
  population,	
  interventions	
  and	
  outcomes.	
  
Completed	
  studies	
  were	
  reviewed	
  to	
  identify	
  publications.	
  A	
  MEDLINE®	
  search	
  was	
  conducted	
  
with	
  the	
  search	
  term	
  “sofosbuvir”	
  and	
  all	
  studies	
  examining	
  efficacy	
  and	
  harms	
  of	
  sofosbuvir	
  
were	
  included	
  regardless	
  of	
  design.	
  Editorials,	
  letters,	
  and	
  commentaries	
  were	
  excluded.	
  
Studies	
  were	
  also	
  initially	
  excluded	
  if	
  they	
  were	
  unpublished	
  or	
  presented	
  in	
  abstracts	
  or	
  slides	
  
since	
  details	
  about	
  study	
  design	
  and	
  patient	
  characteristics	
  were	
  not	
  available.	
  However,	
  after	
  
peer	
  review	
  comments	
  were	
  received,	
  additional	
  studies	
  available	
  in	
  abstract	
  form	
  only	
  and	
  
unpublished	
  studies	
  from	
  the	
  information	
  submitted	
  by	
  the	
  manufacturer	
  for	
  FDA	
  review	
  were	
  
included.	
  Due	
  to	
  insufficient	
  information	
  within	
  these	
  documents,	
  formal	
  methodological	
  
quality	
  assessment	
  was	
  not	
  performed	
  on	
  abstracts	
  or	
  unpublished	
  trials.	
  

The	
  search	
  for	
  relevant	
  clinical	
  practice	
  guidelines	
  included	
  the	
  following	
  sources:	
  the	
  United	
  
Kingdom	
  National	
  Institute	
  for	
  Health	
  and	
  Care	
  Excellence	
  (NICE),	
  the	
  Scottish	
  Intercollegiate	
  
Guidelines	
  Network	
  (SIGN),	
  USPSTF,	
  Institute	
  for	
  Clinical	
  Systems	
  Improvement	
  (ICSI),	
  and	
  the	
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Australian	
  Government	
  National	
  Health	
  and	
  Medical	
  Research	
  Council	
  (NHMRC),	
  Veterans	
  
Affairs	
  guidelines,	
  and	
  gastroenterology	
  and	
  hepatology	
  professional	
  organizations.	
  	
  

Quality and Applicability Assessment 
All	
  identified	
  published	
  studies	
  were	
  included	
  for	
  review.	
  Three	
  reviewers	
  rated	
  the	
  quality	
  (risk	
  
of	
  bias	
  or	
  internal	
  validity)	
  of	
  each	
  study	
  as	
  well	
  as	
  criteria	
  to	
  assess	
  the	
  risk	
  for	
  biased	
  
inferences	
  from	
  study	
  results	
  (external	
  validity	
  or	
  applicability)	
  due	
  to	
  factors	
  such	
  as	
  
inappropriate	
  comparator	
  or	
  outcome	
  for	
  the	
  Key	
  Questions	
  raised	
  in	
  this	
  report.	
  Several	
  
studies	
  presented	
  in	
  abstracts	
  and	
  slides	
  were	
  later	
  summarized,	
  based	
  on	
  requests	
  from	
  
external	
  reviewers,	
  but	
  were	
  not	
  quality	
  rated.	
  	
  

A	
  checklist	
  was	
  adapted	
  from	
  those	
  used	
  by	
  NICE,	
  SIGN,	
  and	
  the	
  Drug	
  Effectiveness	
  Review	
  
Project	
  (DERP)	
  for	
  risk	
  of	
  bias	
  (internal	
  validity).	
  Reviewers	
  used	
  a	
  checklist	
  based	
  on	
  criteria	
  
proposed	
  by	
  Montori	
  (2004)	
  to	
  address	
  potential	
  biases	
  in	
  inferences	
  made	
  from	
  study	
  results	
  
for	
  questions	
  posed	
  in	
  this	
  report	
  (external	
  validity).	
  Finally,	
  conflicts	
  of	
  interest	
  and	
  study	
  
funding	
  were	
  noted.	
  Disagreements	
  were	
  resolved	
  by	
  discussion	
  and	
  studies	
  received	
  an	
  overall	
  
quality	
  rating	
  that	
  incorporated	
  both	
  risk	
  of	
  bias	
  related	
  to	
  study	
  results	
  and	
  applicability	
  of	
  
study	
  results	
  to	
  questions	
  in	
  this	
  report	
  (Appendix	
  D).	
  	
  

Table	
  4.	
  Critical	
  Appraisal	
  and	
  Summary	
  Judgment	
  

Author,	
  Year	
  (Trial)	
  

How	
  well	
  was	
  the	
  study	
  
done	
  to	
  minimize	
  bias	
  

in	
  study	
  design?	
  	
  
(Good,	
  Fair,	
  Poor)	
  

How	
  well	
  did	
  the	
  study	
  
respond	
  to	
  the	
  
questions	
  of	
  this	
  

report?	
  	
  
(Good,	
  Fair,	
  Poor)	
  

Overall	
  Study	
  Quality	
  
	
  (Good	
  Fair,	
  Poor)	
  

Gane,	
  2013	
  
(ELECTRON)	
   Poor	
   Poor	
   Poor	
  

Jacobson,	
  2013a	
  	
  
(Study	
  1)	
  
(POSITRON)	
  

Poor	
   Poor	
   Poor	
  

Jacobson,	
  2013a	
  
(Study	
  2)	
  
(FUSION)	
  

Poor	
   Poor	
   Poor	
  

Kowdley,	
  2013	
  
(ATOMIC)	
   Poor	
   Poor	
   Poor	
  

Lawitz,	
  2013	
  
(Lancet)	
   Poor	
   Poor	
   Poor	
  

Lawitz,	
  2013	
  (NEJM)	
  
(Study	
  1)	
  
(NEUTRINO)	
  

Poor	
   Poor	
   Poor	
  

Lawitz,	
  2013	
  (NEJM)	
  
(Study	
  2)	
  
(FISSION)	
  

Poor	
   Poor	
   Poor	
  

Osinusi,	
  2013	
   Poor	
   Poor	
   Poor	
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Author,	
  Year	
  (Trial)	
  

How	
  well	
  was	
  the	
  study	
  
done	
  to	
  minimize	
  bias	
  

in	
  study	
  design?	
  	
  
(Good,	
  Fair,	
  Poor)	
  

How	
  well	
  did	
  the	
  study	
  
respond	
  to	
  the	
  
questions	
  of	
  this	
  

report?	
  	
  
(Good,	
  Fair,	
  Poor)	
  

Overall	
  Study	
  Quality	
  
	
  (Good	
  Fair,	
  Poor)	
  

(Study	
  1)	
  
Osinusi,	
  2013	
  
(Study	
  2)	
   Poor	
   Fair	
   Poor	
  

Rodriguez-­‐Torres,	
  
2013	
   Poor	
   Poor	
   Poor	
  

Two	
  raters	
  independently	
  rated	
  the	
  quality	
  of	
  the	
  guidelines	
  using	
  a	
  checklist	
  adapted	
  Appraisal	
  
of	
  Guidelines	
  Research	
  &	
  Evaluation	
  (AGREE)	
  instrument.	
  Disagreements	
  were	
  resolved	
  by	
  
discussion.	
  For	
  guidelines	
  to	
  be	
  considered	
  evidence-­‐based,	
  the	
  following	
  criteria	
  had	
  to	
  be	
  
met:	
  systematic	
  search	
  for	
  studies;	
  study	
  selection	
  criteria	
  clearly	
  described;	
  quality	
  of	
  
individual	
  studies	
  and	
  overall	
  strength	
  of	
  evidence	
  assessed;	
  methods	
  for	
  formulating	
  
recommendation	
  clearly	
  described;	
  benefits/side	
  effects/risks	
  considered;	
  explicit	
  link	
  between	
  
evidence	
  and	
  recommendations;	
  external	
  review;	
  funding	
  source	
  and	
  member	
  conflict	
  of	
  
interest	
  managed	
  so	
  as	
  not	
  to	
  influence	
  recommendations.	
  

Peer Review  
The	
  draft	
  report	
  was	
  peer	
  reviewed	
  by	
  four	
  experts	
  representing	
  the	
  fields	
  of	
  pharmacology,	
  
hepatology,	
  primary	
  care,	
  clinical	
  epidemiology	
  and	
  health	
  policy.	
  Potential	
  reviewers	
  were	
  
asked	
  to	
  declare	
  any	
  significant	
  financial	
  or	
  intellectual	
  conflicts	
  of	
  interest.	
  None	
  of	
  the	
  experts	
  
who	
  completed	
  the	
  standardized	
  peer	
  review	
  form	
  reported	
  conflicts	
  of	
  interest.	
  A	
  table	
  of	
  de-­‐
identified	
  peer	
  reviewer	
  comments,	
  along	
  with	
  their	
  disposition,	
  was	
  developed	
  and	
  a	
  final	
  
version	
  of	
  this	
  report	
  was	
  prepared	
  by	
  the	
  authors.	
  

Findings 

Seven	
  publications	
  addressing	
  the	
  effectiveness	
  and	
  harms	
  of	
  sofosbuvir	
  (Gane	
  2013;	
  Jacobson	
  
2013a;	
  Kowdley	
  2013;	
  Lawitz	
  2013a;	
  Lawitz	
  2013b;	
  Osinusi	
  2013;	
  Rodriguez-­‐Torres	
  2013)	
  were	
  
identified.	
  These	
  seven	
  publications	
  described	
  ten	
  studies,	
  with	
  three	
  articles	
  (Jacobson	
  2013a;	
  
Lawitz	
  2013b;	
  Osinusi	
  2013)	
  describing	
  two	
  studies	
  each.	
  In	
  addition,	
  three	
  studies	
  cited	
  in	
  the	
  
FDA	
  review	
  which	
  have	
  not	
  been	
  published	
  were	
  reviewed	
  and	
  data	
  from	
  these	
  trials	
  was	
  
included	
  in	
  the	
  appendices	
  where	
  appropriate	
  (Mishra	
  2013).	
  Three	
  abstracts	
  presented	
  at	
  two	
  
conferences	
  on	
  the	
  unpublished	
  COSMOS	
  trial	
  of	
  a	
  sofosbuvir	
  and	
  simeprevir	
  treatment	
  
regimen	
  were	
  also	
  reviewed	
  and	
  are	
  described	
  below	
  (Jacobson	
  2013b;	
  Lawitz	
  2014;	
  Sulkowski	
  
2014).	
  	
  

Full	
  study	
  descriptions	
  are	
  offered	
  in	
  Appendix	
  C	
  titled	
  Evidence	
  Tables.	
  The	
  evidence	
  tables	
  
give	
  detailed	
  information	
  about	
  each	
  study,	
  including	
  design,	
  sample	
  size,	
  inclusion	
  and	
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exclusion	
  criteria,	
  patient	
  characteristics,	
  the	
  drug	
  regimen	
  and	
  comparator	
  employed,	
  the	
  
primary	
  outcomes	
  reported,	
  and	
  study	
  limitations.	
  In	
  addition,	
  Appendix	
  A	
  presents	
  response	
  
and	
  relapse	
  rates	
  by	
  study,	
  and	
  Appendix	
  B	
  breaks	
  down	
  study	
  populations	
  by	
  important	
  
characteristics	
  (i.e.,	
  HCV	
  genotype,	
  prior	
  treatment	
  experience,	
  proportion	
  of	
  male	
  and	
  
Caucasian	
  subjects	
  in	
  study,	
  and	
  proportion	
  of	
  subjects	
  with	
  cirrhosis	
  or	
  bridging	
  fibrosis).	
  A	
  
table	
  summarizing	
  the	
  findings	
  from	
  the	
  detailed	
  critical	
  appraisal	
  assessment	
  conducted	
  on	
  
each	
  of	
  these	
  studies	
  is	
  presented	
  in	
  Appendix	
  D.	
  This	
  report	
  identified	
  53	
  studies	
  registered	
  on	
  
ClinicalTrials.gov,	
  of	
  which	
  15	
  were	
  marked	
  as	
  completed.	
  Of	
  the	
  15	
  trials	
  marked	
  as	
  
completed,	
  only	
  four	
  trials	
  had	
  results	
  posted	
  on	
  ClinicalTrials.gov.	
  

The	
  only	
  guideline	
  that	
  addressed	
  the	
  use	
  of	
  sofosbuvir	
  is	
  the	
  2014	
  AASLD	
  publication.	
  	
  

Treatment Effectiveness 

Overview – Published Studies 
Of	
  the	
  ten	
  published	
  studies,	
  there	
  was	
  one	
  placebo	
  controlled	
  trial	
  (Jacobson	
  2013a,	
  
POSITRON	
  trial)	
  and	
  one	
  study	
  that	
  compared	
  SOF	
  +	
  weight-­‐based	
  RBV	
  to	
  PEG	
  +	
  low	
  dose	
  RBV	
  	
  
(Lawitz	
  2013b,	
  FISSION	
  trial).	
  Both	
  of	
  these	
  studies	
  included	
  patients	
  with	
  HCV	
  genotypes	
  2	
  and	
  
3.	
  All	
  other	
  studies	
  were	
  designed	
  to	
  refine	
  drug	
  dose,	
  drug	
  combination	
  or	
  duration	
  of	
  
treatment.	
  Nine	
  studies	
  enrolled	
  patients	
  with	
  HCV-­‐1	
  (total	
  n=889),	
  five	
  included	
  those	
  with	
  
HCV-­‐2	
  or	
  HCV-­‐3	
  (total	
  n=1060),	
  and	
  two	
  studies	
  also	
  included	
  patients	
  with	
  HCV-­‐4,	
  -­‐5,	
  or	
  -­‐6	
  
(total	
  n=41).	
  

Studies	
  tended	
  to	
  include	
  populations	
  with	
  favorable	
  prognostic	
  factors.	
  About	
  10%	
  of	
  total	
  
enrolled	
  populations	
  were	
  African	
  or	
  African	
  American.	
  Slightly	
  over	
  13%	
  had	
  cirrhosis.	
  No	
  
subjects	
  with	
  concurrent	
  hepatitis	
  B	
  or	
  HIV	
  infections	
  were	
  included	
  among	
  the	
  published	
  
studies.	
  However,	
  one	
  study	
  of	
  HCV/HIV	
  co-­‐infected	
  patients	
  (Mishra	
  2013,	
  PHOTON-­‐1	
  trial)	
  
was	
  included	
  in	
  the	
  FDA	
  review	
  and	
  available	
  details	
  of	
  the	
  study	
  are	
  described	
  below.	
  	
  

All	
  studies	
  were	
  rated	
  as	
  having	
  a	
  high	
  risk	
  of	
  bias.	
  No	
  study	
  was	
  judged	
  to	
  have	
  good	
  
applicability,	
  and	
  only	
  the	
  National	
  Institutes	
  of	
  Health	
  (NIH)	
  sponsored	
  study	
  by	
  Osinusi	
  (2013)	
  
was	
  rated	
  as	
  having	
  fair	
  applicability.	
  The	
  overall	
  summary	
  judgment	
  for	
  each	
  of	
  the	
  published	
  
studies	
  yielded	
  a	
  rating	
  of	
  poor.	
  Only	
  one	
  of	
  10	
  published	
  studies	
  used	
  a	
  comparator	
  that	
  would	
  
answer	
  the	
  key	
  clinical	
  question	
  raised	
  in	
  this	
  report	
  –	
  do	
  the	
  new	
  sofosbuvir	
  drug	
  regimens	
  
have	
  better	
  clinical	
  outcomes	
  and	
  fewer	
  harms	
  than	
  the	
  current	
  standard	
  of	
  care?	
  In	
  other	
  
words,	
  do	
  the	
  sofosbuvir	
  trials	
  compare	
  the	
  current	
  treatment	
  (see	
  Table	
  2)	
  to	
  the	
  newly	
  
recommended	
  sofosbuvir	
  regimens	
  (see	
  Table	
  3)?	
  These	
  nine	
  published	
  studies,	
  as	
  well	
  as	
  the	
  
three	
  unpublished	
  trials	
  included	
  in	
  the	
  FDA	
  review,	
  were	
  single	
  arm	
  non-­‐comparative	
  studies,	
  
placebo	
  controlled,	
  or	
  dose	
  or	
  duration	
  varying	
  studies	
  that	
  did	
  not	
  have	
  a	
  meaningful	
  
comparator.	
  The	
  outcomes	
  of	
  these	
  studies	
  (e.g.,	
  SVR12,	
  SVR24,	
  harms)	
  may	
  be	
  strongly	
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influenced	
  by	
  the	
  characteristics	
  of	
  the	
  patients	
  in	
  the	
  studies,	
  many	
  of	
  whom	
  had	
  
characteristics	
  associated	
  with	
  better	
  outcomes	
  (e.g.,	
  Caucasian,	
  lower	
  viral	
  load	
  at	
  baseline,	
  no	
  
active	
  or	
  excessive	
  alcohol	
  use,	
  low	
  rates	
  of	
  cirrhosis,	
  other	
  comorbid	
  conditions	
  such	
  as	
  cardiac	
  
disease).	
  The	
  one	
  study	
  which	
  did	
  compare	
  the	
  sofosbuvir	
  regimen	
  to	
  the	
  standard	
  PEG	
  and	
  
RBV	
  treatment	
  used	
  a	
  low	
  dose	
  of	
  RBV	
  (800mg)	
  rather	
  than	
  weight-­‐based	
  RBV	
  (1000	
  to	
  12000	
  
mg	
  depending	
  on	
  weight)	
  which	
  is	
  the	
  current	
  standard	
  of	
  care.	
  Neither	
  this	
  comparator	
  nor	
  
the	
  placebo	
  controlled	
  trial	
  were	
  appropriate	
  study	
  designs	
  for	
  answering	
  the	
  questions	
  raised	
  
by	
  this	
  report.	
  	
  

No	
  study	
  of	
  sofosbuvir	
  in	
  HCV-­‐1	
  populations	
  compared	
  the	
  drug	
  to	
  current	
  standard	
  of	
  care,	
  
which	
  is	
  triple	
  therapy	
  including	
  PEG-­‐INF	
  +	
  RBV	
  with	
  boceprevir	
  or	
  telaprevir.	
  Most	
  studies	
  were	
  
open	
  label	
  and	
  all	
  but	
  one	
  (Osinusi	
  2013)	
  were	
  funded	
  and	
  controlled	
  by	
  the	
  drug’s	
  
manufacturer.	
  Most	
  study	
  arms	
  included	
  few	
  patients,	
  especially	
  among	
  subgroups	
  of	
  particular	
  
interest	
  to	
  public	
  payers.	
  Duration	
  of	
  follow-­‐up	
  was	
  limited	
  with	
  no	
  study	
  reporting	
  primary	
  
outcomes	
  at	
  more	
  than	
  24	
  weeks	
  after	
  the	
  end	
  of	
  treatment.	
  Most	
  studies	
  were	
  multi-­‐
centered,	
  and	
  eight	
  studies	
  enrolled	
  10	
  or	
  fewer	
  patients	
  per	
  site.	
  None	
  of	
  these	
  studies	
  
reported	
  results	
  by	
  study	
  center.	
  	
  

Response	
  rates	
  tended	
  to	
  vary	
  by	
  the	
  underlying	
  prognostic	
  factors	
  of	
  the	
  population	
  (i.e.,	
  
genotype,	
  presence	
  of	
  cirrhosis,	
  prior	
  treatment	
  status),	
  sample	
  size,	
  and	
  study	
  characteristics.	
  
Response	
  rates	
  from	
  the	
  published	
  studies,	
  using	
  SVR12	
  as	
  the	
  outcome	
  measure,	
  ranged	
  from	
  
10%	
  to	
  89%	
  for	
  patients	
  with	
  HCV-­‐1,	
  82%	
  to	
  95%	
  for	
  HCV-­‐2,	
  and	
  30%	
  to	
  84%	
  for	
  patients	
  with	
  
HCV-­‐3	
  (Appendix	
  A	
  and	
  B).	
  Few	
  studies	
  reported	
  SVR24,	
  and	
  among	
  the	
  eight	
  study	
  arms	
  
reporting	
  both	
  SVR12	
  and	
  SVR24,	
  the	
  differences	
  in	
  these	
  response	
  rates	
  ranged	
  from	
  0%	
  to	
  
7%.	
  	
  

Not	
  all	
  studies	
  reported	
  relapse	
  rates	
  and	
  those	
  that	
  did	
  used	
  various	
  measures	
  of	
  “relapse.”	
  
Relapse	
  is	
  defined	
  as	
  a	
  patient	
  achieving	
  HCV	
  RNA	
  less	
  than	
  the	
  lower	
  limit	
  of	
  quantitation	
  
(LLOQ)	
  or	
  the	
  lower	
  limit	
  of	
  detection	
  (LLOD)	
  at	
  the	
  last	
  measurement	
  on	
  treatment	
  but	
  
subsequently	
  having	
  a	
  HCV	
  RNA	
  greater	
  than	
  or	
  equal	
  to	
  LLOQ	
  or	
  LLOD	
  post	
  treatment.	
  The	
  
FDA	
  analysis	
  (Mishra	
  2013)	
  as	
  well	
  as	
  the	
  FISSION,	
  NEUTRINIO,	
  POSITRON,	
  and	
  FUSION	
  studies	
  
(Jacobson	
  2013a;	
  Lawitz	
  2013b)	
  all	
  defined	
  the	
  LLOQ	
  as	
  less	
  than	
  25	
  IU/mL.	
  The	
  ELECTRON	
  
study	
  (Gane	
  2013)	
  used	
  a	
  measure	
  of	
  LLOD	
  of	
  less	
  than	
  15	
  IU/mL	
  while	
  the	
  NIH	
  study	
  (Osinusi	
  
2013)	
  measured	
  both	
  LLOQ	
  and	
  LLOD,	
  but	
  the	
  thresholds	
  varied	
  based	
  on	
  the	
  assay	
  used.	
  
Osinusi	
  (2013)	
  specified	
  that	
  when	
  using	
  the	
  Abbot	
  Molecular	
  assay,	
  the	
  LLOQ	
  should	
  be	
  less	
  
than	
  12	
  IU/mL	
  and	
  the	
  LLOD	
  less	
  than	
  3	
  IU/mL,	
  but	
  when	
  using	
  the	
  COBAS	
  TaqMan	
  assay,	
  the	
  
LLOQ	
  should	
  be	
  less	
  than	
  43	
  IU/mL	
  and	
  LLOD	
  less	
  than	
  12	
  IU/mL.	
  The	
  FDA	
  review	
  (Mishra	
  2013)	
  
did	
  not	
  specify	
  which	
  assay	
  was	
  used	
  to	
  determine	
  LLOQ,	
  but	
  Gane	
  (2013),	
  Jacobson	
  (2013a),	
  
and	
  Lawitz	
  (2013)	
  all	
  used	
  the	
  COBAS	
  TaqMan	
  assay.	
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In	
  those	
  studies	
  that	
  did	
  report	
  relapse	
  rates,	
  some	
  reported	
  only	
  on	
  the	
  basis	
  of	
  per-­‐protocol	
  
analysis	
  (patients	
  completing	
  treatment	
  only)	
  and	
  did	
  not	
  account	
  for	
  losses	
  to	
  follow-­‐up.	
  
Relapse	
  rates	
  ranged	
  from	
  5%	
  in	
  treatment	
  naïve	
  genotype	
  2	
  patients	
  treated	
  with	
  SOF	
  +	
  RBV	
  
for	
  12	
  weeks,	
  (Jacobson	
  2013a,	
  POSITRON;	
  Lawitz	
  2013b,	
  FISSION)	
  to	
  90%	
  in	
  treatment	
  
experienced	
  genotype	
  1	
  patients	
  treated	
  with	
  the	
  interferon-­‐free	
  SOF	
  +	
  RBV	
  12	
  week	
  regimen	
  
(Gane	
  2013).	
  For	
  the	
  FDA	
  approved	
  treatment	
  regimens,	
  relapse	
  rates	
  were	
  4%	
  to	
  8.6%	
  for	
  
genotype	
  1	
  patients	
  treated	
  with	
  SOF	
  +	
  PEG	
  +	
  RBV	
  for	
  12	
  weeks	
  (Lawitz	
  2013a;	
  Lawitz	
  2013b)	
  
and	
  28%	
  for	
  genotype	
  1	
  patients	
  treated	
  with	
  the	
  interferon-­‐free	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks	
  
(Osinusi	
  2013).	
  For	
  genotype	
  2	
  patients	
  treated	
  with	
  SOF	
  +	
  RBV	
  for	
  12	
  weeks,	
  relapse	
  rates	
  
ranged	
  from	
  5%	
  to	
  18%	
  (Jacobson	
  2013a;	
  Lawitz	
  2013b)	
  and	
  for	
  genotype	
  3	
  patients	
  treated	
  
with	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks,	
  	
  the	
  relapse	
  rates	
  was	
  14%	
  (Mishra	
  2013).	
  	
  	
  

Overview – Unpublished Studies Included in FDA Review 
Three	
  additional	
  unpublished	
  studies	
  were	
  identified.	
  These	
  three	
  studies,	
  VALENCE,	
  PHOTON-­‐1	
  
and	
  an	
  unnamed	
  trial	
  in	
  pre-­‐transplant	
  patients,	
  were	
  all	
  on-­‐going	
  trials	
  at	
  the	
  time	
  of	
  FDA	
  
review	
  but	
  were	
  included	
  in	
  the	
  FDA’s	
  efficacy	
  and	
  safety	
  assessment.	
  	
  

The	
  original	
  protocol	
  for	
  VALENCE	
  was	
  as	
  a	
  placebo	
  controlled	
  trial	
  of	
  SOF	
  +	
  RBV	
  for	
  12	
  weeks	
  in	
  
patients	
  with	
  HCV	
  genotypes	
  2	
  or	
  3.	
  Early	
  results,	
  primarily	
  from	
  the	
  FUSION	
  trial,	
  however,	
  
indicated	
  that	
  SVR12	
  rates	
  in	
  genotype	
  3	
  patients	
  improved	
  with	
  longer	
  duration	
  of	
  treatment,	
  
and	
  so	
  the	
  protocol	
  for	
  VALENCE	
  was	
  redesigned	
  to	
  treat	
  all	
  genotype	
  2	
  patients	
  with	
  SOF	
  +	
  
RBV	
  for	
  12	
  weeks,	
  and	
  offer	
  genotype	
  3	
  patients	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks.	
  The	
  SVR12	
  rate	
  for	
  
genotype	
  3	
  patients	
  in	
  the	
  trial	
  who	
  took	
  12	
  weeks	
  of	
  treatment	
  was	
  56%,	
  which	
  increased	
  to	
  
93%	
  with	
  24	
  weeks	
  of	
  treatment.	
  The	
  relapse	
  rate	
  decreased	
  from	
  40%	
  to	
  5%.	
  The	
  VALENCE	
  
trial	
  led	
  the	
  FDA	
  to	
  approve	
  a	
  genotype	
  3	
  treatment	
  regimen	
  of	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks	
  (Mishra	
  
2013).	
  

The	
  PHOTON-­‐1	
  trial	
  was	
  an	
  on-­‐going,	
  three	
  arm	
  trial	
  of	
  SOF	
  +	
  RBV	
  therapy	
  in	
  patients	
  co-­‐
infected	
  with	
  HIV.	
  The	
  first	
  arm	
  included	
  treatment	
  naïve	
  patients	
  with	
  genotype	
  2	
  or	
  3	
  who	
  
received	
  12	
  weeks	
  of	
  therapy.	
  The	
  SVR12	
  rate	
  for	
  the	
  genotype	
  2	
  patients	
  was	
  88%	
  (23/26)	
  and	
  
67%	
  (28/42)	
  for	
  genotype	
  3.	
  The	
  second	
  arm	
  included	
  treatment	
  experienced	
  patients	
  with	
  
genotypes	
  2	
  and	
  3,	
  and	
  they	
  received	
  24	
  weeks	
  of	
  treatment.	
  The	
  SVR12	
  rates	
  were	
  93%	
  for	
  
genotype	
  2	
  (14/15)	
  and	
  92%	
  (12/13)	
  for	
  genotype	
  3.	
  The	
  third	
  arm	
  included	
  treatment	
  naïve	
  
genotype	
  1	
  patients	
  who	
  received	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks,	
  and	
  the	
  SVR12	
  response	
  was	
  76%	
  
(87/114).	
  Genotype	
  1a	
  responded	
  better	
  with	
  82%	
  achieving	
  SVR12	
  (74/90)	
  compared	
  to	
  
genotype	
  1b	
  where	
  only	
  54%	
  (13/24)	
  achieved	
  SVR12	
  (Mishra	
  2013).	
  	
  

The	
  FDA	
  also	
  included	
  data	
  from	
  an	
  unnamed,	
  on-­‐going,	
  open-­‐label	
  trial	
  evaluating	
  whether	
  
administering	
  SOF	
  +	
  RBV	
  to	
  pre-­‐transplant	
  patients	
  would	
  prevent	
  HCV	
  recurrence	
  post-­‐
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transplant	
  (trial	
  number	
  P7977-­‐2025).	
  The	
  trial	
  reported	
  incomplete	
  data	
  on	
  a	
  total	
  of	
  61	
  
patients	
  (Mishra	
  2013).	
  The	
  preliminary	
  results	
  are	
  presented	
  in	
  Appendix	
  C.	
  

All	
  three	
  of	
  these	
  unpublished	
  trials	
  were	
  incomplete	
  at	
  the	
  time	
  of	
  FDA	
  review	
  and	
  had	
  not	
  
been	
  published	
  in	
  a	
  peer	
  reviewed	
  publication	
  as	
  of	
  April	
  2014.	
  Available	
  details	
  of	
  the	
  trials	
  are	
  
included	
  in	
  report	
  charts	
  and	
  tables,	
  but	
  the	
  studies	
  were	
  not	
  quality	
  assessed	
  or	
  reviewed	
  due	
  
to	
  lack	
  of	
  information.	
  	
  

Summary of Evidence on FDA Approved Treatment Regimens 
Of	
  the	
  11	
  studies	
  identified	
  which	
  evaluated	
  sofosbuvir	
  treatment	
  in	
  general	
  populations	
  (ten	
  
published	
  studies	
  and	
  the	
  unpublished	
  VALENCE	
  trial,	
  excluding	
  the	
  HIV	
  and	
  pre-­‐transplant	
  
studies),	
  only	
  six	
  studies	
  tested	
  one	
  of	
  the	
  four	
  FDA	
  approved	
  treatment	
  regimens.	
  These	
  
studies	
  are	
  summarized	
  in	
  Table	
  5	
  below.	
  

Table	
  5.	
  FDA	
  Approved	
  Treatment	
  Regimens	
  and	
  Response	
  Rates	
  

Genotype	
   Treatment	
   SVR12	
   Relapse	
  
#	
  of	
  Studies	
  

(Study	
  name)	
  
Study	
  N	
  

HCV-­‐1	
  

SOF+PEG+RBV	
  	
  

12	
  w	
  
89%	
   4%	
  to	
  8.6%	
  

2	
  

(NEUTRINO,	
  ATOMIC)	
  
379	
  

SOF+RBV	
  

24	
  w	
  
68%	
   28%	
  

1	
  

(Osinusi,	
  NIH	
  Study)	
  
60	
  

HCV-­‐2	
  
SOF+RBV	
  

12	
  w	
  
82%	
  to	
  
95%	
  

5%	
  to	
  18%	
  
4	
  

(FISSION,	
  FUSION,	
  
POSITRON,	
  VALENCE)	
  

1051	
  

HCV-­‐3	
  
SOF+RBV	
  

24	
  w	
  
84%	
   14%	
  	
  

1	
  

(VALENCE)	
  
250	
  

Note	
  that	
  for	
  both	
  genotype	
  3	
  and	
  the	
  interferon-­‐free	
  regimen	
  for	
  genotype	
  1,	
  the	
  evidence	
  
base	
  consists	
  of	
  one	
  study	
  and	
  the	
  total	
  number	
  of	
  patients	
  with	
  reported	
  data	
  is	
  60	
  (for	
  
genotype	
  1	
  patients	
  treated	
  with	
  the	
  interferon-­‐free	
  regimen)	
  and	
  250	
  (genotype	
  3	
  regimen).	
  
The	
  evidence	
  for	
  the	
  genotype	
  1	
  SOF	
  +	
  PEG	
  +	
  RBV	
  12-­‐week	
  treatment	
  is	
  primarily	
  based	
  on	
  the	
  
NEUTRINO	
  study	
  which	
  tested	
  the	
  regimen	
  on	
  a	
  total	
  of	
  327	
  patients.	
  Fifty-­‐two	
  additional	
  
patients	
  also	
  received	
  that	
  treatment	
  regimen	
  in	
  the	
  ATOMIC	
  study	
  that	
  evaluated	
  duration	
  
ranges.	
  The	
  genotype	
  2	
  regimen	
  has	
  the	
  most	
  documented	
  evidence	
  with	
  the	
  SOF	
  +	
  RBV	
  12-­‐
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week	
  treatment	
  being	
  tested	
  on	
  1051	
  patients	
  in	
  four	
  trials,	
  and	
  the	
  SVR12	
  rate	
  varied	
  from	
  
82%	
  to	
  95%.	
  	
  

Adverse Events 

The	
  FDA	
  compiled	
  reports	
  of	
  adverse	
  events	
  from	
  four	
  trials	
  (FISSION,	
  FUSION,	
  NEUTRINO,	
  
POSITRON)	
  compiling	
  a	
  data-­‐set	
  of	
  1305	
  patients	
  treated	
  with	
  sofosbuvir	
  and	
  RBV,	
  with	
  or	
  
without	
  PEG,	
  or	
  placebo.	
  There	
  were	
  no	
  treatment-­‐related	
  deaths	
  reported.	
  	
  

Approximately	
  78%	
  of	
  patients	
  receiving	
  placebo,	
  88%	
  of	
  patients	
  on	
  SOF	
  +	
  RBV	
  treatment	
  and	
  
95%	
  of	
  patients	
  receiving	
  PEG	
  +	
  SOF	
  +	
  RBV	
  reported	
  a	
  side	
  effect	
  from	
  treatment.	
  The	
  most	
  
common	
  side	
  effects	
  were	
  fatigue,	
  anemia,	
  nausea,	
  rash,	
  headache,	
  insomnia,	
  and	
  pain	
  
(Mishra,	
  2013,	
  p.	
  115).	
  	
  

Discontinuation	
  of	
  therapy	
  due	
  to	
  adverse	
  events	
  was	
  relatively	
  low	
  in	
  these	
  studies.	
  In	
  the	
  
combined	
  safety	
  analysis,	
  the	
  FDA	
  reported	
  withdrawal	
  rates	
  of	
  approximately	
  1.4%	
  in	
  patients	
  
receiving	
  SOF	
  +	
  RBV	
  for	
  12	
  weeks	
  (eight	
  out	
  of	
  566	
  patients).	
  This	
  compares	
  to	
  4.2%	
  of	
  patients	
  
receiving	
  placebo	
  (three	
  out	
  of	
  71	
  patients),	
  1.5%	
  of	
  patients	
  receiving	
  SOF	
  +	
  PEG	
  +	
  RBV	
  for	
  12	
  
weeks	
  (five	
  out	
  of	
  327	
  patients),	
  and	
  10.7%	
  of	
  patients	
  on	
  PEG	
  +	
  RBV	
  alone	
  (26	
  out	
  of	
  243	
  
patients)	
  (Mishra	
  2013,	
  p.	
  109).	
  	
  

Fifty-­‐one	
  treatment-­‐emergent,	
  serious	
  adverse	
  events	
  (SAE)	
  occurred	
  in	
  34	
  patients	
  (2.6%).	
  The	
  
events	
  by	
  treatment	
  regimen	
  are	
  summarized	
  in	
  Table	
  6	
  below.	
  

Table	
  6.	
  Total	
  Number	
  of	
  Patients	
  with	
  Serious	
  Adverse	
  Events	
  

Regimen	
  
Placebo	
  

12	
  wks	
  

SOF+RBV	
  

12	
  wks	
  

SOF+RBV	
  

16	
  wks	
  

PEG+SOF+RBV	
  

12	
  wks	
  

PEG+RBV	
  

24	
  wks	
  

N	
   71	
   566	
   98	
   327	
   243	
  

Number	
  of	
  
pts	
  w/	
  SAE	
  

2	
  (2.8%)	
   22	
  (3.9%)	
   3	
  (3.1%)	
   4	
  (1.2%)	
   3	
  (1.2%)	
  

Number	
  of	
  
SAEs	
  

3	
   31	
   3	
   8	
   6	
  

SAES	
  	
  

(#	
  of	
  
events)	
  

Pancreatitis	
  
(1);	
  bile	
  duct	
  
stone	
  (1);	
  
bronchitis	
  
(1);	
  	
  

Anemia	
  (1);	
  
abdominal	
  pain	
  (1);	
  
non-­‐cardiac	
  chest	
  pain	
  
(1);	
  pyrexia	
  (2);	
  chest	
  
pain	
  (1);	
  drug	
  
withdrawal	
  syndrome	
  
(1);	
  edema	
  peripheral	
  
(1);	
  portal	
  vein	
  
thrombosis	
  (1);	
  allergy	
  

Non-­‐cardiac	
  
chest	
  pain	
  
(1);	
  
overdose	
  
(1);	
  suicide	
  
attempt	
  (1);	
  	
  

Anemia	
  (1);	
  
leukopenia	
  (1);	
  
abdominal	
  pain	
  
(1);	
  non-­‐cardiac	
  
chest	
  pain	
  (1);	
  
pyrexia	
  (1);	
  
cryoglobulinaemi
a	
  (1);	
  spinal	
  
compression	
  

Atrioventricula
r	
  block	
  (1);	
  
infection	
  (1);	
  
clavicle	
  
fracture	
  (1);	
  
rib	
  fracture	
  
(1);	
  breast	
  
cancer	
  in	
  situ	
  
(1);	
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Regimen	
  
Placebo	
  

12	
  wks	
  

SOF+RBV	
  

12	
  wks	
  

SOF+RBV	
  

16	
  wks	
  

PEG+SOF+RBV	
  

12	
  wks	
  

PEG+RBV	
  

24	
  wks	
  

to	
  arthropod	
  sting	
  (1);	
  
hypersensitivity	
  (1);	
  
cellulitis	
  (2);	
  
abdominal	
  abscess	
  
(1);	
  osteomyelitis	
  
chronic	
  (1);	
  urinary	
  
tract	
  infection	
  (1);	
  
overdose	
  (1);	
  spinal	
  
compression	
  fracture	
  
(1);	
  fall	
  (1);	
  injury	
  (1);	
  
road	
  traffic	
  accident	
  
(1);	
  toxicity	
  to	
  various	
  
agents	
  (1);	
  upper	
  limb	
  
fracture	
  (1);	
  
hypoglycemia	
  (1);	
  
hepatic	
  neoplasm	
  
malignant	
  (3);	
  basal	
  
cell	
  carcinoma	
  (1);	
  
abnormal	
  behavior	
  
(1);	
  COPD	
  (1);	
  eczema	
  
(1)	
  	
  

fracture	
  (1);	
  
laryngeal	
  cancer	
  

pneumothorax	
  
(1)	
  

Adapted	
  from	
  Mishra	
  2013,	
  p.101.	
  

The	
  other	
  studies	
  reviewed	
  reported	
  similar	
  high	
  rates	
  of	
  mild	
  to	
  moderate	
  side	
  effects	
  such	
  as	
  
fatigue,	
  nausea	
  and	
  headache.	
  No	
  significant	
  patterns	
  in	
  serious	
  adverse	
  events	
  were	
  noted.	
  	
  

In	
  assessing	
  the	
  risk	
  of	
  adverse	
  events,	
  it	
  is	
  important	
  to	
  note	
  that	
  the	
  studies	
  on	
  sofosbuvir	
  
were	
  small,	
  included	
  populations	
  that	
  were	
  healthier	
  than	
  the	
  general	
  hepatitis	
  C	
  population,	
  
were	
  of	
  short	
  duration	
  and	
  had	
  limited	
  follow-­‐up.	
  In	
  many	
  of	
  the	
  studies,	
  the	
  manufacturer	
  was	
  
responsible	
  for	
  recording	
  and	
  reporting	
  adverse	
  events.	
  In	
  general,	
  reporting	
  of	
  adverse	
  events	
  
is	
  often	
  incomplete	
  and	
  discrepancies	
  between	
  clinical	
  trial	
  reports	
  and	
  publications	
  are	
  
common	
  (Hartung	
  2014).	
  All	
  of	
  these	
  factors	
  would	
  lead	
  to	
  a	
  bias	
  in	
  under-­‐representing	
  the	
  
true	
  nature	
  of	
  adverse	
  events.	
  	
  

Long-­‐range	
  studies	
  and	
  expanded	
  use	
  may	
  reveal	
  a	
  different	
  harms	
  profile	
  as	
  adverse	
  events	
  
associated	
  with	
  new	
  medications	
  often	
  appear	
  only	
  after	
  general	
  clinical	
  use	
  (Prasad	
  2013).	
  
When	
  the	
  protease	
  inhibitors	
  BOC	
  and	
  TVR	
  were	
  approved,	
  studies	
  showed	
  9%	
  to	
  14%	
  of	
  
patients	
  experienced	
  serious	
  side	
  effects.	
  Post-­‐approval	
  studies	
  in	
  Europe	
  found	
  the	
  rate	
  of	
  
serious	
  adverse	
  events	
  to	
  be	
  significantly	
  higher,	
  with	
  38%	
  of	
  patients	
  treated	
  with	
  boceprevir	
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experiencing	
  an	
  adverse	
  event	
  and	
  48.6%	
  of	
  those	
  receiving	
  telaprevir	
  developing	
  a	
  serious	
  side	
  
effect	
  (Hezode	
  2012).	
  	
  

While	
  the	
  studies	
  reviewed	
  here	
  do	
  not	
  report	
  significant	
  adverse	
  events	
  associated	
  with	
  
sofosbuvir	
  treatment,	
  larger	
  and	
  longer	
  term	
  studies	
  would	
  be	
  needed	
  to	
  accurately	
  describe	
  
the	
  drug’s	
  harms	
  profile.	
  

Subgroup Differences in Effectiveness and Harms 

The	
  11	
  studies	
  reviewed	
  did	
  not	
  report	
  effectiveness	
  or	
  harms	
  data	
  separately	
  for	
  many	
  
relevant	
  subgroups	
  (e.g.,	
  by	
  race,	
  gender,	
  IL28B	
  genotype).	
  These	
  studies	
  did	
  suggest	
  that	
  
sofosbuvir	
  treatment	
  regimens	
  are	
  similar	
  to	
  interferon-­‐based	
  treatment	
  regimens	
  in	
  that	
  the	
  
treatment	
  is	
  more	
  effective	
  in	
  patients	
  with	
  genotype	
  2	
  and	
  3	
  than	
  in	
  patients	
  with	
  genotype	
  1,	
  
patients	
  with	
  genotype	
  2	
  do	
  better	
  than	
  patients	
  with	
  genotype	
  3,	
  patients	
  with	
  the	
  IL28B	
  CC	
  
genotype	
  fare	
  better,	
  and	
  patients	
  without	
  cirrhosis	
  are	
  more	
  likely	
  to	
  achieve	
  SVR12	
  than	
  
those	
  with	
  cirrhosis.	
  	
  

Additional Studies  

Due	
  to	
  the	
  rapidly	
  changing	
  environment	
  and	
  information	
  surrounding	
  treatment	
  options	
  for	
  
HCV,	
  several	
  peer	
  reviewers	
  suggested	
  including	
  the	
  COSMOS	
  study	
  which	
  tests	
  a	
  treatment	
  
regimen	
  of	
  both	
  simeprevir	
  and	
  sofosbuvir	
  for	
  HCV	
  genotype	
  1	
  patients.	
  The	
  study	
  remains	
  
unpublished.	
  	
  

COSMOS (Sofosbuvir [SOVALDI®] and Simeprevir [OLYSIO™]) 
Simeprevir	
  (OLYSIO™)	
  is	
  a	
  NS3/4A	
  protease	
  inhibitor	
  jointly	
  developed	
  by	
  Janssen	
  Research	
  &	
  
Development,	
  LLC	
  and	
  Medivir	
  AB.	
  In	
  October	
  2013,	
  the	
  FDA	
  approved	
  simeprevir	
  for	
  the	
  
treatment	
  of	
  HCV	
  genotype	
  1	
  patients	
  in	
  combination	
  with	
  PEG	
  and	
  RBV.	
  	
  

In	
  November	
  2013,	
  preliminary	
  results	
  from	
  the	
  COSMOS	
  trial	
  were	
  presented	
  at	
  the	
  annual	
  
meeting	
  of	
  the	
  American	
  Association	
  for	
  the	
  Study	
  of	
  Liver	
  Diseases	
  (AASLD).	
  The	
  COSMOS	
  trial	
  
includes	
  167	
  patients	
  divided	
  into	
  two	
  cohorts,	
  each	
  with	
  four	
  study	
  arms,	
  and	
  treats	
  HCV	
  
genotype	
  1	
  patients	
  with	
  400	
  mg	
  SOF	
  and	
  150	
  mg	
  SMV	
  with	
  or	
  without	
  weight-­‐based	
  ribavirin	
  
for	
  12	
  or	
  24	
  weeks.	
  The	
  2013	
  AASLD	
  presentation	
  reported	
  data	
  for	
  the	
  80	
  patients	
  in	
  Cohort	
  1	
  
who	
  were	
  all	
  non-­‐responders	
  to	
  prior	
  treatment	
  with	
  PEG	
  and	
  RBV	
  and	
  who	
  had	
  Metavir	
  
fibrosis	
  scores	
  of	
  F0	
  to	
  F2.	
  The	
  preliminary	
  results	
  were	
  published	
  in	
  Hepatology	
  in	
  December	
  
2013	
  (Jacobson	
  2013b).	
  

In	
  April	
  of	
  2014,	
  during	
  the	
  European	
  Association	
  for	
  the	
  Study	
  of	
  the	
  Liver	
  (EASL)	
  conference,	
  
two	
  additional	
  presentations	
  on	
  COSMOS	
  trial	
  data	
  were	
  made	
  with	
  the	
  abstracts	
  published	
  on	
  
the	
  conference	
  website.	
  The	
  first	
  abstract	
  (Sulkowski	
  2014)	
  was	
  presented	
  as	
  a	
  “subgroup	
  
analysis”	
  of	
  COSMOS,	
  but	
  essentially	
  repackaged	
  the	
  data	
  previously	
  presented	
  at	
  the	
  2013	
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AASLD	
  conference	
  which	
  was	
  published	
  in	
  Hepatology	
  (Jacobson	
  2013b).	
  The	
  data	
  is	
  from	
  
Cohort	
  1	
  (HCV	
  genotype	
  1	
  patients	
  with	
  prior	
  non-­‐response	
  to	
  therapy)	
  but	
  the	
  EASL	
  
presentation	
  excludes	
  “five	
  patients	
  withdrawn	
  for	
  non-­‐virologic	
  failure”	
  and	
  thus	
  the	
  reported	
  
SVR12	
  rates	
  increase	
  significantly	
  in	
  one	
  treatment	
  group	
  (SMV	
  +	
  SOF	
  +	
  RBV	
  for	
  24	
  weeks,	
  see	
  
Table	
  7	
  below).	
  The	
  second	
  abstract	
  (Lawitz	
  2014)	
  reported	
  SVR12	
  results	
  from	
  Cohort	
  2	
  
patients	
  who	
  were	
  either	
  treatment	
  naïve	
  or	
  prior	
  null	
  responders	
  with	
  Metavir	
  scores	
  of	
  F3	
  to	
  
F4.	
  The	
  SVR12	
  results	
  are	
  summarized	
  in	
  Table	
  7	
  below.	
  

Table	
  7.	
  COSMOS	
  Trial	
  –	
  SVR12	
  Results	
  	
  

COSMOS	
  SVR12	
  Results	
  Presented	
  at	
  AASLD	
  and	
  EASL	
  Conferences	
  

Cohort	
   Citation	
  
SOF	
  +	
  SMV	
  

12	
  weeks	
  

SOF+SMV+RBV	
  

12	
  weeks	
  

SOF	
  +	
  SMV	
  

24	
  weeks	
  

SOF+SMV+RBV	
  

24	
  weeks	
  

1	
  

AASLD	
  2013	
  

(Jacobson	
  2013b)	
  
92.9%	
  (13/14)	
   96.3%	
  (26/27)	
   100%	
  (14/14)	
   79.2%	
  (19/24)	
  

EASL	
  2014	
  

(Sulkowski	
  2014)	
  
92.9%	
  (13/14)	
   96.3%	
  (26/27)	
   100%	
  (13/13)	
   90.5%	
  (19/21)	
  

2	
  
EASL	
  2014	
  

(Lawitz	
  2014)	
  
92.9%	
  (13/14)	
   92.6%	
  (25/27)	
   100%	
  (16/16)	
   93.3%	
  (28/30)	
  

Adverse	
  events	
  occurred	
  in	
  approximately	
  77%	
  of	
  individuals	
  in	
  both	
  cohorts.	
  For	
  Cohort	
  1,	
  
Jacobson	
  (2013b)	
  reported	
  that	
  four	
  patients	
  (2.4%)	
  discontinued	
  treatment	
  due	
  to	
  adverse	
  
events	
  while	
  Sulkowski	
  (2014)	
  reported	
  two	
  discontinuations	
  due	
  to	
  adverse	
  events.	
  For	
  Cohort	
  
2,	
  Lawitz	
  (2014)	
  reported	
  two	
  discontinuations	
  (2.3%).	
  Jacobson	
  (2013b)	
  reported	
  three	
  serious	
  
adverse	
  events	
  (1.8%)	
  in	
  Cohort	
  1.	
  However,	
  Sulkowski	
  (2014)	
  reported	
  no	
  serious	
  adverse	
  
events.	
  Lawitz	
  (2014)	
  reported	
  four	
  serious	
  adverse	
  events	
  but	
  did	
  not	
  provide	
  details.	
  	
  	
  

The	
  abstracts	
  do	
  not	
  present	
  sufficient	
  information	
  to	
  assess	
  adverse	
  events	
  fully	
  or	
  to	
  judge	
  
study	
  quality.	
  	
  

No	
  other	
  published	
  studies	
  on	
  the	
  SOF	
  and	
  SMV	
  combination	
  treatment	
  have	
  been	
  identified.	
  
In	
  total,	
  there	
  is	
  data	
  on	
  this	
  treatment	
  regimen	
  in	
  58	
  genotype	
  1	
  patients,	
  28	
  of	
  whom	
  had	
  a	
  
12-­‐week	
  course	
  of	
  treatment	
  and	
  30	
  who	
  received	
  the	
  drugs	
  for	
  24	
  weeks.	
  	
  

Drug Research Pipeline 

As	
  of	
  March	
  7,	
  2014,	
  there	
  were	
  53	
  studies	
  registered	
  on	
  ClinicalTrials.gov	
  that	
  include	
  the	
  drug	
  
sofosbuvir.	
  The	
  majority	
  of	
  the	
  studies	
  are	
  similar	
  to	
  the	
  studies	
  reviewed	
  in	
  this	
  report	
  in	
  that	
  
they	
  compare	
  different	
  doses	
  of	
  sofosbuvir	
  or	
  vary	
  duration	
  of	
  treatment	
  in	
  defined	
  
populations.	
  No	
  registered	
  studies	
  compare	
  a	
  sofosbuvir-­‐based	
  regimen	
  with	
  current	
  standard	
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of	
  care	
  (e.g.,	
  interferon	
  based	
  double	
  or	
  triple	
  therapy).	
  All	
  but	
  four	
  of	
  the	
  studies	
  are	
  
sponsored	
  by	
  sofosbuvir’s	
  manufacturer,	
  Gilead,	
  and	
  the	
  other	
  trials	
  are	
  sponsored	
  by	
  Bristol	
  
Myers	
  (three	
  trials	
  combining	
  sofosbuvir	
  and	
  daclatasvir)	
  and	
  the	
  University	
  of	
  Florida	
  with	
  
Vertex	
  Pharmaceuticals	
  (sofosbuvir	
  combined	
  with	
  telaprevir).	
  	
  

Twenty-­‐two	
  of	
  the	
  registered	
  studies	
  test	
  regimens	
  that	
  combine	
  sofosbuvir	
  with	
  other	
  new	
  
DAAs.	
  Most	
  significantly,	
  the	
  manufacturer	
  has	
  registered	
  15	
  trials	
  of	
  a	
  sofosbuvir/ledipasvir	
  
fixed	
  dose	
  combination	
  (FDC)	
  pill	
  with	
  or	
  without	
  ribavirin	
  in	
  all	
  genotypes.	
  These	
  trials	
  do	
  not	
  
include	
  interferon.	
  The	
  manufacturer	
  has	
  also	
  registered	
  four	
  trials	
  combining	
  sofosbuvir	
  
treatment	
  with	
  unnamed	
  drugs	
  identified	
  as	
  GS-­‐9669,	
  GS-­‐9938,	
  and	
  GS-­‐5816.	
  

Several	
  trials	
  address	
  specific	
  populations,	
  including	
  HIV	
  co-­‐infection	
  (one	
  completed	
  study,	
  not	
  
yet	
  published	
  and	
  two	
  studies	
  in	
  progress),	
  patients	
  with	
  renal	
  insufficiency,	
  pre	
  and	
  post-­‐liver	
  
transplant,	
  and	
  cirrhosis.	
  No	
  trials	
  examine	
  sofosbuvir,	
  interferon	
  and	
  ribavirin	
  in	
  genotype	
  1	
  
patients	
  who	
  have	
  previously	
  failed	
  treatment.	
  There	
  are	
  four	
  trials	
  that	
  administer	
  the	
  
sofosbuvir/ledipasvir	
  FDC	
  with	
  or	
  without	
  ribavirin	
  to	
  genotype	
  1	
  patients	
  who	
  have	
  failed	
  
treatment.	
  Those	
  trials	
  are	
  scheduled	
  for	
  completion	
  between	
  July	
  and	
  December	
  2014.	
  	
  

In	
  summary,	
  there	
  are	
  no	
  studies	
  registered	
  in	
  ClinicalTrials.gov	
  which	
  compare	
  sofosbuvir-­‐
based	
  treatment	
  to	
  the	
  current	
  standard	
  of	
  care,	
  there	
  is	
  no	
  forthcoming	
  evidence	
  on	
  
sofosbuvir,	
  interferon,	
  and	
  ribavirin	
  treatment	
  in	
  genotype	
  1	
  patients	
  who	
  have	
  failed	
  previous	
  
treatment,	
  and	
  there	
  are	
  no	
  registered	
  studies	
  being	
  conducted	
  by	
  any	
  parties	
  other	
  than	
  
pharmaceutical	
  companies.	
  

Private Payer Policies 

A	
  review	
  of	
  Center	
  core	
  policy	
  sources	
  and	
  references	
  from	
  the	
  California	
  Technology	
  
Assessment	
  Forum	
  draft	
  report	
  (Tice	
  2014)	
  identified	
  six	
  private	
  payer	
  policies	
  on	
  sofosbuvir:	
  
Aetna,	
  Anthem/Express	
  Scripts,	
  Caremark/CVS,	
  Cigna,	
  Health	
  Net,	
  and	
  Humana.	
  Copies	
  of	
  these	
  
policies	
  are	
  included	
  in	
  Appendix	
  E.	
  Four	
  of	
  the	
  policies	
  cover	
  sofosbuvir	
  for	
  all	
  FDA	
  approved	
  
indications,	
  although	
  three	
  payers	
  require	
  evidence	
  of	
  compensated	
  liver	
  disease	
  and	
  Humana	
  
requires	
  that	
  patients	
  with	
  genotype	
  1	
  have	
  previously	
  failed	
  treatment	
  with	
  triple	
  therapy	
  or	
  
have	
  documented	
  contraindications	
  to	
  interferon	
  therapy.	
  Cigna	
  has	
  published	
  a	
  prior	
  
authorization	
  form	
  but	
  does	
  not	
  have	
  coverage	
  criteria	
  publicly	
  available.	
  The	
  private	
  payer	
  
policies	
  are	
  summarized	
  in	
  Table	
  8	
  below.	
  

Table	
  8.	
  Private	
  Payer	
  Policies	
  

Payer	
  
Prior	
  

Authorization	
  
Approved	
  for	
  all	
  
FDA	
  Indications	
  

Notes	
  

Aetna	
   Yes	
   Yes	
   Allows	
  for	
  simeprevir	
  and	
  sofosbuvir	
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Payer	
  
Prior	
  

Authorization	
  
Approved	
  for	
  all	
  
FDA	
  Indications	
  

Notes	
  

combination	
  treatment	
  for	
  genotype	
  1	
  PEG	
  
ineligible	
  or	
  non-­‐responder	
  

Anthem/Express	
  
Scripts	
   Yes	
   Yes	
   Requires	
  compensated	
  liver	
  disease	
  including	
  

cirrhosis	
  

Caremark/CVS	
   Yes	
   Yes	
  
Excludes	
  ESRD,	
  decompensated	
  cirrhosis,	
  post	
  

liver	
  transplant,	
  or	
  significant	
  or	
  unstable	
  
cardiac	
  disease	
  

Cigna	
   Yes	
   Unclear	
  
PA	
  form	
  requests	
  information	
  but	
  does	
  not	
  list	
  

approval	
  criteria	
  

Health	
  Net	
   Unclear	
   Yes	
  

Requires	
  liver	
  biopsy	
  showing	
  fibrosis	
  Metavir	
  
score	
  ≥	
  2	
  or	
  Ishak	
  score	
  ≥	
  3	
  

Policy	
  states	
  that	
  treatment	
  is	
  not	
  authorized	
  
for	
  “treatment	
  regimen	
  that	
  patient	
  who	
  has	
  

failed	
  therapy	
  with	
  an	
  NS3/4A	
  protease	
  
inhibitor	
  (e.g.,	
  boceprevir,	
  simeprevir,	
  

telaprevir).”	
  

Not	
  authorized	
  for	
  post-­‐liver	
  transplant	
  

Explicitly	
  excludes	
  simeprevir	
  and	
  sofosbuvir	
  
combination	
  treatment	
  

Humana	
   Yes	
   No	
  

Requires	
  compensated	
  liver	
  disease	
  

Genotype	
  1	
  without	
  HIV	
  or	
  HCC	
  requires	
  prior	
  
treatment	
  failure	
  with	
  PI	
  triple	
  therapy	
  

Approved	
  for	
  all	
  other	
  FDA	
  indications	
  

Abbreviations:	
  ESRD	
  –	
  end-­‐stage	
  renal	
  disease;	
  HIV	
  –	
  human	
  immunodeficiency	
  virus;	
  HCC	
  –	
  hepatocellular	
  
carcinoma;	
  PA	
  –	
  prior	
  authorization;	
  PI	
  –	
  protease	
  inhibitors	
  
Note:	
  Private	
  payer	
  policies	
  state	
  coverage	
  subject	
  to	
  individual	
  member	
  benefit	
  contracts.	
  

Guideline Assessment 

The	
  only	
  identified	
  guideline	
  addressing	
  the	
  use	
  of	
  sofosbuvir	
  is	
  published	
  by	
  the	
  American	
  
Association	
  for	
  the	
  Study	
  of	
  Liver	
  Diseases	
  (AASLD)/Infectious	
  Diseases	
  Society	
  of	
  America	
  
(IDSA)	
  Hepatitis	
  C	
  Guidance	
  (AASLD	
  2014).	
  The	
  AASLD/IDSA	
  hepatitis	
  C	
  guidance	
  was	
  published	
  
in	
  January	
  2014	
  and	
  includes	
  27	
  recommended	
  treatment	
  regimens	
  based	
  on	
  HCV	
  genotype,	
  
prior	
  treatment,	
  co-­‐morbid	
  conditions,	
  and	
  nine	
  alternative	
  treatment	
  regimens.	
  All	
  27	
  
recommended	
  regimens	
  include	
  sofosbuvir	
  except	
  in	
  patients	
  with	
  severe	
  renal	
  impairment.	
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When	
  the	
  guideline	
  was	
  published,	
  the	
  authors	
  noted	
  that	
  three	
  sections	
  would	
  be	
  “coming	
  
soon”	
  including:	
  

• In	
  whom	
  and	
  when	
  to	
  initiate	
  treatment;	
  

• Monitoring	
  patients	
  who	
  are	
  on	
  or	
  have	
  completed	
  therapy;	
  and	
  

• Management	
  of	
  acute	
  HCV	
  infection.	
  

As	
  of	
  May	
  1,	
  2014,	
  the	
  additional	
  sections	
  had	
  not	
  been	
  published.	
  The	
  guideline	
  is	
  available	
  on	
  
a	
  dedicated	
  website	
  (http://www.hcvguidelines.org).	
  

The	
  overall	
  methodologic	
  quality	
  of	
  the	
  guidance	
  was	
  poor	
  (see	
  Table	
  9	
  below).	
  Two	
  areas	
  
raised	
  the	
  greatest	
  concern.	
  First,	
  there	
  were	
  no	
  assessments	
  of	
  risk	
  of	
  bias	
  (quality)	
  for	
  
individual	
  studies	
  or	
  of	
  the	
  overall	
  strength	
  of	
  the	
  evidence	
  cited	
  for	
  each	
  recommendation.	
  
The	
  published	
  studies	
  cited	
  in	
  the	
  AASLD/IDSA	
  guidance	
  as	
  supporting	
  the	
  efficacy	
  of	
  sofosbuvir	
  
are	
  described	
  in	
  other	
  sections	
  of	
  this	
  report.	
  As	
  noted	
  above,	
  all	
  of	
  the	
  10	
  published	
  studies	
  
(Gane	
  2013;	
  Jacobson	
  2013a;	
  Kowdley	
  2013;	
  Lawitz	
  2013a;	
  Lawitz	
  2013b;	
  Rodriguez-­‐Torres	
  
2013;	
  Osinusi	
  2013)	
  were	
  given	
  a	
  poor	
  quality	
  summary	
  rating.	
  Second,	
  there	
  is	
  substantial	
  risk	
  
of	
  conflict	
  of	
  interest	
  influencing	
  the	
  recommendations	
  from	
  both	
  individual	
  panel	
  members	
  
and	
  funding	
  sources.	
  For	
  example,	
  four	
  of	
  the	
  five	
  panel	
  chairs	
  had	
  financial	
  relationships	
  with	
  
Gilead,	
  as	
  did	
  15	
  of	
  the	
  21	
  panel	
  members.	
  Although	
  members	
  were	
  given	
  the	
  "opportunity"	
  to	
  
divest	
  and	
  recuse	
  themselves	
  from	
  discussions	
  or	
  be	
  recused	
  by	
  the	
  chair,	
  there	
  was	
  no	
  
description	
  of	
  when	
  or	
  how	
  this	
  occurred.	
  More	
  important,	
  the	
  International	
  Antiviral	
  Society-­‐
USA	
  (IAS-­‐USA)	
  was	
  the	
  collaborating	
  partner	
  for	
  development	
  of	
  the	
  guidance.	
  It	
  was	
  
"responsible	
  for	
  providing	
  expertise	
  and	
  managing	
  the	
  [p]anel	
  and	
  the	
  [g]uidance	
  development	
  
process"	
  (AASLD	
  2014,	
  p.	
  3)	
  and	
  one	
  of	
  the	
  five	
  panel	
  chairs	
  was	
  from	
  this	
  society.	
  Funding	
  for	
  
the	
  IAS-­‐USA	
  is	
  primarily	
  from	
  the	
  pharmaceutical	
  industry	
  including	
  Gilead.	
  

Table	
  9.	
  AASLD/IDSA	
  Hepatitis	
  C	
  Guidance	
  Quality	
  Assessment*	
  

Category	
   Rating	
  

Primary	
  Criteria	
  

Rigor	
  of	
  development:	
  Evidence	
   Poor	
  	
  

Rigor	
  of	
  development:	
  Recommendations	
   Poor	
  	
  

Editorial	
  independence	
   Poor	
  	
  

Secondary	
  Criteria	
  

Scope	
  and	
  purpose	
   Fair	
  

Stakeholder	
  involvement	
   Fair	
  	
  

Clarity	
  and	
  presentation	
   Fair	
  	
  

Applicability	
   Poor	
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Category	
   Rating	
  

Overall	
  rating	
   Poor	
  

*Checklist	
  adapted	
  Appraisal	
  of	
  Guidelines	
  Research	
  &	
  Evaluation	
  (AGREE)	
  instrument.	
  Each	
  category	
  rated	
  as	
  
good,	
  fair	
  or	
  poor	
  by	
  two	
  raters	
  who	
  were	
  consistent	
  in	
  all	
  ratings.	
  To	
  be	
  considered	
  evidence-­‐based,	
  none	
  of	
  the	
  
primary	
  criteria	
  should	
  receive	
  a	
  poor	
  rating.	
  

In	
  summary,	
  the	
  ASSLD/IDSA	
  guidance	
  was	
  found	
  to	
  be	
  of	
  poor	
  methodological	
  quality,	
  as	
  its	
  
findings	
  were	
  based	
  on	
  poor-­‐quality	
  evidence	
  and	
  the	
  authors	
  and	
  sponsors	
  of	
  the	
  guidance	
  
had	
  multiple	
  and	
  significant	
  conflicts	
  of	
  interest.	
  

Who to Treat and When to Treat 

The	
  primary	
  goal	
  of	
  treating	
  patients	
  with	
  chronic	
  HCV	
  infection	
  is	
  to	
  prevent	
  long-­‐term	
  
complications	
  including	
  cirrhosis	
  (compensated	
  and	
  decompensated),	
  HCC,	
  and	
  mortality.	
  
Hepatitis	
  C	
  is	
  a	
  slowly	
  progressive	
  disease	
  and	
  current	
  treatments	
  have	
  significant	
  side	
  effects	
  
making	
  it	
  difficult	
  to	
  determine	
  who	
  to	
  treat	
  and	
  when	
  (Davis	
  2010).	
  The	
  AASLD	
  and	
  others	
  
suggest	
  using	
  the	
  following	
  guiding	
  principle	
  in	
  selecting	
  patients	
  for	
  treatment	
  –	
  antiviral	
  
treatment	
  should	
  be	
  considered	
  in	
  patients	
  who	
  are	
  at	
  greatest	
  risk	
  of	
  progressing	
  to	
  cirrhosis	
  or	
  
serious	
  hepatic	
  complications	
  from	
  HCV	
  (e.g.,	
  decompensated	
  cirrhosis,	
  HCC,	
  death)	
  or	
  extra	
  
hepatic	
  complications	
  such	
  as	
  cryoglobunimia	
  (AASLD	
  2009;	
  SIGN	
  2013;	
  Veterans	
  Health	
  
Administration	
  Pharmacy	
  Benefits	
  Management	
  2014).	
  Ongoing	
  trials	
  involving	
  new	
  direct	
  
acting	
  agents	
  may	
  clarify	
  treatment	
  choices	
  in	
  the	
  next	
  one	
  to	
  two	
  years.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

In	
  general,	
  patients	
  at	
  greatest	
  risk	
  of	
  progressing	
  to	
  cirrhosis	
  have	
  detectable	
  HCV-­‐RNA	
  and	
  
liver	
  histology	
  demonstrating	
  fibrosis	
  as	
  defined	
  by	
  Metavir	
  fibrosis	
  stage	
  2	
  or	
  greater	
  (portal	
  
fibrosis	
  with	
  few	
  septa,	
  see	
  Table	
  10	
  below).	
  In	
  fact,	
  the	
  current	
  AASLD-­‐IDSA	
  guidance	
  states	
  
that	
  "it	
  may	
  be	
  advisable	
  to	
  delay	
  treatment	
  for	
  some	
  patients	
  with	
  documented	
  early	
  fibrosis	
  
state	
  (F	
  0	
  to	
  2),	
  because	
  waiting	
  for	
  future	
  highly	
  effective,	
  pangenotypic,	
  DAA	
  combinations	
  in	
  
INF-­‐free	
  regimens	
  may	
  be	
  prudent"	
  (AASLD	
  2014,	
  p.31).	
  Other	
  risk	
  factors	
  for	
  progression	
  are	
  
listed	
  in	
  Table	
  11	
  and	
  mirror	
  the	
  factors	
  predicting	
  response	
  to	
  treatment	
  (Table	
  12)	
  (AASLD	
  
2009;	
  Chou	
  2012;	
  Freeman	
  2001;	
  Thein	
  2008;	
  Yee	
  2012).	
  These	
  factors	
  may	
  play	
  an	
  additional	
  
role	
  in	
  identifying	
  patients	
  most	
  likely	
  to	
  benefit	
  from	
  treatment.	
  Patients	
  with	
  compensated	
  
cirrhosis	
  (total	
  serum	
  bilirubin	
  less	
  than	
  1.5	
  g/dL,	
  INR	
  less	
  than	
  or	
  equal	
  to	
  1.5,	
  serum	
  albumin	
  
greater	
  than	
  3.4	
  g/dL,	
  platelet	
  count	
  greater	
  than	
  or	
  equal	
  to	
  75,000/mm2,	
  no	
  evidence	
  of	
  
ascites	
  or	
  hepatic	
  encephalopathy)	
  are	
  at	
  risk	
  of	
  progressing	
  to	
  decompensation,	
  HCC,	
  or	
  death.	
  

Table	
  10.	
  Metavir	
  Fibrosis	
  Scores	
  

Score	
   Description	
  

F0	
   No	
  fibrosis	
  

F1	
   Portal	
  fibrosis	
  without	
  septa	
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Score	
   Description	
  

F2	
   Portal	
  fibrosis	
  with	
  few	
  septa	
  

F3	
   Numerous	
  septa	
  without	
  cirrhosis	
  

F4	
   Cirrhosis	
  

Table	
  11.	
  Risk	
  Factors	
  for	
  Progression	
  of	
  Hepatic	
  Fibrosis	
  

Risk	
  Factor	
  for	
  Progression	
  of	
  Hepatic	
  Fibrosis	
  

Detectable	
  HCV	
  RNA	
  

Hepatic	
  fibrosis	
  greater	
  than	
  stage	
  1*	
  

Male	
  sex	
  

Obesity	
  

Hepatic	
  steatosis	
  

Heavy	
  alcohol	
  use	
  

Advanced	
  age	
  

Elevated	
  serum	
  alanine	
  transaminase	
  

Greater	
  hepatic	
  inflammation	
  

*Metavir	
  fibrosis	
  score	
  1:	
  portal	
  fibrosis	
  without	
  septa	
  formation	
  

Table	
  12.	
  Factors	
  Predicting	
  Response	
  to	
  Treatment	
  for	
  HCV	
  

Major	
  Predictors	
  

Viral	
  genotype	
  other	
  than	
  genotype	
  1	
  

Pretreatment	
  viral	
  load	
  less	
  than	
  600,000	
  

Other	
  Predictors	
  

Female	
  sex	
  

Age	
  less	
  than	
  40	
  years	
  

Non-­‐Black	
  race	
  

Absence	
  of	
  bridging	
  fibrosis	
  or	
  cirrhosis	
  on	
  liver	
  biopsy	
  	
  

Body	
  weight	
  less	
  than	
  or	
  equal	
  to	
  75	
  kg	
  

Absence	
  of	
  insulin	
  resistance	
  or	
  metabolic	
  syndrome	
  

Elevated	
  alanine	
  aminotransferase	
  (ALT)	
  levels	
  	
  (3x	
  higher	
  than	
  the	
  upper	
  limit	
  of	
  normal)	
  

IL28B	
  genotypes	
  CC	
  	
  

Once	
  the	
  decision	
  is	
  made	
  to	
  treat	
  patients	
  with	
  antiviral	
  agents,	
  the	
  next	
  step	
  is	
  to	
  consider	
  
who	
  to	
  treat	
  with	
  the	
  current	
  standard	
  treatment	
  and	
  who	
  to	
  treat	
  with	
  regimens	
  containing	
  
sofosbuvir.	
  The	
  recent	
  AASLD/IDSA	
  guidance	
  on	
  simeprevir	
  and	
  sofosbuvir	
  (AASLD/IDSA	
  2014)	
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and	
  other	
  organizations	
  (i.e.,	
  Veterans	
  Health	
  Administration	
  Pharmacy	
  Benefits	
  2014)	
  
recommend	
  against	
  using	
  sofosbuvir	
  as	
  monotherapy.	
  

The	
  inclusion	
  and	
  exclusion	
  criteria	
  from	
  published	
  studies	
  (Gane	
  2013;	
  Jacobson	
  2013a;	
  
Kowdley	
  2013;	
  Lawitz	
  2013a;	
  Lawitz	
  2013b;	
  Osinusi	
  2013;	
  Rodriguez-­‐Torres	
  2013)	
  may	
  be	
  useful	
  
in	
  selecting	
  patients	
  who	
  are	
  more	
  likely	
  to	
  have	
  response	
  rates	
  closer	
  to	
  those	
  reported	
  in	
  
these	
  studies.	
  It	
  is	
  important	
  to	
  note	
  that	
  of	
  the	
  10	
  currently	
  published	
  studies	
  and	
  the	
  three	
  
trials	
  added	
  in	
  FDA	
  review,	
  only	
  two	
  are	
  comparative	
  (Jacobson	
  [NEJM]	
  2013a,	
  Lawitz	
  [NEJM]	
  
2013).	
  These	
  two	
  studies	
  only	
  enrolled	
  patients	
  with	
  genotype	
  2	
  and	
  3.	
  Table	
  13	
  lists	
  the	
  
exclusion	
  criteria	
  from	
  the	
  published	
  trials.	
  Six	
  of	
  the	
  10	
  studies	
  excluded	
  patients	
  with	
  
cirrhosis.	
  The	
  presence	
  or	
  absence	
  of	
  cirrhosis	
  was	
  usually	
  based	
  on	
  liver	
  biopsy	
  within	
  three	
  
years	
  of	
  trial	
  entry,	
  and	
  liver	
  biopsy	
  is	
  currently	
  the	
  standard	
  for	
  confirming	
  the	
  degree	
  of	
  
fibrosis	
  (Bain	
  2004;	
  Imbert-­‐Bismut	
  2001;	
  Parkes	
  2006).	
  In	
  the	
  four	
  studies	
  including	
  patients	
  
with	
  cirrhosis,	
  15%	
  to	
  35%	
  percent	
  of	
  patients	
  had	
  cirrhosis,	
  and	
  none	
  had	
  decompensated	
  
cirrhosis	
  (Jacobson	
  [NEJM]	
  2013a;	
  Lawitz	
  [NEJM]	
  2013).	
  	
  

Table	
  13.	
  Patient	
  Exclusion	
  Criteria	
  from	
  Published	
  Sofosbuvir	
  Trials	
  

Exclusion	
  Criteria	
  

Age	
  less	
  than	
  18	
  years	
  

HIV	
  or	
  HBV	
  co-­‐infection	
  

Significant	
  alcohol	
  or	
  drug	
  use	
  within	
  the	
  past	
  12	
  months	
  

Excessive	
  current	
  alcohol	
  use	
  

Significant	
  cardiac	
  or	
  pulmonary	
  disease,	
  uncontrolled	
  hypertension	
  or	
  diabetes,	
  seizure	
  disorder,	
  
significant	
  renal	
  disease	
  (estimated	
  glomerular	
  filtration	
  rate	
  less	
  than	
  60mL/min)	
  

Treatment Summary 
Although	
  the	
  evidence	
  base	
  to	
  support	
  use	
  of	
  sofosbuvir	
  presently	
  is	
  poor,	
  some	
  clinicians,	
  
policymakers,	
  and	
  payers	
  may	
  wish	
  to	
  develop	
  interim	
  treatment	
  and	
  coverage	
  criteria.	
  
Potential	
  criteria	
  to	
  guide	
  the	
  use	
  of	
  sofosbuvir	
  that	
  are	
  consistent	
  with	
  current	
  published	
  
studies	
  are	
  listed	
  below	
  with	
  several	
  factors	
  to	
  consider.	
  	
  

• Limit	
  use	
  to	
  genotypes	
  2	
  and	
  3,	
  until	
  comparative	
  trials	
  are	
  available	
  for	
  genotype	
  1.	
  

• Do	
  not	
  use	
  sofosbuvir	
  as	
  monotherapy.	
  	
  

• Limit	
  use	
  to	
  patients	
  who	
  failed	
  or	
  did	
  not	
  tolerate	
  current	
  standard	
  of	
  care	
  regimens	
  or	
  
in	
  whom	
  PEG	
  is	
  contraindicated.	
  

• Confirm	
  degree	
  of	
  liver	
  fibrosis	
  or	
  cirrhosis	
  prior	
  to	
  authorizing	
  treatment.	
  

• Treat	
  only	
  patients	
  at	
  greatest	
  risk	
  of	
  progressing	
  to	
  cirrhosis	
  (e.g.,	
  Metavir	
  fibrosis	
  stage	
  
greater	
  than	
  or	
  equal	
  to	
  2	
  and	
  additional	
  factors	
  increasing	
  risk	
  of	
  progression	
  to	
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cirrhosis	
  [e.g.,	
  hepatic	
  steatosis,	
  men,	
  older,	
  elevated	
  serum	
  alanine	
  transaminase,	
  
greater	
  hepatic	
  inflammation]).	
  

• Consider	
  use	
  for	
  patients	
  with	
  HIV	
  or	
  HBV	
  co-­‐infection	
  or	
  those	
  post-­‐liver	
  transplant	
  
carefully	
  until	
  comparative	
  trials	
  are	
  available.	
  	
  

• Exclude	
  use	
  in	
  patients	
  with	
  alcohol	
  or	
  drug	
  use	
  within	
  the	
  past	
  year,	
  significant	
  cardiac	
  
or	
  pulmonary	
  disease,	
  uncontrolled	
  hypertension	
  or	
  diabetes,	
  seizure	
  disorder,	
  renal	
  
disease	
  (estimated	
  glomerular	
  filtration	
  rate	
  less	
  than	
  60mL/min).	
  

• Ensure	
  that	
  patients	
  who	
  start	
  therapy	
  are	
  closely	
  tracked	
  to	
  optimize	
  full	
  treatment	
  
and	
  follow-­‐up,	
  including	
  prevention	
  of	
  re-­‐infection.	
  

Overall Summary 

Hepatitis	
  C	
  is	
  estimated	
  to	
  affect	
  between	
  1%	
  and	
  2%	
  of	
  the	
  US	
  population.	
  Although	
  up	
  to	
  one-­‐
quarter	
  of	
  those	
  infected	
  can	
  clear	
  the	
  virus	
  spontaneously,	
  in	
  those	
  remaining	
  infected	
  it	
  can	
  
progress	
  over	
  the	
  span	
  of	
  10	
  to	
  30	
  years	
  or	
  more	
  to	
  cirrhosis,	
  liver	
  failure,	
  HCC	
  and	
  death.	
  The	
  
genotype	
  HCV-­‐1	
  accounts	
  for	
  about	
  three-­‐quarters	
  of	
  cases	
  in	
  the	
  US.	
  The	
  current	
  standard	
  of	
  
care	
  for	
  HCV-­‐1	
  involves	
  treatment	
  with	
  PEG,	
  RBV	
  and	
  a	
  protease	
  inhibitor	
  (boceprevir	
  and	
  
telaprevir	
  are	
  approved	
  for	
  this	
  indication	
  in	
  the	
  US)	
  and	
  treatment	
  of	
  HCV-­‐2	
  and	
  HCV-­‐3	
  
involves	
  use	
  of	
  PEG	
  and	
  RBV	
  only.	
  These	
  interferon-­‐based	
  regimens	
  have	
  success	
  rates	
  of	
  40%	
  
to	
  80%,	
  depending	
  of	
  the	
  underlying	
  characteristics	
  of	
  the	
  patient	
  being	
  treated,	
  including	
  
factors	
  such	
  as	
  genotype,	
  progression	
  of	
  liver	
  disease,	
  adherence	
  to	
  therapy,	
  and	
  presence	
  of	
  
other	
  comorbidities.	
  

Current	
  therapy	
  options	
  present	
  substantial	
  treatment	
  burdens	
  to	
  patients	
  ranging	
  from	
  side	
  
effects	
  of	
  drugs	
  and	
  complicated	
  dosing	
  schedules.	
  Treatment	
  options	
  for	
  HCV	
  have	
  been	
  
changing	
  quickly	
  since	
  2011	
  when	
  protease	
  inhibitors	
  were	
  first	
  approved	
  in	
  the	
  US.	
  In	
  
December	
  2013,	
  the	
  FDA	
  approved	
  two	
  new	
  agents,	
  sofosbuvir	
  and	
  simeprevir,	
  under	
  
expedited	
  “breakthrough”	
  status	
  designation	
  which	
  allowed	
  the	
  use	
  of	
  an	
  intermediate	
  trial	
  
endpoint	
  (SVR12	
  instead	
  of	
  the	
  previously	
  required	
  SVR24).	
  There	
  are	
  at	
  least	
  two	
  more	
  DAAs	
  
expected	
  to	
  be	
  approved	
  in	
  2014	
  and	
  there	
  are	
  other	
  newer	
  drugs	
  in	
  the	
  development	
  pipeline.	
  

Although	
  improved	
  treatments	
  for	
  HCV	
  are	
  certainly	
  desirable,	
  the	
  long	
  course	
  of	
  disease	
  
progression	
  also	
  makes	
  it	
  incumbent	
  upon	
  policymakers	
  and	
  clinicians	
  to	
  make	
  sure	
  that	
  
treatments	
  will	
  be	
  effective.	
  Most	
  currently	
  infected	
  patients	
  have	
  time	
  available	
  to	
  wait	
  for	
  
conclusive	
  data	
  on	
  the	
  effectiveness	
  and	
  harm	
  profile	
  of	
  sofosbuvir	
  or	
  other	
  new	
  drugs	
  before	
  
deciding	
  on	
  an	
  optimal	
  treatment	
  regimen.	
  	
  

This	
  rapid	
  evidence	
  review	
  located	
  10	
  studies	
  published	
  in	
  seven	
  articles,	
  although	
  the	
  majority	
  
of	
  the	
  studies	
  were	
  non-­‐comparative	
  and	
  all	
  but	
  one	
  was	
  at	
  high	
  risk	
  of	
  bias.	
  There	
  were	
  two	
  



Center	
  for	
  Evidence-­‐based	
  Policy	
   	
   26	
  
	
  

comparative	
  studies	
  of	
  sofosbuvir	
  treatment	
  for	
  HCV-­‐2	
  and	
  HCV-­‐3	
  infection,	
  but	
  no	
  published	
  
comparative	
  studies	
  for	
  the	
  treatment	
  of	
  HCV-­‐1.	
  Based	
  on	
  the	
  usual	
  standards	
  of	
  comparative	
  
effectiveness	
  research,	
  currently	
  available	
  studies	
  do	
  not	
  provide	
  sufficient	
  evidence	
  for	
  the	
  
routine	
  use	
  of	
  sofosbuvir-­‐containing	
  regimens	
  for	
  the	
  treatment	
  of	
  hepatitis	
  C	
  infection.	
  While	
  
initial,	
  uncontrolled,	
  response	
  rates	
  appear	
  to	
  be	
  relatively	
  high	
  among	
  carefully	
  selected	
  
populations,	
  response	
  rates	
  in	
  “real	
  world”	
  populations	
  are	
  likely	
  to	
  be	
  lower.	
  Furthermore,	
  
there	
  is	
  evidence	
  that	
  relapse	
  rates	
  may	
  be	
  substantial,	
  ranging	
  from	
  5%	
  to	
  28%	
  even	
  among	
  
patients	
  who	
  are	
  fully	
  treated	
  with	
  these	
  regimens.	
  Similarly,	
  adverse	
  effects	
  have	
  not	
  been	
  
studied	
  in	
  large	
  numbers	
  of	
  patients	
  and	
  among	
  those	
  with	
  substantial	
  other	
  risk	
  factors	
  for	
  
harms.	
  When	
  the	
  first	
  two	
  protease	
  inhibitors	
  began	
  to	
  be	
  used	
  in	
  clinical	
  practice,	
  the	
  risks	
  of	
  
adverse	
  events	
  approximately	
  tripled	
  and	
  there	
  could	
  be	
  a	
  similar	
  concern	
  with	
  these	
  even	
  
newer	
  drugs	
  as	
  they	
  are	
  used	
  in	
  widespread	
  clinical	
  practice.	
  

The	
  recently	
  published	
  HCV	
  treatment	
  guideline	
  published	
  by	
  AASLD	
  and	
  IDSA	
  is	
  of	
  poor	
  
methodologic	
  quality	
  and	
  does	
  not	
  adhere	
  to	
  international	
  or	
  US	
  standards	
  for	
  guideline	
  
development.	
  In	
  addition,	
  guideline	
  authors	
  had	
  substantial	
  and	
  multiple	
  conflicts	
  of	
  interest.	
  	
  

Sofosbuvir	
  may	
  eventually	
  be	
  shown	
  to	
  be	
  a	
  valuable	
  treatment	
  for	
  hepatitis	
  C.	
  However,	
  due	
  
to	
  the	
  lack	
  of	
  well-­‐designed	
  comparative	
  studies,	
  there	
  is	
  not	
  yet	
  clear	
  evidence	
  that	
  this	
  drug	
  
should	
  be	
  used	
  routinely	
  to	
  treat	
  patients.	
  While	
  awaiting	
  full	
  disclosure	
  of	
  existing	
  research	
  
and	
  the	
  production	
  of	
  more	
  and	
  better	
  evidence	
  on	
  sofosbuvir,	
  policymakers	
  may	
  decide	
  to	
  not	
  
allow	
  use	
  of,	
  or	
  to	
  allow	
  very	
  limited	
  use	
  of	
  this	
  drug.	
  If	
  limited	
  use	
  is	
  contemplated,	
  this	
  report	
  
details	
  factors	
  to	
  consider,	
  such	
  as	
  limiting	
  use	
  to	
  carefully	
  selected	
  HCV-­‐2	
  and	
  -­‐3	
  infected	
  
individuals	
  who	
  are	
  at	
  great	
  risk	
  of	
  shortly	
  progressing	
  to	
  cirrhosis,	
  and	
  only	
  as	
  part	
  of	
  a	
  
regimen	
  including	
  RBV.	
  Policymakers,	
  clinicians,	
  and	
  patients	
  should	
  remain	
  aware	
  of	
  upcoming	
  
drug	
  research	
  and	
  carefully	
  examine	
  the	
  quality	
  of	
  new	
  research	
  as	
  it	
  is	
  made	
  available.	
  

In	
  addition,	
  the	
  evidence	
  gaps	
  highlighted	
  in	
  this	
  review	
  may	
  offer	
  an	
  opportunity	
  for	
  
policymakers	
  and	
  clinicians	
  to	
  advocate	
  for	
  improved	
  research	
  and	
  to	
  contribute	
  to	
  a	
  better	
  
evidence	
  base	
  for	
  decision-­‐making.	
  Policymakers	
  might	
  consider	
  the	
  following	
  activities:	
  

• Require	
  transparency	
  about	
  the	
  research.	
  Patients,	
  clinicians,	
  and	
  policymakers	
  need	
  
adequate	
  information	
  available	
  in	
  order	
  to	
  make	
  good	
  decisions	
  about	
  the	
  safety,	
  
effectiveness,	
  and	
  place	
  in	
  treatment	
  of	
  sofosbuvir.	
  True	
  patient-­‐centeredness	
  requires	
  
the	
  availability	
  of	
  all	
  existing	
  data	
  in	
  order	
  for	
  considered	
  decisions	
  to	
  be	
  made	
  that	
  
respect	
  patient	
  autonomy.	
  Public	
  stewardship	
  requires	
  those	
  same	
  kind	
  of	
  data	
  to	
  make	
  
sure	
  that	
  patients	
  are	
  helped	
  more	
  than	
  harmed	
  and	
  that	
  the	
  overall	
  value	
  of	
  the	
  
treatment	
  is	
  worthwhile.	
  As	
  an	
  example,	
  most	
  studies	
  of	
  sofosbuvir	
  include	
  SVR24	
  as	
  a	
  
secondary	
  outcome	
  measure,	
  but	
  this	
  information	
  is	
  not	
  included	
  in	
  many	
  publications.	
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Policymakers	
  can	
  encourage	
  the	
  FDA	
  and	
  ask	
  the	
  manufacturer	
  directly	
  to	
  release	
  this	
  
data.	
  

• Policymakers	
  can	
  ask	
  the	
  NIH	
  to	
  fund	
  and	
  the	
  FDA	
  to	
  demand	
  truly	
  comparative	
  studies	
  
on	
  this	
  and	
  other	
  newer	
  drugs	
  for	
  hepatitis	
  C.	
  Current	
  trials	
  do	
  not	
  answer	
  the	
  question	
  
of	
  which	
  therapy	
  is	
  best	
  for	
  which	
  patient	
  at	
  which	
  point	
  in	
  time	
  during	
  the	
  disease	
  
course.	
  Studies	
  of	
  these	
  drugs	
  should	
  include	
  populations	
  that	
  approximate	
  the	
  
characteristics	
  of	
  publically	
  insured	
  patients	
  including	
  race,	
  stage	
  of	
  disease,	
  prior	
  
treatment	
  history,	
  and	
  comorbid	
  medical	
  and	
  behavioral	
  health	
  conditions.	
  

• State	
  policymakers	
  may	
  wish	
  to	
  cover	
  sofosbuvir	
  and	
  other	
  newer	
  agents	
  with	
  the	
  
requirement	
  of	
  evidence	
  development.	
  Relatively	
  simple	
  data	
  collection	
  efforts	
  may	
  
yield	
  evidence	
  more	
  applicable	
  to	
  publically	
  insured	
  populations	
  more	
  rapidly	
  than	
  
industry	
  or	
  federally	
  funded	
  research	
  might.	
  For	
  example,	
  if	
  a	
  state	
  simply	
  required	
  
submission	
  of	
  SVR24	
  as	
  a	
  condition	
  of	
  coverage,	
  real-­‐world	
  data	
  on	
  this	
  important	
  
outcome	
  could	
  be	
  obtained	
  in	
  less	
  than	
  a	
  year.	
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Appendix A. Treatment Response and Relapse Rates by Genotype and Specialized Studies 

Genotype	
   Treatment	
   Response	
   Relapse1	
   Study	
  

Treatment	
  Response	
  and	
  Relapse	
  Rates	
  by	
  Genotype	
  

Genotype	
  1	
  

SOF	
  +	
  PEG	
  +	
  RBV	
  12	
  w	
   SVR12:	
  89%	
  (260/291)	
  	
   8.6%	
  (28/326)2	
  
NEUTRINO,	
  Lawitz	
  2013,	
  
(NEJM)	
  

Interferon-­‐free	
  regimens	
  

SOF	
  +	
  RBV	
  12	
  w	
  (tx	
  exp)	
  
SVR12:	
  10%	
  (1/10)	
  

SVR24:	
  10%	
  (1/10)	
  
90%	
  (9/10)	
  

ELECTRON,	
  Gane	
  2013	
  

SOF	
  +	
  RBV	
  12	
  w	
  (tx	
  naïve)	
  	
  
SVR12:	
  84%	
  (21/25)	
  

SVR24:	
  84%	
  (21/25)	
  
16%	
  (4/25)	
  

SOF	
  +	
  RBV	
  	
  24	
  w	
  
SVR12:	
  68%	
  (17/25)	
  

SVR24:	
  68%	
  (17/25)	
  
28%	
  (7/25)	
  

NIH	
  study,	
  Osinusi	
  2013	
  

	
  SOF	
  +	
  low-­‐dose	
  RBV	
  
(600mg)	
  	
  24	
  w	
  

SVR12:	
  48%	
  (12/25)	
  

SVR24:	
  48%	
  (12/25)	
  
40%	
  (10/25)	
  

Genotype	
  2	
  
SOF	
  +	
  RBV	
  12	
  w	
  

SVR12:	
  95%	
  (69/73)	
   5%	
  (4/73)	
  
FISSION,	
  Lawitz	
  2013,	
  
(NEJM)	
  

SVR12:	
  82%	
  (33/39)	
   18%	
  (7/39)	
  
FUSION,	
  Jacobson	
  2013a	
  
(NEJM)	
  

SVR12:	
  93%	
  (101/109)	
   5%	
  (5/107)	
  
POSITRON,	
  Jacobson	
  
2013a	
  (NEJM)	
  

SVR12:	
  93%	
  (68/73)	
   7%	
  (5/73)	
  
VALENCE,	
  Mishra	
  (FDA)	
  
2013	
  

Unpublished	
  study	
  

SOF	
  +	
  RBV	
  16	
  w	
   SVR12:	
  89%	
  (31/35)	
  	
   11%	
  (4/35)	
   FUSION,	
  Jacobson	
  2013a	
  



Center	
  for	
  Evidence-­‐based	
  Policy	
   	
   	
   	
   	
   	
   29	
  
	
  

Genotype	
   Treatment	
   Response	
   Relapse1	
   Study	
  

(NEJM)	
  

Genotype	
  3	
  

SOF	
  +	
  RBV	
  12	
  w	
  

SVR12:	
  56%	
  (102/183)	
   40%	
  (72/179)	
  
FISSION,	
  Lawitz	
  2013,	
  
(NEJM)	
  

SVR12:	
  30%	
  (19/64)	
   66%	
  (42/64)	
  
FUSION,	
  Jacobson	
  2013a	
  
(NEJM)	
  

SVR12:	
  61%	
  (60/98)	
   38%	
  (37/98)	
  
POSITRON,	
  Jacobson	
  
2013a	
  (NEJM)	
  

SOF	
  +	
  RBV	
  16	
  w	
   SVR12:	
  62%	
  (39/63))	
  	
   38%	
  (24/63)	
  
FUSION,	
  Jacobson	
  2013a	
  
(NEJM)	
  

SOF	
  +	
  RBV	
  24	
  w	
   SVR12:	
  84%	
  (210/250)	
   14%	
  (34/249)	
  
VALENCE,	
  Mishra	
  (FDA)	
  
2013	
  

Unpublished	
  study	
  

Genotype	
  4	
   SOF	
  +	
  PEG	
  +	
  RBV	
  12	
  w	
   SVR12:	
  96%	
  (27/28)	
  

Relapse	
  rates	
  were	
  not	
  
separately	
  reported	
  by	
  
genotype.	
  Overall	
  relapse	
  
rate	
  in	
  study	
  8.6%	
  
(28/326)	
  

NEUTRINO,	
  Lawitz	
  2013,	
  
(NEJM)	
  

Treatment	
  Response	
  and	
  Relapse	
  Rates	
  for	
  HCV/HIV	
  Co-­‐infected	
  Patients	
  

Genotype	
  1	
  (tx	
  naïve)	
  
SOF	
  +	
  RBV	
  24	
  w	
  
(interferon-­‐free	
  regimen)	
  

SVR12:	
  76%	
  (87/114)	
   22%	
  (25/113)	
  

PHOTON-­‐1,	
  Mishra	
  (FDA)	
  
2013	
  

Unpublished	
  study	
  
Genotype	
  2	
  	
  

SOF	
  +	
  RBV	
  12	
  w	
  (tx	
  naïve)	
   SVR12:	
  88%	
  (23/26)	
  
18%	
  (12/67)	
  (combines	
  
genotype	
  2/3)	
  	
  

SOF	
  +	
  RBV	
  24	
  w	
  (tx	
  exp)	
   SVR12:	
  93%	
  (14/15)	
  
7%	
  (2/28)	
  (combines	
  
genotype	
  2/3)	
  

Genotype	
  3	
  	
   SOF	
  +	
  RBV	
  12	
  w	
  (tx	
  naïve)	
   SVR12:	
  67%	
  (28/42)	
   18%	
  (12/67)	
  combines	
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Genotype	
   Treatment	
   Response	
   Relapse1	
   Study	
  

genotype	
  2/3)	
  	
  

SOF	
  +	
  RBV	
  24	
  w	
  (tx	
  exp)	
   SVR12:	
  92%	
  (12/13)	
  
7%	
  (2/28)	
  (combines	
  
genotype	
  2/3)	
  

Treatment	
  Response	
  Sofosbuvir	
  +	
  Simeprevir	
  Combination	
  Study	
  	
  

Genotype	
  1	
  

Cohort	
  1	
  	
  (null	
  response	
  
prior	
  tx	
  (PEG+RBV)	
  
Metavir	
  score	
  =	
  F0-­‐F2)	
  

SOF	
  +	
  SMV	
  12	
  w	
   SVR	
  12:	
  93%	
  (13/14)	
   Relapse	
  was	
  unevenly	
  
reported	
  in	
  the	
  abstracts	
  

Jacobson	
  (2013b)	
  reported	
  
that	
  “3	
  pts	
  in	
  the	
  C1/C2	
  12	
  
w	
  groups	
  (±	
  RBV)	
  and	
  1	
  pt	
  
in	
  the	
  C1	
  24	
  w	
  (+RBV)	
  
group”	
  relapsed.	
  	
  

Sulkowski	
  (2014)	
  reported	
  
that	
  3	
  pts	
  in	
  cohort	
  1	
  
relapsed	
  (tx	
  regimen	
  not	
  
specified)	
  

Lawitz	
  (2014)	
  reported	
  
that	
  3	
  pts	
  relapsed	
  in	
  
cohort	
  2	
  (tx	
  regimen	
  not	
  
specified)	
  

COSMOS	
  	
  

Jacobson	
  2013b	
  
Hepatology	
  Published	
  
abstract	
  only	
  

Sulkowski	
  2014	
  
Conference	
  presentation;	
  
excluded	
  5	
  pts	
  included	
  in	
  
Jacobson	
  (2013b)	
  

SOF	
  +	
  SMV	
  +	
  RBV	
  12	
  w	
   SVR12:	
  96%	
  (26/27)	
  

SOF	
  +	
  SMV	
  24	
  w	
   SVR12:	
  100%	
  (14/14)	
  

SOF	
  +	
  SMV	
  +	
  RBV	
  24	
  w	
   SVR12:	
  79%	
  (19/24)3	
  

Genotype	
  1	
  

Cohort	
  2	
  –	
  (null	
  response	
  
to	
  prior	
  tx	
  or	
  tx	
  naïve	
  with	
  
Metavir	
  Score	
  F3-­‐F4)	
  

SOF	
  +	
  SMV	
  12	
  w	
   SVR12:	
  92.9%	
  (13/14)	
   Lawitz	
  2014	
  

Conference	
  presentation	
  
SOF	
  +	
  SMV	
  +	
  RBV	
  12	
  w	
   SVR12:	
  	
  92.9%	
  (13/14)	
  

SOF	
  +	
  SMV	
  24	
  w	
   SVR12:	
  	
  92.9%	
  (13/14)	
  

SOF	
  +	
  SMV	
  +	
  RBV	
  24	
  w	
   SVR12:	
  	
  92.9%	
  (13/14)	
  

Abbreviations:	
  Exp	
  –	
  experienced;	
  NEJM	
  –	
  New	
  England	
  Journal	
  of	
  Medicine;	
  NR	
  –	
  not	
  reported;	
  PEG	
  –	
  pegylated	
  interferon	
  therapy;	
  RBV	
  –	
  ribavirin;	
  unless	
  
otherwise	
  specified,	
  RBV	
  refers	
  to	
  weight-­‐based	
  ribavirin,	
  e.g.	
  1000	
  mg	
  for	
  weight	
  <	
  75	
  kg	
  and	
  1200	
  mg	
  for	
  weight	
  ≥	
  75	
  kg	
  daily;	
  SOF	
  –	
  sofosbuvir	
  400	
  mg	
  daily;	
  
SMV	
  –	
  simeprevir	
  150	
  mg	
  daily;	
  SVR	
  –	
  sustained	
  virologic	
  response;	
  tx	
  –	
  treatment;	
  w	
  –	
  weeks	
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Notes	
  	
  
1Relapse	
  is	
  defined	
  as	
  a	
  patient	
  achieving	
  HCV	
  RNA	
  <	
  lower	
  limit	
  of	
  quantitation	
  (LLOQ)	
  at	
  the	
  last	
  measurement	
  on	
  treatment	
  but	
  subsequently	
  having	
  a	
  HCV	
  
RNA	
  ≥	
  LLOQ	
  post	
  treatment	
  

2Relapse	
  rate	
  includes	
  data	
  on	
  the	
  35	
  pts	
  with	
  HCV	
  4-­‐6	
  as	
  data	
  was	
  not	
  separated	
  out.	
  	
  

3A	
  subsequent	
  abstract	
  presented	
  at	
  the	
  April,	
  2014	
  European	
  Association	
  for	
  the	
  Study	
  of	
  the	
  Liver	
  (EASL)	
  conference	
  excluded	
  “five	
  patients	
  withdrawn	
  for	
  
non-­‐virologic	
  failure”	
  and	
  reported	
  an	
  SVR12	
  rate	
  for	
  this	
  group	
  of	
  90.5%	
  (19/21)	
  (Sulkowski	
  2014).	
  No	
  other	
  SVR12	
  rates	
  changed	
  after	
  excluding	
  the	
  patients.	
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Appendix B. Study Population Characteristics	
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Gane,	
  2013	
  

	
  

(ELECTRON)	
  

Open	
  label	
  

Largely	
  a	
  PEG	
  regimen	
  
range	
  study	
  for	
  HCV-­‐

2,3	
  and	
  PEG	
  sparing	
  for	
  
HCV-­‐1	
  

25	
   10	
   18	
   -­‐-­‐-­‐	
   42	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
58	
  

(61%)	
  
74	
  

(78%)	
  
-­‐-­‐-­‐	
  

Jacobson,	
  
2013a	
  	
  

(Study	
  1)	
  

	
  

	
  (POSITRON)	
  

Placebo	
  control	
  RCT	
  

INF	
  tx	
  contraindicated,	
  
unacceptable	
  or	
  prior	
  
discontinuation	
  due	
  to	
  

unacceptable	
  AEs	
  	
  

12w	
  SOF	
  +	
  RBV	
  vs	
  
placebo	
  	
  

-­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   143	
   135	
   -­‐-­‐-­‐	
  
151	
  
(54%)	
  

254	
  
(91%)	
  

C:	
  68	
  (34%)	
  

Jacobson,	
  
2013a	
  	
  

(Study	
  2)	
  

	
  

(FUSION)	
  

Active	
  control	
  RCT	
  

No	
  prior	
  response	
  to	
  
prior	
  INF	
  containing	
  

regimen	
  	
  

Duration	
  ranging	
  study	
  

-­‐-­‐-­‐	
   -­‐-­‐-­‐0	
   -­‐-­‐-­‐	
   68	
   -­‐-­‐-­‐	
   127	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
140	
  
(70%)	
  

174	
  
(87%)	
  

C:	
  44	
  (16%)	
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Kowdley,	
  
2013	
  

	
  

(ATOMIC)	
  

Open	
  label	
  RCT	
  
(Cohorts	
  A	
  and	
  C)	
  	
  

Duration	
  ranging	
  12	
  vs	
  
24w	
  PEG	
  +	
  RBV	
  

207	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
141	
  
(68%)	
  

[%	
  
black]	
  

18	
  (9%)	
  
F:	
  47	
  (14%)	
  

Kowdley,	
  
2013	
  

	
  

(ATOMIC)	
  

Open	
  label	
  NRS	
  
(Cohort	
  B	
  of	
  	
  ATOMIC	
  
with	
  addition	
  of	
  NR	
  

HCV-­‐4,	
  6	
  pts)	
  

109	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   16	
  
73	
  

(58%)	
  

[%	
  
black]	
  

17	
  
(14%)	
  

See	
  above:	
  	
  
23	
  of	
  47	
  pts	
  
with	
  BF	
  were	
  
in	
  this	
  group	
  

Lawitz,	
  2013a	
  
(Lancet)	
  

Dose	
  finding	
  placebo	
  
control	
  RCT	
  for	
  HCV-­‐1	
  
and	
  additional	
  single	
  
group	
  for	
  HCV-­‐2,	
  3;	
  all	
  
tx	
  naïve	
  and	
  non-­‐

cirrhotic	
  

121	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
73	
  

(60%)	
  
97	
  

(80%)	
  
F:	
  5	
  (4%)	
  

Lawitz,	
  2013a	
  
(Lancet)	
  

Additional	
  single	
  group	
  
study	
  with	
  HCV-­‐2,3	
  

-­‐-­‐-­‐	
   -­‐-­‐-­‐	
   15	
   -­‐-­‐-­‐	
   10	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
16	
  

(64%)	
  
20	
  

(80%)	
  
F:	
  0%	
  

Lawitz,	
  201b3	
  
(Study	
  1)	
  
(NEJM)	
  

Open	
  label,	
  single	
  
group,	
  tx	
  naïve,	
  

predominantly	
  HCV-­‐1	
  
291	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   35	
  

209	
  
(64%)	
  

257	
  
(79%)	
  

C:	
  54	
  (17%)	
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  %
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(NEUTRINO)	
  

Lawitz,	
  2013b	
  	
  

(Study	
  2)	
  

(NEJM)	
  

	
  

(FISSION)	
  

	
  

Open	
  label	
  non-­‐
inferiority	
  RCT;	
  tx	
  naïve	
  
HCV-­‐2,	
  3;	
  12w	
  SOF	
  +	
  
RBV	
  vs	
  PEG	
  +	
  RBV	
  

3	
   -­‐-­‐-­‐	
   137	
   -­‐-­‐-­‐	
   359	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
327	
  
(66%)	
  

435	
  
(88%)	
  

100	
  (20%)	
  

Osinusi,	
  2013	
  
(Study	
  1)	
  

	
  

Proof	
  of	
  concept(n=10)	
  
with	
  HCV-­‐1	
  and	
  
unfavorable	
  tx	
  
characteristics	
  

10	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   4	
  (40%)	
   1	
  (10%)	
  

F:	
  [Knodell	
  
HAI	
  fibrosis	
  
score	
  3	
  to	
  4]	
  

1	
  (10%)	
  

Osinusi,	
  2013	
  
(Study	
  2)	
  

	
  

Open	
  label	
  RCT	
  	
  with	
  
HCV-­‐1	
  and	
  unfavorable	
  

tx	
  characteristics	
  
50	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  

33	
  
(66%)	
  

7	
  (14%)	
  

F:	
  [Knodell	
  
HAI	
  fibrosis	
  
score	
  3	
  to	
  4]	
  

13	
  (26%)	
  

Rodriguez-­‐
Torres,	
  2013	
  

Blinded	
  RCT;	
  tx	
  naïve	
  
with	
  HCV-­‐1;	
  

dose	
  ranging	
  
63	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  

43	
  
(68%)	
  

57	
  
(90%)	
  

F:	
  4	
  (6	
  %)	
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Unpublished	
  Trial	
  Included	
  in	
  FDA	
  Review	
  

FDA	
  	
  

(Mishra	
  
2013)	
  

VALENCE	
  

Open	
  label	
  trial;	
  tx	
  
naïve	
  with	
  HCV	
  2	
  or	
  3	
  

SOF	
  +	
  RBV	
  for	
  12	
  w	
  
(HCV-­‐2)	
  

SOF	
  +	
  RBV	
  for	
  24	
  w	
  
(HCV	
  3)	
  

	
  

-­‐-­‐-­‐	
   -­‐-­‐-­‐	
   91	
   -­‐-­‐-­‐	
   317	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
250	
  
(60%)	
  

393	
  
(94%)	
  

C:	
  88	
  (21%)	
  

TOTALS	
  
(from	
  above	
  
trials)	
  

n/a	
   879	
   16	
   261	
   68	
   728	
   127	
   143	
   135	
   51	
   n/a	
   n/a	
   n/a	
  

Unpublished	
  Trial	
  Included	
  in	
  FDA	
  Review	
  on	
  HCV	
  and	
  HIV	
  Coinfected	
  Patients	
  

FDA	
  	
  

(Mishra	
  
2013)	
  

PHOTON-­‐1	
  

Open	
  label	
  dose	
  
ranging	
  study	
  in	
  

patients	
  with	
  HIV-­‐1	
  
diagnosis	
  

Total	
  n	
  =	
  	
  

Tx	
  naïve	
  HCV	
  2-­‐3:	
  SOF	
  
+	
  RBV	
  12	
  w	
  

114	
   -­‐-­‐-­‐	
   26	
   24	
   42	
   17	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
   -­‐-­‐-­‐	
  
185	
  
(83%)	
  

153	
  
(69%)	
  

C:	
  22	
  (10%)	
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Tx	
  experienced	
  HCV	
  2-­‐
3	
  or	
  HCV	
  1	
  SOF	
  +	
  RBV	
  

24	
  w	
  

Abbreviations:	
  AEs	
  –	
  adverse	
  events;	
  HAI	
  –	
  histology	
  activity	
  index;	
  HCV	
  –	
  hepatitis	
  C	
  virus;	
  INT	
  –	
  interferon;	
  n/a	
  –	
  not	
  applicable;	
  NR	
  –	
  not	
  reported;	
  NRS	
  –	
  not	
  
reported	
  study;	
  PEG	
  –	
  pegylated	
  interferon	
  therapy;	
  RBV	
  –	
  ribavirin;	
  unless	
  otherwise	
  specified,	
  RBV	
  refers	
  to	
  weight-­‐based	
  ribavirin,	
  e.g.	
  1000	
  mg	
  for	
  weight	
  <	
  
75	
  kg	
  and	
  1200	
  mg	
  for	
  weight	
  ≥	
  75	
  kg	
  daily;	
  RCT	
  –	
  randomized	
  controlled	
  trial;	
  SOF	
  –	
  sofosbuvir	
  400	
  mg	
  daily;	
  tx	
  –	
  treatment;	
  w	
  –	
  weeks	
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Appendix C. Evidence Tables 

Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Gane,	
  2013	
  	
   Open	
  label	
  
Largely	
  a	
  PEG	
  
regimen	
  range	
  
study	
  for	
  HCV-­‐2,	
  
3	
  and	
  PEG	
  
sparing	
  for	
  HCV-­‐
1	
  

N=95	
  

Group	
  1	
  	
  
n=10	
  

Group	
  2	
  
n=9	
  

Group	
  3	
  
n=10	
  

Group	
  4	
  
n=11	
  

Group	
  5	
  
n=10	
  

Group	
  6	
  

Inclusion	
  	
  
• Age	
  ≥	
  19	
  
• HCV	
  RNA	
  >	
  50,000	
  IU/mL	
  
• For	
  groups	
  1	
  to	
  6,	
  HCV-­‐2	
  or	
  
3	
  and	
  tx	
  naïve	
  

• For	
  group	
  7,	
  HCV-­‐1,	
  prior	
  tx	
  
failure	
  

• For	
  group	
  8,	
  HCV-­‐1,	
  tx	
  naïve	
  

Exclusion	
  
• Cirrhosis	
  
• HIV	
  or	
  HBV	
  positive	
  

Group	
  1;	
  Group	
  2;	
  
Group	
  3;	
  Group	
  4;	
  
Group	
  5;	
  Group	
  6;	
  
Group	
  7;	
  Group	
  8	
  

Male	
  n	
  (%)	
  
8	
  (80)	
  
5	
  (56)	
  
5	
  (50)	
  
9	
  (82)	
  
4	
  (40)	
  
5	
  (50)	
  
7	
  (70)	
  
15	
  (60)	
  

Race	
  n	
  (%)	
  
White	
  	
  
7	
  (70)	
  
4	
  (44)	
  
8	
  (80)	
  
9	
  (82)	
  
4	
  (40)	
  
5	
  (50)	
  
9	
  (90)	
  
20	
  (80)	
  

Intervention	
  
8	
  arm	
  trial,	
  all	
  
pts	
  rec’d	
  SOF	
  
in	
  different	
  
regimen	
  	
  

Groups	
  1	
  to	
  6,	
  
all	
  HCV-­‐2	
  or	
  3	
  
and	
  tx	
  naïve	
  

Group	
  1	
  
SOF	
  400	
  mg/d	
  
+	
  weight	
  based	
  
RBV/d	
  for	
  12w	
  

Group	
  2	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  for	
  12w	
  
+	
  PEG	
  180µg/w	
  
for	
  4w	
  

Group	
  3	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  for	
  12w	
  
+	
  PEG	
  180µg/w	
  

Outcomes	
  
• SVR	
  24	
  
• Adverse	
  events	
  

Findings	
  
SVR	
  24	
  	
  	
  
n	
  (%,	
  95%CI)	
  

Group	
  1	
  
10	
  (100,	
  69	
  to	
  100)	
  

Group	
  2	
  
9	
  (100,	
  66	
  to	
  100)	
  

Group	
  3	
  
10	
  (100,	
  69	
  to	
  100)	
  

Group	
  4	
  
11	
  (100,	
  72	
  to	
  100)	
  

Group	
  5	
  
6	
  (60,	
  26	
  to	
  88)	
  

Group	
  6	
  
9	
  (90,	
  66	
  to	
  100)	
  

	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
  

Not	
  a	
  controlled	
  
trial	
  as	
  all	
  pts	
  
rec’d	
  SOF.	
  4	
  
groups	
  (2	
  HCV-­‐
2/3	
  and	
  2	
  HCV-­‐
1)	
  did	
  not	
  also	
  
get	
  PEG	
  

Small	
  sample	
  
size,	
  not	
  
designed	
  to	
  
statistically	
  test	
  
outcomes	
  

Race	
  is	
  reported	
  
only	
  as	
  
percentage	
  
white	
  with	
  no	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

n=10	
  

Group	
  7	
  
n=10	
  

Group	
  8	
  
n=25	
  

	
  

Age	
  	
  
mean	
  (range)	
  
47	
  (36	
  to	
  53)	
  	
  
48	
  (29	
  to	
  66)	
  	
  
49	
  (30	
  to	
  62)	
  
46	
  (37	
  to	
  57)	
  
43	
  (22	
  to	
  58)	
  
39	
  (19	
  to	
  54)	
  
48	
  (30	
  to	
  58)	
  
49	
  (22	
  to	
  69)	
  

BMI	
  	
  
mean	
  (range)	
  
28	
  (24	
  to	
  36)	
  
26	
  (21	
  to	
  32)	
  	
  
25	
  (18	
  to	
  33)	
  
24	
  (21	
  to	
  28)	
  	
  
26	
  (18	
  to	
  39)	
  
25	
  (21	
  to	
  35)	
  
28	
  (20	
  to	
  36)	
  
26	
  (19	
  to	
  38)	
  

HCV	
  RNA	
  log10IU/mL	
  	
  
mean	
  (range)	
  
6.7	
  (5.7	
  to	
  7.1)	
  
6.6	
  (5.6	
  to	
  7.4)	
  

for	
  8w	
  

Group	
  4	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  for	
  12w	
  
+	
  PEG	
  180µg/w	
  
for	
  12w	
  

Group	
  5	
  
SOF	
  400	
  mg/d	
  
for	
  12w	
  

Group	
  6	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  +	
  PEG	
  for	
  
8w	
  

Group	
  7	
  
HCV-­‐1	
  with	
  
prior	
  tx	
  failure	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  for	
  12w	
  

Group	
  8	
  
HCV-­‐1	
  tx	
  naïve	
  
SOF	
  400	
  mg/d	
  
+	
  RBV	
  for	
  12w	
  

Group	
  7	
  
1	
  (10,	
  0	
  to	
  45)	
  

Group	
  8	
  
21	
  (84,	
  64	
  to	
  96)	
  

Adverse	
  events	
  
	
  n	
  (%)	
  
Grade	
  3	
  anemia	
  	
  
17	
  (17.9%)	
  

Grade	
  3	
  or	
  4	
  
lymphopenia	
  	
  
4	
  (4.2%)	
  

Grade	
  3	
  or	
  4	
  
neutropenia	
  	
  
12	
  (12.6%)	
  

Grade	
  3	
  leukopenia	
  	
  	
  	
  	
  
5	
  (5.3%)	
  

Authors	
  state	
  
reduced	
  
hemoglobin	
  levels	
  
more	
  common	
  in	
  
pts	
  receiving	
  PEG	
  
than	
  those	
  w/o,	
  

further	
  details	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

6.5	
  (5.5	
  to	
  7.2)	
  
6.5	
  (5.2	
  to	
  7.3)	
  
5.9	
  (4.6	
  to	
  7.4)	
  
6.0	
  (4.3	
  to	
  7.3)	
  
7.0	
  (5.6	
  to	
  7.5)	
  
6.2	
  (4.4	
  to	
  7.2)	
  

HCV-­‐2	
  (Groups	
  1	
  to	
  6)	
  
n	
  (%)	
  	
  
4	
  (40)	
  
3	
  (33)	
  
4	
  (40)	
  
4	
  (36)	
  
3	
  (30)	
  
0	
  

HCV-­‐3	
  (Groups	
  1	
  to	
  6)	
  
n	
  (%)	
  
6	
  (60)	
  
6	
  (67)	
  
6	
  (60)	
  
7	
  (64)	
  
7	
  (70)	
  
10	
  (100)	
  
	
  
	
  

Follow-­‐up	
  	
  
24w	
  post	
  tx	
  

but	
  no	
  statistical	
  
analysis	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

HCV-­‐1a	
  (Groups	
  7	
  to	
  
8)	
  n	
  (%)	
  
9	
  (90)	
  
22	
  (88)	
  

HCV-­‐1b	
  (Groups	
  7	
  to	
  
8)	
  n	
  (%)	
  
1	
  (10)	
  
3	
  (12)	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  
5	
  (50)	
  
4	
  (44)	
  
4	
  (40)	
  
4	
  (36)	
  
2	
  (20)	
  
3	
  (30)	
  
2	
  (20)	
  
11	
  (44)	
  

CT	
  
4	
  (40)	
  
4	
  (44)	
  
4	
  (40)	
  
5	
  (45)	
  
6	
  (60)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

6	
  (60)	
  
5	
  (50)	
  
12	
  (18)	
  

TT	
  	
  
1	
  (10)	
  
1	
  (11)	
  
2	
  (20)	
  
2	
  (18)	
  
2	
  (20)	
  
1	
  (10)	
  
3	
  (30)	
  
2	
  (8)	
  

Loss	
  to	
  follow-­‐up	
  
1	
  pt,	
  group	
  6	
  

Jacobson	
  ,	
  
2013a	
  (study	
  
1)	
  
	
  
POSITRON	
  
study	
  
	
  

Placebo	
  control	
  
RCT	
  

Interferon	
  tx	
  
contraindicated,	
  
unacceptable	
  or	
  
prior	
  
discontinuation	
  
due	
  to	
  
unacceptable	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐2	
  or	
  3	
  
• HCV	
  RNA	
  ≥	
  104	
  IU/mL	
  
• BMI	
  ≥	
  18	
  kg/m2	
  
• Discontinuation	
  of	
  previous	
  
interferon	
  tx	
  due	
  to	
  AE	
  OR	
  
ineligible	
  for	
  interferon	
  tx	
  
OR	
  declined	
  interferon	
  tx	
  

• Up	
  to	
  20%	
  with	
  

Placebo;	
  Intervention	
  

Age	
  	
  
mean	
  (range)	
  
52	
  (28	
  to	
  67)	
  
52	
  (21	
  to	
  75)	
  

BMI	
  	
  
mean	
  (range)	
  
28	
  (20	
  to	
  43)	
  
28	
  (18	
  to	
  53)	
  

Intervention	
  
SOF	
  400	
  mg/d	
  
and	
  RBV	
  1000	
  
to	
  12000	
  mg/d	
  
for	
  12w	
  

Comparator	
  
Placebo	
  

Follow-­‐up	
  
	
  24w	
  post	
  tx	
  

Outcomes	
  
• SVR	
  4	
  post	
  tx	
  
• SVR	
  12	
  post	
  tx	
  
• Relapse	
  
• Adverse	
  events	
  

Findings	
  n	
  (%)	
  
SVR	
  4	
  post	
  tx	
  
Intervention	
  
172/207	
  (83%),	
  	
  	
  
204	
  returned	
  for	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
  

63	
  sites	
  in	
  US,	
  
Canada,	
  
Australia,	
  New	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

AEs	
  

N=278	
  

Intervention	
  
n=207	
  

Comparator	
  
n=71	
  

	
  

compensated	
  cirrhosis	
  
• ECG	
  w/o	
  abnormalities	
  
• AAT	
  ≤	
  10	
  x	
  ULN	
  
• AST	
  ≤	
  10	
  x	
  ULN	
  
• Hb	
  ≥	
  12	
  g/dL	
  for	
  men	
  and	
  ≥	
  
11	
  g/dL	
  for	
  women	
  

• Albumin	
  ≥	
  3	
  g/dL	
  
• Direct	
  bilirubin	
  ≤	
  1.5	
  x	
  ULN	
  
• HbA1c	
  ≤	
  10%	
  
• Creatine	
  clearance	
  ≥	
  
60mL/min	
  

• INR	
  ≤	
  1.5	
  x	
  ULN	
  
• No	
  investigational	
  drug	
  w/i	
  
30d	
  

• Contraception	
  

Exclusion	
  
• Prior	
  exposure	
  to	
  a	
  direct-­‐
acting	
  anti-­‐viral	
  targeting	
  
HCV	
  NS5B	
  polymerase	
  

• Pregnant/nursing/pregnant	
  
partner	
  

• Other	
  clinically	
  significant	
  
chronic	
  liver	
  disease	
  

• HIV	
  or	
  HBV	
  positive	
  

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

Race	
  n	
  (%)	
  
White	
  
66	
  (93%)	
  	
  
188	
  (91%)	
  

Black	
  
4	
  (6%)	
  
9	
  (4%)	
  

Hispanic	
  
11	
  (15%)	
  
19	
  (9%)	
  

HCV-­‐2	
  n	
  (%)	
  
	
  34	
  (48%)	
  
	
  109	
  (53%)	
  

HCV-­‐3	
  n	
  (%)	
  
	
  37	
  (52%);	
  98	
  (47%)	
  

IL28B	
  genotype	
  
n	
  (%)	
  
CC	
  
29	
  (41%)	
  

	
  
6	
  pts	
  (2.9%)	
  
did	
  not	
  
complete	
  tx,	
  2	
  
pts	
  lost	
  to	
  
follow-­‐up	
  

visit	
  

Placebo	
  
0/71	
  (0%),	
  71	
  
returned	
  for	
  visit	
  

SVR	
  12	
  post	
  tx	
  	
  
n	
  (%,	
  95%	
  CI)	
  
Intervention	
  
161/207	
  (78,	
  72	
  to	
  
83)	
  

(only	
  171/207	
  pts	
  
returned	
  for	
  12w	
  
post	
  follow-­‐up)	
  

Factors	
  
significantly	
  
associated	
  with	
  
SVR	
  12	
  
Sex	
  (female	
  vs	
  
male)	
  
OR	
  2.668	
  (95%	
  CI,	
  
1.198	
  to	
  5.940)	
  
p=0.0163	
  

	
  

Zealand	
  

Only	
  reports	
  
SVR	
  12	
  

Note	
  that	
  at	
  the	
  
end	
  of	
  tx,	
  all	
  pts	
  
in	
  intervention	
  
group	
  showed	
  
HCV	
  RNA	
  <	
  25	
  
IU/mL	
  but	
  by	
  
week	
  12	
  after	
  tx	
  
had	
  dropped	
  to	
  
78%.	
  22%	
  had	
  
relapsed.	
  What	
  
would	
  happen	
  
by	
  week	
  24?	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

• Contraindications	
  to	
  RBV	
  
therapy	
  

• Chronic	
  use	
  of	
  
immunosuppressive	
  agents	
  

• Significant	
  drug	
  or	
  alcohol	
  
abuse	
  w/i	
  12m	
  

• Excessive	
  alcohol	
  
consumption	
  

• Hx	
  of	
  malignancy,	
  clinically	
  
significant	
  
hemoglobinopathy,	
  solid	
  
organ	
  transplantation,	
  
clinical	
  hepatic	
  
decompensation,	
  primary	
  
gastrointestinal	
  disorder,	
  
significant	
  pulmonary	
  or	
  
cardiac	
  disease	
  or	
  porphyria,	
  
or	
  other	
  serious	
  clinical	
  
condition	
  

• Hx	
  of	
  difficulty	
  with	
  blood	
  
collection	
  or	
  venous	
  access	
  

• Donation	
  or	
  loss	
  of	
  >	
  400mL	
  
of	
  blood	
  w/i	
  2m	
  

	
  

97	
  (47%)	
  

CT	
  
36	
  (51%)	
  
84	
  (41%)	
  

TT	
  
6	
  (8%)	
  
26	
  (13%)	
  	
  

Cirrhosis	
  n	
  (%)	
  
13	
  (18%)	
  
31	
  (15%)	
  

Baseline	
  ALT	
  >	
  1.5	
  x	
  
ULN	
  
42	
  (59%)	
  
117	
  (57%)	
  

INF	
  tx	
  classification	
  
Unacceptable	
  AE	
  
8	
  (11%)	
  
17	
  (8%)	
  

Contraindicated	
  
33	
  (46%)	
  
88	
  (43%)	
  

HCV-­‐2	
  vs	
  HCV-­‐3	
  	
  
OR	
  8.659	
  (95%	
  CI,	
  
3.616	
  to	
  20.732)	
  
p<0.0001	
  

Duration	
  of	
  prior	
  
HCV	
  tx	
  (	
  >12w	
  vs	
  
no	
  tx)	
  
OR	
  0.131	
  (95%	
  CI	
  
0.038	
  to	
  0.452)	
  
p<0.0013	
  

Relapse	
  
42	
  pts	
  relapsed	
  
after	
  stopping	
  tx	
  
(42/207	
  =	
  20.3%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Pts	
  decision	
  	
  
30	
  (42%)	
  
102	
  (49%)	
  

Response	
  to	
  previous	
  
tx	
  
No	
  response	
  	
  
2	
  (3%)	
  
2	
  (1%)	
  

Relapse	
  
4	
  (6%)	
  
11	
  (5%)	
  

Jacobson	
  ,	
  
2013a	
  
(Study	
  2)	
  
	
  
FUSION	
  study	
  
	
  

Active	
  control	
  
RCT	
  

No	
  prior	
  
response	
  to	
  
prior	
  INF	
  	
  
containing	
  
regimen	
  	
  

N=201	
  

Group	
  1	
  
n=103	
  

	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐2	
  or	
  3	
  
• Prior	
  tx	
  failure	
  with	
  INF	
  for	
  ≥	
  
12w	
  (non-­‐response	
  or	
  
relapse/breakthrough)	
  

• Up	
  to	
  30%	
  with	
  
compensated	
  cirrhosis	
  

• HCV	
  RNA	
  ≥	
  104	
  IU/mL	
  
• BMI	
  ≥	
  18	
  kg/m2	
  
• ECG	
  w/o	
  abnormalities	
  
• Discontinuation	
  of	
  previous	
  
INF	
  tx	
  due	
  to	
  AE	
  or	
  	
  ineligible	
  

Group	
  1,	
  Group	
  2	
  

Age	
  	
  
mean	
  (range)	
  
54	
  (30	
  to	
  69)	
  
54	
  (24	
  to	
  70)	
  	
  

BMI	
  
mean	
  (range)	
  
28	
  (19	
  to	
  43)	
  
29	
  (20	
  to	
  44)	
  

Male	
  n	
  (%)	
  	
  
73	
  (71%)	
  

Group	
  1	
  
SOF	
  400	
  mg/d	
  
and	
  RBV	
  1000	
  
to	
  1200	
  mg/d	
  
for	
  12w	
  then	
  
4w	
  of	
  	
  placebo	
  

Group	
  2	
  
SOF	
  400	
  mg/d	
  
and	
  RBV	
  1000	
  
to	
  1200	
  mg/d	
  
for	
  16w	
  

1	
  pt	
  in	
  group	
  1	
  

Outcomes	
  
• SVR	
  4w	
  post	
  tx	
  
• SVR	
  12w	
  post	
  
tx	
  

• Relapse	
  
• Adverse	
  events	
  

Findings	
  n	
  (%)	
  
SVR	
  4	
  post	
  tx	
  
Group	
  1	
  	
  
56/100	
  (56%),	
  	
  99	
  
returned	
  for	
  visit	
  

	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Group	
  2	
  
n=98	
  
	
  
	
  

for	
  interferon	
  tx	
  OR	
  declined	
  
interferon	
  tx	
  

• Up	
  to	
  20%	
  with	
  
compensated	
  cirrhosis	
  

• AAT	
  ≤	
  10	
  x	
  ULN	
  
• AST	
  ≤	
  10	
  x	
  ULN	
  
• Hb	
  ≥	
  12	
  g/dL	
  for	
  men	
  and	
  ≥	
  
11	
  g/dL	
  for	
  women	
  

• Albumin	
  ≥	
  3	
  g/dL	
  
• Direct	
  bilirubin	
  ≤1.5	
  x	
  ULN	
  
• HbA1c	
  ≤	
  10%	
  
• Creatine	
  clearance	
  ≥	
  
60mL/min	
  

• INR	
  ≤	
  1.5	
  x	
  ULN	
  
• Platelets	
  ≥	
  50,000	
  μL	
  
• No	
  investigational	
  drug	
  w/i	
  
30	
  days	
  

• Contraception	
  

Exclusion	
  
• Prior	
  exposure	
  to	
  direct-­‐
acting	
  anti-­‐viral	
  targeting	
  
HCV	
  NS5B	
  polymerase	
  

• Pregnant/nursing/pregnant	
  
partner	
  

67	
  (68%)	
  

Race	
  n	
  (%)	
  	
  
White	
  	
  
88	
  (85%)	
  
86	
  (88%)	
  

Black	
  
5	
  (5%)	
  
1	
  (1%)	
  

Hispanic	
  
10	
  (10%)	
  
8	
  (8%)	
  

HCV-­‐1	
  n	
  (%)	
  
3	
  (3%)	
  
3	
  (3%)	
  

HCV-­‐	
  2	
  n	
  (%)	
  
36	
  (35%)	
  
32	
  (33%)	
  

HCV-­‐3	
  n	
  (%)	
  	
  
64	
  (62%)	
  
63	
  (64%)	
  

	
  

discontinued	
  tx	
  
due	
  to	
  AE,	
  2	
  
pts	
  in	
  group	
  1	
  
lost	
  to	
  follow-­‐
up	
  

Group	
  2	
  
73/95	
  (77%),	
  95	
  
returned	
  for	
  visit	
  

SVR	
  12	
  post	
  tx	
  
Group	
  1	
  	
  
50/100	
  (50%),	
  54	
  
returned	
  for	
  visit	
  

Group	
  2	
  	
  
69/95	
  (73%),	
  73	
  
returned	
  for	
  visit	
  

Factors	
  associated	
  
with	
  SVR	
  12	
  for	
  
Group	
  1	
  
HCV-­‐	
  2	
  vs	
  HCV-­‐	
  3	
  	
  
OR	
  21.486	
  (95%	
  CI,	
  
6.144	
  to	
  75.142)	
  
p<0.0001	
  

Baseline	
  weight-­‐
based	
  RBV	
  dose	
  
OR	
  1.469	
  (95%	
  CI,	
  
1.089	
  to	
  1.983)	
  
	
  p=0.0119	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

• Other	
  clinically	
  significant	
  
chronic	
  liver	
  disease	
  

• HIV	
  or	
  HBV	
  positive	
  
• Contraindication	
  to	
  RBV	
  tx	
  
• Chronic	
  use	
  of	
  
immunosuppressive	
  agents	
  

• Significant	
  drug	
  or	
  alcohol	
  
abuse	
  w/i	
  12m	
  

• Hx	
  of	
  malignancy,	
  clinically	
  
significant	
  
hemoglobinopathy,	
  solid	
  
organ	
  transplantation,	
  
clinical	
  hepatic	
  
decompensation,	
  primary	
  
gastrointestinal	
  disorder,	
  
significant	
  pulmonary	
  or	
  
cardiac	
  disease	
  or	
  porphyria,	
  
or	
  other	
  serious	
  clinical	
  
condition	
  

• Excessive	
  alcohol	
  
consumption	
  

• Hx	
  of	
  difficulty	
  with	
  blood	
  
collection	
  or	
  venous	
  access	
  

• Donation	
  or	
  loss	
  of	
  >	
  400mL	
  
of	
  blood	
  w/i	
  2m	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  	
  
31	
  (30%)	
  
30	
  (31%)	
  

CT	
  
53	
  (51%)	
  	
  
56	
  (57%)	
  

TT	
  	
  
19	
  (18%)	
  
12	
  (12%)	
  	
  

Cirrhosis	
  n	
  (%)	
  
36	
  (35%)	
  
32	
  (33%)	
  	
  

Response	
  to	
  previous	
  
tx	
  
n	
  (%)	
  
No	
  response	
  
25	
  (24%)	
  
25	
  (26%)	
  

Relapse	
  
78	
  (76%)	
  
73	
  (74%)	
  

Cirrhosis	
  (no	
  vs	
  	
  
yes)	
  
OR	
  3.117	
  (95%	
  CI	
  
1.019	
  to	
  9.537)	
  	
  
p=0.0463	
  

Factors	
  associated	
  
with	
  SVR	
  12	
  for	
  
Group	
  2	
  
HCV-­‐	
  2	
  vs	
  HCV-­‐3	
  
OR	
  10.522	
  (95%	
  CI	
  
2.251	
  vs.	
  49.174)	
  
p=0.0028	
  

Female	
  vs	
  male	
  
OR	
  3.978	
  (95%	
  CI,	
  
1.169	
  to	
  13.539)	
  
p=0.0271	
  

Relapse	
  
73	
  pts	
  relapsed	
  
after	
  stopping	
  tx	
  
(73/201,	
  36.3%),	
  
no	
  details	
  provided	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Kowdley,	
  
2013	
  

Open	
  label	
  

Duration	
  
ranging	
  12w	
  vs	
  
24w	
  PEG	
  +	
  RBV	
  	
  

N=332	
  

Cohort	
  A	
  
	
  n=52	
  (HCV-­‐1)	
  

Cohort	
  B	
  
n=125	
  (HCV-­‐1	
  =	
  
109;	
  HCV-­‐4	
  	
  =	
  
11;	
  HCV-­‐6	
  =	
  5)	
  

Cohort	
  C	
  
n=155	
  (HCV-­‐1)	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐1,	
  4,	
  5	
  or	
  6	
  
• Tx	
  naïve	
  
• HCV	
  RNA	
  ≥	
  50,000	
  IU/mL	
  

Exclusion	
  
• Cirrhosis	
  or	
  other	
  chronic	
  
liver	
  disease	
  

• BMI	
  ≤	
  18	
  kg/m2	
  
• HIV	
  or	
  HBV	
  positive	
  

Cohort	
  A;	
  Cohort	
  B;	
  
Cohort	
  C	
  except	
  
where	
  noted	
  

Age	
  	
  
(mean	
  ±	
  sd)	
  
51	
  ±	
  9.8	
  
50	
  ±	
  11	
  
50	
  ±	
  10.8	
  

Male	
  n	
  (%)	
  	
  
35	
  (67%)	
  
73	
  (58%)	
  
106	
  (68%)	
  

Race	
  n	
  (%)	
  	
  
Black	
  	
  
2	
  (4%)	
  
17	
  (14%)	
  	
  
16	
  (10%)	
  

Non-­‐black	
  
50	
  (96%)	
  	
  
108	
  (86%)	
  	
  
139	
  (10%)	
  

	
  

Intervention	
  	
  
Cohort	
  A	
  	
  
SOF	
  400	
  mg/d	
  
+	
  weight	
  based	
  
RBV/d	
  +	
  PEG	
  
180µg/w	
  for	
  
12w	
  

Cohort	
  B	
  	
  
SOF	
  400	
  mg/d	
  
+	
  RBV/d	
  +	
  
PEG/w	
  for	
  24w	
  

Cohort	
  C	
  	
  
SOF	
  400	
  mg/d	
  
+	
  RBV/d	
  +	
  PEG	
  
for	
  12w	
  then	
  
50%	
  rec’d	
  SOF	
  	
  
mono	
  tx	
  for	
  
12w;	
  	
  50%	
  
rec’d	
  SOF	
  +	
  
RBV	
  for	
  12w	
  

Follow-­‐up	
  
	
  24w	
  

Outcome	
  
• SVR	
  24	
  
• Adverse	
  events	
  

Findings	
  
SVR	
  24	
  for	
  HCV-­‐1	
  
n	
  (%,	
  95%	
  CI)	
  
Cohort	
  A	
  
46/52	
  (89,	
  77	
  to	
  
96)	
  

Cohort	
  B	
  
97/109	
  (89,	
  82	
  to	
  
94)	
  

Cohort	
  C	
  
135/155	
  (87,	
  	
  81	
  to	
  
92)	
  

SVR	
  24	
  for	
  HCV-­‐4	
  
n	
  (%,	
  95%	
  CI)	
  
Cohort	
  B	
  
9/11	
  (82,	
  48	
  to	
  98)	
  

SVR	
  24	
  for	
  HCV-­‐6	
  
n	
  (%,	
  95%	
  CI)	
  
Cohort	
  B	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
  	
  

Pooled	
  efficacy	
  
data	
  for	
  Cohort	
  
C’s	
  2	
  extended	
  
tx	
  arms	
  

Per-­‐protocol	
  
analysis	
  also	
  
included	
  in	
  
article	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Hispanic	
  	
  
10	
  (19%)	
  	
  
26	
  (21%)	
  	
  
31	
  (20%)	
  

BMI	
  
(mean	
  ±	
  sd)	
  	
  
27.2	
  ±	
  4.6	
  	
  
27.6	
  ±	
  5.0	
  	
  
28.4	
  ±	
  4.6	
  

HCV	
  RNA	
  log10	
  IU/mL	
  	
  
(mean	
  ±	
  sd)	
  	
  
6.5	
  ±	
  0.7	
  
6.3	
  ±	
  0.7	
  
6.4	
  ±	
  0.8	
  

HCV-­‐1a,	
  1b,	
  4,	
  6	
  	
  
n	
  (%)	
  
Cohort	
  A	
  	
  
40	
  (77%)	
  
12	
  (23%)	
  
0	
  
0	
  

Cohort	
  B	
  
85	
  (68%)	
  

5/5	
  (100,	
  48	
  to	
  
100)	
  

Difference	
  in	
  SVR	
  
24	
  for	
  HCV-­‐1	
  by	
  
regime	
  
A	
  to	
  B:	
  p=0.94	
  
A	
  to	
  C:	
  p=0.78	
  

Relapse	
  
Cohort	
  A	
  
2	
  (4%)	
  

Cohort	
  B	
  
	
  1	
  (1%)	
  

Cohort	
  C	
  
4	
  (3%)	
  

Adverse	
  events	
  
13	
  serious	
  AEs	
  in	
  
12	
  pts	
  

9	
  adverse	
  events	
  
reported	
  t	
  as	
  “non-­‐
tx	
  related”	
  
arrythemia,	
  
ischaemic	
  colitis,	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

24	
  (19%)	
  
11	
  (19%)	
  
5	
  (4%)	
  

Cohort	
  C	
  
116	
  (75%)	
  
39	
  (25%)	
  
0	
  
0	
  

IL28B	
  genotype	
  
n	
  (%)	
  
	
  CC	
  	
  
13	
  (25%)	
  
36	
  (29%)	
  
39	
  (25%)	
  

CT	
  
33	
  (64%)	
  
63	
  (50%)	
  
88	
  (57%)	
  

TT	
  	
  
6	
  (12%)	
  
26	
  (21%)	
  
28	
  (18%)	
  

chest	
  pain,	
  acute	
  
cholecystitis,	
  
cholelithiasis,	
  
alcohol	
  poisoning,	
  
road	
  traffic	
  
accident,	
  
costochondritis,	
  
hip	
  arthroplasty	
  

4	
  adverse	
  events	
  
reported	
  as	
  related	
  
to	
  PEG	
  and	
  RBV	
  but	
  
not	
  SOF	
  anemia,	
  
auto-­‐immune	
  
hepatitis,	
  
pyelonephritis,	
  
pancytopenia	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

No/minimal	
  fibrosis	
  n	
  
(%)	
  
	
  9	
  (17%)	
  
14	
  (11%)	
  
20	
  (13%)	
  

Portal	
  fibrosis	
  
n	
  (%)	
  
36	
  (69%)	
  
93	
  (74%)	
  
99	
  (64%)	
  

Bridging	
  fibrosis	
  n	
  (%)	
  
7	
  (14%)	
  
17	
  (14%)	
  
23	
  (15%)	
  

Loss	
  to	
  f/u	
  n	
  (%)	
  
26	
  (7.8%)	
  	
  

Cohort	
  A	
  
4	
  (7.7%)	
  

Cohort	
  B	
  
13	
  (10.4%)	
  

Cohort	
  C	
  
9	
  (5.8%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Lawitz	
  ,	
  
2013a	
  	
  
(Lancet)	
  

Dose	
  finding	
  
placebo	
  control	
  
RCT	
  for	
  HCV-­‐1	
  
and	
  additional	
  
single	
  group	
  for	
  
HCV-­‐2,	
  3;	
  all	
  tx	
  
naïve	
  and	
  non-­‐
cirrhotic	
  	
  

N=147	
  

Cohort	
  A	
  
	
  n=122	
  

Group	
  1	
  
n=48	
  

Group	
  	
  
n=48	
  

Group	
  3	
  
n=26	
  

Cohort	
  B	
  
	
  n=25	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐1,	
  2	
  or	
  3	
  
• Tx	
  naïve	
  
• HCV	
  RNA	
  ≥	
  50,000	
  IU/mL	
  
• Neutrophil	
  count	
  1-­‐5	
  x	
  109/L	
  
or	
  ≥	
  1-­‐25	
  x	
  109/L	
  for	
  black	
  
patients	
  

• Hb	
  ≥	
  11	
  g/dL	
  for	
  women	
  or	
  ≥	
  
12	
  g/dL	
  for	
  men	
  

• Platelets	
  ≥	
  90x109/L	
  
• Total	
  bilirubin	
  ≤	
  2xULN	
  
• Albumin	
  ≤	
  30	
  g/L	
  

Exclusion	
  
• Cirrhosis	
  
• HIV	
  or	
  HBV	
  positive	
  
• Hx	
  of	
  psychiatric	
  illness,	
  
pulmonary	
  or	
  cardiac	
  
disease,	
  seizure	
  disorder	
  or	
  
other	
  serious	
  comorbid	
  
condition	
  

Cohort	
  A	
  (Group	
  1,	
  
Group	
  2,	
  Group	
  3)	
  

Age	
  	
  
(mean	
  ±	
  sd)	
  	
  
48.4	
  ±	
  11.5	
  
51.4	
  ±	
  9.4	
  
48.6	
  ±	
  9.4	
  

Male	
  n	
  (%)	
  	
  
33	
  (69%)	
  
21	
  (45%)	
  
19	
  (73%)	
  

Race	
  n	
  (%)	
  	
  
White	
  	
  
39	
  (81%)	
  
37	
  (78%)	
  
21	
  (80%)	
  

Black	
  	
  
6	
  (13%)	
  
7	
  (15%)	
  
5	
  (19%)	
  

Hispanic	
  	
  
5	
  (10%)	
  

Intervention	
  
Cohort	
  A	
  
HCV-­‐1	
  
randomized	
  
2:2:1	
  to	
  3	
  
protocols	
  in	
  2	
  
steps.	
  1st	
  step	
  
for	
  12w	
  

Group	
  1	
  
SOF	
  200	
  mg/d	
  
+	
  weight	
  based	
  
RBV/d	
  +	
  180µg	
  
PEG	
  weekly	
  	
  

Group	
  2	
  
SOF	
  400	
  mg/d	
  
+	
  RBV/d	
  +	
  PEG	
  
weekly	
  

Group	
  3	
  
Placebo	
  +	
  RBV	
  
+	
  PEG	
  

If	
  pts	
  achieved	
  
eRVR	
  (HCV	
  
RNA	
  ≤	
  15	
  

Outcomes	
  
• Primary	
  
outcome	
  –	
  
safety	
  and	
  
tolerability	
  

• “study	
  was	
  not	
  
designed	
  to	
  
statistically	
  test	
  
efficacy”	
  
(p.403)	
  

• Secondary	
  
outcomes	
  
o RVR	
  4	
  	
  
o SVR	
  12	
  
o SVR	
  24	
  

Findings	
  
Adverse	
  Events	
  	
  
(Cohorts	
  A	
  &	
  B)	
  
Common	
  side	
  
effects	
  Fatigue,	
  
headache,	
  nausea,	
  
chills,	
  pain,	
  
insomnia	
  

Fatigue,	
  rash,	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
  

Placebo	
  group	
  	
  
(Cohort	
  A,	
  PEG-­‐
INF	
  +	
  RBV	
  +	
  
placebo)	
  very	
  
small	
  (n=26)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

6	
  (13%)	
  
1	
  (4%)	
  

BMI	
  	
  
(mean	
  ±	
  sd)	
  
26.6	
  ±	
  3.4	
  
26.8	
  ±	
  4.5	
  	
  
28.6	
  ±	
  4.1	
  

HCV	
  RNA	
  IU/mL	
  	
  
(mean	
  ±	
  sd)	
  
6.5	
  ±	
  0.6	
  
6.4	
  ±	
  0.8	
  
6.5	
  ±	
  0.8	
  

HCV-­‐1a	
  n	
  (%)	
  	
  
37	
  (77%)	
  
35	
  (74%)	
  
20	
  (77%)	
  

HCV-­‐1b	
  n	
  (%)	
  	
  	
  
11	
  (23%)	
  
12	
  (26%)	
  
6	
  (23%)	
  

IL28B	
  genotype	
  n	
  (%)	
  	
  
CC	
  

IU/mL)	
  in	
  
weeks	
  4	
  to	
  12,	
  
pts	
  rec’d	
  12w	
  
of	
  PEG	
  +	
  RBV	
  

If	
  placebo	
  or	
  
failure	
  to	
  
achieve	
  eRVR,	
  
pts	
  rec’d	
  36w	
  
PEG	
  +	
  RBV	
  

Cohort	
  B	
  
HCV-­‐2	
  or	
  -­‐3	
  
SOF	
  400	
  mg	
  +	
  
RBV	
  +	
  PEG	
  for	
  
12w	
  

fever,	
  diarrhea	
  
“more	
  common”	
  in	
  
SOF	
  groups	
  than	
  
placebo	
  (no	
  p	
  
value)	
  

Headache	
  more	
  
common	
  in	
  
placebo	
  group	
  (no	
  
p-­‐value)	
  
3	
  pts	
  in	
  SOF	
  
regimens	
  
developed	
  level	
  3	
  
increase	
  in	
  AST	
  	
  
levels	
  

8	
  pts	
  in	
  Cohort	
  A	
  
discontinued	
  tx	
  
due	
  to	
  AE	
  

Group	
  1	
  
2	
  pts	
  –	
  
neutropenia,	
  
folliculitis	
  

Group	
  2	
  
3	
  pts	
  –	
  aphthous	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

21	
  (44%)	
  
18	
  (38%)	
  
11	
  (42%)	
  

CT	
  
24	
  (50%)	
  
19	
  (40%)	
  
11	
  (42%)	
  

TT	
  
3	
  (6%)	
  
10	
  (21%)	
  
4	
  (15%)	
  

No/minimal	
  fibrosis	
  n	
  
(%)	
  	
  
12	
  (25%)	
  
7	
  (15%)	
  
3	
  (12%)	
  

Portal	
  fibrosis	
  
	
  n	
  (%)	
  
35	
  (73%)	
  
38	
  (81%)	
  
21	
  (81%)	
  

	
  

ulcer;	
  MI;	
  
depression	
  &	
  
suicidal	
  ideation	
  

Post	
  SOF,	
  3	
  pts	
  
with	
  severe	
  AE:	
  
retinal	
  vein	
  
occlusion;	
  
lymphangitis;	
  chest	
  
pain	
  &	
  ECG	
  ST	
  
segment	
  elevation	
  

RVR	
  4	
  	
  	
  
n	
  (%,	
  95%	
  CI)	
  

Cohort	
  A	
  
Group	
  1	
  
47	
  (98,	
  89	
  to	
  100)	
  

Group	
  2	
  
46	
  (98,	
  89	
  to	
  100)	
  

Group	
  3	
  
5	
  (19,	
  7	
  to	
  39)	
  

Cohort	
  B	
  
24	
  (96,	
  80	
  to	
  100)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Bridging	
  fibrosis	
  n	
  (%)	
  
1	
  (2%)	
  
2	
  (4%)	
  
2	
  (8%)	
  

Loss	
  to	
  follow-­‐up	
  	
  
2	
  	
  

Cohort	
  B	
  
Age	
  
(mean	
  ±	
  sd)	
  
47.2	
  ±	
  11.1	
  

Male	
  n	
  (%)	
  
16	
  (64%)	
  

Race	
  n	
  (%)	
  
White	
  	
  
20	
  (80%)	
  

Black	
  	
  
4	
  (16%)	
  

Hispanic	
  
1	
  (4%)	
  

BMI	
  	
  
(mean	
  ±	
  sd)	
  

SVR	
  12	
  	
  
n(%,	
  95%	
  CI)	
  

Cohort	
  A	
  
Group	
  1	
  
43	
  (90,	
  77	
  to	
  97)	
  

Group	
  2	
  
43	
  (91,	
  80	
  to	
  98)	
  

Group	
  3	
  	
  
15	
  (58,	
  40	
  to	
  77)	
  

Cohort	
  B	
  
23	
  (92,	
  74	
  to	
  99)	
  

SVR	
  24	
  	
  
n	
  (%,	
  95%	
  CI)	
  

Cohort	
  A	
  
Group	
  1	
  
41	
  (85,	
  72	
  to	
  94)	
  

Group	
  2	
  
42	
  (89,	
  77	
  to	
  96)	
  

Group	
  3	
  
15	
  (58,	
  40	
  to	
  77)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

28.6	
  ±	
  4.8	
  

HCV	
  RNA	
  IU/mL	
  
(mean	
  ±	
  sd)	
  	
  
6.1	
  ±	
  0.8	
  

HCV-­‐2	
  n	
  (%)	
  
15	
  (60%)	
  

HCV-­‐3	
  n	
  (%)	
  
10	
  (40%)	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  
7	
  (28%)	
  

CT	
  	
  
17	
  (68%)	
  

TT	
  
1	
  (4%)	
  

No/minimal	
  fibrosis	
  n	
  
(%)	
  
7	
  (28%)	
  

Portal	
  fibrosis	
  n	
  (%)	
  
18	
  (72%)	
  

Cohort	
  B	
  
23	
  (92,	
  74	
  to	
  99)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Loss	
  to	
  follow-­‐up	
  	
  
1	
  

Lawitz,	
  2013b	
  
(NEJM)	
  	
  
(Study	
  1)	
  
	
  
NEUTRINO	
  
study	
  
	
  

Open	
  label;	
  
single	
  group;	
  tx	
  
naïve;	
  89%	
  
HCV-­‐1	
  (11%	
  
HCV-­‐4,	
  5,	
  6);	
  
17%	
  cirrhotic	
  	
  

N=327	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐1,4,5,	
  or	
  6	
  
• HCV	
  RNA	
  ≥	
  10,000	
  IU/mL	
  
• HCV	
  tx	
  naïve	
  
• Up	
  to	
  20%	
  of	
  pts	
  could	
  have	
  
evidence	
  of	
  cirrhosis	
  

• BMI	
  ≥	
  18	
  kgm2	
  
• ALT	
  ≤	
  10x	
  ULN	
  
• AST	
  ≤	
  10	
  x	
  ULN	
  	
  	
  
• Hb	
  ≥	
  12	
  g/dL	
  for	
  males,	
  ≥	
  11	
  
g/dL	
  for	
  females	
  	
  

• White	
  blood	
  cell	
  count	
  
≥2500/µL	
  

• Absolute	
  neutrophil	
  count	
  
≥1500/µL	
  (or≥	
  1000/µL	
  if	
  
considered	
  a	
  physiologic	
  
variant	
  in	
  a	
  subject	
  of	
  
African	
  descent)	
  	
  

• Platelets	
  ≥	
  90,000/µL	
  
• INR	
  ≤	
  1.5	
  x	
  ULN	
  unless	
  
subject	
  has	
  known	
  
hemophilia	
  or	
  is	
  stable	
  on	
  an	
  

Age	
  	
  	
  
mean	
  (range)	
  
52	
  (19	
  to	
  70)	
  

Male	
  n	
  (%)	
  
209	
  (64%)	
  

Race	
  n	
  (%)	
  	
  
White	
  
257	
  (79%)	
  

Black	
  	
  
54	
  (17%)	
  

Hispanic	
  
46	
  (14%)	
  

HCV-­‐1a	
  n	
  (%)	
  	
  
225	
  (69%)	
  

HCV-­‐1b	
  n	
  (%)	
  
66	
  (20%)	
  

HCV-­‐4	
  n	
  (%)	
  
28	
  (9%)	
  

Intervention	
  
SOF	
  400	
  mg/d,	
  
weight	
  based	
  
RBV	
  daily	
  
(1000mg	
  <	
  
75kg	
  or	
  
1200mg	
  ≥	
  
75kg),	
  and	
  PEG	
  
alfa	
  2a	
  180	
  μg	
  
weekly	
  for	
  12w	
  

Comparator	
  
None	
  

Follow	
  up	
  
12w	
  post	
  tx	
  

Outcomes	
  
• SVR	
  	
  12	
  post	
  tx	
  

Findings	
  	
  
n	
  (%,	
  95%	
  CI)	
  
SVR	
  12	
  
Overall	
  
295/327	
  (90.2,	
  87	
  
to	
  93)	
  	
  

No	
  significant	
  
difference	
  in	
  SVR	
  
by	
  genotype	
  or	
  
race	
  

Cirrhosis	
  
43/54	
  (79.6,	
  67	
  to	
  
89)	
  

No	
  cirrhosis	
  
252/273	
  (92.3,	
  
88.5	
  to	
  5.2)	
  (no	
  p	
  
value)	
  

	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

anticoagulant	
  regimen	
  
affecting	
  INR	
  

• Albumin	
  ≥	
  3	
  g/dL	
  
• Direct	
  bilirubin	
  ≤	
  1.5	
  x	
  ULN	
  
• Thyroid-­‐stimulating	
  
hormone	
  (TSH)	
  ≤	
  ULN	
  

• HgbA1c	
  ≤	
  10%	
  	
  
• Creatinine	
  clearance	
  ≥	
  60	
  
mL/min,	
  as	
  calculated	
  by	
  the	
  
Cockcroft-­‐Gault	
  equation	
  

• No	
  investigational	
  study	
  
participation	
  w/i	
  30	
  days	
  

• Contraception	
  

Exclusion	
  
• Prior	
  tx	
  for	
  HCV	
  with	
  an	
  INF	
  
or	
  RBV	
  

• Prior	
  exposure	
  to	
  a	
  direct-­‐
acting	
  antiviral	
  targeting	
  the	
  
HCV	
  NS5B	
  polymerase	
  

• Pregnant/nursing/pregnant	
  
partner	
  	
  

• Chronic	
  liver	
  disease	
  of	
  a	
  
non-­‐HCV	
  etiology	
  (e.g.,	
  
hemochromatosis,	
  Wilson’s	
  
disease,	
  	
  α1	
  antitrypsin	
  

HCV-­‐5	
  n	
  (%)	
  
1	
  (<1%)	
  

HCV-­‐6	
  n	
  (%)	
  
6	
  (2%)	
  

BMI	
  
Mean	
  (range)	
  
29	
  (18	
  to	
  56)	
  

Mean	
  HCV	
  RNA	
  log10	
  
UL/mL	
  
(mean	
  ±	
  sd)	
  
6.4	
  ±	
  0.7	
  

HCV	
  RNA	
  ≥	
  800,000	
  
IU/mL	
  
n	
  (%)	
  
267	
  (82%	
  

IL28B	
  genotype	
  
n	
  (%)	
  
CC	
  
95	
  (29%)	
  

CT	
  
181	
  (55%)	
  

IL28B	
  GT	
  CC	
  
93/95	
  (97.9,	
  92.6	
  
to	
  99.7)	
  
IL28B	
  GT	
  	
  non-­‐CC	
  
202/232	
  (87.%,82.1	
  
to	
  91.1)	
  
(no	
  p	
  value)	
  

Adverse	
  events	
  
Any	
  AE	
  
310/327	
  (95%)	
  

5	
  pts	
  (2%)	
  
discontinued	
  due	
  
to	
  AE	
  

4	
  pts	
  (1%)	
  serious	
  
AE	
  (not	
  specified)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

deficiency,	
  cholangitis)	
  	
  
• HIV	
  or	
  HBV	
  positive	
  
• Contraindications	
  for	
  PEG	
  or	
  
RBV	
  therapy	
  

• Pre-­‐existing	
  significant	
  
psychiatric	
  conditions	
  
including	
  severe	
  depression,	
  
severe	
  bipolar	
  disorder,	
  and	
  
schizophrenia.	
  Other	
  
psychiatric	
  disorders	
  are	
  
permitted	
  if	
  the	
  condition	
  is	
  
well	
  controlled	
  with	
  a	
  stable	
  
tx	
  regimen	
  for	
  ≥	
  1	
  yr	
  from	
  
screening	
  

• Hx	
  of	
  autoimmune	
  
disorders,	
  severe	
  chronic	
  
obstructive	
  pulmonary	
  
disease,	
  significant	
  cardiac	
  
disease,	
  clinically	
  significant	
  
retinal	
  disease,	
  clinically	
  
significant	
  malignancy	
  
diagnosed	
  or	
  treated	
  w/i	
  5	
  
yrs,	
  solid	
  organ	
  
transplantation,	
  hepatic	
  
decompensation,	
  
gastrointestinal	
  disorder,	
  

TT	
  
51	
  (16%)	
  

Cirrhosis	
  n	
  (%)	
  
54	
  (17%)	
  

AAT	
  ≥	
  1.5xUL	
  	
  
n	
  (%)	
  
166	
  (51%)	
  

Loss	
  to	
  follow-­‐up	
  n	
  
(%)	
  
2	
  (0.6%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

porphyria,	
  or	
  other	
  major	
  
illness.	
  	
  

• Chronic	
  use	
  of	
  systemically	
  
administered	
  
immunosuppressive	
  agents	
  	
  

• Clinically	
  relevant	
  drug	
  or	
  
alcohol	
  abuse	
  w/i	
  12m	
  of	
  
screening	
  

• Excessive	
  alcohol	
  ingestion	
  	
  
• Hx	
  of	
  difficulty	
  with	
  blood	
  
collection	
  and/or	
  poor	
  
venous	
  access	
  for	
  the	
  
purposes	
  of	
  phlebotomy	
  	
  

• Donation	
  or	
  loss	
  of	
  >400	
  mL	
  
of	
  blood	
  w/i	
  2m	
  prior	
  to	
  
baseline/day	
  1	
  	
  

• Use	
  of	
  any	
  prohibited	
  
concomitant	
  medications	
  
w/i	
  28d	
  of	
  the	
  baseline/day	
  
1	
  visit	
  	
  	
  

• Known	
  hypersensitivity	
  to	
  
PEG,	
  RBV,	
  the	
  study	
  
investigational	
  medicinal	
  
product,	
  the	
  metabolites,	
  or	
  
formulation	
  excipients	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Lawitz	
  ,	
  
2013b	
  (NEJM)	
  
(Study	
  2)	
  
	
  
FISSION	
  study	
  
	
  

Open	
  label	
  RCT	
  
tx	
  naïve;	
  HCV-­‐2,	
  
3;	
  20%	
  cirrhotic	
  	
  

N=499	
  

Intervention	
  
n=256	
  

Comparator	
  
n=243	
  

Inclusion	
  
• Age	
  ≥	
  18	
  
• HCV-­‐2	
  or	
  3	
  
• HCV	
  RNA	
  ≥	
  10,000	
  IU/mL	
  
• HCV	
  tx	
  naïve	
  
• Up	
  to	
  20%	
  of	
  pts	
  can	
  have	
  
evidence	
  of	
  cirrhosis	
  

• BMI	
  ≥	
  18	
  kg	
  m2	
  
• Contraception	
  

Exclusion	
  	
  
• HIV	
  or	
  HBV	
  positive	
  	
  
• Hx	
  of	
  clinically	
  significant	
  
chronic	
  liver	
  disease,	
  
consistent	
  decompensated	
  
liver	
  disease,	
  psychiatric	
  
illness,	
  immunologic	
  
disorder,	
  
hemoglobinopathy,	
  
pulmonary	
  disease	
  
(including	
  pneumonia	
  or	
  
pneumonitis),	
  cardiac	
  
disease,	
  seizure	
  disorder	
  or	
  
anticonvulsant	
  use,	
  poorly	
  
controlled	
  diabetes,	
  or	
  
cancer,	
  malignancy,	
  acute	
  

Intervention;	
  
comparator	
  

Age	
  
mean	
  (range)	
  
48	
  (20	
  to	
  72)	
  
48	
  (19	
  to	
  77)	
  

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

Race	
  n	
  (%)	
  	
  
White	
  	
  
223	
  (87%)	
  
212	
  (87%)	
  

Black	
  	
  
12	
  (5%)	
  
5	
  (2%)	
  

Hispanic	
  
41	
  (16%)	
  
31	
  (13%)	
  

Genotype	
  n	
  (%)	
  	
  
HCV-­‐2	
  
70	
  (27%)	
  

Intervention	
  
SOF	
  400mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
12w	
  

Comparator	
  
PEG	
  alfa2a	
  180	
  
μg	
  weekly	
  and	
  
800	
  mg/d	
  RBV	
  
for	
  24w	
  

Follow-­‐up	
  
12w	
  post	
  tx	
  

Outcomes	
  
• SVR	
  12	
  post	
  tx	
  

Findings	
  
SVR	
  12	
  post	
  tx	
  
67%	
  (170/253)	
  vs	
  
67%	
  (162/243)	
  

Relapse	
  pts	
  who	
  
completed	
  tx	
  
29%	
  (71/242)	
  vs	
  
20%	
  (37/188)	
  

Relapse	
  pts	
  who	
  
did	
  not	
  complete	
  
tx	
  
43%	
  (3/7)	
  vs	
  31%	
  
(9/29)	
  

Total	
  relapse	
  
74/249	
  (29.7%)	
  vs	
  
46/217	
  (21.2%)	
  

SVR	
  12	
  by	
  
genotype	
  
Intervention	
  
97%	
  of	
  pts	
  with	
  

Gilead	
  
sponsored,	
  
analyzed	
  data	
  
and	
  prepared	
  
final	
  version	
  of	
  
report	
  

Comparator	
  
group	
  rec’d	
  a	
  
lower	
  dose	
  of	
  
RBV	
  than	
  SOC	
  
(800mg	
  vs	
  
weight-­‐based	
  
dose)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

pancreatitis	
  with	
  elevated	
  
lipase,	
  uncontrolled	
  thyroid	
  
disease	
  or	
  abnormal	
  TSH	
  
levels	
  or	
  solid	
  organ	
  
transplantation	
  

• Clinically	
  significant	
  ECG	
  	
  
• Active	
  substance	
  abuse,	
  	
  
• Abnormal	
  hematologic	
  and	
  
biochemical	
  parameters,	
  
including:	
  a)	
  	
  neutrophil	
  
count	
  <	
  1500	
  cells/mm3	
  (or	
  
<	
  1250	
  cells/mm3	
  for	
  
African-­‐American/black	
  
subjects	
  or	
  cirrhotic	
  
patients);	
  b)	
  	
  Hb	
  <	
  11	
  g/dL	
  in	
  
females	
  or	
  <12	
  g/dL	
  in	
  
males;	
  	
  c)	
  Platelet	
  count	
  ≤	
  
90,000	
  cells/mm3	
  
(noncirrhotic)	
  or	
  ≤	
  75,000	
  
cells/mm3	
  (cirrhotic);	
  d)	
  
creatinine	
  ≥	
  1.5	
  x	
  ULN;	
  e)	
  
estimated	
  glomerular	
  
filtration	
  rate,	
  calculated	
  by	
  
the	
  Chronic	
  Kidney	
  Disease-­‐	
  
Epidemiology	
  Collaboration	
  
equation,	
  <	
  60	
  mL/min/1.73	
  

67	
  (28%)	
  

HCV-­‐3	
  
183	
  (71%)	
  
176	
  (72%)	
  

BMI	
  
mean	
  (range)	
  	
  
28	
  (17	
  to	
  51)	
  
28	
  (19	
  to	
  52)	
  

HCV	
  RNA	
  log10	
  UL/mL	
  
(mean	
  ±	
  sd)	
  
6.0	
  ±	
  0.8	
  
6.0	
  ±	
  0.8	
  

HCV	
  RNA	
  ≥	
  800,000	
  
IU/mL	
  	
  
n	
  (%)	
  	
  
145	
  (57%)	
  
157	
  (65%)	
  

IL28B	
  genotype	
  n	
  (%)	
  	
  
CC	
  	
  
108	
  (42%)	
  
106	
  (44%)	
  

	
  

HCV-­‐2,	
  56%	
  of	
  pts	
  
with	
  HCV-­‐3	
  

Comparator	
  	
  
78%	
  of	
  HCV-­‐2,	
  63%	
  
of	
  HCV-­‐3	
  
(no	
  p-­‐values	
  or	
  CIs	
  
reported)	
  

SVR	
  12	
  by	
  pts	
  with	
  
cirrhosis	
  at	
  
baseline	
  n=50	
  both	
  
groups:	
  
47%	
  vs	
  38%	
  
(no	
  p-­‐values	
  or	
  CIs	
  
reported)	
  

Adverse	
  Events	
  
Any	
  AE	
  
220/256	
  (86%)	
  vs	
  
233/243	
  (96%)	
  

Discontinuation	
  
due	
  to	
  AE	
  
3	
  (1%)	
  vs	
  26	
  (11%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

m2;f)	
  ALT	
  or	
  AST	
  ≥	
  10	
  x	
  ULN;	
  
g)	
  total	
  bilirubin	
  ≥	
  1.5	
  x	
  ULN	
  
(except	
  patients	
  with	
  
Gilbert’s	
  syndrome);	
  h)	
  
albumin	
  ≤	
  3.2	
  g/dL	
  11	
  	
  

• Donation	
  or	
  loss	
  of	
  >400	
  mL	
  
of	
  blood	
  w/i	
  2m	
  prior	
  to	
  first	
  
dose	
  administration	
  	
  

• Hx	
  of	
  clinically	
  significant	
  
drug	
  allergy	
  to	
  
nucleoside/nucleotide	
  
analogs	
  	
  

• Systemic	
  antineoplastic	
  or	
  
radiation	
  therapy	
  w/i	
  6m	
  
prior	
  to	
  the	
  first	
  dose	
  of	
  
study	
  drug	
  or	
  the	
  
expectation	
  that	
  such	
  tx	
  will	
  
be	
  needed	
  at	
  any	
  time	
  
during	
  the	
  study	
  

• Subjects	
  receiving	
  oral	
  or	
  
intravenous	
  strong	
  p-­‐
glycoprotein	
  inhibitors	
  
(including	
  cyclosporine,	
  
quinidine,	
  dronedarone,	
  
itraconazole,	
  verapamil,	
  or	
  
ritonavir)	
  w/i	
  28d	
  of	
  dosing	
  

CT	
  
121	
  (47%)	
  
98	
  (40%)	
  

TT	
  
25	
  (10%)	
  
38	
  (16%)	
  

Cirrhosis	
  n	
  (%)	
  
50	
  (20%)	
  
50	
  (21%)	
  

AAT	
  ≥	
  1.5xULN	
  	
  
n	
  (%)	
  	
  
138	
  (54%)	
  
146	
  (60%)	
  

Loss	
  to	
  follow-­‐up	
  n	
  
(%)	
  	
  
1	
  (0.3%)	
  
1	
  (0.03%)	
  

Serious	
  AEs	
  (not	
  
specified)	
  
7	
  (3%)	
  vs	
  3	
  (1%)	
  

Specific	
  AEs	
  
Influenza/fever	
  
3	
  %	
  vs	
  16	
  to	
  18%%	
  	
  

Depression	
  	
  
5%	
  vs	
  14%	
  	
  

Hemoglobin	
  <	
  
10g/dcl	
  	
  
9%	
  vs	
  14%	
  

Neutrophil	
  count	
  
500	
  to	
  700	
  mm3	
  	
  
0%	
  vs	
  12%	
  	
  

Neutrophil	
  count	
  <	
  
500	
  
0%	
  vs	
  2%	
  	
  

Decreased	
  
lymphocyte,	
  
platelet,	
  white	
  cell	
  
counts	
  	
  
0%	
  vs	
  1	
  to	
  7%	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

• Participation	
  in	
  a	
  clinical	
  
study	
  with	
  an	
  investigational	
  
drug,	
  biologic,	
  or	
  device	
  w/i	
  
3m	
  prior	
  to	
  first	
  dose	
  
administration	
  	
  

• Pregnant/nursing/pregnant	
  
partner	
  	
  

• Poor	
  venous	
  access	
  making	
  
the	
  pt	
  unable	
  to	
  complete	
  
the	
  required	
  laboratory	
  
testing	
  schedule	
  

	
  

Osinusi,	
  2013	
  
(Study	
  1)	
  

Proof	
  of	
  
concept	
  with	
  
HCV-­‐1	
  and	
  
unfavorable	
  tx	
  
characteristics	
  

N=10	
  

Inclusion	
  
“pts	
  with	
  unfavorable	
  tx	
  
characteristics”	
  
• HCV-­‐1	
  
• Tx	
  naïve	
  
• Neutrophil	
  count	
  ≥	
  750	
  cells	
  
μL	
  

• Platelet	
  count	
  ≥	
  50,000	
  
cells/μL	
  

• Hb	
  ≥	
  11	
  g/dL	
  (women)	
  or	
  ≥	
  
12	
  g/dL	
  (men)	
  

• HIV	
  negative	
  
• HBV	
  negative	
  
	
  

Age	
  
median	
  (range)	
  
54	
  (50	
  to	
  57)	
  

Men	
  n	
  (%)	
  
4	
  (40%)	
  

BMI	
  
median	
  (range)	
  
26	
  (26	
  to	
  34)	
  

Race	
  n	
  (%)	
  
Black	
  
9	
  (90%)	
  

	
  

Intervention	
  
SOF	
  400	
  mg/d	
  
and	
  weight	
  
based	
  RBV	
  
daily	
  (<75	
  kg=	
  
400	
  mg	
  RBV	
  
am	
  and	
  600	
  mg	
  
pm;	
  >75	
  kg	
  =	
  
600	
  mg	
  RBV	
  
both	
  am	
  and	
  
p.m.)	
  for	
  24w	
  

	
  
Follow-­‐up	
  
24w	
  post	
  tx	
  

Findings	
  
SVR	
  24	
  
9/10	
  (90%)	
  

None	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

White	
  
1	
  (10%)	
  

Hispanic	
  
0	
  	
  

IL28B	
  genotype	
  
n	
  (%)	
  
CC	
  
3(33%)	
  

CT/TT	
  
6(67%)	
  

Knodell	
  HAI	
  fibrosis	
  
score	
  n	
  (%)	
  
0	
  to	
  1	
  	
  
9	
  (90%)	
  

3	
  to	
  4	
  
1	
  (10%)	
  

HCV-­‐1a	
  n	
  (%)	
  	
  
6/10	
  (60%)	
  

HCV-­‐1b	
  n	
  (%)	
  	
  	
  
4/10	
  (40%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Osinusi,	
  2013	
  
(Study	
  2)	
  
	
  
	
  

Open	
  label	
  RCT	
  
with	
  HCV-­‐1	
  and	
  
unfavorable	
  tx	
  
characteristics	
  	
  

N=50	
  

Group	
  1	
  	
  
n=25	
  

Group	
  2	
  
n=25	
  

Inclusion	
  
“pts	
  with	
  unfavorable	
  tx	
  
characteristics”	
  
• HCV-­‐1	
  
• Tx	
  naïve	
  
• Neutrophil	
  count	
  ≥	
  750	
  cells	
  
μL	
  

• Platelet	
  count	
  ≥	
  50,000	
  
cells/μL	
  

• Hemoglobin	
  ≥	
  11	
  g/dL	
  
(women)	
  or	
  ≥	
  12	
  g/dL	
  (men)	
  

• HIV	
  negative	
  
• HBV	
  negative	
  
	
  

Group1,	
  Group2	
  

Age	
  
median	
  (range)	
  	
  
54	
  (51	
  to	
  56)	
  
55	
  (48	
  to	
  59)	
  

Men	
  n	
  (%)	
  
19	
  (76%)	
  
14	
  (56%)	
  

BMI	
  	
  
median	
  (range)	
  28	
  (25	
  
to	
  31)	
  
30	
  (27	
  to	
  37)	
  

Race	
  n	
  (%)	
  
Black	
  
18	
  (72%)	
  	
  
23	
  (92%)	
  

White	
  
5	
  (20%)	
  
2(8%)	
  

Hispanic	
  
2(8%)	
  

Intervention	
  
Group	
  1	
  	
  
SOF	
  400mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
24w	
  

Group	
  2	
  	
  
SOF	
  400	
  mg/d	
  
and	
  RBV	
  600	
  
mg/d	
  for	
  24w	
  

Follow-­‐up	
  
24w	
  post	
  tx	
  

Outcomes	
  
• SVR	
  24	
  post	
  tx	
  
• HCV	
  RNA	
  <	
  
level	
  of	
  
quantification	
  

• Safety	
  and	
  
tolerability	
  

Findings	
  
n	
  (%,	
  95%	
  CI)	
  
SVR	
  24	
  post	
  tx	
  
Group	
  1	
  
NR	
  (68,	
  	
  46	
  to	
  85)	
  

Group	
  2	
  
NR	
  (48,	
  	
  28	
  to	
  69)	
  

HCV	
  RNA	
  level	
  <	
  
level	
  of	
  
quantification	
  
Group	
  1	
  
Week	
  24	
  
24	
  	
  (96,	
  80	
  to	
  100)	
  

24w	
  post	
  tx	
  
17	
  (68,	
  46	
  to	
  85)	
  

5/33	
  authors	
  
report	
  
relationship	
  to	
  
Gilead,	
  
including	
  three	
  
Gilead	
  
employees	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

0	
  

IL28B	
  genotype	
  
n	
  (%)	
  
CC	
  
4(16%)	
  
4(16%)	
  

CT/TT	
  
21(84%)	
  
21(84%)	
  

Knodell	
  HAI	
  fibrosis	
  
score	
  	
  
n	
  (%)	
  
0	
  to	
  1	
  
19	
  (76%)	
  
18	
  (72%)	
  	
  

3	
  to	
  4	
  	
  
6	
  (24%)	
  
7	
  (28%)	
  

HCV-­‐1a	
  n	
  (%)	
  	
  
20	
  (80%)	
  
16	
  (64%)	
  

	
  

Group	
  2	
  
Week	
  24	
  
22	
  (88,	
  69	
  to	
  97)	
  

24w	
  post	
  tx	
  
12	
  (48,	
  28	
  to	
  69)	
  

Characteristics	
  
associated	
  with	
  
relapse	
  
Male	
  	
  
OR	
  6.09,	
  95%	
  CI	
  
1.17	
  to	
  31.6,	
  
p=0.03	
  

Advanced	
  fibrosis	
  
OR	
  4.27,	
  95%	
  CI	
  
1.10	
  to	
  16.54,	
  
p=0.04	
  

Baseline	
  HCV	
  RNA	
  
≥	
  800,000	
  IU/mL	
  
OR	
  5.74,	
  95%	
  CI	
  
1.35	
  to	
  24.38,	
  
p=0.02	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

HCV-­‐1b	
  n	
  (%)	
  
5	
  (20%)	
  
9	
  (36%)	
  

Adverse	
  Events	
  
Common	
  
Headache,	
  anemia,	
  
fatigue,	
  nausea	
  

Grade	
  3	
  events	
  
6	
  total	
  

Group	
  1	
  
Hyperbilirubinemia	
  	
  
1	
  (4%)	
  

Group	
  2	
  
Anemia	
  	
  
1	
  (4%)	
  

Hypophosphatemia	
  
2	
  (8%)	
  

Neutropenia	
  
1	
  (4%)	
  

Nausea	
  	
  
1	
  (4%)	
  

Rodriguez,	
  
2013	
  

Randomized,	
  
placebo	
  
controlled,	
  
double-­‐blind	
  

Inclusion	
  
• Age	
  18	
  to	
  65	
  
• HCV-­‐1	
  
• Tx	
  naïve	
  

Group	
  1,	
  Group	
  2,	
  
Group	
  3,	
  Group	
  4	
  

	
  

Stage	
  1	
  
Four	
  groups	
  
first	
  stage	
  for	
  
28d	
  

Outcomes	
  
• Change	
  in	
  
circulating	
  HCV	
  
RNA	
  over	
  first	
  

Authors	
  report	
  
significant	
  
relationships	
  
with	
  



Center	
  for	
  Evidence-­‐based	
  Policy	
   	
   	
   	
   	
   	
   68	
  
	
  

Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

dose	
  ranging	
  
study	
  	
  

N=	
  64	
  

Group	
  1	
  
n=16	
  

Group	
  2	
  
n=18	
  

Group	
  3	
  
n=15	
  

Group	
  4	
  
n=14	
  

• HCV	
  RNA	
  levels	
  ≥10,000	
  
IU/ml	
  at	
  screening	
  

• BMI	
  18	
  to	
  36	
  kg/m2	
  

Exclusion	
  
• Cirrhosis	
  
• Significant	
  comorbidity	
  
• Positive	
  for	
  HBsAg,	
  anti-­‐HBc	
  
IgM	
  Ab,	
  or	
  anti-­‐HIV	
  A	
  

Age	
  
mean	
  (range)	
  
44.4	
  (23	
  to	
  57)	
  44.4	
  
(30	
  to	
  57)	
  44.9	
  (29	
  to	
  
62)	
  46.6	
  (27	
  to	
  62)	
  

Male	
  (%)	
  
11	
  (69%)	
  
10	
  (56%)	
  
11	
  (73%)	
  
11	
  (19%)	
  

Race	
  n	
  (%)	
  	
  
White	
  
15	
  (94%)	
  
16	
  (89%)	
  	
  
12	
  (80%)	
  	
  
14	
  (100%)	
  

Other	
  races	
  not	
  
provided	
  

HCV	
  -­‐1a/1b	
  (n/n)	
  
14/2	
  
15/2	
  
12/3	
  

1. SOF	
  100	
  mg	
  
daily	
  +	
  
PEG/RBV	
  

2. SOF	
  200	
  mg	
  
daily	
  +	
  
PEG/RBV	
  

3. SOF	
  400	
  mg	
  
daily	
  +	
  
PEG/RBV	
  

4. Placebo	
  +	
  
PEG/RBV	
  

Stage	
  2	
  
All	
  pts	
  continue	
  
with	
  PEG/RBV	
  
alone	
  for	
  44w	
  

Used	
  response	
  
guided	
  protocol	
  
&	
  allowed	
  early	
  
stopping	
  

Not	
  all	
  pts	
  
followed	
  48w	
  

Follow-­‐up	
  
24w	
  post	
  tx	
  

28d	
  	
  
• Rates	
  of	
  rapid	
  
virologic	
  
response	
  (RVR	
  
=	
  HCV	
  RNA	
  <	
  
limit	
  of	
  
detection	
  at	
  
week	
  4)	
  

• SVR	
  12	
  and	
  24	
  
post	
  tx	
  

• Viral	
  
breakthrough	
  

Findings	
  
Change	
  from	
  
baseline	
  HCV	
  RNA	
  
at	
  Day	
  28	
  
Group	
  1	
  
-­‐5.3	
  log10IU/ml	
  

Group	
  2	
  
-­‐5.1	
  log10IU/ml	
  

Group	
  3	
  
-­‐5.3	
  log10IU/ml	
  

	
  

pharmaceutical	
  
companies	
  
Three	
  authors	
  
are	
  employed	
  
by	
  and	
  hold	
  
stock	
  in	
  Gilead	
  

Outcomes	
  not	
  
reported	
  for	
  
substantial	
  
minority	
  of	
  pts	
  
due	
  to	
  loss	
  to	
  
follow-­‐up	
  and	
  
study	
  
withdrawal	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

10/4	
  

Mean	
  baseline	
  HCV	
  
RNA	
  (log10	
  IU/mL)	
  (n)	
  
6.64	
  
6.28	
  
6.49	
  
6.48	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  
4	
  (25%)	
  
5	
  (28%)	
  
4	
  (27%)	
  
4	
  (29%)	
  

HOMA-­‐IR	
  ≤	
  3	
  	
  
n	
  (%)	
  
10	
  (63%)	
  
13	
  (72%)	
  
7	
  (47%)	
  
7	
  (50%)	
  

No/minimal	
  fibrosis	
  
F0-­‐1	
  
n	
  (%)	
  
5	
  (31%)	
  

Group	
  4	
  
-­‐2.8	
  log10IU/ml	
  
(no	
  p	
  values	
  
provided)	
  

RVR	
  at	
  28	
  days	
  
Group	
  1	
  
14	
  (88%)	
  

Group	
  2	
  
17	
  (94%)	
  

Group	
  3	
  
14	
  (93%)	
  

Group	
  4	
  
3	
  (21%)	
  
(no	
  p	
  values	
  
provided)	
  

SVR	
  12	
  post	
  tx	
  
n	
  (%,	
  95%	
  CI)	
  
Group	
  1	
  
9	
  (56%,	
  30	
  to	
  80)	
  

Group	
  2	
  
13	
  (72%,	
  47	
  to	
  90)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

6	
  (33%)	
  
5	
  (33%)	
  
4	
  (29%)	
  

Portal	
  fibrosis	
  –	
  F1-­‐2	
  n	
  
(%)	
  11(69%)	
  
10(56%)	
  
9(60%)	
  
9(64%)	
  

Bridging	
  fibrosis	
  –	
  F3	
  
n	
  (%)	
  
0	
  
2(11%)	
  
1(7%)	
  
1(7%)	
  

Loss	
  to	
  follow-­‐up	
  
Stage	
  1	
  
1	
  pt	
  	
  

Stage	
  2	
  
16	
  pts	
  	
  

Group	
  3	
  
13	
  (87%),	
  60	
  to	
  98)	
  

Group	
  4	
  
7	
  (50%,	
  23	
  to	
  77)	
  

SVR	
  24	
  post	
  tx	
  	
  
n	
  (%,	
  95%	
  CI)	
  
Group	
  1	
  
9	
  (56%,	
  30	
  to	
  80)	
  

Group	
  2	
  
15	
  (83%,	
  59	
  to	
  96)	
  

Group	
  3	
  
12	
  (80%,	
  52	
  to	
  96)	
  

Group	
  4	
  
6	
  (43%,	
  18	
  to	
  71)	
  

Viral	
  breakthrough	
  
Phase	
  I	
  
No	
  viral	
  
breakthrough	
  

Phase	
  II	
  
4	
  pts	
  in	
  Group	
  1;	
  2	
  
pts	
  in	
  Group	
  3;	
  	
  2	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

pts	
  in	
  Group	
  4	
  	
  

Relapse	
  
Not	
  reported	
  

Adverse	
  Events	
  
54/63	
  pts	
  reported	
  
“mild”	
  or	
  
“moderate”	
  AEs	
  
during	
  28d	
  initial	
  tx	
  
phase	
  

No	
  pts	
  
discontinued	
  
therapy	
  during	
  1st	
  	
  
phase	
  

Most	
  common	
  AEs	
  
=	
  fatigue,	
  nausea,	
  
chills,	
  headache,	
  
and	
  arthralgia	
  

No	
  difference	
  
between	
  SOF	
  
groups	
  and	
  
placebo	
  group	
  in	
  
1st	
  phase	
  AEs	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

In	
  2nd	
  phase,	
  5	
  
serious	
  AEs	
  
occurred	
  >	
  50	
  days	
  
after	
  ending	
  SOF	
  
tx:	
  peripheral	
  
ischemia,	
  acute	
  
pancreatitis,	
  
anemia,	
  
depression,	
  
abdominal	
  pain	
  

Non-­‐published	
  Studies	
  Used	
  in	
  FDA	
  Approval	
  
GS-­‐US-­‐334-­‐
0133	
  
	
  
VALENCE	
  	
  
study	
  

Open-­‐label	
  

N=	
  323	
  

Group	
  1	
  
(genotype	
  2)	
  
n=73	
  

Group	
  2	
  
(genotype	
  3)	
  
n=250	
  

Trial	
  originally	
  
planned	
  as	
  a	
  
randomized	
  
placebo-­‐

Inclusion	
  
• Age	
  >	
  18	
  	
  
• HCV	
  genotype	
  2	
  or	
  3	
  
• Tx	
  naïve	
  or	
  tx	
  experienced	
  
• HCV	
  RNA	
  levels	
  ≥10,000	
  
IU/ml	
  at	
  screening	
  

• Cirrhosis	
  screening	
  
• Otherwise	
  healthy	
  
• Contraception	
  

Exclusion	
  
• Hx	
  of	
  other	
  significant	
  
chronic	
  liver	
  disease	
  

• Decompensated	
  liver	
  
disease	
  

Group	
  1,	
  Group	
  2;	
  	
  

Age	
  
mean	
  (SD)	
  
58	
  (10)	
  
48	
  (10)	
  

Male	
  (%)	
  
40	
  (55%)	
  
155	
  (62%)	
  

Race	
  n	
  (%)	
  	
  
White	
  
65	
  (89%)	
  
236	
  (94%)	
  

Intervention	
  
Group	
  1	
  	
  
SOF	
  400mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
12w	
  

Group	
  2	
  	
  
SOF	
  400	
  mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
24w	
  

Follow-­‐up	
  
24w	
  post	
  tx	
  

Outcomes	
  
• SVR	
  12	
  post	
  tx	
  
• Safety	
  and	
  
tolerability	
  

Findings	
  n	
  (%)	
  
Overall	
  SVR	
  12	
  
post	
  tx	
  
Group	
  1	
  
68/73	
  (93%)	
  

Group	
  2	
  
210/250	
  (84%)	
  

	
  
	
  

Trial	
  was	
  on-­‐
going	
  at	
  time	
  of	
  
FDA	
  approval	
  
and	
  results	
  
were	
  
preliminary.	
  No	
  
final	
  results	
  
have	
  been	
  
published	
  on	
  
ClinicalTrials.gov	
  
or	
  in	
  the	
  
literature.	
  

Trial	
  sponsored	
  
by	
  Gilead.	
  No	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

controlled	
  trial	
  
with	
  
intervention	
  
group	
  to	
  receive	
  
SOF	
  +	
  RBV	
  for	
  
12	
  weeks.	
  
Altered	
  in	
  
course	
  to	
  direct	
  
all	
  genotype	
  3	
  
pts	
  to	
  receive	
  
SOF	
  +	
  RBV	
  for	
  
24	
  w,	
  and	
  
genotype	
  2	
  pts	
  
to	
  SOF	
  +	
  RBV	
  
for	
  12	
  w;	
  
placebo	
  group	
  
discontinued.	
  
Safety	
  analysis	
  
includes	
  
discontinued	
  
pts	
  –	
  n	
  =	
  419	
  
	
  
	
  

• HIV,	
  HBV,	
  HCC,	
  or	
  other	
  
malignancy	
  

• Any	
  condition,	
  therapy	
  or	
  
laboratory	
  abnormality	
  that	
  
might	
  interfere	
  with	
  study	
  
• Chronic	
  use	
  of	
  

immunosuppressive	
  
agents	
  or	
  
immunomodulatory	
  
agents	
  

	
  

Black	
  
5	
  (7%)	
  
0	
  (0%)	
  

Asian	
  
1	
  (1%)	
  
9	
  (4%)	
  

Hispanic	
  
6	
  (8%)	
  
36	
  (14%)	
  

Tx	
  naïve	
  
32	
  (44%)	
  
105	
  (42%)	
  

Tx	
  experienced	
  
41	
  (56%)	
  
145	
  (58%)	
  

IFN	
  Intolerant	
  
3	
  (4%)	
  
10	
  (4%)	
  

Non-­‐Response	
  
10	
  (14%)	
  
41	
  (16%)	
  

SVR	
  12	
  (Tx	
  Naïve)	
  
Group	
  1	
  
31/32	
  (97%)	
  

Group	
  2	
  
98/105	
  (93%)	
  

SVR	
  12	
  (tx	
  
experienced)	
  
Group	
  1	
  
37/41	
  (90%)	
  

Group	
  2	
  
112/145	
  (77%)	
  

Overall	
  relapse	
  
rate	
  
Group	
  1	
  
5/73	
  (7%)	
  

Group	
  2	
  
32/249	
  (14%)	
  

Relapse(	
  tx	
  naïve)	
  
Group	
  1	
  
1/32	
  (3%)	
  

Group	
  2	
  

COI	
  information	
  
available	
  

Study	
  
conducted	
  in	
  10	
  
countries	
  in	
  
Europe	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Relapse/Breakthrough	
  
28	
  (38%)	
  
94	
  (38%	
  

Baseline	
  BMI	
  (Kg/m2)	
  
Mean	
  (SD)	
  
26	
  (4)	
  
25	
  (4)	
  

Mean	
  baseline	
  HCV	
  
RNA	
  (log10	
  IU/mL)	
  (n)	
  
6.5	
  (0.7)	
  
6.3	
  (0.7)	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  
24	
  (33%)	
  
86	
  (34%)	
  

Baseline	
  cirrhosis	
  
No	
  
63	
  (86%)	
  
192	
  (77%)	
  

Yes	
  
10	
  (14%)	
  
58	
  (23%0	
  

5/105	
  (5%)	
  

Relapse	
  (tx	
  
experienced)	
  
Group	
  1	
  
4/41	
  (10%)	
  

Group	
  2	
  
29/144	
  (20%)	
  

Adverse	
  events	
  
N=	
  419	
  	
  

Group	
  1	
  (placebo)	
  
n=85	
  	
  

Group	
  2	
  (12wks)	
  
n=84	
  	
  

Group	
  3	
  (24	
  w)	
  
n=250	
  

Group	
  1,	
  group	
  2,	
  
group	
  3	
  

Any	
  AE	
  n	
  (%)	
  
61	
  (72%)	
  
72	
  (86%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Baseline	
  ALT	
  
≤	
  1.5	
  x	
  ULN	
  
39	
  (53%)	
  
64	
  (26%)	
  

1.5	
  x	
  ULN	
  
34	
  (47%)	
  
186	
  (74%	
  

Lost	
  to	
  follow-­‐up	
  
0	
  
1	
  (<	
  1%)	
  
	
  
	
  

228	
  (91%)	
  

Common	
  AEs	
  
Fatigue,	
  headache,	
  
pruritus,	
  asthenia,	
  
insomnia,	
  
nasopharyngitis,	
  
nausea,	
  dry	
  skin,	
  
diarrhea,	
  dyspnea,	
  
cough,	
  irritability	
  

Serious	
  AE	
  n	
  (%)	
  	
  
Group	
  1	
  
2	
  (2.4%)	
  one	
  each	
  
of	
  adenocarcinoma	
  
of	
  colon,	
  
gastroenteritis	
  

Group	
  2	
  
0	
  

Group	
  3	
  
10	
  (4%),	
  one	
  each	
  
of:	
  arrhythmia,	
  
haemorrhoidal	
  
haemorrhage,	
  
biliary	
  colic,	
  road	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

traffic	
  accident,	
  
amylase	
  increased,	
  
lipase	
  increased,	
  
hyperglyacemia,	
  
HCC,	
  invasive	
  
ductal	
  breast	
  
carcinoma,	
  
complex	
  regional	
  
pain	
  syndrome,	
  
suicide	
  attempt	
  	
  

Grade	
  3	
  or	
  4	
  AE	
  
4	
  (5%)	
  
3	
  (4%)	
  
17	
  (7%)	
  

GS-­‐US-­‐334-­‐
0123	
  
	
  
PHOTON-­‐1	
  
study	
  

Open	
  label	
  
study	
  

N=	
  223	
  

N	
  for	
  efficacy	
  
analysis	
  =	
  210	
  
(13	
  group	
  2	
  pts	
  
had	
  not	
  
completed	
  trial	
  
at	
  FDA	
  review)	
  

Inclusion	
  
• Age	
  ≥	
  18	
  	
  
• HCV	
  genotype	
  1,	
  2	
  or	
  3	
  
• HIV-­‐1	
  infection	
  
• HCV	
  RNA	
  levels	
  ≥10,000	
  
IU/ml	
  at	
  screening	
  

• Cirrhosis	
  screening	
  
• HIV	
  antiretroviral	
  therapy	
  
(ARV)	
  criteria:	
  
o ARV	
  untreated,	
  CD4	
  T-­‐

cell	
  count	
  >	
  500	
  

Group	
  1,	
  Group	
  2,	
  
Group	
  3	
  

Age	
  
mean	
  (SD)	
  
49	
  (10)	
  
54	
  (6)	
  
48	
  (8)	
  

Male	
  (%)	
  
55	
  (81%)	
  
37	
  (90%)	
  

Intervention	
  
Group	
  1	
  	
  
SOF	
  400mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
12w	
  

Group	
  2	
  	
  
SOF	
  400	
  mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  

Outcomes	
  
• SVR	
  12	
  post	
  tx	
  
• Safety	
  and	
  
tolerability	
  

Findings	
  
Group	
  1,	
  Group	
  2,	
  
Group	
  3	
  
Overall	
  SVR	
  12	
  
Post	
  Tx	
  
n	
  (%,	
  95%	
  CI)	
  

Trial	
  not	
  
completed	
  at	
  
FDA	
  review.	
  13	
  
pts	
  in	
  group	
  2	
  
not	
  included	
  in	
  
efficacy	
  data	
  
set.	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

	
  
Group	
  1	
  
(genotype	
  2/3	
  
tx	
  naive)	
  
n=68	
  

Group	
  2	
  
(genotype	
  2/3	
  
tx	
  experienced)	
  
n=28	
  
(completed	
  
trial,	
  41	
  
enrolled	
  in	
  
group)	
  

Group	
  3	
  
(genotype	
  1	
  tx	
  
naïve)	
  	
  
n=114	
  
	
  

cells/mm3	
  
o Stable,	
  protocol	
  

approved	
  ARV	
  regimen	
  >	
  
8	
  w,	
  CD4	
  T-­‐cell	
  count	
  >	
  
200	
  cells/mm2,	
  
undetectable	
  plasma	
  
HIV-­‐1	
  RNA	
  level	
  for	
  ≥	
  8	
  w	
  

• Approved	
  ARV	
  regimen	
  
• No	
  investigational	
  drug	
  use	
  
within	
  30	
  days	
  

• Otherwise	
  healthy	
  
• Contraception	
  

Exclusion	
  
• Prior	
  tx	
  for	
  genotype	
  1	
  pts	
  
• Other	
  chronic	
  liver	
  disease	
  
• Decompensated	
  liver	
  
disease	
  

• HBV	
  
• Hx	
  solid	
  organ	
  transplant	
  
• Contradiction	
  to	
  RBV	
  tx	
  
• Serious	
  infection	
  requiring	
  
parenteral	
  antibiotics,	
  
antivirals	
  or	
  antifungals	
  
within	
  30	
  days	
  

• Chronic	
  use	
  of	
  

93	
  (82%)	
  

Race	
  n	
  (%)	
  	
  
White	
  
52	
  (76%)	
  
32	
  (78%)	
  
69	
  (61%)	
  

Black	
  
8	
  (12%)	
  
7	
  (17%)	
  
37	
  (32%)	
  

Asian	
  
1	
  (1%)	
  
1	
  (2%)	
  
6	
  (5%)	
  

Hispanic	
  
19	
  (28%)	
  
10	
  (24%)	
  
25	
  (22%)	
  

HCV	
  genotype	
  
HCV-­‐1a	
  
0	
  
0	
  

24w	
  

Group	
  3	
  	
  
SOF	
  400	
  mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
24w	
  

Comparator	
  
None	
  

Follow-­‐up	
  
24w	
  post	
  tx	
  

51/68	
  (75,	
  63-­‐85)	
  

26/28	
  (93,	
  77-­‐99)	
  
87/114	
  (76,	
  67-­‐84)	
  

SVR	
  12	
  Genotype	
  
HCV-­‐1a	
  (Group	
  3)	
  
74/90	
  (82,	
  73-­‐89)	
  

SVR	
  12	
  Genotype	
  
HCV-­‐1b	
  (Group	
  3)	
  
13/24	
  (54,	
  33-­‐74)	
  

SVR	
  12	
  Genotype	
  
HCV-­‐2	
  (Group1,	
  
Group	
  2)	
  
23/26	
  (88,	
  70-­‐98)	
  
14/15	
  (93,	
  68-­‐99.8)	
  

SVR	
  12	
  Genotype	
  
HCV-­‐3	
  (Group	
  1,	
  
Group2)	
  
28/42	
  (67,	
  50-­‐80)	
  
12/13	
  (92,	
  64-­‐99.8)	
  

Overall	
  Relapse	
  
Rate	
  n	
  (%)	
  
12/67	
  (18%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

immunosuppressive	
  agents	
  
or	
  immunomoedulatory	
  
agents	
  

	
  

90	
  (79%)	
  

HCV-­‐1b	
  
0	
  
0	
  
24	
  (21%)	
  

HCV-­‐2	
  
26	
  (38%)	
  
24	
  (59%)	
  
0	
  

HCV-­‐3	
  
42	
  (62%)	
  
17	
  (41%)	
  
0	
  

Group	
  2	
  Tx	
  
experienced	
  
IFN	
  intolerant	
  
9	
  (22%)	
  

Partial/null-­‐response	
  
7	
  (17%)	
  

Relapse/Breakthrough	
  
25	
  (61%)	
  

2/28	
  (7%)	
  
25/113	
  (22%)	
  

Adverse	
  Events	
  
(Safety	
  Analysis	
  
n=223)	
  
Group	
  1,	
  Group	
  2,	
  
Group	
  3	
  

Any	
  AE	
  n	
  (%)	
  
57	
  (84%)	
  
37	
  (90%)	
  
106	
  (93%)	
  

Common	
  AEs	
  
Fatigue,	
  insomnia,	
  
nausea,	
  headache,	
  
upper	
  respiratory	
  
tract	
  infection,	
  
diarrhea,	
  irritability	
  
anemia,	
  cough,	
  
dizziness	
  

Serious	
  AE	
  n	
  (%)	
  	
  
Group	
  1	
  
5	
  pts	
  (7.4%),	
  14	
  
events	
  -­‐	
  	
  one	
  each	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Cirrhosis	
  
No	
  
61	
  (90%)	
  
31	
  (76%)	
  
109	
  (96%)	
  

Yes	
  
7	
  (10%)	
  
10	
  (24%)	
  
5	
  (4%)	
  

Baseline	
  BMI	
  (Kg/m2)	
  
mean	
  (SD)	
  
27	
  (4)	
  
27	
  (5)	
  
27	
  (5)	
  

Mean	
  baseline	
  HCV	
  
RNA	
  	
  
<	
  6	
  log10	
  IU/mL	
  
21	
  (31%)	
  
7	
  (17%)	
  
22	
  (19%)	
  

≥	
  6	
  log10	
  IU/mL	
  
47	
  (69%)	
  
34	
  (83%)	
  

of	
  acute	
  MI,	
  
pneumonia,	
  
incision	
  site	
  
infection,	
  septic	
  
shock,	
  
staphylococcal	
  
bacteremia,	
  
intentional	
  
overdose,	
  fracture,	
  
encephalopathy,	
  
completed	
  suicide,	
  
drug	
  abuse,	
  suicide	
  
attempt,	
  acute	
  
renal	
  failure,	
  
pulmonary	
  
embolism,	
  
respiratory	
  failure	
  

Group	
  2	
  
1	
  pt	
  (2.4%),	
  3	
  
events:	
  
pneumonia,	
  COPD,	
  
leukocytoclastic	
  
vasculitis	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

92	
  (81%)	
  

IL28B	
  genotype	
  n	
  (%)	
  
CC	
  
25	
  (37%)	
  
20	
  (49%)	
  
30	
  (26%)	
  

CT	
  
37	
  (54%)	
  
17	
  (41%)	
  
57	
  (50%)	
  

TT	
  	
  
6	
  (9%)	
  
4	
  (10%)	
  
26	
  (23%)	
  

ARV	
  Tx	
  at	
  Enrollment	
  
No	
  
7	
  (10%)	
  
2	
  (5%)	
  
2	
  (2%)	
  

Baseline	
  HIV-­‐1	
  RNA	
  
<	
  50	
  copies/mL	
  
60	
  (88%)	
  

Group	
  3	
  
8	
  pts	
  (7%),	
  18	
  
events:	
  	
  one	
  each	
  
(unless	
  noted)	
  of	
  
anemia,	
  
leukocytosis,	
  atrial	
  
fibrillation,	
  atrial	
  
flutter,	
  abdominal	
  
pain,	
  colitis,	
  
enteritis,	
  chest	
  
pain,	
  cellulitis	
  (2),	
  
gastroenteritis	
  
salmonella,	
  
respiratory	
  tract	
  
infection,	
  
intentional	
  
overdose,	
  diabetic	
  
ketoacidosis,	
  
altered	
  state	
  of	
  
consciousness,	
  bi-­‐
polar	
  disorder,	
  
acute	
  renal	
  failure	
  
(2)	
  

Grade	
  3	
  or	
  4	
  AE	
  
7	
  (10.3%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

40	
  (98%)	
  
108	
  (95%)	
  

≥	
  50	
  copies/mL	
  
8	
  (12%)	
  
1	
  (2%)	
  
6	
  (5%)	
  

Baseline	
  CD4	
  
(cells/mm3)3	
  mean	
  
(SD)	
  
585	
  (246)	
  
658	
  (333)	
  
636	
  (251)	
  

Lost	
  to	
  follow-­‐up	
  
5	
  (7%)	
  
1	
  (2%)	
  
1	
  (2%)	
  

3	
  (7.3%)	
  
15	
  (3.2%)	
  
	
  
	
  

P7977-­‐2025	
  
	
  
Pre-­‐
transplant	
  
study	
  

Open-­‐label	
  trial	
  

On-­‐going	
  

N=61	
  (protocol	
  
on	
  clinical	
  
trials.gov	
  states	
  
50,	
  FDA	
  analysis	
  

Inclusion	
  
• Age	
  ≥	
  18	
  years	
  
• Patients	
  meeting	
  the	
  MILAN	
  
criteria	
  for	
  liver	
  
transplantation	
  for	
  HCC	
  
secondary	
  to	
  HCV	
  with	
  a	
  
MELD	
  <	
  22	
  and	
  a	
  HCC	
  
weighted	
  MELD	
  of	
  ≥	
  22	
  

Status	
  of	
  pts	
  at	
  time	
  
of	
  FDA	
  analysis	
  (n=61)	
  
n	
  (%)	
  
In	
  tx/pre	
  transplant	
  	
  	
  
9	
  (14.8%)	
  

Had	
  liver	
  transplant	
  
while	
  on	
  tx	
  

Intervention	
  
SOF	
  400mg/d	
  
and	
  weight	
  
based	
  RBV	
  for	
  
up	
  to	
  48	
  weeks	
  
prior	
  to	
  
transplantation	
  
or	
  until	
  

Outcomes	
  
• Post	
  transplant	
  
reinfection	
  as	
  
defined	
  by	
  SVR	
  
at	
  12	
  w	
  post	
  
transplant	
  
(pTVR12)	
  and	
  
24	
  w	
  post	
  

Trial	
  is	
  not	
  
completed.	
  FDA	
  
presentation	
  of	
  
data	
  is	
  
incomplete,	
  
does	
  not	
  include	
  
n’s	
  for	
  many	
  
measures	
  and	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

reports	
  61	
  
patients	
  
received	
  at	
  
least	
  one	
  dose	
  
of	
  drug)	
  

Study	
  was	
  
originally	
  
designed	
  to	
  test	
  
SOF	
  +	
  RBV	
  for	
  
24	
  w	
  prior	
  to	
  
transplant.	
  FDA	
  
reports	
  that	
  
11/15	
  pts	
  (73%)	
  
who	
  completed	
  
24	
  w	
  tx	
  
relapsed	
  in	
  the	
  
pre-­‐transplant	
  
phase,	
  so	
  	
  tx	
  
time	
  was	
  
extended	
  to	
  
48w	
  for	
  pts	
  who	
  
had	
  not	
  been	
  
transplanted	
  	
  

	
  

• Child-­‐Pugh	
  Score	
  ≤	
  7	
  
• HCV	
  RNA	
  levels	
  ≥10,000	
  
IU/ml	
  at	
  screening	
  

• No	
  investigational	
  drug	
  use	
  
within	
  30	
  days	
  

• Contraception	
  

Exclusion	
  
• Pregnant,	
  nursing,	
  pregnant	
  
partner	
  

• Other	
  chronic	
  liver	
  disease	
  
• Post	
  transplant	
  
immunosuppressive	
  
regimen	
  not	
  consistent	
  with	
  
protocol	
  

• Decompensated	
  cirrhosis	
  
• HBV	
  
• Hx	
  or	
  previous	
  solid	
  organ	
  
transplant	
  

• Evidence	
  of	
  renal	
  
impairment	
  

• Hx	
  or	
  current	
  psychiatric	
  
illness,	
  immunologic	
  
disorder,	
  
hemoglobinopathy,	
  
pulmonary	
  or	
  cardiac	
  

29	
  (47.5%)	
  

Completed	
  24	
  w	
  tx	
  
and	
  then	
  had	
  
transplant	
  
8	
  (13.1%)	
  

Completed	
  24	
  w	
  tx	
  
and	
  terminated	
  from	
  
trial	
  due	
  to	
  disease	
  
progression	
  
2	
  (3.3%)	
  

Completed	
  24	
  w	
  tx,	
  
relapsed	
  in	
  post	
  tx	
  
and	
  currently	
  being	
  tx	
  
again	
  in	
  re-­‐tx	
  sub-­‐
study	
  
7	
  (11.5%)	
  

Prematurely	
  
discontinued	
  tx	
  	
  
6	
  (9.8%)	
  for	
  
• Adverse	
  event	
  	
  
2	
  (3.3%)	
  

• Efficacy	
  failure	
  	
  

transplantation	
  

Mean	
  
exposure	
  to	
  
SOF+RBV	
  prior	
  
to	
  
transplantation	
  
17.7	
  w	
  (no	
  n)	
  

Follow-­‐up	
  
48	
  w	
  post	
  
transplant	
  

transplant	
  
(pTVR24)	
  

• SVR	
  12	
  w	
  post	
  
treatment	
  

• Safety	
  and	
  
tolerability	
  

Findings	
  n	
  (%)	
  
Virological	
  
response	
  
41	
  pts	
  who	
  had	
  tx	
  
underwent	
  
transplant.	
  Only	
  38	
  
of	
  those	
  had	
  HCV	
  
RNA	
  <	
  LLOQ	
  at	
  
time	
  of	
  
transplantation	
  
and	
  were	
  
considered	
  for	
  
further	
  analysis.	
  
One	
  of	
  those	
  38	
  pts	
  
was	
  transplanted	
  
with	
  an	
  HCV	
  
infected	
  liver	
  and	
  
excluded	
  from	
  
analysis.	
  Of	
  the	
  37	
  

does	
  not	
  
provide	
  clear	
  
information	
  on	
  
tx	
  
failure/relapse.	
  
FDA	
  reviewer	
  
notes	
  that	
  study	
  
population	
  
limited	
  to	
  
patients	
  with	
  
HCV	
  related	
  
HCC	
  and	
  may	
  
not	
  be	
  
applicable	
  to	
  all	
  
transplant	
  
candidates.	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

disease,	
  porphyria,	
  poorly	
  
controlled	
  diabetes,	
  cancer	
  
other	
  than	
  HCC,	
  acute	
  
pancreatitis	
  

• Hx	
  of	
  receiving	
  systemic	
  
antineoplastic	
  or	
  
immunomodulatory	
  
treatment	
  (including	
  
radiation)	
  w/I	
  6	
  months	
  

• Tx	
  with	
  transcatheter	
  
arterial	
  chemoembolization	
  
(TACE)	
  or	
  radio	
  frequency	
  
ablation	
  (RFA)	
  w/I	
  30	
  days	
  

• Participation	
  in	
  a	
  clinical	
  trial	
  
w/i	
  3	
  months	
  

• Contradiction	
  to	
  RBV	
  tx	
  
• Chronic	
  use	
  of	
  
immunosuppressive	
  agents	
  
prior	
  to	
  tx	
  

	
  

4	
  (6.6%)	
  

Age	
  
mean	
  (range)	
  
59	
  (46	
  to	
  73)	
  

Male	
  (%)	
  
80.3%	
  (no	
  n	
  reported)	
  

Race	
  n	
  (%)	
  	
  
White	
  
90.2%	
  (no	
  n	
  reported)	
  

HCV	
  genotype	
  
HCV-­‐1a	
  
39.3%	
  (no	
  n	
  reported)	
  

HCV-­‐1b	
  
34.4%	
  (no	
  n	
  reported)	
  

HCV-­‐2	
  
13.1%	
  (no	
  n	
  reported)	
  

HCV-­‐3	
  
11.5%	
  (no	
  n	
  reported)	
  

HCV-­‐4	
  
1.6%	
  (no	
  n	
  reported)	
  

included	
  patients,	
  
35	
  had	
  been	
  
followed	
  to	
  12	
  w	
  
post	
  transplant	
  and	
  
24	
  patients	
  to	
  24	
  w	
  
post	
  transplant.	
  

Post-­‐transplant	
  
virological	
  
response	
  
n	
  (%,	
  95%	
  CI)	
  
pTVR	
  12	
  
23/35	
  (65.7,	
  50.4-­‐
78.9)	
  

pTVR	
  24	
  
17/24	
  (70.8,	
  52.1-­‐
85.4)	
  

Inadequate	
  
information	
  to	
  
identify	
  relapse	
  
rates	
  

Adverse	
  Events	
  
(n=61	
  for	
  safety	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

Tx	
  experienced	
  
75.4%	
  (no	
  n	
  reported)	
  	
  

Mean	
  baseline	
  HCV	
  
RNA	
  	
  
≥	
  6	
  log10	
  IU/mL	
  
67.2%	
  (no	
  n	
  reported)	
  

IL28B	
  genotype	
  n	
  (%)	
  
Non-­‐CC	
  
78.3%	
  (no	
  n	
  reported)	
  

ARV	
  tx	
  at	
  enrollment	
  
No	
  
7	
  (10%)	
  
2	
  (5%)	
  
2	
  (2%)	
  

Baseline	
  Child-­‐Pugh	
  
Turcotte	
  Score	
  
5	
  
42.6%	
  (no	
  n)	
  

6	
  
29.5%	
  (no	
  n)	
  

7	
  

analysis)	
  

Any	
  adverse	
  event	
  
52/61	
  (85.2%)	
  

Common	
  AEs	
  
Fatigue	
  (36.1%),	
  
anemia	
  (23.0%),	
  
headache	
  (21.3%)	
  

Significant	
  AEs	
  
11/61	
  (18%),	
  not	
  
considered	
  related	
  
to	
  study	
  drug	
  

Grade	
  4	
  laboratory	
  
abnormality	
  
6	
  (9.8%)	
  	
  
• Decreased	
  
lymphocyte	
  
count	
  
4	
  (6.6%)	
  

• Increased	
  
aspartate	
  
aminotransfera
se	
  
1	
  (1.6%)	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

23.0%	
  (no	
  n)	
  

8	
  
4.9%	
  (no	
  n)	
  

Baseline	
  MELD	
  Score	
  
=	
  7	
  or	
  8	
  	
  
49.2%	
  

	
  

• Total	
  bilirubin	
  
1	
  (1.6%)	
  

Grade	
  3	
  laboratory	
  
abnormality	
  
21	
  (31.4%)	
  
• Decreased	
  
hemoglobin	
  
9	
  (14.8%)	
  

• Increased	
  non-­‐
fasting	
  glucose	
  
7	
  (11.5%)	
  

• Increased	
  total	
  
bilirubin	
  
5	
  (8.2%)	
  

Non-­‐published	
  Study	
  on	
  Sofosbuvir	
  and	
  Simeprevir	
  Combination	
  Treatment	
  

COSMOS	
  trial	
  	
  
	
  
NCT01466790	
  
	
  
Completed	
  
January	
  2014	
  
	
  
Preliminary	
  
results	
  

Randomized	
  
open-­‐label	
  trial	
  	
  

N=167	
  (in	
  
published	
  
abstract;	
  n=168	
  
in	
  clinical	
  
trials.gov)	
  

	
  

Inclusion	
  
• Age	
  18	
  to	
  70	
  
• HCV	
  genotype	
  1	
  
• HCV	
  RNA	
  levels	
  ≥10,000	
  
IU/ml	
  at	
  screening	
  

• Cohort	
  inclusion:	
  	
  
o Cohort	
  1:	
  previous	
  tx	
  with	
  

PEG+RBV	
  for	
  at	
  least	
  12	
  w	
  
with	
  a	
  null	
  response	
  and	
  

No	
  patient	
  
characteristic	
  
information	
  available	
  

Intervention	
  
Divided	
  into	
  
two	
  cohorts,	
  
enrolled	
  
sequentially,	
  
and	
  each	
  
cohort	
  divided	
  
into	
  four	
  
groups.	
  

Outcomes	
  
• SVR	
  12	
  post	
  tx	
  
• Safety	
  and	
  
tolerability	
  

NOTE:	
  The	
  
published	
  abstract	
  
only	
  reports	
  
SVR12	
  data	
  on	
  

VERY	
  small	
  N	
  

Allocation	
  to	
  
treatment	
  
weighted	
  such	
  
that	
  nearly	
  
twice	
  as	
  many	
  
subjects	
  
received	
  SOF	
  +	
  
SME	
  +	
  RBV	
  as	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

presented	
  at	
  
the	
  American	
  
Association	
  
for	
  the	
  Study	
  
of	
  Liver	
  
Diseased	
  
Conference	
  
and	
  abstract	
  
published	
  in	
  
Hepatology	
  
December,	
  
2013.	
  
(Jacobson	
  
2013b)	
  full	
  
article	
  not	
  
available.	
  	
  

Cohort	
  1	
  
Group	
  1	
  
	
  n=14	
  

Group	
  2	
  
n=27	
  

Group	
  3	
  
n=15	
  

Group	
  4	
  
n=24	
  

	
  
Cohort	
  2	
  
Group	
  1	
  
n=14	
  

Group	
  2	
  
n=27	
  

Group	
  3	
  
n=16	
  

Group	
  4	
  
n=30	
  

	
  

Metavir	
  score	
  F0-­‐F2	
  
o Cohort	
  2:	
  Tx	
  naïve	
  or	
  

previous	
  tx	
  with	
  PEG+RBV	
  
for	
  at	
  least	
  12	
  w	
  with	
  a	
  
null	
  response	
  and	
  Meativr	
  
score	
  F3-­‐F4	
  

o Null	
  response	
  defined	
  as	
  <	
  
2log10	
  IU/mL	
  reduction	
  in	
  
HCV	
  RNA	
  from	
  baseline	
  at	
  
week	
  12	
  of	
  tx	
  

• Liver	
  biopsy	
  	
  
• Contraception	
  

Exclusion	
  
• Hepatic	
  decompensation	
  	
  	
  
• Other	
  significant	
  liver	
  
disease	
  

• HIV,	
  HBV,	
  or	
  non-­‐genotype	
  1	
  
HCV	
  

• Hx	
  of	
  malignancy	
  w/I	
  5	
  yrs	
  
	
  

	
  
Group	
  1	
  
SOF	
  400	
  mg/d	
  
+	
  simeprevir	
  
(SME)	
  150	
  
mg/d	
  for	
  12	
  w	
  

Group	
  2	
  
	
  SOF	
  400	
  mg/d	
  
+	
  simeprevir	
  
(SME)	
  150	
  
mg/d	
  +	
  weight	
  
based	
  RBV	
  for	
  
12	
  w	
  

Group	
  3	
  
SOF	
  400	
  mg/d	
  
+	
  simeprevir	
  
(SME)	
  150	
  
mg/d	
  for	
  24	
  w	
  

Group	
  4	
  
SOF	
  400	
  mg/d	
  
+	
  simeprevir	
  
(SME)	
  150	
  
mg/d	
  +	
  weight	
  
based	
  RBV	
  for	
  

Cohort	
  1	
  

The	
  total	
  number	
  
of	
  patients	
  
reported	
  on	
  who	
  
received	
  SOF	
  +	
  
SME	
  alone	
  =	
  28	
  

Findings	
  n	
  (%)	
  
SVR	
  12	
  –	
  Cohort	
  1	
  
Group	
  1	
  
13/14	
  (92.9%)	
  

Group	
  2	
  
26/27	
  (96.3%)	
  

Group	
  3	
  
14/14	
  (100%)	
  

Group	
  4	
  
19/24	
  (79.2%)	
  

	
  
	
  
	
  

SOR	
  +	
  SME	
  
alone.	
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Reference	
  
Study	
  Design	
  
Sample	
  Size	
  

Inclusion	
  
Exclusion	
  

Patient	
  
Characteristics	
  

Intervention	
  
Comparator	
  
Follow-­‐up	
  

Outcomes	
  
Assessed	
  

Main	
  Findings	
  
Adverse	
  Events	
  

Quality	
  
Comments	
  

24	
  w	
  

Follow-­‐up	
  
24	
  w	
  post	
  tx	
  

Abbreviations	
  
AAT	
  –	
  alpha1-­‐antitrypsin; AEs	
  –	
  adverse	
  events;	
  ALT	
  =Alanine	
  aminotransferase;	
  AST	
  –	
  aspartate	
  aminotransferase; BMI	
  –	
  body	
  mass	
  index;	
  d	
  –	
  day;	
  ECG	
  –	
  
electrocardiogram;	
  eRVR	
  –	
  extended	
  rapid	
  virologic	
  response;	
  f/u	
  –	
  follow-­‐up;	
  HAI	
  =	
  histology	
  activity	
  index;	
  Hb	
  –	
  hemoglobin;	
  HbA1c	
  –	
  glycated	
  hemoglobin;	
  	
  
HBV	
  –	
  hepatitis	
  B	
  virus;	
  HCV	
  –	
  hepatitis	
  C	
  virus;	
  HCV-­‐1	
  –	
  HCV	
  genotype	
  1	
  (and	
  equivalents	
  for	
  genotypes	
  2,	
  3,	
  4,	
  5,	
  6);HIV	
  –	
  human	
  immunodeficiency	
  virus;	
  
HOMA-­‐IR	
  –	
  homeostasis	
  model	
  assessment	
  of	
  insulin	
  resistance;	
  Hx	
  –	
  history;	
  INF	
  –	
  interferon;	
  	
  INR	
  –	
  international	
  normalized	
  ratio;	
  m	
  –	
  months;	
  mg	
  –	
  
milligrams;	
  pt	
  –	
  patient;	
  PEG	
  –	
  pegylated	
  interferon	
  alpha;	
  pTVR	
  –	
  post-­‐transplant	
  virological	
  response;	
  rec’d	
  –	
  received;	
  RNA	
  –	
  ribonucleic	
  acid;	
  RBV	
  –	
  ribavirin;	
  
RCT	
  –	
  randomized	
  controlled	
  trial;	
  RVR	
  =	
  rapid	
  virologic	
  response	
  or	
  HCV	
  RNA	
  below	
  levels	
  of	
  detection;	
  SOF	
  –	
  sofosbuvir;	
  tx	
  –	
  treatment;	
  SVR	
  –	
  sustained	
  
virologic	
  response;	
  ULN	
  –	
  upper	
  limit	
  of	
  normal;	
  w	
  –	
  weeks;	
  w/I	
  –	
  within;	
  w/o	
  –	
  without	
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Appendix D. Critical Appraisal Summary	
  	
  

Table	
  1.	
  Internal	
  Validity	
  (Risk	
  of	
  Bias)	
  Criteria 
Au

th
or
,	
  Y

ea
r	
  (
Tr
ia
l)	
  

Internal	
  Validity	
  (Risk	
  of	
  Bias)	
  Criteria	
  

Ra
nd

om
iz
at
io
n	
  
ad

eq
ua

te
?	
  

Al
lo
ca
tio

n	
  
co
nc
ea

lm
en

t	
  
ad

eq
ua

te
?	
  

G
ro
up

s	
  
co
m
pa

ra
bl
e	
  
at
	
  

ba
se
lin

e?
	
  

M
as
ki
ng

	
  o
f	
  i
nv

es
tig

at
or
	
  to

	
  
tr
ea

tm
en

t	
  a
ss
ig
nm

en
t?
	
  

M
as
ki
ng

	
  o
f	
  t
re
at
m
en

t	
  t
ea

m
	
  

to
	
  tr
ea

tm
en

t	
  a
ss
ig
nm

en
t?
	
  

M
as
ki
ng

	
  o
f	
  p

at
ie
nt
	
  to

	
  
tr
ea

tm
en

t	
  a
ss
ig
nm

en
t?
	
  

Al
l	
  t
re
at
m
en

t	
  g
ro
up

s	
  
re
ce
iv
ed

	
  s
am

e	
  
ca
re
	
  a
si
de

	
  
fr
om

	
  in
te
rv
en

tio
n(
s)
?	
  

Ap
pr
op

ria
te
	
  le
ng

th
	
  o
f	
  

fo
llo

w
-­‐u
p?

	
  (f
ol
lo
w
-­‐u
p	
  

le
ng

th
)	
  

G
ro
up

s	
  
fo
llo

w
ed

	
  fo
r	
  e

qu
al
	
  

am
ou

nt
	
  o
f	
  t
im

e	
  
or
	
  a
na

ly
si
s	
  

ad
ju
st
ed

	
  fo
r	
  t
im

e?
	
  

In
te
nt
io
n-­‐
to
-­‐t
re
at
	
  a
na

ly
si
s	
  

pe
rf
or
m
ed

	
  o
r	
  p

os
si
bl
e	
  
w
ith

	
  
da

ta
	
  p
ro
vi
de

d?
	
  

O
ut
co
m
es
	
  m

ea
su
re
d	
  
in
	
  

va
lid

	
  a
nd

	
  re
lia
bl
e	
  
w
ay
?	
  

O
ut
co
m
e	
  
as
se
ss
or
s	
  
m
as
ke
d	
  

to
	
  tr
ea

tm
en

t	
  a
ss
ig
nm

en
t?
	
  

Gane,	
  2013	
  
(ELECTRON)	
  

U	
   U-­‐NR	
   N	
   N	
   N	
   N	
   U-­‐NR	
   Y	
  (≥	
  24w)	
   Y	
   Y	
   Y	
   N	
  

Jacobson,	
  2013a	
  
(Study	
  1)	
  
(POSITRON)	
  

U	
   U-­‐NR	
   Y	
   U	
   U	
   U	
   U	
   N	
  (12w)	
   Y	
  
Y	
  

(modified)	
  
Y	
   U	
  

Jacobson,	
  2013a	
  
(Study	
  2)	
  
(FUSION)	
  

U	
   U-­‐NR	
   Y	
   U	
   U	
   U	
   U-­‐NR	
   N	
  (12w)	
   Y	
  
Y	
  

(modified)	
  
Y	
   U	
  

Kowdley,	
  2013	
  
(ATOMIC)	
  

N	
   Y	
   N	
   N	
   N	
   N	
   U-­‐NR	
   Y	
  (≥	
  24w)	
   Y	
  
Y	
  

(modified)	
  
Y	
   N	
  

Lawitz,	
  2013	
  
(Lancet)	
  
(Study	
  1)	
  	
  

Y	
  
(Cohort	
  

A)	
  

Y	
  
(Cohort	
  

A)	
  

U	
  
(Cohort	
  

A)	
  

Y	
  
(Cohort	
  
A	
  to	
  12	
  
w)	
  

U-­‐NR	
  

Y	
  
(Cohort	
  
A	
  to	
  12	
  
w)	
  

U	
   Y	
  (≥	
  24w)	
   Y	
   Y	
   Y	
   U-­‐NR	
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Au
th
or
,	
  Y

ea
r	
  (
Tr
ia
l)	
  

Internal	
  Validity	
  (Risk	
  of	
  Bias)	
  Criteria	
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ad
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te
?	
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n	
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Lawitz,	
  2013	
  
(NEJM)	
  
(Study	
  1)	
  
(NEUTRINO)	
  

N	
   NA	
   NA	
   N	
   N	
   N	
   NA	
   N	
  (12w)	
   NA	
   NA	
   Y	
   N	
  

Lawitz,	
  2013	
  
(NEJM)	
  
(Study	
  2)	
  
(FISSION)	
  

U	
   U-­‐NR	
   Y	
   N	
   N	
   N	
   U-­‐NR	
   Y	
  (≥	
  24w)	
   Y	
   U	
   Y	
   N	
  

Osinusi,	
  2013	
  
(Study	
  1)	
  

NA	
   NA	
   NA	
   N	
   N	
   N	
   NA	
   Y	
  (≥	
  24w)	
   NA	
   NA	
   Y	
   N	
  

Osinusi,	
  2013	
  
(Study	
  2)	
  

U	
   U-­‐NR	
   U	
   N	
   N	
   N	
   U-­‐NR	
   Y	
  (≥	
  24w)	
   Y	
   Y	
   Y	
   N	
  

Rodriguez-­‐Torres,	
  
2013	
  

Y	
   U-­‐NR	
   U	
   Y	
   U	
   Y	
   Y	
   Y	
  (≥	
  24w)	
   N	
   N	
   Y	
   U	
  

Key:	
  Y	
  –	
  Yes;	
  N	
  –	
  No;	
  U	
  –	
  Unclear;	
  NA	
  –	
  Not	
  applicable;	
  NR	
  –	
  Not	
  reported	
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Gane,	
  2013	
  
(ELECTRON)	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐1	
  
enrolled)	
  

N	
  (HCV-­‐1;	
  various	
  regimens	
  
with	
  SOF	
  +	
  RBV,	
  but	
  no	
  PEG,	
  

bocep	
  or	
  telap)	
  

N	
  (HCV-­‐2,3;	
  various	
  
regimens	
  &	
  duration	
  of	
  SOF	
  
+/-­‐	
  RBV	
  +/-­‐	
  PEG,	
  but	
  all	
  grps	
  

rec’d	
  SOF)	
  
Jacobson,	
  2013a	
  
(Study	
  1)	
  
(POSITRON)	
  

N	
  
(SVR	
  12)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐1	
  
enrolled)	
  

N	
  (placebo)	
  

Jacobson,	
  2013a	
  
(study	
  2)	
  
(FUSION)	
  

N	
  
(SVR	
  12)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐1	
  
enrolled)	
  

N	
  (HCV	
  2,3	
  w/o	
  PEG)	
  

Kowdley,	
  2013	
  
(ATOMIC)	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐2,3	
  

enrolled)	
  
N	
  (HCV-­‐1	
  w/o	
  bocep	
  or	
  

telap)	
  

Lawitz,	
  2013	
  
(Lancet)	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐2,3	
  
enrolled	
  in	
  RCT	
  

portion)	
  

N	
  (HCV-­‐1	
  w/o	
  bocep	
  or	
  
telap)	
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Lawitz,	
  2013	
  
(NEJM)	
  	
  
(Study	
  1)	
  
(NEUTRINO)	
  

N	
  
(SVR	
  12)	
  

Y	
   Y	
   Y	
   U	
  (largely	
  HCV-­‐1)	
   NA	
  

Lawitz,	
  2013	
  
(NEJM)	
  
(Study	
  2)	
  
(FISSION)	
  

N	
  
(SVR	
  12)	
  

Y	
   Y	
   Y	
   U	
  (HCV-­‐2,3)	
   Y	
  (HCV-­‐2,3	
  24w	
  RBV	
  +	
  PEG)	
  

Osinusi,	
  2013	
  
(Study	
  1)	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   N	
  
U	
  (HCV-­‐1	
  

w/unfavorable	
  
characteristics)	
  

NA	
  

Osinusi,	
  2013	
  
(Study	
  2)	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   N	
  
U	
  (HCV-­‐1	
  

w/unfavorable	
  
characteristics)	
  

N	
  
(RBV	
  600mg	
  rather	
  than	
  

1000	
  or	
  1200mg)	
  

Rodriguez-­‐
Torres,	
  2013	
  

Y	
  
(SVR	
  24)	
  

Y	
   Y	
   Y	
  
U	
  (no	
  HCV-­‐2,3	
  

enrolled)	
  
N	
  

(HCV-­‐1	
  w/o	
  bocep	
  or	
  telap)	
  

Key:	
  Y	
  –	
  Yes;	
  N	
  –	
  No;	
  U	
  –	
  Unclear;	
  NA	
  –	
  Not	
  applicable	
  

Abbreviations:	
  bocep	
  –	
  boceprevir;	
  grps	
  –	
  groups;	
  HCV	
  –	
  hepatitis	
  C	
  virus;	
  PEG	
  –	
  pegylated	
  interferon	
  alpha;	
  RBV	
  –	
  ribavirin;	
  SVR	
  –	
  sustained	
  virologic	
  
response;	
  telap	
  –	
  telaprevir	
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Gane,	
  2013	
  
(ELECTRON)	
  

Poor	
   Poor	
   Poor	
  
Open	
  label	
  study;	
  largely	
  a	
  PEG	
  regimen	
  ranging	
  study	
  for	
  HCV-­‐

2,3	
  and	
  PEG-­‐sparing	
  for	
  HCV-­‐1	
  

Jacobson,	
  2013a	
  	
  
(Study	
  1)	
  
(POSITRON)	
  

Poor	
   Poor	
   Poor	
  
Placebo	
  control	
  RCT;	
  interferon	
  treatment	
  contraindicated,	
  

unacceptable	
  or	
  prior	
  discontinuation	
  due	
  to	
  unacceptable	
  AEs	
  

Jacobson,	
  2013a	
  	
  
(Study	
  2)	
  
(FUSION)	
  

Poor	
   Poor	
   Poor	
  
Active	
  control	
  RCT;	
  

no	
  response	
  to	
  prior	
  interferon	
  containing	
  regimen;	
  duration	
  
ranging	
  length	
  of	
  RBV	
  tx	
  (12w	
  vs	
  16w)	
  

Kowdley,	
  2013	
  
(ATOMIC)	
  

Poor	
   Poor	
   Poor	
  
Open	
  label	
  study;	
  

duration	
  ranging	
  12w	
  vs	
  24w	
  PEG	
  +	
  RBV	
  

Lawitz,	
  2013	
  
(Lancet)	
  

Poor	
   Poor	
   Poor	
  
Dose	
  finding	
  placebo	
  control	
  RCT	
  for	
  HCV-­‐1	
  and	
  additional	
  
single	
  group	
  for	
  HCV-­‐2,	
  3;	
  all	
  tx	
  naïve	
  and	
  non-­‐cirrhotic	
  

Lawitz,	
  2013	
  (NEJM)	
  	
  
(Study	
  1)	
  
(NEUTRINO)	
  

Poor	
   Poor	
   Poor	
  
Open	
  label,	
  single	
  group	
  study;	
  tx	
  naïve;	
  89%	
  HCV-­‐1	
  (11%	
  HCV-­‐

4,	
  5,	
  6);	
  17%	
  cirrhotic	
  

Lawitz,	
  2013	
  (NEJM)	
  
(Study	
  2)	
  
(FISSION)	
  

Poor	
   Poor	
   Poor	
   Open	
  label	
  non-­‐inferiority	
  RCT;	
  tx	
  naïve;	
  HCV-­‐2,	
  3;	
  20%	
  cirrhotic	
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Osinusi,	
  2013	
  	
  
(Study	
  1)	
  

Poor	
   Poor	
   Poor	
  
Proof	
  of	
  concept	
  study	
  (n=10)	
  with	
  HCV-­‐1	
  and	
  unfavorable	
  tx	
  

characteristics	
  

Osinusi,	
  2013	
  	
  
(Study	
  2)	
  

Poor	
   Fair	
   Poor	
   Open	
  label	
  RCT	
  	
  with	
  HCV-­‐1	
  and	
  unfavorable	
  tx	
  characteristics	
  

Rodriguez-­‐Torres,	
  
2013	
  

Poor	
   Poor	
   Poor	
   Open	
  label	
  RCT;	
  tx	
  naïve;	
  with	
  HCV-­‐1;	
  dose	
  ranging	
  

Abbreviations:	
  AEs	
  –	
  adverse	
  events;	
  HCV	
  –	
  hepatitis	
  C	
  virus;	
  HCV-­‐1	
  –	
  HCV	
  genotype	
  1	
  (and	
  equivalents	
  for	
  genotypes	
  2,	
  3,	
  4,	
  5,	
  6);	
  mg	
  –	
  milligrams;	
  PEG	
  –	
  
pegylated	
  interferon	
  alpha;	
  RBV	
  –	
  ribavirin;	
  RCT	
  –	
  randomized	
  controlled	
  trial;	
  rec’d	
  –	
  received;	
  tx	
  –	
  treatment;	
  w	
  –	
  weeks	
  	
  
	
  
Definitions	
  Used	
  for	
  Domains	
  with	
  Unique	
  Features	
  for	
  Condition	
  
Masking:	
  If	
  study	
  was	
  open	
  label	
  did	
  not	
  consider	
  masking/blinding	
  adequate	
  for	
  investigators,	
  clinicians,	
  patients	
  or	
  outcome	
  assessors	
  
Length	
  of	
  follow-­‐up:	
  Considered	
  inadequate	
  if	
  greater	
  than	
  24	
  weeks	
  post-­‐treatment	
  
Important	
  outcomes/surrogates:	
  Accepted	
  any	
  important	
  clinical	
  outcomes	
  such	
  as	
  development	
  of	
  end-­‐state	
  liver	
  disease	
  and	
  considered	
  SVR	
  24	
  to	
  represent	
  
an	
  adequate	
  surrogate	
  measure	
  because	
  strongly	
  linked	
  to	
  clinical	
  outcomes;	
  considered	
  inadequate	
  if	
  measure	
  reported	
  was	
  SVR	
  12.	
  
Comparability	
  of	
  study	
  population	
  to	
  likely	
  use	
  population:	
  Rated	
  as	
  uncertain	
  if	
  study	
  restricted	
  population	
  to	
  those	
  likely	
  to	
  need	
  treatmentment	
  in	
  real	
  
world	
  situations,	
  including	
  representative	
  populations	
  of	
  those	
  with	
  poor	
  prognostic	
  factors	
  such	
  as	
  male	
  sex,	
  black	
  race,	
  and	
  cirrhosis	
  or	
  advanced	
  hepatic	
  
fibrosis,	
  as	
  well	
  as	
  those	
  who	
  are	
  HBV	
  or	
  HIV	
  positive,	
  actively	
  misusing	
  alcohol	
  and	
  other	
  drugs,	
  and	
  those	
  who	
  are	
  unable	
  to	
  use	
  interferon.	
  
Standard	
  of	
  care:	
  Current	
  standard	
  of	
  care	
  regimen	
  for	
  HCV-­‐1	
  includes	
  triple	
  therapy	
  with	
  PEG,	
  RBV,	
  and	
  a	
  polymerase	
  inhibitor	
  (boceprevir	
  or	
  telaprevir)	
  using	
  
response	
  guided	
  therapy;	
  for	
  HCV-­‐2	
  or	
  -­‐3	
  standard	
  of	
  care	
  is	
  24	
  weeks	
  of	
  treatment	
  with	
  PEG	
  and	
  RBV.	
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Pharmacy Clinical Policy Bulletins 
Aetna Non-Medicare Prescription Drug Plan 
Subject: Hepatitis C  

Additional Information 

 Clinical Policy Bulletin Notes 

 

*P = Preferred 
FE = Formulary Excluded 
NP = Nonpreferred 
PR = Precertification 
QL = Quantity Limits 
AL = Age Limits 
ST = Step-Therapy 
‡M EX = Medical Exception 
+RxStep=Rx Step 
^ETM=Essential Therapy Management 

*The lists above are subject to change. Not all programs - for example step-therapy, precertification, and quantity limits - 
are available in all service areas. 

 

Status Drug PR PR-QL PR-AL ST M EX‡ 

P ribavirin           

P Incivek™  (telaprevir) X X       

P Intron-A ®  (interferon alfa-2b) X         

P Peg-Intron ®  (peginterferon alfa-2b) X         

P Peg-Intron Redipen/pak ®  (peginterferon 

alfa-2b) 

X         

P Pegasys ®  (peginterferon alfa-2a) X         

NP Infergen ®  (interferon alfacon-1) X         

NP Victrelis™  (boceprevir) X X       

FE Olysio™  (simeprevir) X X     X 

FE Sovaldi™  (sofosbuvir) X X     X 

 

 

http://www.aetna.com/
javascript:;
javascript:;


Note: Note: Precertification review for Incivek, Infergen, Intron-

A, Olysio, Peg-Intron, Pegasys, Sovaldi,and Victrelis are 

handled through Aetna Specialty Precert Unit 
Refer to Medical CPB 400 http://aetnet.aetna.com/mpa/cpb/400_499/0404.html for 

precertification criteria for these drugs. 

Policy:  

I. Precertification Criteria 

Under some plans, including plans that use an open or closed formulary, Incivek, Infergen, 

Intron-A, Olysio, Pegasys, Peg-Intron/ Redipen/pak, Sovaldi, and Victrelis are subject to 

precertification. If precertification requirements apply Aetna considers these medications to be 

medically necessary for those members who meet all of the following precertification criteria: 

For Sovaldi 

(In order to be eligible for the max time of approval, members must meet both intial and 

reauthorization criteria.) 

For initial authorizaion: 

o A documented diagnosis of one of the following: 

 Chronic Hepatits C Virus (HCV) infection, genotype 1, AND 

 Concurrent therapy with peginterferon alfa (PEG) and ribavirin (RBV) 

(Max Time of Approval 12 weeks) 

 HCV infection, genotype 1, PEG-ineligible patient*, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks); OR 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV infection, genotype 1, PEG/ RBV (without HCV protease inhibitor (PI)) 

nonresponder patients, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks) 

 HCV or HCV/ HIV infection, genotype 1, PEG/ RBV (with or without HCV 

(protease inhibitor) PI) nonresponder patients, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 to 

24 weeks, 12 weeks for Sovaldi only.) 

 HCV/ HIV coinfected patients, genotype 1, treatment naive or prior 

nonresponder, AND  

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV/ HIV coinfected patients, genotype 1, treatment naive or prior 

nonresponder, PEG-ineligible patient*, AND  

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks) 

http://aetnet.aetna.com/mpa/cpb/400_499/0404.html


 HCV infection, genotype 1, post-liver transplant, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 to 24 weeks); OR 

 Concurrent therapy with RBV with or without PEG (Max Time of 

Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 2, AND 

 Concurrent therapy with RBV (Max Time of Approval 12 weeks) 

 HCV infection, genotype 2, PEG/ RBV nonresponder, AND 

 Concurrent therapy with RBV (Max Time of Approval 12 weeks (16 

weeks in cirrhosis)); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, genotype 2 or 3, post-liver transplant, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 3, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 3, PEG/ RBV nonresponder, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 4, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 4, PEG-ineligible patients*, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV infection, genotype 4, PEG/ RBV nonresponder, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks); OR 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 5 or 6, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, genotype 5 or 6, PEG/ RBV nonresponder, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, in decompensated cirrhosis or in patient with documented 

hepatocellular carcinoma (HCC) awaiting liver transplantation, AND 

 Concurrent therapy with RBV (Max Time of Approval 48 weeks or 

until liver transplantation) 

For reauthorization at 8 weeks: 

o Initial authorization criteria above has been met AND 

 HCV RNA levels have declined > 2 log10 IU/ mL at 4 weeks of therapy 

*Interferon ineligible is defined as meeting one or more of the following criteria: 



o Uncontrolled seizures 

o Suicidal attempt within past year 

o Moderate to severe retinopathy 

o Neutrophils <750 cells/ mm
3
, results within the past month 

o Hemoglobin <10 g/ dL, results within the past month 

o Platelets <50 000 cells/ mm
3
, results within the past month 

o Major uncontrolled depressive illness 

o Solid organ transplant (renal, heart, or lung) 

o Autoimmune hepatitis or other autoimmune condition known to be exacerbated by 

peginterferon and ribavirin 

o Untreated thyroid disease 

o Pregnant or unwilling to comply with adequate contraception 

o Severe concurrent medical disease such as severe hypertension, heart failure, 

significant coronary heart disease, poorly controlled diabetes, COPD 

o Age less than 2 years 

o Known hypersensitivity to drugs used to treat HCV 

o Known hypersensitivity reactions such as urticaria, angioedema, bronchoconstriction, 

anaphylaxis, or Stevens-Johnson syndrome to alpha interferons, or any of its 

components 

o Hepatic decompensation (Child-Pugh score greater than 6 [class B and C]) in 

cirrhotic patients before treatment 

o Hepatic decompensation with Child-Pugh score greater than or equal to 6 in cirrhotic 

CHC patients coinfected with HIV before treatment 

According to the manufacturer, Incivek, Olysio, Sovaldi, and Victrelis can be dosed up to a 

maximum daily dose indicated in the table below. A quantity of these drugs will be considered 

medically necessary as indicated below: 

Drug Maximum Daily Dose Dosage Strength Quantity Limits 

Incivek 2250 mg 375 mg Up to 180 tablets in 30 

days 

Olysio 150 mg 150 mg Up to 30 capsules in 

30 days 

Sovaldi 400 mg 400 mg Up to 30 tablets in 30 

days 

Victrelis 2400 mg 200 mg Up to 360 tablets in 30 

days 

 

II. Medical Exception Criteria 

Olysio and Sovaldi are currently listed on the Aetna Formulary Exclusions list. 

Therefore, they are excluded from coverage for members enrolled in a prescription drug 

benefit plan that uses a closed formulary unless a medical exception is granted.  Aetna 



considers these medications to be medically necessary for those members who meet the 

following criteria: 

For Olysio 

(In order to be eligible for the max time of approval, members must meet both intial and 

reauthorization criteria.) 

For initial authorizaion: 

o A documented diagnosis of one of the following:  

 Chronic Hepatits C Virus (HCV) infection or HCV/ HIV coinfection, genotype 

1, AND all of the following: 

 Concurrent therapy with peginterferon 

alfa (PEG) and ribavirin (RBV) (Max Time of Approval 24 weeks.  

Olysio approval for 12 weeks.) 

 If HCV genotype 1a, NS3 Q80K polymorphism is not detected prior 

to treatment 

 Patient has not failed previous therapy with a treatment regimen that 

includes HCV protease inhibitors (i.e., Incivek, Olysio, Victrelis) 

 HCV infection or HCV/ HIV coinfection, genotype 1, PEG/ RBV (without HCV 

protease inhibitor (PI)) nonresponder patients, AND all of the following: 

 Concurrent therapy with PEG and RBV (Max Time of Approval 48 

weeks.  Olysio approval for 12 weeks.) 

 If HCV genotype 1a, NS3 Q80K polymorphism is not detected prior 

to treatment 

 Patient has not failed previous therapy with a treatment regimen that 

includes HCV protease inhibitors (i.e., Incivek, Olysio, Victrelis) 

 HCV infection, genotype 1, PEG-ineligible patient* AND all of the following: 

 Concurrent therapy with Sovaldi with or without RBV (Max Time of 

Approval 12 weeks.) 

 HCV infection, genotype 1, post-liver transplant AND all of the following: 

 Concurrent therapy with Sovaldi with or without RBV (Max Time of 

Approval 12 to 24 weeks.)  

 HCV infection, genotype 4, AND all of the following: 

 Concurrent therapy with PEG and RBV (Max Time of Approval 24 to 

48 weeks.  Olysio approval for 12 weeks.) 

 Patient has not failed previous therapy with a treatment regimen that 

includes HCV protease inhibitors (i.e., Incivek, Olysio, Victrelis) 

For reauthorization at 8 weeks: 

o Initial authorization criteria above has been met AND 

 HCV RNA levels are < 25 IU/ mL at 4 weeks of therapy 

 



 

For Sovaldi 

(In order to be eligible for the max time of approval, members must meet both intial and 

reauthorization criteria.) 

For initial authorizaion: 

o A documented diagnosis of one of the following: 

 Chronic Hepatits C Virus (HCV) infection, genotype 1, AND 

 Concurrent therapy with peginterferon alfa (PEG) and ribavirin (RBV) 

(Max Time of Approval 12 weeks) 

 HCV infection, genotype 1, PEG-ineligible patient*, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks); OR 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV infection, genotype 1, PEG/ RBV (without HCV protease inhibitor (PI)) 

nonresponder patients, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks) 

 HCV or HCV/ HIV infection, genotype 1, PEG/ RBV (with or without HCV 

(protease inhibitor) PI) nonresponder patients, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 to 

24 weeks, 12 weeks for Sovaldi only.) 

 HCV/ HIV coinfected patients, genotype 1, treatment naive or prior 

nonresponder, AND  

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV/ HIV coinfected patients, genotype 1, treatment naive or prior 

nonresponder, PEG-ineligible patient*, AND  

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 weeks) 

 HCV infection, genotype 1, post-liver transplant, AND 

 Concurrent therapy with Olysio with or without RBV (Max Time of 

Approval 12 to 24 weeks); OR 

 Concurrent therapy with RBV with or without PEG (Max Time of 

Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 2, AND 

 Concurrent therapy with RBV (Max Time of Approval 12 weeks) 

 HCV infection, genotype 2, PEG/ RBV nonresponder, AND 

 Concurrent therapy with RBV (Max Time of Approval 12 weeks (16 

weeks in cirrhosis)); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, genotype 2 or 3, post-liver transplant, AND 



 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 3, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 3, PEG/ RBV nonresponder, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks); OR 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 4, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV or HCV/ HIV infection, genotype 4, PEG-ineligible patients*, AND 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV infection, genotype 4, PEG/ RBV nonresponder, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks); OR 

 Concurrent therapy with RBV (Max Time of Approval 24 weeks) 

 HCV or HCV/ HIV infection, genotype 5 or 6, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, genotype 5 or 6, PEG/ RBV nonresponder, AND 

 Concurrent therapy with PEG and RBV (Max Time of Approval 12 

weeks) 

 HCV infection, in decompensated cirrhosis or in patient with documented 

hepatocellular carcinoma (HCC) awaiting liver transplantation, AND 

 Concurrent therapy with RBV (Max Time of Approval 48 weeks or 

until liver transplantation) 

 

 

For reauthorization at 8 weeks: 

o Initial authorization criteria above has been met AND 

 HCV RNA levels have declined > 2 log10 IU/ mL at 4 weeks of therapy 

*Interferon ineligible is defined as meeting one or more of the following criteria: 

o Uncontrolled seizures 

o Suicidal attempt within past year 

o Moderate to severe retinopathy 

o Neutrophils <750 cells/ mm
3
, results within the past month 

o Hemoglobin <10 g/ dL, results within the past month 

o Platelets <50 000 cells/ mm
3
, results within the past month 

o Major uncontrolled depressive illness 



o Solid organ transplant (renal, heart, or lung) 

o Autoimmune hepatitis or other autoimmune condition known to be exacerbated by 

peginterferon and ribavirin 

o Untreated thyroid disease 

o Pregnant or unwilling to comply with adequate contraception 

o Severe concurrent medical disease such as severe hypertension, heart failure, 

significant coronary heart disease, poorly controlled diabetes, COPD 

o Age less than 2 years 

o Known hypersensitivity to drugs used to treat HCV 

o Known hypersensitivity reactions such as urticaria, angioedema, bronchoconstriction, 

anaphylaxis, or Stevens-Johnson syndrome to alpha interferons, or any of its 

components 

o Hepatic decompensation (Child-Pugh score greater than 6 [class B and C]) in 

cirrhotic patients before treatment 

o Hepatic decompensation with Child-Pugh score greater than or equal to 6 in cirrhotic 

CHC patients coinfected with HIV before treatment 

 

 

Special Notes:  

 

Place of Service:  

Outpatient  

 

The above policy is based on the following references: 

1. AHFS Drug Information® with AHFSfirstReleases®. ( www.statref.com), American Society Of 

Health-System Pharmacists®, Bethesda, MD. Updated periodically. 

2. DRUGDEX® System [Internet database]. Greenwood Village, Colo: Thomson Micromedex. 

Updated periodically. 

3. Drug Facts and Comparisons on-line. (www.drugfacts.com), Wolters Kluwer Health, St. Louis, MO. 

Updated periodically. 

4. PDR® Electronic Library™ [Internet database]. Greenwood Village, Colo: Thomson Micromedex. 

Updated periodically. 

5. Clinical Pharmacology [Internet database]. Gold Standard Inc. Tampa, FL. Updated periodically. 

6. Olysio™ [package insert]. Titusville, NJ: Janssen Products, LP; November 2013. 

7. Sovaldi™ [package insert]. Foster City, CA: Gilead Sciences, Inc.; December 2013 

8. American Association for the Study of Liver Diseases and the Infectious Diseases Society of 

America: Recommendations for Testing, Managing, and Treating Hepatitis 

C. http://www.hcvguidelines.org/full-report-view [retrieved on 01/29/2014] 

Copyright Aetna Inc. All rights reserved. Pharmacy Clinical Policy Bulletins are developed by Aetna to assist in administering plan benefits and 

constitute neither offers of coverage nor medical advice. This Clinical Policy Bulletin contains only a partial, general description of plan or program 

benefits and does not constitute a contract. Aetna does not provide health care services and, therefore, cannot guarantee any results or 

outcomes. Participating providers are independent contractors in private practice and are neither employees nor agents of Aetna or its affiliates. 

Treating providers are solely responsible for medical advice and treatment of members. This Clinical Policy Bulletin may be updated and 

therefore is subject to change.  
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Express Scripts, Inc. is a separate company that provides pharmacy services and pharmacy benefit management services on 
behalf of health plan members.  

Medication Quantity Limit 

Sovaldi (sofosbuvir) 1 tablet per day 

OVERRIDE(S) 
Prior Authorization of Benefits 

APPROVAL DURATION 
Based on Genotype or hepatocellular carcinoma status: 

Status type  
(HCV Mono-infected or HCV/HIV-1 Co-infected) 

Total Approval Duration 

Genotype 1 or 4 CHC 12 weeks 

Genotype 1 CHC ineligible for an interferon-based 
regimen 

24 weeks 

Genotype 2 CHC 12 weeks 

Genotype 3 CHC 24 weeks 

Hepatocellular Carcinoma awaiting liver transplant Up to 48 weeks* 

* Therapy duration is recommended for up to 48 weeks or until the time of liver transplantation,
whichever occurs first. 

APPROVAL CRITERIA 

Requests for Sovaldi (sofosbuvir) may be approved if the following criteria are met: 

I. Individual is 18 years of age or older; AND 
II. Documentation is provided for a diagnosis of chronic hepatitis C (CHC) infection; AND

III. Individual has compensated liver disease (including cirrhosis); AND
IV. Individual is using with one of the following antiviral treatment regimens:

a. In combination with peg interferon and ribavirin for the following:
1. Individuals with hepatitis C virus (HCV) Genotype 1; OR
2. Individuals with HCV Genotype 4;

OR 
b. In combination with ribavirin alone for the following:

1. Individuals with HCV Genotype 1 that are ineligible for an interferon-based
regimen, as defined by the presence of one of the following:
A. Autoimmune hepatitis; OR
B. Child-Pugh score greater than 6 (Class B or C) before or during interferon

treatment; OR 
C. Known hypersensitivity to interferon products; OR 

2. Individuals with HCV Genotype 2; OR
3. Individuals with HCV Genotype 3; OR
4. Individuals with CHC and concurrent hepatocellular carcinoma meeting Milan

criteria (awaiting liver transplantation).

Anthem/Express Scripts



PAGE 2 of 2 12/18/2013 

Express Scripts, Inc. is a separate company that provides pharmacy services and pharmacy benefit management services on 
behalf of health plan members.  

Requests for concomitant use of two or more of the following; Incivek (telaprevir), 
Victrelis (boceprevir), Olysio (simeprevir), or Sovaldi (sofosbuvir) will not be approved. 

Child Pugh Classification 
Parameters 

Points Assigned 1 point 2 points 3 points 

Encephalopathy None Minimal Advanced coma 

Ascites None Easily controlled Poorly controlled 

Serum Bilirubin <2mg/dL 2-3 mg/dL >3 mg/dL 

Serum Albumin >3.5 g/dL 2.8-3.5 g/dL <2.8 g/dL 

INR INR <1.7 INR 1.7-2.3 INR >2.3 

Child Pugh Score Interpretation 
Class A 5-6 points Well compensated liver disease 

Class B 7-9 points Significant functional compromise 

Class C 10-15 points Uncompensated liver disease 



Sovaldi  
(sofosbuvir) 

SOVALDI with RIBAVIRIN 

Sovaldi (sofosbuvir) RIBAVIRIN  
(Copegus, Rebetol, Ribapak, Ribasphere, Ribatabs, ribavirin - all strengths) 

Pre - PA Allowance 
None 
_______________________________________________________________ 
Prior-Approval Requirements 
 

Age  18 years of age or older 

Diagnosis 

Patient must have the following: 

Chronic Hepatitis C 

AND ONE of the following: 

1. Genotype 1

AND ONE of the following: 
a. Interferon ineligible, intolerant, or unwilling

2. Genotype 2 or 3

3. Genotype 1, 2, 3, or 4

AND MUST have the following: 
a. Hepatic carcinoma(s) awaiting liver transplantation

AND
i. Meets Milan criteria which meets ONE of the following:

1. Single hepatocellular carcinoma, presence of tumor
5cm or less in diameter, OR

2. Multiple tumors, each less than 3cm in diameter and
no extrahepatic manifestations of the cancer or
evidence of vascular invasion of the tumor.

     AND ALL of the following: 
1. Sovaldi and Ribavirin are NOT to be used as monotherapy
2. Patient is NOT taking concurrent therapy with Pegasys or Pegintron
3. Absence of renal impairment

Caremark CVS



Sovaldi  
(sofosbuvir) 

a. eGFR must be > 30mL/min/1.73m2

4. Absence of end stage renal disease (ESRD)
5. Patient does NOT have decompensated cirrhosis
6. Patient has NOT had a liver transplant
7. Therapy will be discontinued if liver transplantation occurs
8. Absence of significant or unstable cardiac disease
9. Neither the patient nor the partner of the patient is pregnant
10. If patient or their partner are of child bearing age, the patient has been or

will be instructed to practice effective contraception during therapy and for
6 months after stopping ribavirin therapy

Prior - Approval Limits 
 

Duration  
Genotype 1 without hepatocellular carcinoma(s): 
24 weeks Sovaldi (168 tablets per 168 days) / 24 weeks Ribavirin 

Genotype 2 without hepatocellular carcinoma(s):  
12 weeks Sovaldi (84 tablets per 84 days) / 12 weeks Ribavirin 

Genotype 3 without hepatocellular carcinoma(s): 
24 weeks Sovaldi (168 tablets per 168 days) / 24 weeks Ribavirin 

Genotype 1,2,3,or 4 with hepatocellular carcinoma(s):  
24 weeks Sovaldi (168 tablets per 168 days) / 24 weeks Ribavirin 

________________________________________________________________ 
Prior – Approval Renewal Requirements 
Same as above 

Prior - Approval Renewal Limits 
 

Duration  
Genotype 1, 2, 3 without hepatocellular carcinoma(s): 
None 

Genotype 1, 2, 3, 4 with hepatocellular carcinoma(s):   
24 weeks Sovaldi (168 tablets per 168 days) / 24 weeks Ribavirin 



Sovaldi  
(sofosbuvir) 

Sovaldi (sofosbuvir) with (PEGASYS or PEGINTRON) AND RIBAVIRIN 

Sovaldi (sofosbuvir) with PEGASYS or PEGINTRON (peginterferon alfa-2b, 
AND RIBAVIRIN  

(Copegus, Rebetol, Ribapak, Ribasphere, Ribatabs, ribavirin - all strengths) 

Pre - PA Allowance 
None 
_______________________________________________________________ 
Prior-Approval Requirements 
Age  18 years of age or older 

Diagnosis 

Patient must have the following: 

Chronic Hepatitis C 

AND ALL of the following: 

1. Viral genotype 1 or 4
2. Sovaldi and Ribavirin will NOT be used as monotherapy
3. Patient does NOT have hepatocellular carcinoma awaiting transplant (these

patients should be treated with Sovaldi and ribavirin without interferon)
4. Absence of renal impairment

a. eGFR must be > 30mL/min/1.73m2

5. Absence of end stage renal disease (ESRD)
6. Patient does NOT have decompensated cirrhosis
7. Patient has NOT had a liver transplant
8. Absence of significant or unstable cardiac disease
9. Neither the patient nor the partner of the patient is pregnant
10. If patient or their partner are of child bearing age, the patient has been or will

be instructed to practice effective contraception during therapy and for 6
months after stopping ribavirin therapy

Prior - Approval Limits 
Duration   

Sovaldi 12 weeks (84 tablets for 84 days) 
Pegasys 12 weeks / Ribavirin 12 weeks 

________________________________________________________________ 



Sovaldi  
(sofosbuvir) 

Prior – Approval Renewal Requirements 
None 

________________________________________________________________ 



Hepatitis Prior Authorization & Fax Order Form                                                             
 
 

 Please indicate the intention of this request:  
 Prior authorization and Cigna Home Delivery Pharmacy to fill   Please deliver by: __________________________________ 
 Prior authorization only (or call (800) 244-6224) 

     
Order #:              Referral Source Code:                                           Fax: 1.800.351.3616              Phone: 1.800.351.3606 

PATIENT INFORMATION  (Please Print) PHYSICIAN INFORMATION 

PATIENT NAME:       DATE OF BIRTH :      
 

 

NAME: 

      

HEALTH CARE ID #:      GENDER:  M      F 
 

DEA #:      NPI:       TIN:       

HOME PHONE:       

 
ALT PHONE:          ADDRESS:     (Street/Suite #)            (City)                     (State)     (Zip Code) 

            
ADDRESS:     (Street)                      (City)                     (State)     (Zip Code) 
                                                                                                  

ALLERGIES:       
If no allergies are specified, for new customers this indicates no known allergies and for 
existing customers this indicates no change from information previously provided to Cigna.  

TELEPHONE: 
      

FAX: 
      

SHIP MEDICATIONS TO:   Patient’s Home (Please provide all available patient phone numbers as they are REQUIRED for scheduling delivery.)      Physician’s Office 

PRESCRIPTION INFORMATION 
PEGASYS® (Peginterferon Alfa-2a - S0145):  

 180 mcg/0.5 ml Prefilled Syringe 
 180 mcg/0.5ml Proclick 

        Pharmacy asks patient for preference 

 
Directions: 
DIRECTIONS: 

 Inject 180 mcg SQ weekly 
 Other (please specify):       

 

Refills: 
 
 
 

QTY/REFILLS 
 1 month supply _____ refills 
 3 month supply _____ refills 
 Other: ______QTY _____ refills 

 

PEGASYS® (Peginterferon Alfa-2a - S0145):  
 180 mcg/1 ml Vial 

Note:  Concentration of Syringe vs. Vial 
PEG-INTRON® (Peginterferon Alfa-2b – S0146): 

 50 mcg/0.5 ml  Vial       50 mcg/0.5 ml  Redipen 
 80 mcg/0.5 ml  Vial       80 mcg/0.5 ml  Redipen 
 120 mcg/0.5 ml Vial      120 mcg/0.5 ml  Redipen 
 150 mcg/0.5 ml Vial      150 mcg/0.5 ml  Redipen 

DIRECTIONS: 
 Inject 0.4 ml SQ weekly 
 Inject 0.5 ml SQ weekly 
 Other (please specify):       

 
INFERGEN® (Interferon Alfacon-1 – J9212): 

 9 mcg/0.3 ml Vial 
 15 mcg/0.5 ml Vial 

DIRECTIONS: 
 Inject 9 mcg SQ 3 times per week 
 Inject 15 mcg SQ 3 times per week 
 Other (please specify):       

 Intron® A (Interferon alfa-2b, recombinant – J9215):  
 18 million units multidose vial 
 3 million units/dose multidose pen 

 Other:  

DIRECTIONS: 
     Inject 3 million units 3 times a week IM or 

SQ         
        Other (please specify):       

 

QTY/REFILLS 
 1 month supply _____ refills 
 3 month supply _____ refills 
 Other: ______QTY _____ refills 

 Rebetol® 200 mg capsules 

 Copegus® 200 mg tablets 
 

DIRECTIONS: 

      QAM AND       QPM 
 

QTY/REFILLS 
 1 month supply _____ refills 
 3 month supply _____ refills 
 Other: ______QTY _____ refills 

INCIVEK (Telaprevir)  
 375 mg tablets 

DIRECTIONS: 
 Take 750mg (2 tablets) by mouth 3 times a 

day with food containing 20gm of fat 

 
 
 
QTY/REFILLS 

 1 month supply _____ refills 

 3 month supply _____ refills 
 Other: _____ QTY _____ refills 

 

OLYSIO (Simeprevir)  
 150 mg tablets 

DIRECTIONS: 
 Take 1 capsule once daily with food 

SOVALDI (Sofosbuvir)  
 400 mg tablets 

DIRECTIONS: 
 Take 1 tablet once daily 

VICTRELIS (Boceprevir)  
 200 mg capsules 

DIRECTIONS: 
 Take 800mg (4 capsules) by mouth 3 times 

a day with food, start at day 29 (week 5). 



Hepatitis Prior Authorization & Fax Order Form                                                             
 Lab reminder coordination and injection training 

SUPPLIES NEEDED (if medication is to be administered in patient’s home):  If checked, please specify the size and type (if applicable): 

 Syringes/Needles  Swabs  Sharps Container  Other:       

PHYSICIAN’S SIGNATURE:   (Physician’s signature indicates  accuracy and completeness of prescription information) 
 

In order for a brand name product to be dispensed, the prescriber must handwrite "Brand Necessary" or "Brand Medically Necessary" on the prescription 

 
PATIENT NAME: 
      

HEALTH CARE ID #:  
      

DATE OF BIRTH: 
      

The following levels are needed for approval of the below corresponding treatments. 
                                    HCV RNA Levels 

Week of 
Therapy 

Incivek Olysio Victrelis Dual or Mono 
Therapy 

Date Taken 

Pretreatment   iu/ml* iu/ml  
4 iu/ml iu/ml iu/ml*   
8   iu/ml*   

12 iu/ml iu/ml iu/ml iu/ml  
24 iu/ml iu/ml iu/ml iu/ml  

other iu/ml iu/ml iu/ml iu/ml  
     *Pretreatment, 4 and 8 week levels are needed to determine length of Victrelis therapy 
Clinical Information: 
What is the patient’s current weight?    __________________     lbs       kg 
Diagnosis related to use:    (070.7) Hepatitis C    Hepatitis B    Other (please specify): 
Does the patient have decompensated liver disease                                                                                                    Yes    No                                                                                               

(e.g. of decompensated liver disease include: Ascites, Hepatic Encephalopathy, bleeding esophagogastric varicie)?  
What is the patient’s genotype?    1 or 1a   1b   2    3    4    5    6    Other: 
(if requesting Olysio and patient has genotype 1 or 1a) Has your patient been screened for one of the following: boceprevir resistance, 
telaprevir resistance, HCV drug resistance, NC3/4 resistance, or Q80K polymorphism? 

 yes and resistance was detected 
 yes and resistance was NOT detected 
 no, this testing was not done 

 
Does the patient have HIV/AIDS?                                                                                                                                 Yes    No 
Does the patient have bridging fibrosis?                                                                                                                       Yes    No 
Does the patient have cirrhosis?                                                                                                                                   Yes    No  
Has your patient had failure, contraindication, or intolerance to any of the following?  (check all that apply)  
   Infergen     Intron    Pegasys     PegIntron    Other__________ 
Has the patient previously taken Pegasys or Peg-Intron plus ribavirin?                                                                       Yes    No 
     If yes: Which one of the following describes previous therapy: 
              completed therapy but relapsed           
              partial response  
              stopped treatment early (weeks completed _____)                                   
              no response (did not have at least a 2 log drop in HCV after 12 weeks of prior treatment)   
     If no: Is the patient currently on therapy?                                                                                                                  Yes   No 
             How many weeks has the patient completed? _____ weeks 
             Date started therapy? __/__/__ 
 
Does your patient have a contraindication to any of the following: 

 Pegasys       PegIntron       Incivek       Olysio       Sovaldi       Victrelis       Other 
Please explain: 
Infergen requests: 
Did the patient have intolerance to treatment with Pegasys or Peg-Intron?                                                                 Yes    No 



Hepatitis Prior Authorization & Fax Order Form                                                             
For Incivek, Olysio, Sovaldi, or Victrelis requests: 
Will this be used in combination with ribavirin?         Yes    No 
Will this be used in combination with Pegasys or Peg-Intron?        Yes    No 
 
For Sovaldi requests: 
Does your patient also have a diagnosis of hepatocellular carcinoma (HCC, hepatocellular cancer, malignant hepatoma? 
              Yes    No 
(if HCC) Has your patient previously had a liver transplant?        Yes    No 
(if HCC) Is your patient waiting to undergo a liver transplant?        Yes    No 
 (if yes) Does your patient meet MILAN criteria for liver transplantation?      Yes    No 
 
(Please note: there are different preferred products depending on your patient’s plan. Please refer to the applicable Cigna health care 
professional resource [e.g. cignaforhcp.com] to determine benefit availability and the terms and conditions of coverage 
 
Additional pertinent information: 
 
 
 
 
 

PHYSICIAN’S SIGNATURE:   (Physician’s signature indicates  accuracy and completeness of prescription information) 
 
 

Our drug list can be viewed online at http://www.cigna.com.  Prior authorization requests may also be submitted by calling (800) 244-6224.                       V010414 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v1/1/14 
 
*Cigna Preferred Status: 
• It is the decision of the prescribing physician in the exercise of his/her independent clinical judgment to determine which medication to prescribe. Coverage is not limited to the 

preferred drug. 
• Cigna may receive payments from manufacturers whose medications are included on the Preferred Specialty (Injectable) Drug List. These payments may or may not be shared with 

the member’s benefit plan dependent on the contractual arrangement between the plan and Cigna. 
• Depending upon plan design, market conditions, the extent to which manufacturers’ payments are shared with the member’s benefit plan, and other factors as of the date of service, 

the preferred medication may or may not represent the lowest cost medication within the therapeutic class for the member and/or the benefit plan. 
• Cigna reserves the right to make changes to its Preferred Specialty (Injectable) Drug List without notice. 

This facsimile and any accompanying documents are intended only for the use of the individual or entity named above and may contain information that is confidential, proprietary and 
exempt from disclosure under applicable law(s). If the reader of this message is not the intended recipient, or employee of agent responsible for delivering the message to the intended recipient, 
you are hereby notified that any use, review, dissemination, distribution or copying of this transmittal sheet or accompanying documents is strictly prohibited. If you have received this 
facsimile in error, please immediately notify the sender by telephone at the number above. All Cigna products and services are provided exclusively by or through operating 
subsidiaries of Cigna Corporation. “Cigna Specialty Pharmacy Services” is the specialty drug division of Tel-Drug, Inc. and Tel-Drug of Pennsylvania, L.L.C, doing business as Cigna Home 
Delivery Pharmacy. The Cigna name and logo are owned by Cigna Intellectual Property, Inc.  

© 2014 Cigna.  
 

http://www.cigna.com/


HealthNet Coverage Policy 
 

SOVALDIR (sofosbuvir) 
 

NATL 
Coverage of drugs is first determined by the member’s pharmacy or medical benefit. 
Please consult with or refer to the Evidence of Coverage document. 

1. FDA Approved Indications: 
o Indicated for the treatment of chronic hepatitis C (CHC) infection as a 

component of a combination antiviral treatment regimen. Sovaldi 
efficacy has been established in subjects with hepatitis C virus (HCV) 
genotype 1, 2, 3 or 4 infection, including those with hepatocellular 
carcinoma meeting Milan criteria (awaiting liver transplant) and those 
with HCV/HIV-1 co-infection. 

2. Health Net Approved Indications and Usage Guidelines: 
o Diagnosis of CHC confirmed by detectable serum HCV RNA by 

quantitative assay. Genotype is required to determine length of approval. 

AND 

o Liver biopsy showing fibrosis corresponding to a Metavir score of 
greater than or equal to 2 or Ishak score of greater than or equal to 3 or 
other accepted test demonstrating liver fibrosis 

AND 

o Prescribed by or in consultation with a gastroenterologist, hepatologist or 
infectious disease physician. 

AND 

o For genotype 1 and 4 CHC: should be used as triple therapy in 
combination with peginterferon alfa and ribavirin or as double therapy in 
combination with ribavirin for patients who are interferon ineligible 
(patients in whom interferon therapy is contraindicated due to such 
conditions as anemia, alcohol abuse, advanced or decompensated 
cirrhosis, or severe psychiatric disorder) or interferon-intolerant (patients 
who discontinued interferon therapy prematurely due to side effects) 



OR 

o For genotype 2 or 3 CHC: must be used in combination with ribavirin 

OR 

o For treatment of CHC in patients with hepatocellular carcinoma meeting 
Milan criteria (awaiting liver transplantation): must be used in 
combination with ribavirin. Milan criteria is defined as 1 lesion ≤5 cm, 
up to 3 lesions each of which are ≤3 cm, and no extrahepatic 
manifestations/no vascular invasion. 

3. Coverage is Not Authorized For: 
o Treatment of HCV as monotherapy. 
o Quadruple therapy (Sovaldi+(Olysio, Incivek,or 

VIctrelis)+peginterferon+ribavirin) combination 
o Treatment regimen that patient who has failed therapy with an NS3/4A 

protease inhibitor (e.g., boceprevir,simeprevir, telaprevir) 
o Non-FDA approved indications, which are not listed in the Health Net 

Approved Indications and Usage Guidelines section, unless there is 
sufficient documentation of efficacy and safety in the published 
literature 

o Post liver transplant 
o Additional contraindications for use with peginterferon 
o Autoimmune hepatitis 
o Hepatic decompensation (Child-Pugh score greater than 6 [class B and 

C]) in cirrhotic patients before treatment 
o Hepatic decompensation with Child-Pugh score greater than or equal to 

6 in cirrhotic CHC patients coinfected with HIV before treatment 
o Additional contraindications for use with ribavirin 
o Women who are pregnant 
o Men whose female partners are pregnant 
o Patients with hemoglobinopathies (e.g., thalassemia major, sickle-cell 

anemia) 
o Combination with didanosine. Reports of fatal hepatic failure, as well as 

peripheral neuropathy, pancreatitis, and symptomatic 
hyperlactatemia/lactic acidosis have been reported in clinical trials 

4. General Information: 
o Interim results from the COSMOS study evaluated Olysio and 

Sovaldi in HCV patients including treatment naive or previous null 
responder HCV patients. In HCV patients with advanced liver fibrosis or 
cirrhosis (METAVIR F3 or F4) 12 weeks all oral treatment with Olysio 
and Sovaldi with or without ribavirin led to SVR4 rates of 96% and 



100%,respectively. These are interim results, further data are needed to 
prove efficacy. 

o Gane et al. studied 10 patients treated with Sovaldi monotherapy for 12 
weeks who had genotype 2 or 3 disease. The primary efficacy (SVR at 
12 weeks after therapy stopped) was much lower (60%) on monotherapy 
versus 100% on combination therapy. 

o The triple therapy (Sovaldi+peginterferon+ribavirin) combination study 
included patients with genotype 1, 4, 5 or 6 disease (NEUTRINO study). 

o The POSITRON trial defines contraindications to interferon as those 
patients with psychiatric disorders (57% of patients in the trial) and 
autoimmune disorders (19% of patients in the trial). Unacceptable side 
effects with interferon were influenza-like symptoms (32% of patients), 
psychiatric disorders (20% of patients), thrombocytopenia (16% of 
patients) or local or systemic adverse reactions (12% of patients). Per 
AASLD Practice guideline (2009), additional characteristics of persons 
for whom therapy with interferon/ribavirin may be contraindicated 
include untreated thyroid disease, pregnancy, severe concurrent medical 
conditions (uncontrolled diabetes, uncontrolled hypertension, significant 
coronary heart disease) or solid organ transplant (renal, heart, lung). 

o Preliminary results of a phase IIa trial evaluating combination therapy of 
Olysio and Sovaldi with or without ribavirin in genotype 1 patients was 
recently presented at the November 2013 AASLD meeting (COSMOS 
study [Combination of Simeprevir and sofosbuvir in HCV genotype 1 
infected patients]). Preliminary results indicate SVR over 90% 
(approximately 187 patients). 

o There are no data to support combination quadruple therapy with 
peginterferon, ribavirin, Sovaldi and a protease inhibitor (Olysio, Incivek 
or Victrelis). 

5. Therapeutic Alternatives: 

Drug Dosing Regimen Dose Limit/ Maximum 
Dose 

This field intentionally left 
blank. 

This field intentionally left 
blank. 

This field intentionally left 
blank. 

6. * Requires Prior Authorization 
7. Recommended Dosing Regimen and Authorization Limit: 

Drug Dosing Regimen Authorization Limit 

Sovaldi 
Genotype 1 or 4:  
400 mg PO QD 

 

12 weeks 
in combination with peginterferon alfa + 

ribavirin 



OR 
24 weeks in combination with ribavirin 

for interferon ineligible patients 

Sovaldi  

Genotype 2:  
400 mg PO QD (in combination with 

ribavirin)  
12 weeks  

Sovaldi  

Genotype 3:  
400 mg PO QD (in combination with 

ribavirin)  24 weeks  

Sovaldi  

Hepatocellular carcinoma patients 
awaiting liver transplantation: 

400 mg PO QD (in combination with 
ribavirin) 

48 weeks or until liver transplantation,  
whichever occurs first 

8. Product Availability: 

Sovaldi tablets: 400 mg 

9. References: 

1. Sovaldi [Prescribing Information]. Foster City, CA: Gilead Sciences, Inc.; 
December 2013. 

2. Gane E, Stedman C, Hyland R et al. Nucleotide polymerase inhibitor 
sofosbuvir plus ribavirin for hepatitis C. N Engl J Med. 2013;36:34-44. 

3. Jacobson I, Gordon S, Kowdley K et al. Sofosbuvir for hepatitis C genotype 
2 or 3 in patients without treatment options. N Engl J Med. 2013;268:186-77. 

4. Lawitz E, Mangia A, Wyles D et al. Sofosbuvir for previously untreated 
chronic hepatitis C infection. N Engl J Med. 2013;368:1878-1887. 

5. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the 
treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl 
J Med. 1996;334:693-9. 

The material provided to you are guidelines used by this plan to authorize, modify or 
determine coverage for persons with similar illnesses or conditions. Specific care and 
treatment may vary depending on individual need and the benefits covered under your 
contract. 
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Retrieved March 6, 2014 from 
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Disclaimer 

 

State and federal law, as well as contract language, including definitions and specific inclusions/  
exclusions, take precedence over clinical policy and must be considered first in determining eligibility for coverage. 
Coverage may also differ for our Medicare and/or Medicaid members based on any applicable Centers for 
Medicare & Medicaid Services (CMS) coverage statements including National Coverage Determinations (NCD), 
Local Medical Review Policies (LMRP) and/or Local Coverage Determinations. See the CMS website at 
http://www.cms.hhs.gov/. The member's health plan benefits in effect on the date services are rendered must be 
used. Clinical policy is not intended to pre‐empt the judgment of the reviewing medical director or dictate to health 
care providers how to practice medicine. Health care providers are expected to exercise their medical judgment in 
rendering appropriate care. Clinical technology is constantly evolving, and we reserve the right to review and 
update this policy periodically.  No part of this publication may be reproduced, stored in a retrieval system or 
transmitted, in any shape or form or by any means, electronic, mechanical, photocopying or otherwise without 
permission from Humana. 

 

Description  Sovaldi (sofosbuvir) is a nucleotide analog NS5B polymerase inhibitor. 
 
Sovaldi (sofosbuvir) is a nucleotide prodrug that undergoes intracellular metabolism 
to form the pharmacologically active uridine analog triphosphate which acts as a chain 
terminator when incorporated into HCV RNA by NS5B polymerase. 
 
Sovaldi is indicated for the treatment of chronic hepatitis C infection as a component 
of a combination antiviral treatment regimen. 
 
Sofosbuvir is available as Sovaldi in 400 mg tablets. 
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Coverage 
Determination 

Please note the following regarding medically accepted indications: 
 
All reasonable efforts have been made to ensure consideration of medically accepted 
indications in this policy. Medically accepted indications are defined by CMS as those 
uses of a covered Part D drug that are approved under the federal Food, Drug and 
Cosmetic Act, or the use of which is supported by one or more citations included or 
approved for inclusion in any of the compendia described in section 1927(g)(1)(B)(i) of 
the Act. These compendia guide review of off‐label and off‐evidence prescribing and 
are subject to minimum evidence standards for each compendium. Currently, this 
review includes the following references when applicable and may be subject to 
change per CMS:  

 American Hospital Formulary Service (AHFS) Compendium 

 Thomson Micromedex/DrugDex (not Drug Points) Compendium 

 National Comprehensive Cancer Network (NCCN) Drugs and Biologics 
CompendiumTM 

 Elsevier Gold Standard’s Clinical Pharmacology Compendium 
 

Sovaldi (sofosbuvir) will require prior authorization. This agent may be considered 
medically necessary when the following criteria are met: 
 
Chronic Hepatitis C 

 The member must have a diagnosis of chronic hepatitis C with compensated 
liver disease. 

 The member must be at least 18 years of age. 

 Baseline HCV RNA must be documented. 

 Member has documented genotype 1, 2, 3, or 4 infection 

o Genotype 1 
 Member must have failed to achieve SVR on a prior regimen containing 
a HCV NS3/4A protease inhibitor 

 Sovaldi will be used in combination with peginterferon and 
ribavirin OR 

 Sovaldi will be used in combination with ribavirin for an interferon 
ineligible member defined as one of the following: 

o Contraindication to interferon therapy defined as: known 
hypersensitivity to interferon alfa, autoimmune hepatitis, 
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hepatic decompensation, pregnant females or male partners 
of pregnant females, hemoglobinopathies, creatinine 
clearance less than 50 mL/min, coadministration with 
didanosine 

o Previous intolerance to an interferon alfa containing 
regimen resulting in discontinuation of therapy 

o Genotype 2, 3 
 Sovaldi will be used in combination with ribavirin 

o Genotype 4 
 Sovaldi will be used in combination with peginterferon and ribavirin 

 
Chronic Hepatitis C with HIV co‐infection 

 The member must have a diagnosis of chronic hepatitis C with compensated 
liver disease. 

 Member has HIV co‐infection 

 The member must be at least 18 years of age. 

 Baseline HCV RNA must be documented. 

 Member has documented genotype 1, 2, 3, or 4 infection 

o Genotype 1 
 Sovaldi will be used in combination with peginterferon and ribavirin OR 

 Sovaldi will be used in combination with ribavirin for an interferon 
ineligible member defined as one of the following: 

 Contraindication to interferon therapy defined as: known 
hypersensitivity to interferon alfa, autoimmune hepatitis, hepatic 
decompensation, pregnant females or male partners of pregnant 
females, hemoglobinopathies, creatinine clearance less than 50 
mL/min, coadministration with didanosine 

 Previous intolerance to an interferon alfa containing regimen 
resulting in discontinuation of therapy 

o Genotype 2, 3 
 Sovaldi will be used in combination with ribavirin 

o Genotype 4 
 Sovaldi will be used in combination with peginterferon and ribavirin 
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Hepatocellular Carcinoma 

 The member must have a diagnosis of chronic hepatitis C with compensated 
liver disease. 

 The member must be at least 18 years of age. 

 Member has documented genotype 1, 2, 3, or 4 infection 

 Member has a diagnosis of hepatocellular carcinoma and is awaiting liver 
transplantation (meets Milan criteria) 

 Sovaldi will be used in combination with ribavirin 

 

Dosing 

Chronic Hepatitis C and Chronic Hepatitis C with HIV co‐infection: 

 Genotype 1 

o Interferon‐based dosing 
 Sovaldi 400 mg daily in combination with peginterferon alfa and ribavirin 
for 12 weeks 

o Interferon‐ineligible 
 Sovaldi 400 mg daily in combination with ribavirin for 24 weeks 

 Genotype 2 

o Sovaldi 400 mg daily in combination with ribavirin for 12 weeks 

 Genotype 3 

o Sovaldi 400 mg daily in combination with ribavirin for 24 weeks 

 Genotype 4 

o Sovaldi 400 mg daily in combination with peginterferon alfa and ribavirin for 
12 weeks 

Hepatocellular Carcinoma: 

 Sovaldi 400 mg daily in combination with ribavirin for up to 48 weeks or until 
liver transplantation, whichever occurs first 

 

Sovaldi (sofosbuvir) will be approved based on indication and treatment regimen or as 
determined through clinical review. 

 
 
 

The quantity limit for all strengths of Sovaldi (sofosbuvir) is 28 tablets per 28 days. 
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Coverage 
Limitations 

Sovaldi (sofosbuvir) therapy is not considered medically necessary for members with 
the following concomitant conditions:  
 

 Monotherapy with Sovaldi 

 Concurrent use with a HCV NS3/4A protease inhibitor. 

 Coadministration with a potent P‐glycoprotein (P‐gp) inducer (e.g. rifampin, St. 
John’s wort) 

 Experimental/investigational use – Indications not supported by CMS 
recognized compendia or acceptable peer reviewed literature 

 

Background  This is a prior authorization policy about Sovaldi (sofosbuvir).  
 

 Ribavirin may cause birth defects and/or death of the exposed fetus and animal 
studies have shown that interferons have abortifacient effects. Extreme care must 
be taken to avoid pregnancy in female patients and in female partners of male 
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