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Sta6ns	
  and	
  Rhabdomyolysis	
  

•  Sta6ns	
  inhibit	
  HMG-­‐CoA	
  reductase,	
  cholesterol	
  
synthesis	
  in	
  the	
  liver	
  

•  Reduce	
  risk	
  of	
  cardiovascular	
  events	
  and	
  death	
  
•  Can	
  cause	
  a	
  spectrum	
  of	
  muscle	
  injury	
  
•  Rhabdomyolysis:	
  symptoms	
  with	
  eleva6on	
  of	
  serum	
  
crea6ne	
  kinase	
  >	
  10x	
  ULN	
  

•  Incidence	
  ~	
  1	
  per	
  10,000	
  person-­‐years	
  of	
  sta6n	
  use	
  



Cerivasta6n	
  

•  First	
  marketed	
  March	
  1998,	
  withdrawn	
  from	
  market	
  
in	
  Aug	
  2001	
  because	
  of	
  reports	
  of	
  rhabdomyolysis	
  

•  In	
  a	
  popula6on-­‐based	
  cohort	
  study,1	
  risk	
  of	
  rhabdo	
  
with	
  cerivasta6n	
  increased	
  10-­‐fold	
  
–  In	
  gemfibrozil	
  users,	
  risk	
  increased	
  50-­‐fold	
  

•  In	
  a	
  small	
  RCT,	
  gemfibrozil	
  use	
  increased	
  the	
  area	
  
under	
  the	
  plasma	
  6me	
  concentra6on	
  curve	
  559%2	
  

•  In	
  vitro	
  studies3:	
  oxida6ve	
  metabolism	
  through	
  
CYP2C8,	
  transport	
  into	
  hepatocytes	
  by	
  OATP1B1	
  

1.	
  Graham	
  DJ.	
  JAMA.	
  2004;292:2585.	
  
2.	
  Backman	
  JT.	
  Clin	
  Pharmacol	
  Ther.	
  2002;72:685.	
  
3.	
  Shitara	
  Y.	
  J	
  Pharmacol	
  Exp	
  Ther.	
  2004;311:228.	
  



Specific	
  Aims	
  

•  Primary	
  Aim:	
  Evaluate	
  concurrent	
  medica6on	
  use	
  in	
  
a	
  case-­‐control	
  study	
  of	
  sta6n-­‐induced	
  
rhabdomyolysis	
  to	
  discover	
  poten6al	
  new	
  DDIs	
  
–  Discover	
  unrecognized	
  inhibitors	
  of	
  CYP2C8	
  and	
  OATP1B1	
  	
  

•  Secondary	
  Aim:	
  Replicate	
  posi6ve	
  findings	
  from	
  
case-­‐control	
  study	
  in	
  a	
  case-­‐only	
  analysis	
  using	
  FDA	
  
Adverse	
  Event	
  Repor6ng	
  System	
  



Cases	
  
•  Recruited	
  through	
  acorneys	
  who	
  represented	
  

cerivasta6n	
  users	
  with	
  rhabdomyolysis	
  
•  Muscle	
  pain	
  or	
  weakness,	
  CK	
  >	
  10x	
  ULN	
  
•  Medica6on	
  use	
  and	
  medical	
  history	
  at	
  6me	
  of	
  diagnosis	
  

ascertained	
  through	
  medical	
  records	
  and	
  interviews	
  

Controls	
  
•  Sta6n	
  users	
  from	
  the	
  Cardiovascular	
  Health	
  Study	
  
•  Medica6on	
  use	
  ascertained	
  annually	
  by	
  phone	
  or	
  in	
  

person	
  
•  Restricted	
  controls	
  to	
  users	
  of	
  atorvasta6n	
  

–  Atorvasta6n	
  marketed	
  Feb	
  1997,	
  cerivasta6n	
  Mar	
  1998	
  



Analysis	
  

•  Compared	
  prevalence	
  of	
  concomitant	
  medica6on	
  
use,	
  restricted	
  to	
  subjects	
  with	
  indica6on	
  for	
  use	
  

•  Medica6ons	
  with	
  frequency	
  >	
  4%	
  in	
  cases	
  evaluated	
  

•  ORs	
  es6mated	
  by	
  logis6c	
  regression	
  
–  Adjusted	
  for	
  age,	
  gender,	
  race,	
  and	
  index	
  year	
  

•  Analysis	
  repeated	
  excluding	
  gemfibrozil	
  users	
  



Pa6ent	
  Characteris6cs	
  
Cases	
   Controls	
  

n	
   72	
   287	
  

Age,	
  mean	
  (SD)	
   76	
  (5)	
   80	
  (3)	
  

Male	
   32%	
   32%	
  
White	
   93%	
   88%	
  
Treated	
  hypertension	
   69%	
   70%	
  
Treated	
  diabetes	
   19%	
   20%	
  
Myocardial	
  infarc6on	
   22%	
   22%	
  
Stroke	
   17%	
   11%	
  
Cardiovascular	
  disease	
   67%	
   48%	
  
Conges6ve	
  heart	
  failure	
   14%	
   16%	
  
Atrial	
  fibrilla6on	
   19%	
   11%	
  
Asthma	
   19%	
   14%	
  

RHABDO	
  CASES:	
  
39%	
  renal	
  failure	
  
14%	
  dialysis	
  
3%	
  died	
  
	
  
Median	
  peak	
  CK	
  
	
  	
  -­‐	
  31,390	
  U/L	
  



Medica6ons	
  Evaluated	
  
Alendronate	
  
Allopurinol	
  
Amitriptyline	
  
Amlodipine	
  
Aspirin	
  
Atenolol	
  

Celecoxib	
  
Clopidogrel	
  
Digoxin	
  
Dil6azem	
  

Enalapril	
  
Furosemide	
  

Gemfibrozil	
  
Glimepiride	
  
Glipizide	
  
Glyburide	
  
Fluoxymesterone	
  
HCTZ	
  

Irbesartan	
  
Lansoprazole	
  
Levothyroxine	
  
Lisinopril	
  

Losartan	
  
Mekormin	
  

Metoprolol	
  
Montelukast	
  
Omeprazole	
  
Pioglitazone	
  
Ramipril	
  
Rani6dine	
  

Rofecoxib	
  
Rosiglitazone	
  
Triamterene	
  
Valsartan	
  

Verapamil	
  
Warfarin	
  



Associa6on	
  with	
  Rhabdomyolysis	
  

	
  	
   	
  	
   Cases	
   Controls	
   Gemfibrozil	
  Users	
  Included	
  

	
  	
   Restric6on	
   n=72†	
   n=287†	
   OR	
   95%	
  CI	
   P	
  

Gemfibrozil	
   -­‐	
   32%	
   0%	
   inf	
   25.0-­‐inf‡	
   1.3	
  x	
  10-­‐15	
  
†	
  Prevalence	
  of	
  medica6on	
  use	
  in	
  restricted	
  popula6on	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Associa6on	
  with	
  Rhabdomyolysis	
  

	
  	
   	
  	
   Cases	
   Controls	
  

	
  	
   Restric6on	
   n=72†	
   n=287†	
   OR	
   95%	
  CI	
   P	
  

Gemfibrozil	
   -­‐	
   32%	
   0%	
   inf	
   25.0-­‐inf‡	
   1.3	
  x	
  10-­‐15	
  

Clopidogrel	
   CVD	
   50%	
   8%	
   29.6	
   6.1-­‐143	
   2.4	
  x	
  10-­‐5	
  
CVD	
  =	
  cardiovascular	
  disease	
  
†	
  Prevalence	
  of	
  medica6on	
  use	
  in	
  restricted	
  popula6on	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Associa6on	
  with	
  Rhabdomyolysis	
  

	
  	
   	
  	
   Cases	
   Controls	
  

	
  	
   Restric6on	
   n=72†	
   n=287†	
   OR	
   95%	
  CI	
   P	
  

Gemfibrozil	
   -­‐	
   32%	
   0%	
   inf	
   25.0-­‐inf‡	
   1.3	
  x	
  10-­‐15	
  

Clopidogrel	
   CVD	
   50%	
   8%	
   29.6	
   6.1-­‐143	
   2.4	
  x	
  10-­‐5	
  

Fluoxymesterone	
   -­‐	
   8%	
   0%	
   inf	
   4.4-­‐inf‡	
   1.2	
  x	
  10-­‐4	
  

Lansoprazole	
   -­‐	
   11%	
   3%	
   5.7	
   1.3-­‐24.0	
   0.018	
  

Propoxyphene	
   -­‐	
   8%	
   2%	
   4.8	
   1.7-­‐13.9	
   0.003	
  

Rofecoxib	
   -­‐	
   13%	
   4%	
   4.9	
   1.1-­‐20.8	
   0.033	
  

Rosiglitazone	
   DM	
   29%	
   5%	
   19.8	
   1.0-­‐402	
   0.052	
  
CVD	
  =	
  cardiovascular	
  disease,	
  DM	
  =	
  diabetes	
  mellitus	
  
†	
  Prevalence	
  of	
  medica6on	
  use	
  in	
  restricted	
  popula6on	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Excluding	
  Gemfibrozil	
  Users	
  

	
  	
   Gemfibrozil	
  Users	
  Included	
   Gemfibrozil	
  Users	
  Excluded	
  

	
  	
   OR	
   95%	
  CI	
   P	
   OR	
   95%	
  CI	
   P	
  

Clopidogrel	
   29.6	
   6.1-­‐143	
   2.4x10-­‐5	
   47.8	
   12.5-­‐182	
   1.6x10-­‐8	
  



Excluding	
  Gemfibrozil	
  Users	
  

	
  	
   Gemfibrozil	
  Users	
  Included	
   Gemfibrozil	
  Users	
  Excluded	
  

	
  	
   OR	
   95%	
  CI	
   P	
   OR	
   95%	
  CI	
   P	
  

Clopidogrel	
   29.6	
   6.1-­‐143	
   2.4	
  x	
  10-­‐5	
   47.8	
   12.5-­‐182	
   1.6	
  x	
  10-­‐8	
  

Fluoxymesterone	
   inf	
   4.4-­‐inf‡	
   1.2	
  x	
  10-­‐4	
   inf	
   5.8-­‐inf‡	
   2.9	
  x	
  10-­‐5	
  

Lansoprazole	
   5.7	
   1.3-­‐24.0	
   0.018	
   4.7	
   1.3-­‐17.5	
   0.020	
  

Propoxyphene	
   4.8	
   1.7-­‐13.9	
   0.003	
   2.7	
   0.6-­‐11.2	
   0.174	
  

Rofecoxib	
   4.9	
   1.1-­‐20.8	
   0.033	
   5.1	
   1.2-­‐22.1	
   0.031	
  

Rosiglitazone	
   19.8	
   1.0-­‐402	
   0.052	
   26.2	
   0.7-­‐989	
   0.078	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Confirma6on:	
  AERS	
  

•  FDA	
  Adverse	
  Event	
  Repor6ng	
  System	
  
•  Compared	
  medica6on	
  use	
  in	
  rhabdo	
  cases	
  using	
  
cerivasta6n	
  and	
  atorvasta6n	
  
–  Cerivasta6n:	
  June	
  1997	
  to	
  Aug	
  2001	
  	
  
–  Atorvasta6n:	
  Dec	
  1996	
  to	
  Jan	
  2001	
  	
  

•  ORs	
  from	
  logis6c	
  regression	
  
–  Adjusted	
  for	
  age,	
  gender,	
  and	
  6me	
  from	
  FDA	
  approval	
  

•  Analysis	
  repeated	
  excluding	
  gemfibrozil	
  users	
  

1.	
  Graham	
  DJ.	
  Am	
  J	
  Med.	
  2003;114:299.	
  



AERS	
  Results	
  

CER	
   ATOR	
   Gemfibrozil	
  Included	
  	
   Gemfibrozil	
  Excluded	
  	
  

N	
  =	
  594	
   N	
  =	
  75	
   OR	
   95% CI	
   P	
   OR	
   95% CI	
   P	
  

Gemfibrozil	
   48%	
   7%	
   24.6	
   8.1-74.5	
   1.1x10-8	
   -	
   -	
   -	
  



AERS	
  Results	
  

CER	
   ATOR	
   Gemfibrozil	
  Included	
  	
   Gemfibrozil	
  Excluded	
  	
  

N	
  =	
  594	
   N	
  =	
  75	
   OR	
   95% CI	
   P	
   OR	
   95% CI	
   P	
  

Gemfibrozil	
   48%	
   7%	
   24.6	
   8.1-74.5	
   1.1x10-8	
   -	
   -	
   -	
  

Clopidogrel	
   17%	
   0%	
   inf	
   2.6-inf‡	
   0.002	
   inf	
   5.2-inf‡	
   1.1x10-5	
  

Clopidogrel†	
   29%	
   0%	
   Inf	
   1.2-inf‡	
   0.037	
   inf	
   2.1-inf‡	
   0.003	
  
†	
  Restricted	
  to	
  aspirin	
  users	
  only	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Clopidogrel	
  

•  An6platelet	
  agent	
  used	
  to	
  treat	
  atherosclero6c	
  
cardiovascular	
  disease,	
  approved	
  in	
  1997	
  

•  Gene6c	
  variants	
  in	
  CYP2C19	
  associated	
  with	
  
decreased	
  efficacy	
  

•  Screening	
  study	
  of	
  in	
  vitro	
  inhibi6on	
  of	
  CYP2C8	
  
showed	
  modest	
  inhibi6on1	
  

•  No	
  prior	
  studies	
  have	
  assessed	
  whether	
  clopidogrel	
  
increases	
  risk	
  of	
  an	
  adverse	
  event	
  through	
  a	
  DDI	
  

1.	
  Walsky	
  RL.	
  J	
  Clin	
  Pharmacol.	
  2005;45:68.	
  



Summary	
  of	
  Findings	
  

•  Other	
  than	
  gemfibrozil,	
  six	
  medica6ons	
  that	
  
increased	
  the	
  risk	
  of	
  rhabdo	
  in	
  cerivasta6n	
  users	
  
– May	
  results	
  in	
  DDIs	
  with	
  other	
  medica6ons	
  cleared	
  by	
  
similar	
  pathways	
  

•  Strongest	
  associa6on	
  was	
  for	
  clopidogrel	
  
–  Supported	
  by	
  analysis	
  of	
  FDA	
  AERS	
  data	
  

•  Restric6ng	
  to	
  nonusers	
  of	
  gemfibrozil	
  did	
  not	
  
markedly	
  alter	
  most	
  findings	
  
–  Confounding	
  by	
  gemfibrozil	
  use	
  did	
  not	
  explain	
  findings	
  



Acknowledgements	
  

CHRU,	
  University	
  of	
  Washington	
  
Bruce	
  Psaty	
  
Kris6n	
  Marciante	
  
Susan	
  Heckbert	
  
Noel	
  Weiss	
  
Thomas	
  Lumley	
  
Kerri	
  Wiggins	
  
	
  

NHLBI	
  T32	
  Training	
  Grant	
  
David	
  Siscovick	
  

	
  

Dept	
  Medicinal	
  Chem,	
  Univ	
  Wash	
  
Rheem	
  Totah	
  
Rudi	
  Kaspera	
  
	
  

Univ	
  of	
  California	
  –	
  San	
  Francisco	
  
Pui-­‐Yan	
  Kwok	
  
Bani	
  Tamaraz	
  



Pa6ent	
  Characteris6cs	
  
Cases	
   Controls	
  

n	
   72	
   287	
  

Age,	
  mean	
  (SD)	
   76	
  (5)	
   80	
  (3)	
  

Male	
   32%	
   32%	
  
White	
   93%	
   88%	
  
Treated	
  hypertension	
   69%	
   70%	
  
Treated	
  diabetes	
   19%	
   20%	
  
Myocardial	
  infarc6on	
   22%	
   22%	
  
Stroke	
   17%	
   11%	
  
Cardiovascular	
  disease	
   67%	
   48%	
  
Conges6ve	
  heart	
  failure	
   14%	
   16%	
  
Atrial	
  fibrilla6on	
   19%	
   11%	
  
Asthma	
   19%	
   14%	
  

RHABDO	
  CASES:	
  
39%	
  renal	
  failure	
  
14%	
  dialysis	
  
3%	
  died	
  
	
  
Median	
  peak	
  CK	
  
	
  	
  -­‐	
  31,390	
  U/L	
  



Associa6on	
  with	
  Rhabdomyolysis	
  

	
  	
   	
  	
   Cases	
   Controls	
  

	
  	
   Restric6on	
   n=72†	
   n=287†	
   OR	
   95%	
  CI	
   P	
  

Gemfibrozil	
   -­‐	
   32%	
   0%	
   inf	
   25.0-­‐inf‡	
   1.3	
  x	
  10-­‐15	
  

Clopidogrel	
   CVD	
   50%	
   8%	
   29.6	
   6.1-­‐143	
   2.4	
  x	
  10-­‐5	
  

Fluoxymesterone	
   -­‐	
   8%	
   0%	
   inf	
   4.4-­‐inf‡	
   1.2	
  x	
  10-­‐4	
  

Lansoprazole	
   -­‐	
   11%	
   3%	
   5.7	
   1.3-­‐24.0	
   0.018	
  

Propoxyphene	
   -­‐	
   8%	
   2%	
   4.8	
   1.7-­‐13.9	
   0.003	
  

Rofecoxib	
   -­‐	
   13%	
   4%	
   4.9	
   1.1-­‐20.8	
   0.033	
  

Rosiglitazone	
   DM	
   29%	
   5%	
   19.8	
   1.0-­‐402	
   0.052	
  
CVD	
  =	
  cardiovascular	
  disease,	
  DM	
  =	
  diabetes	
  mellitus	
  
†	
  Prevalence	
  of	
  medica6on	
  use	
  in	
  restricted	
  popula6on	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



Excluding	
  Gemfibrozil	
  Users	
  

	
  	
   Gemfibrozil	
  Users	
  Included	
   Gemfibrozil	
  Users	
  Excluded	
  

	
  	
   OR	
   95%	
  CI	
   P	
   OR	
   95%	
  CI	
   P	
  

Clopidogrel	
   29.6	
   6.1-­‐143	
   2.4	
  x	
  10-­‐5	
   47.8	
   12.5-­‐182	
   1.6	
  x	
  10-­‐8	
  

Fluoxymesterone	
   inf	
   4.4-­‐inf‡	
   1.2	
  x	
  10-­‐4	
   inf	
   5.8-­‐inf‡	
   2.9	
  x	
  10-­‐5	
  

Lansoprazole	
   5.7	
   1.3-­‐24.0	
   0.018	
   4.7	
   1.3-­‐17.5	
   0.020	
  

Propoxyphene	
   4.8	
   1.7-­‐13.9	
   0.003	
   2.7	
   0.6-­‐11.2	
   0.174	
  

Rofecoxib	
   4.9	
   1.1-­‐20.8	
   0.033	
   5.1	
   1.2-­‐22.1	
   0.031	
  

Rosiglitazone	
   19.8	
   1.0-­‐402	
   0.052	
   26.2	
   0.7-­‐989	
   0.078	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  



AERS	
  Results	
  

CER	
   ATOR	
   Gemfibrozil	
  Included	
  	
   Gemfibrozil	
  Excluded	
  	
  

N	
  =	
  594	
   N	
  =	
  75	
   OR	
   95% CI	
   P	
   OR	
   95% CI	
   P	
  

Gemfibrozil	
   48%	
   7%	
   24.6	
   8.1-74.5	
   1.1x10-8	
   -	
   -	
   -	
  

Clopidogrel	
   17%	
   0%	
   inf	
   2.6-inf‡	
   0.002	
   inf	
   5.2-inf‡	
   1.1x10-5	
  

Clopidogrel†	
   29%	
   0%	
   Inf	
   1.2-inf‡	
   0.037	
   inf	
   2.1-inf‡	
   0.003	
  
†	
  Restricted	
  to	
  aspirin	
  users	
  only	
  
‡	
  Exact	
  methods	
  used	
  to	
  es6mate	
  CI	
  


