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Abstract

AIM: To analyze the outcome of patients with severe
drug-induced liver disease (DILD) associated with
jaundice classified as hepatocellular, cholestatic or mixed
liver injury and to evaluate the validity of Hy’s rule and
the most important predictors for outcome.

METHODS: The Adverse Drug Reaction Advisory
Committee was set up in 1997 in our hospital to
identify all suspicions of DILD following a structured
prospective report form. Liver damage was divided into
hepatocellular, cholestatic, and mixed types according to
laboratory and histologic criteria when available. Further
evaluation of causality assessment was performed.

RESULTS: From January 1997 to December 2004, 265
patients were diagnosed with DILD, and 140 (52.8%)
of them were female. hepatocellular damage was the
most common (72.1%), the incidence of death was
9.9% in patients with hepatocellular damage and 9.5%
in patients with cholestatic/mixed damage (P < 0.05).
There was no difference in age of dead and recovered
patients. The proportion of females and males was
similar in recovered and dead patients, no difference
was observed in duration of treatment between the two
groups. The serum total bilirubin (P < 0.001), direct
bilirubin (P < 0.001) and aspartate transaminase (AST)
(P = 0.013) values were higher in dead patients than
in recovered patients. Chinese herbal medicine was the
most frequently prescribed, accounting for 24.2% of the
whole series. However, antitubercular drugs (3.4%) were
found to be the primary etiological factor for fetal DILD.
Factors associated with the development of fulminant
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hepatic failure were hepatic encephalopathy (OR =
43.66, 95% CI = 8.47-224.95, P < 0.0001), ascite (OR
= 28.48, 95% CI = 9.26-87.58, P < 0.0001), jaundice
(OR = 11.43, 95% CI = 1.52-85.96, P = 0.003), alcohol
abuse (OR = 3.83, 95% CI = 1.26-11.67, P = 0.035)
and direct bilirubin (OR = 1.93, 95% CI = 1.25-2.58, P
= 0.012).

CONCLUSION: Death occurs in 9.8% of patients with
DILD. Chinese herbal medicine stands out as the most
common drug for DILD. While antitubercular drugs are
found to be the primary etiological factor for fetal DILD,
hepatic encephalopathy, ascites, jaundice, alcohol abuse
and direct bilirubin levels are associated with the death
of DILD patients.
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INTRODUCTION

Drug-induced liver disease (DILD) is an adverse drug
reaction-induced disease. Almost all drugs can elevate liver
enzyme level and cause DILD. However, the majority of
drugs exhibit low incidences of hepatic adverse reactions.
Therefore, DILD is mostly identified only after broad
clinical drug application (phase IV). Well-established
causes of DILD include non-steroidal anti-inflammatory
drugs (NSAIDs), antibiotics, antiepileptics, statins,
tuberculostatics and herbal medicines'.

High serum aminotransferase (hepatocellular injury)
and jaundice levels induced by different drugs have been
reported to result in a mortality of 10%-50%""". These
observations have been named “Hy’s rule” after Hyman
Zimmerman, who first described them. The rule states
that if both drug-induced hepatocellular injury and
jaundice occur simultaneously without biliary obstruction,
a mortality of at least 10% can be expectedp’S’bJ. Hy’s rule
defined as DILD with serum alanine aminotransferase
(ALT) levels 3 or more times the upper limit of normal
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(ULN) + serum bilirubin levels 2 or more times the ULN
level, has been advocated by the US Food and Drug
Administration for use in the assessment of hepatotoxicity
of newly developed drugs[5’7]. However, this rule has never
been scientifically validated. The sensitivity and specificity
of clinical jaundice for the outcome in patients with drug-
induced hepatocellular (HC) injury are unknown. The
most important predictors of outcome in DILD with
HC injury have not been analyzed in a large number of
patients. Furthermore, information about the prognosis
in other forms of DILD (e.g,, DILD with cholestatic or
mixed damage) is limited.

In our hospital, a systematic monitoring system for
DILD has been in use since 1997, with regular causality
assessment offering the opportunity to evaluate a large
number of patients with DILD. The aim of this study
was to analyze the outcome of patients with severe DILD
associated with jaundice classified as HC, cholestatic (CS),
or mixed liver injury and to evaluate the validity of Hy’s
rule and the most important predictors for outcome.

MATERIALS AND METHODS

All reports of suspected drug-induced liver injury received
by the Adverse Drug Reaction Advisory Committee
(ADRAC) in our hospital between 1997 and 2004 have
been computerized and are available for legally acceptable
users with a password online. Our analysis was restricted
to patients with serum bilirubin levels two-fold higher
than the ULN level. Furthermore, in patients with HC
injury, our analysis was restricted to those patients with
ALT levels 3 or more times the ULN level as well as serum
bilirubin levels 2 or more times the ULN level.

A total of 301 reports fulfilling these criteria
were evaluated using international consensus criteria
[RousselUclaf causality assessment method (RUCAM)]™
to assess the probability of a causal relationship between
drug exposure and liver disease. Causality assessment was
performed based on information about the onset time
of reaction of the drug, the development of liver tests
after cessation of the drug, the presence of risk factors,
and known hepatotoxicity of the suspected drug and
concomitant drug or drugslgj. Furthermore, investigations
were performed to exclude non-drug causes for the
reaction. Thus, abnormal liver tests shortly after the use
of a new drug, rapid decline of abnormal liver test values
after stopping the drug, and exclusion of other causes
gave high scores compatible with the drug as a possible,
probable, or highly probable cause of the reaction'™. If
the report did not receive a high enough score to consider
a causal relationship with the suspected drug, the reaction
did not likely occur in accordance with the criteria or the
relationship was excluded. Each author scored approximately
one fifth of the cases. We all performed assessment of
100 cases independently and found very low intraobserver
variability with no disagreement in the assessment of cases.

Because many patients had been exposed to several
drugs at the time when liver injury occurred, it is not
always possible to deduce which drug is most likely
responsible for it. In such cases, the reaction was judged to

bepotentially caused by more than one drug. On the other
hand, if there was a close temporal relationship between
the liver injury and treatment of patients with only one
of many drugs, which was then considered to be the
suspected drug,

The computerized reports include all relevant facts
from medical records and the results of laboratory
investigations. The following information was collected
from the reports: duration of exposure, drug(s) suspected
to be responsible, age and sex of the patients, duration of
treatment, type of liver injury, results of AST and ALT
as well as alkaline phosphatase (ALP) and bilirubin tests,
nondrug causes, and outcome of the patients (recovery,
death or liver transplantation).

The type of liver damage was classified according to
the International Consensus Meeting criteria®”, using ALT
and alkaline phosphatase activity, expressed as a multiple
of the upper limit of normality, to determine the ratio (R)
of ALT/AP. The type of liver damage was hepatocellular
when R > 5, cholestatic when R < 2, and mixed when R > 2
but < 5. The liver tests used for the classification of liver
damage wete the first blood test available after liver injury.

Statistical analysis

For descriptive purposes, Fisher’s exact test was used to
test differences in dichotomous variables between groups.
Mann-Whitney test was used for continuous variables.
Stepwise logistic regression was performed for multivariate
purposes to predict death. All tests were two-tailed and
conducted at a 5% significance level.

RESULTS

During 1997-2004, ADRAC received 301 reports of
suspected DILD. Of which 265 reports of DILD fulfilled
the RUCAM criteria for at least a possible relationship.
According to the RUCAM criteria, 22 reports (8.3%) had a
possible relationship, 183 (69.1%) a probable relationship,
and 60 (22.6%) a highly probable relationship. These
265 reports with a possible/probable/highly probable
relationship to drug(s) included 191 with HC injury, 51
with CS injury, and 23 with mixed liver injury (Table
1).Table 1 shows the age and sex, duration of treatment,
and peak liver test values in patients with different types of
DILD.

There were no differences in the age of patients
with HC or CS or mixed injury (P = 0.127). A higher
proportion of females were observed in all different
subgroups, in which females accounted for 53%. The total
protein was different both in patients with HC and CS
mnjury (P = 0.003) and in those with CS and mixed injury
(P = 0.041). The difference in albumin between patients
with HC and CS injury was significant (P < 0.001). Total
and direct bilirubin levels were higher in patients with CS
injury than in those with HC injury (P = 0.043 and P <
0.001 respectively) and mixed injury (P < 0.001 and P = 0.01
respectively). Obviously, the ALT, AST and ALP values
were different in patients with mixed injury or with HC or
CS injury.

Twenty-six (9.8%) of the 265 patients died of liver
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Table 1 A age and sex, duration of treatment, and peak liver

test values in patients with different types of DILD
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Table 3 Comparison between died and recovered patients with
hepatocellular injury or with cholestatic/mixed liver injury

Total Hepatocelluar Cholestatic Mixed
Number 265 191 51 23
Age (X *5) 48.6+13.7 47.8+13.8 521+13.0 473+14.0
Sex (F/M) 140/125  100/91 27/24 13/10
Duration of 25.9 24.6 314 21.7
treatment (d) (1-121) (1-120) (8-121) (1-47)
Total bilirubin 95.7 67.5 236 105.5
(umol/L) (7-701) (7-701) (11-615) (14-630)
Direct bilirubin 494 31.8 126.8 47.5
(umol/L) (2-461) (2-338) (3-461) (3.3-281)
Total protein (g/L) 66.9 +9.4 67.7£9.6 63.3+8.8 68.1+8.0
Albumin (g/L) 381+73 39.1+6.9 349+83 364162
ALT (U/L) 351.5 313.8 123.4 557
(13-2652)  (20-2652) (13-1079)  (92-1600)
AST (U/L) 230.1 2829 111.8 393
(18-1925)  (19-1925) (18-1165)  (48-1553)
ALP (U/L) 141.8 69.6 117.8 318.8
(51-1165)  (51-370) (70-1165)  (147-801)
GGT (U/L) 200.7 112.9 254 241
(16-3102) (17-788) (16-3102) (87-969)

The laboratory parameters are all peak values before treatment.

Table 2 Comparison between died and recovered patients with

DILD

Died Recoverd P
Age 52+13.8 48+13.7 0.187
Sex (/M) 13/13 127/112 NS
Duration of treanment (d) 29 (1-79) 25.7 (1-121) NS
Total bilirubin 333.3 (38-695) 82.7 (7-701) <0.001
Direct bilirubin 218.2 (11.5-330) 44.0 (2-461) <0.001
ALT 351 (78-1906) 341.8 (13-2652)  0.293
AST 339 (52-1700) 213.8 (18-1925)  0.013
ALP 139.1 (51-561) 144.4 (51-1165)  0.805
GGT 124.8 (44-1483)  203.8 (16-3102)  0.193

The laboratory parameters are all peak values. Results are expressed as mean
+SD or medians.

failure (Table 2).The following drugs were associated with
death: antitubercular drugs (# = 9), medicinal herbs (» = 5),
immunodepressants (# = 2), antimycotic drugs (# = 2),
antiinfection drugs (# = 1), nonsteroidal anti-inflammatory
drugs (z = 1), antidepressant drugs (» = 1), antithyroid
drugs (» = 1), antigout preparation (z = 1), and other
drugs (# = 3). There were no differences in age of the
dead and recovered patients. The proportion of females
and males was similar in recovered and dead patients,
and no difference was observed in duration of treatment
between them.

The levels of serum total bilirubin, direct bilirubin
and AST were higher in dead patients than in recovered
patients, whereas the levels of ALT, ALP and GGT were
similar in the two groups.

A comparison between the dead and recovered
patients in the HC group revealed no differences in age,
sex, duration of treatment, ALT or ALP (Table 3). Total
bilirubin and AST levels were higher in deceased patients
with HC injury than in those with CS/mixed injury, while
total bilirubin levels were significantly higher only in

www.wjgnet.com

Hepatocellular injury Cholestatic/mixed injury

Died Recovered Died Recovered
Number 19 172 7 67
Age 51.3+134 475+13.9 54.0+15.7 50.3+13.2
Sex, F/M (%)  11/8 89/83 2/5 38/29
Duration of 30.8 23.8 22 30
treatment (1-79) (1-120) (13-40) (1-121)
Total 330.5 67.6 169.6 83.8
bilirubin (38-695) (7-701)" (50-630) (11-615)°
ALT 488.5 414.5 230.5 192.5
(106-2652)  (20-1906) (78-692) (13-1600)
AST 392.3 270.8 265.5 143.0
(99-170) (19-1925)" (52-1272)  (18-1553)
ALP 133.7 130.1 268 310.1
(51-370) (51-266) (70-561) (72-1165)

The laboratory parameters are all peak values. Results are expressed as mean
+5D or medians. °P < 0.05, °P < 0.001 s the control group.

Table 4 Factors associated with death of the patients with DILD

Independent variables Coefficient OR (95% CI) P
HE 2.232 43.66 (8.47-224.95) <0.001
Ascite 2.883 28.48 (9.26-87.58) <0.001
Jaundice 1.124 11.43 (1.52-85.96) 0.003
Alcohol abuse 1.511 3.83 (1.26-11.67) 0.035
Direct bilirubin -0.007 1.93 (1.25-2.58) 0.012

CI = confidence interval; OR = odds ratio, HE = hepatic encephalopathy,
Constant = -15.37.

deceased patients (Table 3).

Logistic regression analysis showed that hepatic
encephalopathy (P < 0.001), ascite (P < 0.001), jaundice
(P =0.003), alcohol abuse (P = 0.035) and direct bilirubin
(P = 0.012) could independently predict death (Table 4).

The drugs associated with DILD are listed in Table
5. The largest number of reports on drug-induced fatal
HC injury was related to antitubercular drugs (because
only 2 DILDs were associated with antigout drug, we did
not calculate the mortality induced by this drug). In this
group, 7 out of the 20 patients died (35%).The second
most commonly reported drug type associated with
mortality was antifungal agents (33.3%). The mortality
ranging from 35% of antitubercular drugs to 0% in
reports is related to many other drugs. As in CS/mixed
injury, the highest number of reports of death is related
to immunosuppressive agent (28.6%). The mortality
ranges from 0% with most of the drugs to 28.6%. Overall,
antitubercular drugs (32.1%) are the primary etiological
factor for fetal DILD.

DISCUSSION

Drug-induced hepatotoxicity remains a challenge to
modern hepatology. Hepatotoxicity is typically detected
when several thousands of patients are exposed to drugs,
and regulatory authorities are often compelled to make
dicisions based on scanty, fragmentary, and incomplete
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Hepatocellular Death Cholestatic/mixed  Death Total study group Death
Antituberculous drugs 20 7 8 2 28 9
Immunodepressant 26 0 7 2 33 2
Antineoplastic agent 8 0 6 0 14 0
Antibiotics 17 1 8 0 25 4
Chinese herbal medicine 51 5 13 0 64 5
Antipyretic analgesic 8 1 2 0 10 1
Antidepressant drug ) 0 5 1 10 1
Cardiovascular drugs 10 0 1 0 11 0
Sedative hypnotics 1 0 0 0 1 0
Drugs for peptic ulcer 1 0 0 0 1 0
Antithyroid drugs 12 0 11 1 23 1
Antifungal agent 6 2 2 0 8 2
Hypoglycemic agent 5 0 2 0 7 0
Drugs for prostate 1 0 0 0 1 0
Antigout drug 2 1 0 0 1
Others 18 2 9 1 27 3)

epidemiologic data. In addition, a major challenge is the
ability to identify predisposed subjects before they receive
drugs. The susceptibility of individuals to genetic and
environmental factors is still poorly understood. In this
study, we analyzed cases of toxic liver injuty prospectively
collected from our hospital during the past 8 years.

Hyman Zimmerman, the pioneer in the field of DILD,
observed that combined HC injury (high aminotransferase)
and jaundice induced by a drug is associated with the poor
prognosis of patients, with a fatality rate of 10%-50% for
different drugs involved (Hy’s rule)” . Tt was reported that
a new drug should be stopped in patients if their AST and
ALT levels are 3-fold higher than ULN level, and bilirubin
levels are 2-fold higher than ULN level”. Concomitant
jaundice and hepatocellular injury observed in clinical trials
of new drugs are considered to cause serious troubles
concerning safety in the postmarketing phase, when a
much larger number of patients are exposed to drugsm.

Our analysis is unique because it was performed in
a large cohort of patients with severe DILD, giving the
opportunity to elucidate the most important predictors
for outcome. Adverse drug reactions are significantly
underreported. The true incidence of hepatic adverse drug
reactions has been recently observed. However, a recent
prospective survey of drug-induced liver injury in the
general population in France suggests that at most, only 1
out of 16 cases of DILD in France is actually reportedlml.

Heptatotoxicity was found in a higher proportion of
females (53%) in our study, which is consistent with the
reported epidemiologic data'". No difference was found
in age of the deceased and recovered patients in our study.
A recent study from Japan reported that there is also no
difference in age of decreased and recovered patients
with DILD"?, The levels of serum total bilirubin and
AST were higher in deceased patients than in recovered
patients, whereas ALT, ALP and GGT levels were similar
in the two groups in the current study, suggesting that
hepatic encephalopathy, ascites, jaundice, alcohol abuse
and direct bilirubin increase the risk of death in patients
with DILD.

We found that the main causative drugs were Chinese

herbal medicine (24.2%), followed by immunosuppressive
agents (12.5%), antituberculous drugs (10.6%), antibiotics
(9.4%), antithyroid drugs (8.7%). But antituberculous
drugs (32.1%) were the leading cause of fatal DILD.

In summary, Chinese herbal medicine is the most
common drug associated with liver injury, and the
mortality rate is 9.8% in patients with DILD. Hepatic
encephalopathy, ascites, jaundice, alcohol abuse and
direct bilirubin are associated with the death of patients
with DILD. Our ADRAC has proved to be an effective
instrument in detecting cases of idiosyncratic liver disease
and delineating a profile of risk factors for severity.
Further efforts must be made to prevent hepatic adverse
reactions to drugs.
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