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Severe Liver Injury
• Defined in this review as ALT >3xULN 

and TBL >2xULN

• Rationale:
• ALT (alanine aminotransferase) is a sensitive 

test for severe liver injury but poorly specific

• Evaluating concurrent TBL (total bilirubin) 
improves specificity and increases positive 
predictive value for serious outcomes
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“Hy’s Law” – severe liver injury
• Instances (even very few of them) of transaminase elevation 

accompanied by elevated bilirubin (even if obvious jaundice was 
not present) have been associated with, and have often 
predicted, post-marketing serious liver injuries (fatal or requiring 
transplant)*

• Estimated mortality at least 10%

• Explanation: hepatocellular injury great enough to interfere with 
bilirubin excretion (in the absence of biliary obstruction) involves a 
large fraction of the liver cell mass

* Zimmerman HJ. Drug-induced liver disease. In: Hepatotoxicity The Adverse Effects of Drugs
and Other Chemicals on the Liver. Appleton-Century-Crofts, New York, 1978, 1999.
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FDA Experience with Hepatotoxins 
“Hy’s Law” with Troglitazone

In the Troglitazone NDA database (n=2510):

• No cases of liver failure

• 1.9% of patients had ALT >3x ULN

• 0.2% (5 patients) had ALT >30x ULN (two with 
jaundice) » “Hy’s Law” cases in retrospect
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FDA Experience with Hepatotoxins 
“Hy’s Law” with Troglitazone

• Drug was withdrawn from US market in 
March 2000 

• FDA reviewed 94 cases of drug-induced liver failure 
received postmarketing *

• Progression to irreversible liver injury occurred within 
less than one month interval in 19 of these patients

• Casts doubt on the value of monthly 
monitoring in setting of rapid liver injury

* Graham DJ, Green L, Senior JR, Nourjah P. Troglitazone-induced liver failure: 
a case study. Am J Med 2003; 114: 299-306.
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FDA Experience with Hepatotoxins 
“Hy’s Law” with Ximelagatran

• Ximelagatran, an anticoagulant drug (direct thrombin 
inhibitor) developed for similar indications as rivaroxaban

• 37/6948 (0.5%) ximelagatran-treated patients with severe 
liver injury vs. 5/6230 (0.08%) receiving warfarin (relative 
risk 6.6) 

• Expert adjudication found positive causality assessment in 
19/6948 ximelagatran-treated patients compared to 
2/6230 patients in the comparator groups (relative risk 
8.5) 

• No signal for severe liver injury was detected in short-term 
orthopedic trials  but strong signal in long-term a-fib trials
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FDA Experience with Hepatotoxins 
“Hy’s Law” with Ximelagatran

• Analysis of long-term data showed initial signs of liver 
injury within the first 30 days for six study subjects 
who went on to develop severe liver injury, of which 
four cases adjudicated as causally related to 
ximelagatran

• Advisory Committee voted that potential benefits of 
ximelagatran did not outweigh the risks 

• Drug not approved in the US 

• Later, sponsor decided to withdraw drug from 
worldwide marketing
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Graphic Display of Lab Data for a Hypothetical Drug

Slide and graphic concept courtesy of Dr. John Senior, FDA
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Clinical Lab Data from RECORD 1-4 *

RECORD 1-4: rivaroxaban (n=6183) vs. enoxaparin (n=6200)
Slide courtesy Dr. Ted Guo, FDA

Riva  N=10
Enox N=10

Riva  N=146
Enox N=227

Riva  N=41
Enox N=42

Riva  N=6986
Enox N=5921
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Enoxaparin Labeling
• Approved: March 29, 1993

• Labeled liver events: Asymptomatic increases 
in ALT greater than 3 times upper limit of 
normal have been reported in 5.9% of 
patients

• Elevations reversible and rarely associated 
with bilirubin increases*

* LOVENOX (enoxaparin sodium injection) prescribing information (May 2008, sanofi-aventis)
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LAP* Causality Assessments for Potential 
“Hy’s Law” Cases in RECORD 1-4

• Rivaroxaban
• Total with concurrent increased ALT >3xULN 

and TBL >2xULN = 9 cases 
• Possibly related to drug (LAP) = 7 cases

• Enoxaparin
• Total with concurrent increased ALT >3xULN 

and TBL >2xULN = 7 cases 
• Possibly related to drug (LAP) = 3 cases

* LAP (Liver Advisory Panel) is the Sponsor’s expert hepatology panel
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Clinical Lab Data from Ongoing Blinded  ROCKET 
Study with Dummy Treatment Codes (Blind Fully 

Preserved)

Slide courtesy Dr. Ted Guo, FDA

N=20

N=142

N=152

N=10673
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Clinical Lab Data from Long-Term Open 
Label Study EINSTEIN DVT/PE (11702)

Slide courtesy Dr. Ted Guo, FDA

Riva N=3 
Enox N=1

Riva N=33 
Enox N=55

Riva N=10 
Enox N=6

Riva N=1636 
Enox N=1611
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Fatal case with liver injury and heart 
failure from EINSTEIN DVT/PE study

Slide courtesy Dr. Ted Guo, FDA
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OSE Conclusion and 
Recommendation

• A potential signal for severe liver injury with 
rivaroxaban has not been fully characterized at 
this time.  

• Complete assessment, fully evaluating pertinent 
safety data from long term clinical trials, should 
be undertaken.
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