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Drug-Induced Liver Injury (DILI) 
Background (I)  

 The most frequent cause of drug withdrawal in 50 years   
(troglitazone, benoxaprofen, bromfenac, ticruynafen, ximelagatran, etc.) 

 A frequent cause for limiting drug use                                      
(isoniazid, labetalol, trovafloxacin, felbamat, nefazodone,etc.) 

 The leading cause of acute liver failure (ALF) in the US and EU 

 Exceeds all other ALF causes combined  



 DILI Background (II)  

  

Most significant DILI events in the clinic are idiosyncratic 

  Presently there are no diagnostic or predictive DILI biomarkers  

ALT is a sensitive but nonspecific marker for hepatocellular DILI  

  Animal studies generally do not predict idiosyncratic DILI 

  DILI may be predicted by careful data collection and analysis in 

early phases of clinical development 

   



 Risk of DILI in NASH patients  

  

Are NASH patients susceptible to DILI? 

  



Risk of DILI in NASH Patients   

  

Still a matter of debate due to scarce and mixed evidence.    

Generally, it is believed that chronic liver disease does not 

predispose to DILI1-4 

“The often cited warning that drugs known to produce hepatic 

injury should not be given to patients with liver disease has little 

foundation in fact”  

 

Advanced pre-existing liver disease may lead to worse outcome 

when DILI occurs. 
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 Current Guidelines  

  

What do current guidelines teach us about DILI in 

NASH clinical trials?  

  



 Presently, most drug makers rely on regulatory guidlines1,2 and 

published position papers3-5. 

Most published guidelines address comprehensively clinical 

trials enrolling patients with normal livers. 

 However, they typically do not cover issues pertaining to 

patients with pre-existing liver diseases such as NASH. 

 As a result, approaches and practices of assessment of liver 

safety vary greatly between drug makers. 
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 Hy’s Law and NASH patients  
 

  

Should Hy’s law be applied to NASH patients? 

  



Hy’s Law Criteria*  

 ALT/AST ≥ 3X ULN 

 Total bilirubin ≥ 2X ULN 

 No initial cholestasis                                        
(alkaline phosphatase < 2X ULN) 

 No other cause of liver injury 

*as defined by FDA Guidance for Industry 2009 
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Hy’s Law and DILI Prediction  

 Hy’s Law cases carry >10% risk of live transplant or death 

 Two Hy’s Law cases in a clinical trial of 1,000 subjects                           

-          risk of liver transplant or death: >2:10,000             

    -          risk post marketing: >200 per million                          

 Unacceptable risk for almost all drugs  

  



ALT & AST Values in NASH  
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 ALT values in NASH clinical trials: 

 76 ± 431   

 52 ± 392 

 81 ± 483 

 61 (38 to 85)4 

 ALT values> 3x ULN are possible   

 AST values typically lower than ALT 

 



 Hy’s Law and NASH patients  
 

  

 Can Hy’s law be applied to NASH patients 

with baseline ALT> 3x ULN? 

 Per definition, a case that has another cause for 

elevated ALT would not meet the full 

definition of HY’s law.    



 eDISH for NASH Databases  

  

Can eDISH be applied to NASH databases? 

  



eDISH Plot (Evaluate Drug Induced  

Severe Hepatotoxicity) 



ALT/AST Exclusion Criteria  
 

  

Which ALT/AST level should be an 

exclusion criterion?    



ALT/ AST Exclusion Criteria in  
NASH Clinical Trials 

 

 “If the drug is intended to be prescribed or marketed to such 
patients after approval, they should be studied during 
controlled trials.”1 

 ALT> 200 U/L is uncommon in NASH patients.  

 Inclusion of patients with high ALT levels may lead to 
potential difficulties: 

 Increased likelihood of underlying liver disease other than 
NASH 

 Difficulties in detection and monitoring of potential DILI 

 
   

1. FDA Guidance for Industry. July 2009 



Hepatic Stopping Rules  
 

  

When should the study drug be 

discontinued?  



Hepatic Stopping Rules  
 

  1 

1. FDA Guidance for Industry. 2009 

Discontinuing the drug too early will interfere with 
understanding the drug’s hepatic safety profile, and will 
potentially increase the risk post-marketing.   



Hepatic Stopping Rules  
 

  
 Suggested stopping rules for NASH patients in previous 

position papers:1  

 ALT/AST>3x baseline or >500 U/L  

 New onset jaundice (total bilirubin ≥ 3 mg/dl) 

 Increase in ALT/AST < 3x baseline, associated with 

symptoms 

 Difficult to apply in patients with low normal ALT/AST values 

 May need to be adjusted based on individual baseline values or 

best pre-event values.  

  

1. Sanyal et al. Hepatology. 2011; 54: 344–353 



Summary 

There is no clear evidence of increased risk of DILI in NASH 

patients, however patients with advanced NASH may have worse 

outcome when DILI occurs.   

 Current regulatory guidelines do not address specific questions 

related to detection assessment and monitoring of DILI in NASH 

patients.    

 Hy’s law and eDISH may be difficult to apply to all NASH patients, 

especially those with baseline ALT>3x ULN.  

 ALT/AST exclusion criteria may have important implications in 

NASH studies, and need to be pre-determined.   

 Hepatic stopping rules may need to be adjusted based on baseline 

(or best pre-event) ALT/AST levels.  

Studies of large cross-pharma databases will enable better 

understanding and improved approaches for detection and 

assessment of DILI in NASH clinical trials.  

 



Thank you! 


