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Background & Aims: Limited data exist on drug-induced liver
injury (DILI) associated with statins.

Methods: Reports on adverse reactions suspected to be due to
statins received by the Swedish Adverse Drug Reactions Advisory
Committe 1988-2010 were analyzed. Only cases with >5 x upper
limit of normal (ULN) in aminotransferases and/or alkaline phos-
phatase >2 x ULN were included.

Results: The most common types of ADRs suspected were DILI in
124/217 (57%) cases. A total of 73/124 (59%) cases had at least
possible relationship, median age 64 years (57-73), 55% males,
whereas 25/124 cases (20%) were excluded due to mild eleva-
tions of liver tests and 26 due to unlikely relationship and/or lack
of data. A statin-related DILI episode was reported in 1.2/100,000
users. Atorvastatin was implicated in 30/73 (41%) cases, simva-
statin in 28 (38%), fluvastatin (15%), and others. Two patients died
of acute liver failure, one underwent liver transplantation and 25
(34%) had jaundice. Three patients were rechallenged with the
same statin producing similar patterns of liver injury. The median
duration of therapy was 90 days (30-120), 120 (39-248) for ator-
vastatin, and 75 (30-150) for simvastatin (NS). Cholestatic/mixed
injury was more common with atorvastatin, 17/30 (56%) than
with simvastatin, 7/28 (24%) (p = 0.018).

Conclusions: Idiosyncratic liver injury associated with statins is
rare but can be severe. After recovery, a similar pattern of liver
injury can be reproduced on re-exposure. Most patients experi-
ence liver injury 3-4 months after start of therapy. Atorvastatin
is mostly associated with cholestatic liver injury whereas hepato-
cellular injury is more common with simvastatin.

© 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Statins are among the most commonly used types of drugs
worldwide and have been shown to have a good safety record.
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Statins are the drugs of choice for patients with hypercholester-
olemia and other risk factors for cardiovascular disease and have
shown to be a life-reserving therapy in many of these patients
[1-4]. A similar proportion of patients randomized to placebo
and active treatment with statins in clinical trials have shown
elevations in aminotransferases [1-4]. Although most trials
assessing the cardiovascular efficacy of statins and their safety
have included a large number of patients, they have been under-
powered to detect clinically relevant drug-induced liver injury
(DILI). It is well known that idiosyncratic DILI associated with
drugs is generally detected in the post-marketing phase [5]. It
has been convincingly shown that the risk of developing statin-
induced DILI is not related to the presence of pre-existing liver
abnormalities, mostly non-alcoholic fatty liver disease (NAFLD)
[6]. On the contrary, the use of statins has been shown to be asso-
ciated with improvement in liver test abnormalities and histol-
ogy in patients with NAFLD [7-10]. The existence of statin-
induced hepatotoxicity has been put into question and called a
“myth” [11].

According to a recent review, only 40 cases with suspected
statin-induced DILI have been reported in the literature [12].
The largest series of patients with suspected statin-induced DILI
included only seven patients [13]. Thus, systematic assessment
of DILI of these widely used drugs is largely lacking.

In Sweden, systematic monitoring of adverse effects of drugs
has been conducted since 1966, with regular causality assess-
ment offering the opportunity to evaluate a relatively large num-
ber of patients with DILL. We aimed to analyze the proportion of
drug-induced liver injury (DILI), suspected to be due to statins
out of all adverse reactions reported for this type of drugs, and
to characterize the type of liver injury and clinical outcome. Fur-
thermore, we wanted to calculate the incidence of liver injury in
patients on statins based on spontaneous reporting and sale fig-
ures of statins during the study period.

Materials and methods

All reports of suspected adverse drug reactions received by the Swedish Adverse
Drug Reactions Advisory Committee (SADRAC) from 1970 have been computer-
ized and made available for analysis. Since 1975, the reporting of fatal, otherwise
serious and new ADRs, has been compulsory. Full medical records, including lab-
oratory results, and imaging studies are requested for the majority of serious and
all fatal cases. All cases reported to the Swedish Adverse Drug Reactions Advisory
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Committee (SADRAC), suspected to be due to statins since these drugs were put
on market, were retrieved. Only cases with DILI reported to SADRAC were
reviewed. Medical records and results of laboratory data were analysed, as well
as duration of treatment, exclusion of competing causes, and clinical outcome
such as potential death from the drug reaction and/or liver transplantation due
to DILIL Only cases with >5 x upper limit of normal (ULN) in aminotransferases
and/or ALP >2 x ULN or >2 ULN in bilirubin were included. This cut-off is based
on a recent revision of case definitions and classification of DILI by a group of
international experts [14].

Causality assessment was based on International Consensus Criteria (RUCAM)
[15-16]. According to these criteria, the liver injury was classified into hepatocellu-
lar, cholestatic or mixed pattern, and the causal relationship classified as highly
probable, probable, unlikely or excluded [15-16]. The methodology of the analysis
of reports has been described in detail in a previous publication on DILI reported to
SADRAC [17]. During the first years after marketing of statins from 1988-1991, a
test for hepatitis C was not yet commercially available. However, in the following
years, the vast majority of cases had hepatitis A, B, C, cytomegalovirus (CMV), and
Epstein Barr virus (EBV) excluded and all serious cases, including cases with fatal
outcome and cases with positive rechallenge. Given the association between over-
consumption of alcohol and liver injury, alcoholic liver disease was always ruled out
in these patients. It was almost without exception that it was stated in the report
that patients did not have overconsumption of alcohol. However, information on
the amount of alcohol used by the patient or whether or not the patient did not
use alcohol at all, was often missing. Thus, usually it was difficult to give points
for alcohol as a risk factor in RUCAM (which gives one point) and this leads therefore
often to lower score due to this lack of information.

The search for drug interactions was carried out by entering drugs, that
were, apart from statins, considered possible sources of liver injury and discon-
tinued concomitantly with the statin drugs: cefadroxil, celecoxib, ciprofloxacin,
daltaparin, estrogen, isoniazid, losartan, metformin, mexitil, nefazodon, amlo-
dipine, enalapril, rofecoxib, sertraline, ticlopidine, and lisinopril as well as ator-
vastatin, simvastatin, rosuvastatin, and fluvastatin, into the Micromedex drug
interaction database (Micromedex® Healthcare Series. (2.0.), retrieved January
20, 2011, from http://www.thomsonhc.com. Greenwood Village, CO: Thomson
Reuters (Healthcare) Inc.) and by entering the same drug list into Stockley’s
Drug Interaction database (Baxter K (ed.), Stockley’s Drug Interactions. [online]
London: Pharmaceutical Press <http://www.medicinescomplete.com/> (Accessed
on January 20, 2011). The four possible drug interactions with statins retrieved
from these databases were investigated further by evaluating references from
both databases [18-21] and by searching for a clinical relevance evaluation in
the textbook by Hansten and Horn: “Drug Interactions Analysis and Manage-
ment”, [22] which provides evaluations of drug interactions selected on the
basis of their potential to alter patient outcomes. Finally, a search for drug inter-
actions, that are the result of competition for, or effects on the human cyto-
chrome P450 system, was done by consulting the University of Indiana
cytochrome P450 drug interaction table (Flockhart DA. Drug Interactions: Cyto-
chrome P450 Drug Interaction Table. Indiana University School of Medicine
(2007). http://medicine.iupui.edu/clinpharm/ddis/table.asp. Accessed January
20, 2011).

Total sale figures and DDDs (estimated average daily dose for an adult
patient) for the different statins marketed in Sweden were obtained from Swedish
Drug Statistics Ltd., and DDDs (estimated average daily dose for an adult patient)
and the National Board of Health and Welfare.

Statistics

The Fisher exact test was used to test diferences between groups regarding
dichotomous variables. The Mann-Whitney test was used for continuous vari-
ables. All tests were two-tailed and were conducted at a 5% significance level.
Results are presented as medians and IQR (interquartile range).

Results

The first statin drug was marketed in Sweden in 1988. During the
period 1988-November 2010, SADRAC received a total of 239
reports of adverse effects suspected to be due to statins. 22/239
(9.2%) cases were considered by SADRAC to be of unlikely rela-
tionship whereas 217 had a possible causality according to SAD-
RAC. The most common types of ADRs suspected, were: DILI in
124/217 (57%) of reports, rhabdomyolysis/myalgia in 42/217
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239 reports of adverse effects related to statin
therapy received by SADRAC during
the study period (1988-2010)

!

22/239 (9.2%) were considered by SADRAC to be of
unlikely relationship

v

124/217 (57%) were suspected to be DILI due to statins

v

51/124 (41%) were excluded

26 (21%) due to insufficient
information

25 (20%) due to elevation
in ALT/AST <5x ULN

73 patients were included in the final analysis

Fig. 1. A flow diagram of the patients showing reasons for the elimination of
cases and those who were included in the final analysis.

(19%), pancreatitis (5%), dermatological (4.3%), gastrointestinal
(4.3%) and neurological (3.3%) and urinary (2.9%) side effects.

Out of 124 reports considered to be potentially related to the
statin therapy, 51/124 (41%) cases were excluded, 26 due to
insufficient information making a causality assessment according
to RUCAM impossible, whereas in the remaining cases, elevation
of aminotransferases (AST and/or ALT) was less than five times
ULN as well as ALP <2 x ULN (Fig. 1). Thus, a total of 73 cases
were included in the final analysis.

Two patients died and one underwent liver transplantation
associated with statin therapy (Table 1). Three other patients
were rechallenged with the same statin which produced a similar
pattern of liver injury as experienced by the patients during the
first liver injury associated with the statin treatment (Table 1).
This occurred approximately one month after the start of the
re-exposure (Table 1). The rechallenge was in these cases inad-
vertent, as the responsible physicians were either not certain
whether the previous liver injury was due to the statin (n=2)
or did not take the previous liver reaction seriously. All these
patients had a very thorough diagnostic work-up. None had sus-
picion of alcoholic liver disease, viral markers for a recent infec-
tion with hepatitis A, B, C, CMV, and EBV were negative, and
none had suffered from hypotension prior to the reaction.

According to the causality assessment, 52 (71%) patients
had a possible relationship, 14 (19%) probable and 7 (10%)
highly probable. In the total study cohort, a total of 43 (59%)
patients were of hepatocellular type, 22 (30%) were of chole-
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Table 1. Demographics, drugs, duration of treatment before the diagnosis of DILI as well as liver tests in patients who died or underwent liver transplantation from
DILI as well as patients with a positive rechallenge. Liver tests: AST, ALT, ALP and total bilirubin are shown in the multiples of the upper limit of normal. Both values after
the first reaction and after re-exposure of statins are shown in the three rechallenge cases.

Drug Duration (days) Causality AST ALT ALP Bilirubin Outcome
M 63 Simvastatin (20 mg) 90 Highly probable 45 36 2 20 Liver transplantation
M 78 Simvastatin (20 mg) 92 Highly probable 40 38 1.5 10 Death
F 39 Atorvastatin (10 mg) 120 Possible 2.0 1.8 5.5 26.6 Death
M 58 Simvastatin (20 mg) 28 (second treatment)  Highly probable 1.9/2.8 2.1/2.9 2.5/4.2  normal Positive rechallenge
Highly probable 11/33  15/53  1.1/1.99 normal/2.0 Positive rechallenge

F 60 Atorvastatin (40 mg) 30 (second treatment)
F 52 Atorvastatin (10 mg) 30 (second treatment)

Highly probable

5.5/35 10/57 1.2/1.5 normal/1.2 Positive rechallenge

static type and 8 (11%) were of mixed type. The vast majority
of reports of statin-induced hepatotoxicity were due to atorva-
statin (n=30) and simvastatin (n = 28). Other statin-associated
liver injuries were due to fluvastatin (n=11), pravastatin
(n=2) and rosuvastatin (n=2). The clinical and biochemical
characteristics of the total study cohort are shown in Table 3.
The majority of patients (55%) were males and the median
time from the start of the statin treatment until abnormal liver
tests were detected was 3 months (Table 2). Approximately
35% had jaundice at presentation and the median ALT elevation
was 10 x ULN (Table 2).

In a total of five cases, information was available about a
switch to another statin after recovery of liver tests. This was
possible in all cases without elevation of liver tests while on
therapy (with more than three months of follow-up in all). In
three patients, atorvastatin was replaced by pravastatin
(n=2) and in one by simvastatin. Two patients with rosuvast-
atin-induced liver injury were able to use simvastatin and ator-
vastatin, respectively.

A comparison between patients who suffered liver injury from
atorvastatin and simvastatin is shown in Table 2. Duration of
treatment tended to be longer with atorvastatin compared to
simvastatin (approximately 4 vs. 3 months) (Table 2). A signifi-
cantly higher proportion of patients on atorvastatin had chole-
static/mixed type of liver injury compared with those treated
with simvastatin (Table 2). Otherwise, no significant differences
were revealed between the two groups.

In 19/73 (26%) cases, another drug was discontinued
together with statin. The following drugs were also implicated:
cefadroxil, celecoxib, ciprofloxacin, daltaparin, estrogen, isonia-
zid, losartan, metformin, mexitil, nefazodon, amlodipine, enala-
pril (n=3), rofecoxib, sertraline, ticlopidine, and lisinopril. In
Table 3, drugs discontinued with the specific statins are illus-
trated. Some of these drugs interact with the metabolism of
simvastatin and atorvastatin through the cytochrome P450 iso-
enzyme CYP3A4. The interaction is either by inhibition of the
isoenzyme or by competition for the enzyme. However, no
clinically relevant interactions were found that could explain
the DILI associated with statins (Table 3).

Calculation of the incidence of DILI associated with statins
based on the spontaneous reporting to SADRAC and the sale fig-
ure of statins during the study period is shown in Table 4. Reac-
tions were more frequent with fluvastatin compared to the total
study group (p <0.05). Overall, a statin-related DILI episode was
reported in 1.6/100,000 person-years (Table 4) and in 1.2/
100,000 users (Table 4).

Discussion

In the current study, we could confirm that idiosyncratic liver
injury associated with statins is rare but can be associated with
severe outcome. After recovery, a similar pattern of liver injury
can be reproduced on re-exposure. Most patients experienced
liver injury 3-4 months after start of therapy. Atorvastatin and
simvastatin are the most common statins associated with DILI,
which is probably due to the fact that these are the most com-
monly used statins. Atorvastatin is mostly associated with chole-
static liver injury whereas hepatocellular injury is more common
with simvastatin.

In patients on statins, mild elevations of liver enzymes are
observed in approximately 1-3% of patients, but in the vast
majority of cases this is not clinically significant and rarely
requires discontinuation of therapy [23,24]. In the current study,
all patients had their statin therapy withdrawn and the analysis
was only based on those who had >5 x ULN of AST and ALT,
which is considered to reduce false positive signals such as con-
comitant occurrence of NAFLD and other chronic liver diseases.
Moreover, despite the fact that reporting serious and life-
threatening adverse drug reactions is mandatory in Sweden, the
completeness of the SADRAC registry has not been validated.
Thus, we believe that our cases represent an under-estimation
of the real incidence of liver injuries with these drugs.

Disregarding very rare side effects as non-existing is unrea-
sonable [11]. In fact, extrapolating the incidence of liver injury
from clinical trials is confounded by several factors. Exclusion cri-
teria, such as co-morbidities, alcohol use, age, pre-existing liver
disease as well as relatively small sample size in clinical trials,
make any conclusions about safety at best pre-mature [25]. Thus,
severe DILI has very rarely been observed within the context of a
clinical trial. It has been pointed out that as many patients as the
reciprocal of the true incidence rate must be observed almost
three times in order to have at least 95% possibility of detecting
one patient with a relatively rare problem as severe DILI [26].

Large retrospective [17] and prospective [27-28] studies on
DILI have included patients with suspected liver injury due to
statins. In a large series from Sweden, based on spontaneous
reporting of adverse effects to the authorities, 8/747 (1%) DILI
patients (with jaundice) had suspected statin-induced DILI, in
two cases leading to liver transplantation and death, respectively
[17]. In the Spanish Hepatotoxicity Registry, 18/461 (3%) lipid
lowering agents were implicated as the cause of DILI [27]. These
cases had a mean of 16 times ULN in ALT and a mean of 6 mg/dl
in bilirubin at presentation [27]. In the prospective DILIN study,
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Table 2. Comparison between patients with atorvastatin- and simvastatin-induced liver injury in terms of gender, duration of treatment, liver tests and type of liver
injury. Clinical and laboratory data in the total study population are shown. Liver laboratory values are expressed as multiples of ULN (upper limit of normal), medians and
interquartile range. Age and duration of treatment are also expressed as medians and interquartile range.

Atorvastatin Simvastatin p value Total study cohort
(n = 30) (n=28) (n=73)
Age 67 (55-74) 63 (56-71) n.s. 64 (57-73)
Gender (Females %) 15/30 (50%) 10/28 (36%) n.s. 33/40
Duration of treatment (days) 120 (39-248) 90 (30-180) n.s. 90 (30-210)
Bilirubin 3.7 (2.0-4.7) 4.0 (1.8-8.9) n.s. 3.2 (2.0-6.5)
AST 5.7 (2.6-11) 8.1 (4.5-19.7) n.s. 5.9 (3.6-16.5)
ALT 10 (5.2-20) 11.9 (7.0-28) n.s. 10 (5.7-20)
ALP 3.0 (1.6-3.6) 2.1 (1.6-3.6) n.s. 2.5(1.6-3.6)
Cholestatic/mixed 17/30 (57%) 7/28 (25%) 0.0182 30/73 (41%)

liver injury was considered to be due to lipid lowering agents in
3.4% of cases [28]. Considering the common use of statins world-
wide, clinically important liver injury is probably very rare but
there seems little doubt that the use of statins can be associated
with severe DILL

The current series, which is by far the largest series of statin-
induced DILI, does support that clinically important idiosyncratic
liver injury can occur in patients treated with statins. A total of 73
patients in the current study can be compared with only 40 cases
with statin-induced DILI which have been reported as case
reports or small case series [12]. Among our patients, two died
and one underwent liver transplantation. Two of these cases
had a highly probable relationship with the drug according to
the RUCAM causality assessment method. Three case reports
have been published with serious suspected atorvastatin-induced
DILI [13,29-30]. Recently, the combination of simvastatin-eze-
timibe was reported to lead to liver failure requiring liver trans-
plantation [31]. Moroever, among patients put on the liver
transplant list in the US between 1990 and 2002, three patients
had a transplant in whom statins were implicated as the respon-
sible agents [32]. Furthermore, a recent report from the Acute
Liver Failure (ALF) Study Group, showed that a statin was the
only implicated agent in 6 patients (4.5%) among all those
patients with ALF from DILI [33]. In the DILIN study, in 2/27
(7.4%) patients, who died from liver failure or underwent liver
transplantation, statins were the implicated agents [28].

Perger et al. reviewed reports of the Adverse Event Reporting
System of the World Health Organization for deaths resulting
from serious liver injury attributable to statin therapy and calcu-
lated reporting rates of fatal liver injury from data on prescrip-
tions in the US [29]. They found that fatal liver failure was an
existing but rare event among statin users with reporting rates
much lower than one death per million prescriptions for all stat-
ins [29]. In a paper on statin safety, the incidence of statin-asso-
ciated DILI episode was estimated to be 1 per million person-
years of use [34]. Based on the sales of statins in Sweden during
the study period, we found that the incidence of statin-associated
DILI episode was instead 1.6 cases per 100,000 person-years of
use. Thus, our results indicate that the estimation on the risk of
liver failure undertaken by Law and Rudnicka (1 per million per-
son-years of use) is probably under-estimation, particularly given
the huge under-reporting of adverse effects such as DILI [5].

Three patients in our series had a positive rechallenge with
the same statin they had recovered from suspected DILI. This
occurred approximately one month after re-initiation of ther-
apy but all recovered after the second discontinuation. Very
limited previous experience has been reported with rechallenge
of statins. However, a fatal liver failure has been reported with
a rechallenge of atorvastatin, which originally was withdrawn
due to jaundice [30]. Interestingly, the patient developed liver
injury approximately one month after re-exposure as it was
the case in our three patients with positive rechallenge. Thus,
it seems to be unsafe and can even be life threatening to sug-
gest “if the ALT returns to normal, it is almost certainly safe to
rechallenge the patient with the same or a different statin”
[35]. A panel of expert hepatologists came to the conclusion
that “if a causal relationship between significant liver injury
and statins therapy cannot be excluded, then re-initiation of
statin therapy is not recommended” [36]. Concerning crossre-
activity and the risk of adverse effects of statins, the informa-
tion in the literature is very scarce. In the current series,
information was available in five cases, with suspect liver
injury to one type of statin, who were able to tolerate another
statin without development of liver injury. This suggests a lack
of class effect and it seems to be safe to switch to another sta-
tin although numbers are small. We think this is an important
information and adds to the existing literature in the field.

Some reports suggested that interaction between statins and
other drugs leads to higher risk for DILI [12]. We were only able
to study this for those drugs that were discontinued concomi-
tantly with statins and were considered as likely cause of liver
injury. By careful analysis of the potential interactions that might
lead to higher concentrations of statins, we found very little evi-
dence for this as an important potential mechanism, as only two
drugs were found to have a clinically relevant interaction.

Interestingly, DILI was the highest adverse effect reported to
SADRAC, whereas myopathy has been reported to be the most
common side effect [37]. We do not have an explanation for
this. In Sweden, the strategies of spontaneous reporting of
adverse effects are first and foremost serious adverse effects
and also new or previously unknown adverse effects. It is con-
ceivable that because effects of statins on muscle are well
known, this might reduce the spontaneous reporting of that
type of side effects.
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Table 3. The concomitant drug and the statin discontinued in patients with other drugs possible for the DILL The potential interactions, possible consequences and the

evidence for this are described.

Statin Concomitant drug Interaction Possible consequence Evidence
Simvastatin Nefazodone Inhibiton of CYP3A4 Rhabdomyolysis Several case reports,
Transaminitis due to raised serum levels not clinically relevant
of simvastatin [18] regarding the liver

Simvastatin Amlodipine Possible competition for Slight raise in AUC for statin — One case report
CYP3A4 not clinically relevant [19]

Simvastatin Mexiletine None - -

Simvastatin Rofecoxib None - -

Simvastatin Ciprofloxacin Possible inhibiton of Myopathy One case report
CYP3A4 and Rhabdomyolysis due to raised serum
P-glycoprotein levels of simvastatin [20]
competitive inhibiton

Simvastatin Metformin Unknown One study [21] Not clinically relevant

Simvastatin Isoniazid None - -

Simvastatin Estrogen None - -

Simvastatin Ticlopidine None - -

Atorvastatin Enalapril None - -

Atorvastatin Dalteparin None - -

Atorvastatin Premarina None - -

Atorvastatin Sertraline None - -

Atorvastatin Cefadroxil None - -

Atorvastatin Losartan None - -

Rosuvastatin Enalapril None - -

Fluvastatin Lisinopril Unlikely - -

Most DILI reports were associated with atorvastatin, which is
in line with the fact that out of 40 case reports, 18 were in
atorvastatin treated patients [12]. Similarly, among statins,
atorvastatin has generally been the most common statin reported
in earlier series [17,27,28]. We also found that atorvastatin was
significantly more commonly associated with DILI than simvasta-
tin. Compared with DILIs in the total study cohort, fluvastatin had
proportionally the highest number of DILI episodes. However, the
fact that this drug is used less often than simvastatin and atorva-
statin makes the interpretation of this comparison difficult.

In the current study, cholestatic/mixed pattern of liver injury
was significantly more common with atorvastatin than with sim-
vastatin, which is also in line with previous studies showing this
to the most common type of liver injury with atorvastatin [29].

Statins are very important drugs in cardiovascular medicine
and in large clinical trials they have been found to prevent a sig-
nificant proportion of cardiovascular deaths [2-4]. Thus, given
their potency, the occurrence of rare adverse effects such as DILI
associated with statins has to be put into perspective. There is a
risk for “myths” on either extremes. One “myth” might be the
overzelous definition of DILI based on low threshold of raised
ALT in a patient on statin that can certainly have other causes
[10]. The other extreme is to dismiss statin DILI entirely based
on comparing ALT elevations in the setting of a clinical trial
[11], which, as mentioned above, are underpowered to detect
very rare side effects. Thus, it is important to establish a sound
assessment based on clinical data from a large number of patients

from the post marketing phase. Although DILI can occur in
patients on statins, this should not discourage people to use stat-
ins. Given that these reactions are extremely rare, it is hardly
cost-effective to perform liver tests in patients on statins but this
paper does not answer the question whether or not monitoring is
reasonable. Measurements of liver tests should as always be
based on the clinical scenario and suspicion of a liver disease.
The current study has some limitations. First of all, the retro-
spective nature of the study makes it difficult to obtain complete
clinical information. However, we excluded a significant propor-
tion of patients who had too limited clinical information in order
to be able to calculate the RUCAM score. The causality assess-
ment used (RUCAM) in the current study has been the most
widely used instrument in DILI studies but it is problematic for
several reasons. Ambiguity of instructions and considerable vari-
ability among raters are among the problems that limit its reli-
ability [38]. Expert opinion produced a higher agreement rates
but still had some inter-observer variability [38]. However, a
recent study found RUCAM to have a good correlation with
another scale that has been used in DILI and showed good agree-
ment with clinical judgment [39]. Thus, giving the lack of better
causality assessment instruments, RUCAM is probably the best
validated and its use in the current study is unlikely to have
had any major influence on the results. However, causality
assessment is the Achilles’ heel of the science of DILI and it is very
difficult to prove that a liver reaction is actually caused by a drug,
except when you have a positive rechallenge. Hopefully, in the
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Table 4. Reports of statin-associated DILI according reports to SADRAC during the study period. Reactions were significantly more frequent in patients taking

fluvastatin (p <0.05 compared to the total group). DDD, defined daily dose.

Atorvastatin Fluvastatin Pravastatin Rosuvastatin Simvastatin Total
No. of reactions 30 1 2 2 28 73
DDDs (x10°) 370.7 23.2 131.5 429 1097.8 1666.1
Person-years (x10%) 10.29 0.64 3.65 1.19 30.49 46.26
Incidence (x10¢ DDDs) 0.081 0.474 0.015 0.047 0.026 0.044
Incidence (x10* person-years) 29 17 0.5 1.6 0.9 1.6

future the subjective judgment and the scientific immaturity of
all causality assessment current work in DILI can be replaced
by objective markers of drug injury such as drug protein adducts
and pharmacogenomics. Given the fact that a large number of the
general population is taking statins and cases with idiopathic
acute liver failure (ALF) do occur, it cannot be excluded that in
some cases we are dealing with the background noise of idio-
pathic ALF.

In summary, we were able to show that although idiosyncratic
liver injury associated with statins is rare, it can be associated
with severe outcome. After recovery, a similar pattern of liver
injury can be reproduced on re-exposure. There seems little
doubt that certain individuals for unknown reasons may develop
this rare side effect. Responsible physicians should perform liver
tests in patients taking statins, who present with newly devel-
oped symptoms such as nausea, severe lethargy and abdominal
pain.
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