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Definition and risk factors for chronicity following
acute idiosyncratic drug-induced liver injury
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Background & Aims: Chronic outcome following acute idiosyn-
cratic drug-induced liver injury (DILI) is not yet defined. This
prospective, long-term follow-up study aimed to analyze time
to liver enzyme resolutions to establish the best definition and
risk factors of DILI chronicity.

Methods: 298 out of 850 patients in the Spanish DILI registry
with no pre-existing disease affecting the liver and follow-up to
resolution or >1 year were analyzed. Chronicity was defined as
abnormal liver biochemistry, imaging test or histology one year
after DILI recognition.
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Results: Out of 298 patients enrolled 273 (92%) resolved <1 year
from DILI recognition and 25 patients (8%) were chronic. Inde-
pendent risk factors for chronicity were older age [OR: 1.06,
p=0.011], dyslipidemia [OR: 4.26, p=0.04] and severe DILI
[OR: 14.22, p =0.005]. Alanine aminotransferase (ALT), alkaline
phosphatase (ALP) and total bilirubin (TB) median values were
higher in the chronic group during follow-up. Values of ALP and
TB >1.1 x upper limit of normal (XULN) and 2.8 XULN respectively,
in the second month from DILI onset, were found to predict
chronic DILI (p <0.001). Main drug classes involved in chronicity
were statins (24%) and anti-infectives (24%). Histological exami-
nation in chronic patients demonstrated two cases with ductal
lesion and seven with cirrhosis.

Conclusions: One year is the best cut-off point to define chronic
DILI or prolonged recovery, with risk factors being older age, dys-
lipidemia and severity of the acute episode. Statins are distinctly
related to chronicity. ALP and TB values in the second month
could help predict chronicity or very prolonged recovery.

Lay summary: Drug-induced liver injury (DILI) patients who do
not resolve their liver damage during the first year should be con-
sidered chronic DILI patients. Risk factors for DILI chronicity are
older age, dyslipidemia and severity of the acute episode. Chronic
DILI is not a very common condition; normally featuring mild
liver profile abnormalities and not being an important clinical
problem, with the exception of a small number of cases of early
onset cirrhosis.
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Screened population
850

Met inclusion criteria
351
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Inclusion criteria:

+ Survival of the index episode without a liver
transplantation

* DILI cases that resolved or DILI cases that did
not resolve but had follow-up 21 year

+ During follow-up all cases had appointments
scheduled at least every 6 months in the first year
and at least annually in the consecutive years.

Exclusion criteria:

« Underlying chronic liver disease (22)
« Systemic diseases affecting the liver (17)

Study cohort
298

« Miscelaneous causes (14)

[

Chronic
(>1 year) 25 (8%)

|

Up to 3 years

{ ! !

<3 months HC
<6 months Chol-mix

\

Acute
(1 year) 273 (92%)
|

1 v

>3 months HC
>6 months Chol-mix
99 (36%)

174 (64%)

N?” Resolution No resolution
classificable, 8 (32%) 16 (64%)
Loss of follow-up
after 1 year
1(4%)
After 3 years
|
Resolution No resolution
4 (25%) 12 (75%)

Fig. 1. Flow chart of the study cohort.

© 2016 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Drug-induced liver injury (DILI) is a rare and often unpredictable
adverse reaction to many drugs in common use. It represents a
leading cause of acute liver failure in Western countries and
one of the most common reasons for attrition during drug devel-
opment and adoption of post-marketing regulatory actions [1].

DILI can present with a wide range of histological findings and
phenotypes as a result of the interaction of a drug specific signa-
ture with host factors [2,3]. Withdrawal of the offending drug is
characteristically followed by resolution of liver damage except
for a minor percentage of cases that evolve to fulminant hepatic
failure or become chronic.

Analyses of retrospective databases [4] and prospective col-
laborative networks [5-8] have yielded reliable figures on prog-
nosis of acute DILI and identified risk factors for acute liver
failure and liver related-death.

There is a general belief that acute DILI persisting beyond
6 months should be considered chronic, similar to that occurring
with viral hepatitis B or C [9]. However, very few studies have
addressed the rate of persistence in liver biochemistry alterations
after drug discontinuation in patients with acute DILI after longer
follow-up. A retrospective evaluation of 33 DILI cases found
impaired liver tests or imaging-based evidence of chronic liver
disease in 11 of the cases [10]. Furthermore, a retrospective anal-
ysis of 685 patients with acute DILI and jaundice found 8 patients
who had developed cirrhosis (5 cryptogenic) in a mean follow-up
of 10 years [11]. However, the retrospective design of these stud-
ies precludes a reliable estimation of the true incidence of
chronicity and the resolution time course of biochemical alter-
ations in patients with DILI. Chronic liver injury was initially
defined as increases in liver test values >3 months [12]. In a later
study, chronicity of cholestatic/mixed type of injury was consid-
ered as elevated liver biochemistry values >6 months from DILI
onset, assuming that these types of injuries frequently require
longer time to resolution [13]. In addition, the United States DILI
Network consider chronicity as persistently elevated liver bio-
chemistry on two separate occasions; histological or radiological
evidence of persistent liver injury at 6 months or more after DILI
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patients (not included) had not recovered after 3 years. Chol, cholestatic; HC, hepatocellular; Mix, mixed.

onset [14]. Hence, the best definition of DILI chronicity remains a
matter of debate [12-16].

In the present study, we aimed to describe the outcome of
prospectively followed patients who survived an acute DILI epi-
sode with an emphasis on the time course of the liver biochem-
ical profile in order to determine the best cut-off point to define
chronicity, and search for risk factors related to chronicity and
clinical consequences of the chronicity.

Patients and methods
Study design

The study population consisted of idiosyncratic drug-induced liver injury cases
included in the Spanish DILI registry founded in April 1994. The operational struc-
ture of the registry, data recording and case ascertainment has been reported
elsewhere [5]. Case report forms contain full information necessary to ascertain
causality: (a) compatible temporal relationship between drug intake and appear-
ance of liver disease; (b) serology biochemical, imaging and histological data to
exclude alternative liver diseases; and (c) outcome of liver damage. Cases were
identified by clinicians from 30 Spanish hospitals.

The criteria for DILI was initially those established by a group of experts (ala-
nine aminotransferase, ALT >2 times the upper limit of normal (XULN), conju-
gated bilirubin >2 XULN or combined elevations in aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and total bilirubin (TB) provided one of them
is above 2 xULN) [12] and later restricted to the consensus criteria adopted in
2011 (ALT >5 xULN, ALP >2 xULN or ALT >3 xULN+TB >2 xULN) [15].
Eighty-four percent of the cases fulfilled these later criteria. The pattern of liver
injury was classified based on R ratio values, (ALT/ULN)/(ALP/ULN). Cases were
considered hepatocellular (HC) when R >5, cholestatic (Chol) when R <2 and
mixed (Mix) when 2 <R <5 according to the criteria of the international consensus
meeting for DILI) [12]. Severity was classified as mild, moderate, severe or fatal
based on the DILI severity index defined in 2011 [15].

We have defined chronicity as persistent ALT, AST, TB or ALP elevations >1
XULN or imaging or histology data compatible with chronicity (irrespective of
laboratory data) after one year from DILI recognition. Patients whose liver
enzyme values returned to within laboratory references ranges in less than one
year, regardless the type of damage, without chronicity signs previously
described were defined as acute. Acute DILI patients were followed at least up
to resolution. Chronic DILI patients were followed more than one year.

The definition of dyslipidemia was based on the criteria of the national
cholesterol education program’s adult treatment panel III (ATPII): total

cholesterol >240 mg/dl, HDL cholesterol <40 mg/dl, LDL cholesterol >160 mg/dl
or triglycerides >200 mg/dl [17].

Drugs considered to be implicated in the liver damage were classified accord-
ing to the anatomical therapeutic classification of the World Health Organization
[18]. Only patients with a causality probability score of possible or higher using
the Council for International Organizations of Medical Science (CIOMS) scale were
included [19].

Study patients

Since 1994 to September 2012, 850 patients with idiosyncratic DILI were consid-
ered for potential inclusion in the natural history study, and 351 patients fulfilled
all the inclusion criteria (Fig. 1).

Inclusion criteria were:

e Survival of the index episode without a liver transplantation

o DILI cases that reached resolution or DILI cases that did not resolve but
had follow-up >1 year after DILI recognition

e During follow-up cases had appointments with biochemical analysis
scheduled, at least, every 6 months in the first year and annually in
the consecutive years.

In patients with more than one DILI episode, only the last episode has been
included in the analysis to avoid that liver profile alterations corresponding to
the second episode were confounded with chronicity.

Out of these 351 patients, 53 were further excluded due to:

e Underlying chronic liver disease (viral, alcoholic, metabolic or autoim-
mune hepatitis or altered basal liver profile of unknown aetiology)
and Gilbert syndrome (22 cases),

o Systemic diseases affecting the liver (thyroid, heart disease, HIV infec-
tion) (17 cases),

e Miscellaneous causes such as paracetamol overdose and patients with
alcohol intake over 40 g/day (14 cases).

The study protocol was approved by the local ethics committee of the coor-
dinating center at the “Virgen de la Victoria” University Hospital in Malaga, Spain,
and all the subjects who took part in the study gave informed consent.

Statistical analyses

Variables were examined using descriptive statistics. Bivariate associations were
measured using Student t test for continuous variables and chi-square test for
categorical items. Analysis of variance was used for comparisons of groups.
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Where variables did not follow a normal distribution, nonparametric analyses
(Kruskal-Wallis test) were performed. A receiver operating characteristic (ROC)
curve to test ALP and TB in chronicity prediction was performed. Differences were
reported as statistically significant if the p value was less than 0.05. Times to
event data are represented as Kaplan-Meier estimates. Actuarial probabilities
were calculated using the Kaplan-Meier method and were compared with the
use of the log-rank test. Variables that were associated with chronicity in univari-
ate analyses were included as potential covariates in a multiple logistic regression
model. All statistical analyses were performed using the SPSS software version
19.0.

Results

Two hundred and ninety-eight DILI patients fulfilled all inclusion
and none of exclusion criteria and were included in the study.
The overall mean age was 53 years (14-88, years), 167 (56%)
were female, and hepatocellular damage predominated (203,
68%). The main causative pharmacological drug group was anti-
infectious (40%), followed by musculo-skeletal system (13%), cen-
tral nervous system (12%), and cardiovascular drugs (11%). The
cases were assessed as highly probable (43%), probable (50%)
and possible (7%) according to the CIOMS/RUCAM scale.

Establishing the best cut-off point to define chronicity

To determine the best cut-off point for chronicity a Kaplan-Meier
estimate of liver injury resolution was performed with the 285
cases that normalized liver tests over time out of the 298 patients
included in the study (Fig. 2). According to the type of liver dam-
age, 193 cases (68%) were hepatocellular. Out of these, 101 cases
(52%) resolved in the first 3 months, with an additional 57 cases
resolving before 6 months and 27 more cases before the first
year.

Forty-six cases were cholestatic (16%), out of these 17
resolved in the first 3 months (38%), 17 more cases (38%) resolved
between month 3 and 6, and 10 more cases resolved before the
first year.

In the remaining 46 mixed cases (16%), 28 (60%) resolved in
the first 3 months, 12 between 3 and 6 months and 4 more cases
resolved before the first year (Fig. 2). The mean time of resolution
for the 285 patients was 142 days [95% CI=115-170 days]. The
median was 86 days (95% CI =75-97). With respect to time to
resolution according to type of liver damage it is important to
note that in hepatocellular damage, the median resolution time
was 83 days (95% CI=69-97). Cholestatic patients required
longer time to resolution, 115 days (95% Cl=83-147) and in
patients with mixed liver damage the median resolution time
was 76 days (95% Cl = 58-94).

We did not observe any statistically significant differences in
the probability of resolution at one year between the different
types of liver damage (p=0.44). Within 348 days from DILI
recognition 95% of the patients who reached resolution (92% of
all study patients) had resolved independent of the type of injury.
Hence, in the following analyses patients resolving in <1 year
(n=273) are referred to as acute DILI and those requiring >1 year
and also those who do not resolve during the follow-up as
chronic (n =25, 8%). Thus “chronic” is meant to be inclusive of
prolonged recovery to normalization and unresolved cases. Unre-
solved includes patients who developed cirrhosis in the first year
which became quiescent.

A flow chart of the study population is shown in Fig. 1. In the
acute group 174 patients (64%) had normalized liver tests in their
respective defined time frames based on the type of liver injury

JOURNAL OF HEPATOLOGY

Table 1. Comparison of demographics, clinical, and laboratory parameters in
298 DILI cases according to the time of resolution.

Acute, <1 year Chronic, >1 p value
(N =273) year (N = 25)

Female, n (%) 151 (55) 16 (64) 0.4
Age, mean years (range) 52 (14-88) 63 (30-83) 0.002
Gender-specific age, mean (range)

Men 54 (17-87) 58 (30-70) 0.5

Women 51 (14-88) 66 (43-83) <0.001
BMI (kg/m?), mean (range) 26 (17-36) 26 (19-36) 0.6
Clinical presentation, n (%)
Jaundice 156 (58) 20 (80) 0.032
Hospital admission 110 (45) 17 (77) 0.004
Hypersensitivity features 78 (29) 9 (36) 0.2
Eosinophilia 53 (20) 8 (32) 0.2
Lymphopenia 22 (14) 5(21) 0.4
Positive autoantibody titres 51 (23) 4 (16) 0.4
Duration of treatment, 79/21 (1-1827) 191/49 (4-1826) 0.2
mean/median days (range)
Time to onset, 72/21 (0-1826) 152/30 (0-1828) 0.3
mean/median days (range)
Days of continued exposure 21 (1-308) 50 (1-514) 0.3
to drug after onset of 5
symptoms, mean (range) %
patients, n (%) 147 (54) 18 (72) 3
Type of liver injury, n (%) 0.6 'g
Hepatocellular 185 (68) 15 (60) ;
Mixed 44 (16) 4 (16) 5
Cholestatic 44 (16) 6 (24) E
Laboratory parameters at onset, mean (range) 5
TB (mg/dl) 5(0.13-33) 7 (0.4-28) 0.1 E
AST xULN (range) 15 (0.6-197) 13 (1-55) 0.7
ALT xULN (range) 19 (0.6-134) 20 (2.5-71) 0.9
GGT xULN (range) 7 (0.2-49) 14 (0.3-79) 0.08
ALP xULN (range) 1.8 (0.2-16) 3(0.4-11) 0.05
Outcome, n (%)
Positive rechallenge, n (%) 12 (4) 2(8) 0.4
Mean follow-up, months 16 (0.2-166) 54 (16-112) <0.001
(range)
Recovery, mean days (range) 106 (7-357) 935 (385-3020) <0.001
Severity, n (%) 0.003
Mild + moderate 261 (97) 21 (84)
Severe 9(3) 4 (16)
Associated diseases, n (%)
Diabetes 27 (10) 7 (28) 0.006
Hypertension 31(25) 10 (50) 0.019
Dyslipidemia 36 (13) 11 (44) <0.001

The percentages shown were calculated based on the total number of episodes
with available information. Severity index, Mild: elevated ALT/ALP meeting DILI
criteria with total bilirubin <2 mg/dl; Moderate: elevated ALT/ALP with total
bilirubin >2 g/dl; Severe: elevated ALT/ALP and one of the following: ascites,
encephalopathy, international normalization ratio >1,5 and/or other organ failure
considered to be due to DILI; Fatal: death or transplantation due to DILIL
Hypersensitivity features: presence of one or more positive features such as fever,
rash, arthralgia, peripheral eosinophilia or lymphopenia; TB, total bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-
glutamyl transpeptidase; ALP, alkaline phosphatase.

(<3 months hepatocellular and <6 months cholestatic/mixed)
and 99 patients (36%) resolved after this time but before one year.
In the chronic group 10 patients had cholestatic/mixed type of
damage and 15 patients were hepatocellular. In this group, 8
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Fig. 3. Median of ALP, ALT and TB values during the first year from DILI onset in acute and chronic groups. Each time interval includes 15 days.

patients (32%) resolved within 3 years from DILI recognition and
16 (64%) did not resolve during the first 3 years of follow-up.
After one year from DILI onset one mixed case was lost during
follow-up without reaching resolution.

Comparison of demographics, clinical and laboratory parameters
between acute and chronic DILI cases

A comparison of demographics, clinical and laboratory parame-
ters between the acute and chronic group is outlined in Table 1.

Mean time of follow-up was 16 months (range: 0.2-
166 months) in the acute group and 54 months (range: 16-
112 months) in the chronic group. The patients in the chronic
group were significantly older as compared to those in the acute
group, 63 vs. 52 years (p=0.002), with female predominance
(64%, p <0.001). Patients who progressed to chronic DILI had a
longer duration of treatment (median 49 days compared to
21 days in the acute group), although this difference did not
reach statistical significance. The chronic cases presented more
frequently with jaundice at onset (80% vs. 58%, p = 0.03) and more
often required hospitalization (77% vs. 45%, p = 0.004). In addi-
tion, the percentage of severe cases was higher in the chronic
group compared to patients in the acute group (16% vs. 3%,
p=0.003). The prevalence of diabetes mellitus, dyslipidemia
and hypertension was greater in the chronic group, 28% vs. 10%
(p=0.006), 44% vs. 13% (p <0.001) and 50% vs. 25% (p = 0.019),
respectively. However, body mass index did not differ between
the two groups. Furthermore, we analyzed lipid profiles (LDL,
HDL, total cholesterol and triglycerides) during follow-ups in 11
chronic (8 on statin and 3 on fibrate treatments) and 36 acute
(22 statin and 3 fibrate treatments) dyslipidemic patients, but
no differences were found between the groups.

Hepatocellular damage predominated in both the chronic and
acute groups (60% vs. 68%, respectively, p = 0.6). Despite the fact
that type of liver injury did not appear as a risk factor for chronic-
ity, the chronic group presented significantly higher mean values
of serum ALP (3 xULN vs. 1.8 XULN, p = 0.05) at DILI onset. Time
course of liver biochemistry values revealed that median values
of ALP, ALT and TB were higher in the chronic group during the
first year. All available laboratory analyses during follow-ups in
both the chronic and acute groups are represented in Fig. 3.
Table 2 shows demographic, major clinical and serial biochemical
parameters of 16 chronic DILI patients who did not resolve in the

first 3 years. Additional information about liver profile in the 25
chronic DILI patients is shown in Supplementary Tables 1 and
2. Various time frames were analyzed to explore potential differ-
ences in liver tests between the chronic and acute group. In the
period 30 to 60 days from DILI onset (second month) significant
differences in ALP and TB were found with higher values in the
chronic group. We then performed a ROC curve analysis and
found that a cut-off point of 1.1 xULN for ALP and 2.8 xULN for
TB gave the highest area under the curve (AUC) values to predict
chronicity, including slow resolution beyond one year, with a
sensitivity of 83% and 75% and a specificity of 87% and 93%,
respectively, (p <0.001) (Supplementary Fig. 1).

In the logistic regression analysis, older age [Odds ratio (OR):
1.06, 95% CI: 1.01-1.12; p =0.011], dyslipidemia [OR: 4.26, 95%
Cl: 1.02-17.74, p=0.04] and severe DILI [OR: 14.22, 95% CI:
2.23-90.9, p = 0.005] were found to be independent risk factors
for chronic DILI development.

Comparison of demographics and clinical characteristics of
the 25 chronic patients according to type of liver damage are pre-
sented in Table 3. Liver biopsy was available for 16 patients (64%)
in the chronic group, showing two cases with ductal lesion, one
with low grade fibrosis and seven with cirrhosis. Drugs related
to liver cirrhosis were atorvastatin, bentazepam, ebrotidine,
clopidogrel/atorvastatin, amoxicillin-clavulanate/ibuprofen and
ranitidine. Out of the seven biopsies of DILI cases that evolved
to cirrhosis, only one showed steatosis, but not steatohepatitis,
in a biopsy performed one year after the onset of the DILI episode.
There were three more cases with steatosis demonstrated in the
liver biopsies in the chronic group during the follow-up (per-
formed from month 8 to 60 after DILI onset), two of these had
previous biopsies without this finding (Supplementary Tables 1
and 2 show details for individual patients).

Therapeutics Groups involved in chronic DILI

Among the culprit therapeutic drug classes involved in chronic
DILI episodes, the more frequent were statins (24%), anti-
infectives (24%, including 16% amoxicillin-clavulanate cases and
8% sulfamethoxazole and trimethoprim) and H,-receptor antago-
nists (12%), mainly due to ebrotidine, a drug marketed in Spain in
1997 and withdrawn in 1998 (Table 4). Interestingly, the angio-
tensin converting enzyme inhibitors and angiotensin Il antago-
nists group was only represented in the chronic group.
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Table 2. Demographic, major clinical and serial biochemical parameters of 16 DILI patients who required more than three years to resolve or did not resolve.

Case Agelsex Comorbidities Type of Liver 3-6 months 0.5-1year 1-2years 2-3years >3 years
liver injury profile  (XULN) (XULN) (XULN) (XULN) (XULN)
1** 67/F Diabetes HC B 5.1 1 0.7
Atorvastatin Arterial hypertension AST 8 2.5 0.5
Ischemic cardiopathy ALT 11 3.1 1
Dyslipidemia GGT 16 29 3
ALP 1.2 1.1 0.9
7 83/F Arterial hypertension HC B 1.4 0.8 0.8 0.7
Amoxicillin-clavulanate Dyslipidemia AST 0.7 1.2 1.2 1.8
ALT 0.5 0.5 0.8 1.5
GGT 0.7 0.7 0.2 0.4
ALP 0.9 2.2 0.7 0.7
9 65/M Prostate cancer HC TB - 1.3 14 0.8
Flutamide Tuberculosis AST 0.7 0.7 0.7 0.7
ALT 1.2 0.7 0.8 0.9
GGT 13 1.2 0.5 0.5
ALP - 0.5 0.4 0.4
10 43/F Cholestasis of pregnancy HC B 0.5 * * 0.5 0.8
Levonorgestrel and AST 0.6 0.7 0.8
estrogen ALT 1.3 1.3 1.1
GGT 0.3 0.4 0.1
ALP 0.4 - 0.2
11+ 60/F Uterine myoma HC B 3.3 1.1
Bentazepam Cardiopathy AST 15 1.05 5
Depression ALT 12 0.7 g
Arterial hypertension GGT 3.6 2 5
ALP 0.8 0.4 —
13** 55/F Diabetes HC B 0.9 0.6 0.8 * 0.3 5
Ebrotidine Arterial hypertension AST 0.8 0.5 0.6 0.4 o
Arthrosis ALT 1.2 0.6 0.4 0.4 é
GGT 15 0.6 0.5 0.8 =
ALP 1.3 1.05 1.07 1.3 5
14** 69/F None HC B 11 1.3 1.7 1.5 1.1 5
Ebrotidine AST 05 0.9 0.6 0.8 0.5
ALT 0.3 0.8 0.5 0.5 0.3
GGT 0.2 0.7 0.3 0.3 0.2
ALP 0.4 0.7 0.5 0.5 0.4
15** 60/M Diabetes HC B 2.4 0.9 0.9
Clopidogrel/ Arterial hypertension AST 13 1.5 1.5
atorvastatin Cardiopathy ALT 21 2 2
Dyslipidemia GGT 38 20 20
ALP 27 1.8 1.7
18 65/M Brucellosis Chol B 1.8 1.2 1.6 1.2 0.8
Amoxicillin-clavulanate/ Trigeminal neuralgia AST 2 0.9 0.9 0.6 0.6
carbamazepine ALT 27 1.3 1 0.7 0.5
GGT 10 7.6 3.9 1.2 0.6
ALP 25 1.2 1.2 0.5 0.7
19 60/F Colorectal cancer Mix B 0.4 0.4 0.4 - 0.3
Fenofibrate/ Dyslipidemia AST 28 1.5 1.3 1.1 3.0
raloxifene Osteoporosis ALT 25 1.3 1.1 0.9 1.6
GGT 40 235 9.3 46 24
ALP 11.5 4.3 3 1 5.0
20 78/F Hyperthyroidism Chol B 1.1 * * * 1.0
Thiamazole Goiter AST 0.6 0.7
ALT 0.6 0.4
GGT 24 0.5
ALP 1.6 1.0
Discussion and the broad definitions of chronic DILI used in previous studies
as outlined in Table 5.
Up to now there are scarce and heterogeneous data reported on We here present a large prospective cohort of patients with
the long-term outcome of patients who survived an acute DILI DILI caused by a variety of agents with the longest follow-up
episode, reflecting differences in the methodological approaches reported in an attempt to better characterize chronic outcome
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Table 2 (Continued)

Case Age/sex Comorbidities Type of Liver 3-6 months 0.5-1year 1-2years 2-3years >3 years
liver injury profile  (xULN) (XULN) (XULN) (XULN) (XULN)
21 63/F Dyslipidemia Chol B 0.4 0.4 - 0.3
Gemfibrozil/ Diabetes AST 1.2 0.8 0.3 0.7
lovastatin Osteoarthrosis ALT 1.4 0.8 0.8 0.5
GGT 24 22 19 9.0
ALP 23 2.1 2.4 1.9
22** 70/M Arterial hypertension Chol B 1.7 1.3 1.4 0.8 1.8
Amoxicillin-clavulanate/ AST 3 1.7 1.6 1.4 1.0
ibuprofen ALT 24 1.7 1.3 1.2 0.7
GGT 16 7 5.5 1 0.9
ALP 41 22 23 1.3 1.0
23 40/M None Chol B 0.6 - - - 0.8
Ibuprofen AST 1.3 1 3.1 1.2 1.0
ALT 43 1.5 - 1.5 1.2
GGT 15 8.6 7.6 42 4.0
ALP 6.2 0.9 0.8 - 0.7
24** 54/F Diabetes Chol B 0.4 - 0.9 0.4
Ranitidine Arterial hypertension AST 1.8 1.8 2.8 1.8
Dyslipidemia ALT 25 1.6 4.7 1.3
GGT 53 - 61 21
ALP 42 2.6 3.7 4.0
25 75/F Dyslipidemia Mix B 1.9 0.2 0.5 0.3 0.3
Atorvastatin Venous insufficiency AST 3 1.5 1.1 1.4 0.7
ALT 341 1.1 1.08 1.03 0.5
GGT 15 4.4 1.9 2.8 1.3
ALP 538 1.5 1.4 1.4 0.7

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; ULN, upper limit of

normal; Chol, cholestatic damage; HC, hepatocellular damage; Mix, mixed damage.
*Altered liver profile reported in clinical history (laboratory data are not available).

**The patient developed cirrhosis.

Table 3. Comparison of demographics and clinical characteristics of the 25
chronic patients according to the type of liver damage.

Hepatocellular  Cholestatic/mixed

N=15 N=10
Age years, mean (range) 62 (30-83) 64 (40-78)
Female, n (%) 9 (60) 7 (70)
Jaundice, n (%) 13 (87) 7 (70)
Hypersensitivity features, n (%) 3 (20) 6 (60)
Liver biopsy*, n (%) 10 (67) 6 (60)
Fibrosis, n (%) 1(7) 0
Cirrhosis, n (%) 5(33) 2 (20)
Ductal lesion, n (%) 0 2 (20)
Steatosis, n (%) 2(13) 2 (20)
Biochemical normalization <3 years, 7 (47) 1(10)

n (%)

Hypersensitivity features: Presence of one or more positive features such as fever,
rash, arthralgia, peripheral eosinophilia or lymphopenia. The time of biopsy
performances varies from 2 weeks to 60 months after DILI onset.

in DILL Although our study had strict inclusion and exclusion cri-
teria in order to avoid confounding factors, it indeed reflects a
real clinical practice setting.

The first international consensus meeting on DILI recom-
mended that a hepatocellular pattern of liver injury persisting
for more than 3 months after onset should be considered as
chronic liver injury [12]. This period of resolution nowadays
seems inappropriate when analyzing the outcome of large

cohorts of DILI patients, which have shown that many subjects
with hepatocellular damage have persistent elevations in liver
enzymes at this time point. The drug induced liver injury net-
work (DILIN) group has used in their analysis the standard period
of six months to establish chronicity [7,8]. In a consensus of
experts in 2011 [15] continued liver damage was classified as
persistent DILI when there was evidence of liver injury 3 and
6 months after withdrawal of the culprit drug in hepatocellular
and cholestatic type of liver injury, respectively. Chronic DILI
was then defined as evidence of continued liver injury beyond
12 months of follow-up after withdrawal of the causative drug.
In the present study, encompassing a large and well-
phenotyped DILI cohort in which potential confounding alterna-
tive causes of persistent damage were thoroughly excluded,
shows, via Kaplan-Meier analysis, that 95% of the DILI patients
who finally recovered had resolved the injury at 348 days regard-
less the type of damage. Therefore, we do not consider it neces-
sary to further classify the acute group into persistent and
chronic as done by Aithal et al. [15]. Hence, we consider one year
as the best cut-off point to discriminate acute DILI patients from
those with very prolonged resolving damage or true chronic DILI.

It is a general belief [13,20] that cholestatic and mixed dam-
age require longer time to normalize. Our data challenge this
view as the median days to resolution were 83, 115 and 76 days
for hepatocellular, cholestatic and mixed cases, respectively, with
no statistically significant differences among the groups (p = 0.4).
Hence, our findings indicate that it is not necessary to consider
different times of resolution based on the type of liver injury in
the definition of chronicity.
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Table 4. Comparison of drug classes implicated in DILI cases between acute
(resolution <1 year) and chronic (persistent >1 year) patients.

Acute, Chronic, p value
<1 year >1 year
(N=273) (N=25)

Drug classes, n (%)

H2-receptor antagonists* 6 (2) 3(12) 0.03
Antithrombotic agents 3(1.1) 1(4) 0.8
ACE inhibitors + angiotensin Il 0 2(8) 0.0007
antagonists

Statins 18 (6) 6 (24) 0.002
Fibrates 3(1.1) 2(8) 0.07
Female sex hormones 7 (3) 2(8) 0.36
Antithyroid preparations 3(1.1) 1(4) 0.8
Anti-infectives

Penicillins-cephalosporins (excluding 6 (2) 0 0.9
AC)

Amoxicillin-clavulanic acid (AC) 68 (25) 4 (16) 0.4
Sulfamethoxazole and trimethoprim 2(0.7) 2(8) 0.03
Fluoroquinolones 11 (4) 0 0.6
Macrolides 8 (3) 0 0.8
Antineoplastic agents 5(1.8) 1(4) 0.9
Antiandrogens 4(1.5) 1(4) 0.9
Immunosuppressants 5(1.8) 0 0.9
Non-steroidal antiinflammatory drugs 41 (15) 2(8) 0.5
(NSAIDs)

Tetrabamate™ * 4(1.5) 1(4) 0.9
Antiepileptics 6 (2) 2(8) 0.3
Herbal products 12 (4) 0 0.6

*Mainly due to Ebrotidine a drug withdrawn from the Spanish market in 1998.
*“*Tetrabamate contains the combination of two carbamates (febarbamate and
difebarbamate) and phenobarbital. It was withdrawn from the Spanish market in
2002.

ACE inhibitors, angiotensin-converting enzyme inhibitors; NSAIDs, non-steroidal
antiinflammatory drugs.

The prevalence of chronic DILI beyond one year follow-up in
this study was 8%. It is lower than the prevalence previously
reported by Aithal et al. in 1999 (33%) [10], and the DILIN group
(13.9%-18.9%) [7,8,16]. These differences can be explained by the
diverse definitions of chronicity used (6 months vs. 1 year) and
less restrictive study inclusion criteria (Table 5). Furthermore,
our study was not designed to search for prevalence of chronic
DILI as the strict exclusion criteria (mainly loss of follow-up in
the first year before complete resolution) do not allow us to know
the true prevalence in the whole cohort of DILI patients included
in the registry. In addition, in our study we paid attention to
potential confounding factors, excluding not only patients with
pre-existing chronic liver disease but also patients with systemic
or any other diseases affecting the liver. However, as all chronic
DILI cases do not have the same clinical impact, we could classify
them into three broad categories: early cirrhosis that becomes
quiescent, slow resolvers who do not progress to cirrhosis and
cases with persistent activity (including borderline liver labora-
tory parameters) that may need monitoring but are not major
clinical problems. Considering these distinctions and our data,
one could question if chronic DILI with active liver injury is a true
phenomenon vs. simply reflecting very slow course to complete
recovery. The few cases beyond three years’ follow-up with low
grade liver test abnormalities cannot be distinguished from back-
ground incidence of these changes in the general population.
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Various risk factors have been associated with chronic DILL In
the present study, mean age was significantly higher in the chronic
group, especially in women, showing that older DIL women have a
higher tendency towards chronicity. It could be speculated that
aging results in declining of autophagy and progressive loss of cel-
lular repair and regeneration capacity. Autophagy is being recog-
nized as a critical function in the clearance of protein adducts,
removal of damaged organelles and modulation of immune toler-
ance [21]. Furthermore, female gender has been demonstrated to
be more susceptible towards acute liver failure [6,22], showing
that perhaps women have greater difficulty in repairing liver dam-
age. In previous studies (Table 5), female gender also predomi-
nated in chronic DILI populations [8,10,13,16,20]. However, our
chronic patients were older than previously reported [16].

The presence of metabolic risk factors such as diabetes, dys-
lipidaemia and hypertension, were found to be more frequent
in the chronic group. In this setting, it is difficult to distinguish
between persistent liver damage due to chronic DILI and under-
lying non-alcoholic fatty liver disease. Previous studies have also
found diabetes to be more frequent in chronic DILI patients
[8,16]. Our findings are consistent with the fact that older age
is a risk factor for chronicity and in the elderly metabolic risk fac-
tors are more prevalent. Ultimately, diabetes, dyslipidemia and
hypertension along with the age in an elderly subject could com-
promise the repair of the liver damage favoring a chronic out-
come. Interestingly, dyslipidemia was found to be protective
from fulminant outcome in a previous study, and we speculate
that this effect could be indirectly related to the use of statins
[6]. Statins were the most frequent drug group found in the
chronic cases compared to acute cases in the present analysis.
However, it is possible that this result is a reflection of the under-
lying dyslipidemia. The precise mechanism of statin-induced
chronic DILI is unknown but could involve an immune self-
perpetuating response as these drugs have been increasingly
associated with drug-induced autoimmune hepatitis [23].

Patients with more severe acute DILI episodes, presenting
with jaundice and requiring hospitalization, also had an
increased risk of chronicity, suggesting that the time to resolution
is longer when the damage is more severe. Liver function alter-
ations can take longer time to resolve than just mild transami-
nase elevations. Hospitalization has been previously observed
as risk factor for chronic DILI [8].

Another interesting finding was significantly increased ALP
values at DILI onset which is coincidental with the study by Fon-
tana et al. [16]. ALP elevations are generally associated with cho-
lestatic damage. However, although cholestatic and mixed
damage were more frequent in chronic DILI patients than in acute
DILI patients, there were no significant differences among the
types of liver injury. Furthermore, cholestatic damage has been
demonstrated to be associated with older age [2]. During
follow-up median values of ALP as well as TB were higher in
the chronic group. In addition, in the second month from DILI
onset, ALP >1.1 xULN and TB >2.8 xULN values were the best
cut-off points to predict chronicity in DILI (Supplementary
Fig. 1). This finding could have a prognostic value in clinical prac-
tice. The reason for selecting the second month from DILI onset
was that this time frame had a higher number of available labo-
ratory test than the later ones, and this time frame demonstrated
higher differences in the studied parameters between the groups.
Hence, we consider the second month to be an appropriate period
for a prognostic evaluation in clinical practice.
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Table 5. Studies addressing the long-term outcome of idiosyncratic drug-induced liver injury.

Study (DILI criteria) Chronicity criteria Follow-up  Proportion Mean age, Culprit drugs Reference
chronicity  yr/female %

Retrospective database/histology study Biochemical, radiological or Median 11/33* 49/59% Antibiotics Aithal et al.,
(ALT>2 xULN, CB>2 xULN or histological evidence of liver 5 years (33%) NSAIDs Gut 1999 [10]
combined elevations in AST, ALP and  injury >12 months Psycholeptics
TB provided one of them is above
2 xULN)
Prospective registry study Persistent biochemical Mean 28/493 55/64% Cardiovascular Andrade et al.,
(ALT>2 xULN, CB>2 xULN or abnormality of HC>3 months 20 months  (5.7%) drugs (captopril, Hepatology 2006
combined elevations in AST, ALP and  after drug withdrawal or >6 atorvastatin) [13]
TB provided one of them is above months after chol/mix damage and CNS drugs
2 xULN) (bentazepam)
Retrospective database study (ALT>2  Persistent abnormality at Median 3/50 49/67% Antibiotics Bjoérnsson et al.,
XULN, CB>2 xULN or combined follow-up at least 3 months after 48 months (6%) (nitrofurantoin, AP&T 2007 [21]
elevations in AST, ALP and TB stopping drug treatment for HC flucoxacillin,
provided one of them is above 2 xULN, and at least 6 months for clindamycin)
excluding ALF) chol /ix
Prospective registry study (ALT>5 x Persistent liver-related >6 months  41/300 n.a. n.a. Chalasani et al.,
ULN, ALP>2 xULN, INR>1.5 or TB>2.5 laboratory, radiologic, or (13.6%) Gastroenterology
mg/dl with ALT, AST or histologic abnormalities 2008 [7]
ALP>1 xULN) at 6 months after DILI

recognition
Retrospective database study Morbidity/mortality after DILI Mean 23/685 n.a. n.a. Bjérnsson et al.,
(ALT>2 xULN, CB>2 xULN or hospitalization 11 years (3.4%)** J Hepatol 2009
combined elevations in AST, ALP and [11]
TB provided one of them is above 2
xULN)
Prospective registry study Persistently elevated AST, Mean 113/598 49.7/ Antimicrobial, HDS, Fontana et al.,
(AST or ALT>5 xULN, ALP>2 xULN, ALT, ALP or TB, histological 24 months  (18.9%) 67.3% cardiovascular Gastroenterology
INR>1.5 or TB>2.5 mg/dI) evidence of ongoing liver injury, drugs, 2014 [8]

or radiological evidence of antineoplastic

persistent liver injury 26 months

after DILI onset
Prospective registry study Persisters: ALP >ULN or AST, Mean 74/598 52.6/ Antimicrobial, Fontana et al.,
(AST or ALT>5, ALP>2 xULN, INR>1.5 ALT>1.5 xULN at 24 months  (12%) 69% antineoplastic, AmJ
or TB>2.5 mg/dl) 12 months after DILI onset cardiovascular, Gastroenterol

HDS 2015 [16]

*7 patients failed to attend follow-up and 4 died.
**5 patients had liver-related death.

n.a., not available; TB, total bilirubin; CB, conjugated bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; HDS, herbals and
dietary supplements; Chol, cholestatic damage; HC, hepatocellular damage; Mix, mixed damage.

In the chronic group seven cases developed cirrhosis. Two
hepatocellular cases were related to ebrotidine (a histamine
H,-receptor antagonist), which has been discontinued in Spain
since 1998 because of its hepatotoxic potential with cases
reported having rapid progression to cirrhosis [24,25]. Other
cases were related to bentazepam, atorvastatin and clopidogrel/
atorvastatin. Two other patients with cirrhosis were cholestatic
cases, one due to amoxicillin-clavulanate/ibuprofen and another
induced by ranitidine. Liver cirrhosis due to amoxicillin-
clavulanate, bentazepam, and atorvastatin has also been reported
previously [13,26,27], while ranitidine has been associated with
the development of autoimmune hepatitis [28].

We cannot rule out that some chronic DILI patients who did
not resolve during the follow-up period had pre-existing
non-alcoholic steatohepatitis (NASH). However, the majority of
chronic patients had no signs of steatosis on ultrasound examina-
tions, four patients had normal liver tests at baseline, and 12 out
of 16 biopsies did not show any indications of steatosis (see
Supplementary Tables 1 and 2). The remaining four biopsies
showed steatosis during the evolution of the episode, with

normal initial ultrasound or normal basal liver profile. Besides,
two of these patients with steatosis in the biopsy had a cholestatic
liver damage, not attributable to an underlying NASH. Alterna-
tively, the absence of resolution of the chronic DILI patients could
be attributed to the development of NASH, during the follow-up of
the DILI episode which could be induced or not by the drug, as this
group of chronic patients share risk factors with NASH patients.
Currently it is not feasible to differentiate these two situations.
Furthermore, the non-inclusion of nearly 500 patients due to loss
of follow-up could have introduced selection bias as many of these
patients were probably acute cases.

Many of the drugs involved in chronicity in our study have
previously been described in the literature with regards to
chronicity. Published studies associated with development of
chronic liver disease and cirrhosis include: isoniazid [29], nitrofu-
rantoin [30-32], flucloxacillin [33], amiodarone [34], methotrex-
ate [35], chlorpromazine [36], ramipril [37], diclofenac [38],
statins [13,39,40] sulphonamides and trimethoprim (TMP/SMZ)
[41-43], fenofibrate [44], amoxicillin-clavulanate [43], oral con-
traceptives [45] and terbinafine [46,47].
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Herein we demonstrate that the more reliable cut-off time
point for definition of chronic DILI is one year after onset of the
acute toxic liver disease. Ninety-two per cent of patients resolved
by one year and therefore this cut-off identifies patients who
need further follow-up. The main risk factors for chronic DILI
are older age, dyslipidaemia, and severity of the acute episode.
We conclude that aside from a small number of cases of early
onset cirrhosis which becomes quiescent, gradual resolution at
1 or 3+ years or persistence of borderline laboratory abnormali-
ties beyond 3 years is seen in a very small percentage of cases.
The persistence of these very mild abnormalities is of uncertain
significance but does not appear to be an important clinical prob-
lem. Hence, the term “chronic” is somewhat controversial as
there are “chronic DILI patients” who eventually resolve the liver
damage. However, we have used this term to differentiate it from
“acute DILI”, as we do not think it is appropriate to use the term
“acute damage” when requiring more than one or even more
than three years to resolve. Nevertheless, it is prudent to docu-
ment resolution in follow-up and therefore identification of the
risk of slow resolution or persistence determined by early labora-
tory changes (at two months) is of practical value in flagging
cases for closer long-term scrutiny. Our data is the most detailed
long-term follow-up of acute DILI and indicates that chronic
(active) DILI is extremely rare.
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