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Non-steroidal anti-inflammatory drugs: What is the actual
risk of liver damage?
Fernando Bessone
tends (1) to provide a critical analysis of the dissimilar
results currently available in the literature concerning
the epidemiology of NSAIDS hepatotoxicity; and (2)
to review the risk of hepatotoxicity for each one of the
most commonly employed compounds of the NSAIDs
family, based on past and recently published data.
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Abstract
Non-steroidal anti-inflammatory drugs (NSAIDs) constitute a family of drugs, which taken as a group, represents one of the most frequently prescribed around
the world. Thus, not surprisingly NSAIDs, along with
antiinfectious agents, list on the top for causes of DrugInduced Liver Injury (DILI). The incidence of liver
disease induced by NSAIDs reported in clinical studies
is fairly uniform ranging from 0.29/100 000 [95% confidence interval (CI): 0.17-051] to 9/100 000 (95% CI:
6-15). However, compared with these results, a higher
risk of liver-related hospitalizations was reported (3-23
per 100 000 patients). NSAIDs exhibit a broad spectrum
of liver damage ranging from asymptomatic, transient,
hyper-transaminasemia to fulminant hepatic failure.
However, under-reporting of asymptomatic, mild cases,
as well as of those with transient liver-tests alteration, in
conjunction with reports non-compliant with pharmacovigilance criteria to ascertain DILI and flawed epidemiological studies, jeopardize the chance to ascertain the
actual risk of NSAIDs hepatotoxicity. Several NSAIDs,
namely bromfenac, ibufenac and benoxaprofen, have
been withdrawn from the market due to hepatotoxicity; others like nimesulide were never marketed in some
countries and withdrawn in others. Indeed, the controversy concerning the actual risk of severe liver disease
persists within NSAIDs research. The present work in-
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INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are
consumed massively worldwide and, along with antimicrobial agents, are the most frequent causes of druginduced liver injury (DILI)[1-3]. Indeed, roughly 10% of
total drug-induced hepatotoxicity is NSAIDs related.
Recent data from England indicates that the relative frequency of NSAIDs prescription has changed, i.e. a 4%
decline in the consumption of diclofenac and a parallel
5% increase in the use of naproxen are probably due
to an increase in the awareness of both gastrointestinal
and cardiovascular serious adverse events[4]. The current
policy concerning the use of NSAIDs recommends that
patients take “the lowest effective dose for the shortest
duration” needed to control symptoms. In this particular
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setting evidence indicates that naproxen is associated
with a lower thrombotic risk than coxibs, and that ibuprofen has a good thrombotic safety profile for daily
doses of up to 1200 mg[5]. Noticeably, 6% of the US
population consumes at least one of these products in a
month. Information regarding ibuprofen indicates that
24% is sold as over the counter medication[6].
The paradox is that even when it has been known
historically and widely accepted that the use of these
NSAIDs is associated with a low rate of hepatic adverse
events, it is severe liver damage that is the main adverse
event through which these drugs are eventually withdrawn
from the market[7]. On the other hand, 50% of fulminant
hepatic failure (FHF) in the USA is due to hepatotoxicity[8]. Antimicrobial drugs are the most often involved[9].
Hepatotoxicity is more frequently encountered in postmarketing studies or even after, once the drug has already
been launched due to the fact that premarketing recruits a
relatively low number of patients, frequently insufficient
to fully judge the true incidence of hepatotoxicity[10]. One
of the most representative examples of this situation is
that of bromfenac-related severe liver damage. Bromfenac
was withdrawn from the market in 1998 as a result of
multiple reports of FHF within the year of its approval
(1 case for every 10 000 exposed individuals)[11,12]. Frequent
severe liver damage associated with nimesulide had also
been reported[13]. Although nimesulide is currently approved in 50 countries worldwide, national health authorities of several countries have withdrawn nimesulide from
the market and others have never approved it[14-16]. EMEA
(European Medicines Evaluation Agency) currently recommends a restricted length of treatment (15 d) and a
maximal drug dosage (100 mg/d) for nimesulide therapy,
which in addition should be avoided in children.
Interestingly, NSAIDs-induced hepatotoxicity may be
associated with liver injury six to nine times more frequently
in patients who are taking other potentially hepatotoxic
medications concomitantly. (i.e. amoxicillin-clavulanic acid,
proton pump inhibitor, phenobarbitol, isoniazid)[17,18].
According to a recent study, hepatic steatosis and metabolic syndrome might predispose to an NSAIDs-induced
liver toxicity[19], a similar situation to that already proven
for methotrexate and halothane.
Finally, chronic alcohol abuse during treatment with
paracetamol was associated with an increase in liver injury induced by acetaminophen including those patients
who were taking doses not higher than 4 g daily[20].
Our attempt in the present work is two-fold (1) to
analyze the clinical impact regarding severity of NSAIDs
hepatotoxicity based on a critical analysis of the conflicting epidemiological approaches currently available in the
literature; and (2) to review the individual expected risk of
hepatotoxicity for NSAIDs most commonly employed in
clinical practice based on past and recently published data.

death of the exposed population. One important pitfall to demonstrate the risk of liver damage induced by
NSAIDs resides in the epidemiological study design.
Generally speaking, the strengths of randomized control trials (RCT) are the close patient follow up, the comparison with a control group and an accepted design in
order to prove specific therapeutic actions. However, RCT
frequently represent just a sample of the general population seldom truly representative, particularly as evidence
of the incidence of hepatotoxicity[6]. In addition, trials
frequently fail to be informative concerning populations
under 18 years of age because this group of individuals
is usually underrepresented when not openly excluded[21].
On the other hand, data regarding incidence of liver
toxicity from cohort, case-control studies and trials are
not free from bias. Environmental factors, alcohol abuse,
viral infections and metabolic factors coexist with DILI
constituting confounding factors. Likewise, retrospective
studies have important drawbacks such as researcher unawareness of concurrent drug intake other than the study
drug. Other important limiting factors affect both preand post-marketing hepatotoxicity studies. Among these is
the fact that mild and reversible cases are underreported.
The other frequent source of error is the lack of a reliable
“denominator” (defined as the number of patients potentially exposed) for calculations. We may also consider an
additional source of underestimation of hepatotoxicity
which is the report lag - the delay between the occurrence
of adverse events and case communication. The latter
should be taken into account when the alert is associated
with severe liver damage. The incidence of liver disease
induced by NSAIDs reported in most studies is fairly
uniform ranging from 1 to 9 cases per 100 000 persons
exposed[21,22]. In spite of these results, epidemiologists
analyzing the real risk of liver disease induced by different
NSAIDs usually face difficulties, such as different study
designs, different populations (ethnic groups, age and sex)
and adjustment variable control methods that add complexity to the data analysis.
Traversa and co-workers analyzed a retrospective study
from 1997 through 2001 in a region of Italy (850 000 inhabitants). About 2 million prescriptions corresponding to
NSAIDs-treated patients through a 5-year period followup were analyzed[23].
One of the main conclusions drawn from this study
is that the risk of NSAIDs induced hepatotoxicity is
very small (if the number of prescriptions is taken as the
denominator, the incidence of liver injury was 1.7 per
100 000 exposed individuals). In contrast, a higher rate
of hepatotoxicity was observed among people older than
75 years old (5.7-fold increased risk of liver disease when
compared with people under 45 years). Interestingly, it
was observed that nimesulide showed both a slightly
higher incidence of liver damage and a higher hospitalization rate than that observed with the other NSAIDs (33
per 100 000 patient-years vs 22 per 100 000 patient-years
respectively). The authors were unable to find severe liver
damage and deaths related to NSAIDs. While the positive
features of this study were the high number of patients

EPIDEMIOLOGY
Epidemiological studies evaluating severe NSAID liver
toxicity take into consideration hospitalization and

WJG|www.wjgnet.com

5652

December 7, 2010|Volume 16|Issue 45|

Bessone F. NSAIDs hepatotoxicity
Table 1 Results of population-based studies showing liver toxicity induced by non-steroidal anti-inflammatory drugs
Authors

Study design

Incidence rate of hepatotoxicity (ALT ≥ 3 ULN)
per 100 000 patient-years (95% CI)

García Rodríguez et al[22], 1992
Traversa et al[23], 2003
de Abajo et al[24], 2004
Rubenstein et al[26], 2004
Rostom et al[21], 2005
Laine et al[25], 2009

Retrospective cohort study, cross over design
Retrospective cohort
Retrospective population-based case-control study
Sistematic review (hospitalization or death)
Sistematic review
Long-term prospective trial

9/100 000 (6-15)
1.4/100 000 (1.0-2.1)
2.4/100 000 (2.0-2.8)
3.1 to 23.4/100 000
0.29/100 000 (0.17-0.51)
2.1/100 000 (1.9-2.3)

ALT: Alanine transaminase; ULN: Upper limit of normal; CI: Confidence interval.

enrolled and the extended follow-up, the major limitations
were that the database monitoring system neither included
the reason for prescription nor NSAIDs doses.
In contrast, a case-control study that included prescriptions of all market-approved NSAIDs highlighted
diclofenac as the only drug associated with an increased
risk of liver damage (95% confidence interval: 1.9-8.8)[24].
Laine and co-workers recently reported the largest prospective, randomized double-blind study comprising four
times more patients than the largest previous trials. They
evaluated the incidence of diclofenac-induced hepatotoxicity in 17 289 patients, showing that patients who suffered
diclofenac-associated adverse drugs reactions seldom
required hospital admission (23/100 000 patients). They
also observed that symptoms of diclofenac-related liver
disease developed either early or late after starting drug
therapy[25]. The conclusions were: a low rate of occurrence
of diclofenac-related admissions, and a very low rate
of diclofenac-associated FHF. Indeed, only one patient
required liver hospitalization for every 132 patients with
aminotransferase > 3 × upper limit of normal (ULN).
Rostom and co-workers investigated bibliographic
databases MEDLINE and EMBASE and public FDA
archives in order to identify randomized controlled trials
of diclofenac, naproxen, ibuprofen, celecoxib, rofecoxib,
valdecoxib, or meloxicam in adults with osteoarthritis or
rheumatoid arthritis. The authors analyzed aminotransferase elevations > 3 ULN, liver-related drug discontinuation, serious hepatic adverse events, liver-related hospitalizations, and liver-related deaths[21]. After analyzing
65 database articles and 67 FDA submitted studies, they
concluded that diclofenac and rofecoxib had a higher
level of transaminases both compared with placebo and
with the other studied NSAIDs. Interestingly, none of
these studies had a high rate of serious hepatic adverse
events, hospitalizations or death.
The authors found only 1 hospital admission (naproxen) observed among 37 671 patients included in studies
reporting hospitalization. This very low hospitalization
rate represents 3 per 100 000 patients (0.5-15 per 100 000
patients). One patient died due to naproxen liver toxicity
among 51 942 patients consuming NSAIDs, which in turn
also represents a low death rate: 2 per 100 000 patients
(0.3-11 per 100 000 patients).
These results are in concordance with those reported
by Rubenstein and Laine who also analyzed several epide-
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miologic studies designed to determine the incidence and
risk of serious liver-related NSAIDs toxicity[26]. Seven studies met the inclusion criteria proposed by the authors. They
observed an incidence of liver toxicity associated with
hospital admission ranging from 3.1-23.4/100 000 patientyears related to current use of NSAIDs, with an excess
risk compared with past NSAIDs users of 4.8-8.6/100 000
patient-years of exposure. Moreover, these researchers
documented zero mortality associated with NSAIDs when
cumulative exposure of liver damage was analyzed in
396 392 patients/year.
Most of the information regarding the incidence and
relative risk of hepatotoxicity associated with NSAIDs
comes from cohort or case control studies and usually
shows a low incidence of hepatotoxicity (Table 1).
Great efforts have been made to identify those clinical factors predictive of severe liver damage induced by
drugs. Several years ago the FDA along with Representatives of Pharmaceutical Research and Manufacturers of
America (PhRMA) and the American Association for the
Study of Liver Disease (AASLD) constituted a working
group to study how to minimize the risk of hepatotoxicity[27]. Despite valuable effort, expert consensus could not
be achieved concerning: (1) biochemical markers of liver
injury to applied used in pre-marketing studies; and (2)
clinical parameters able to predict severe liver injury. Yet
today we still continue using transaminases level higher
than three times the ULN as a marker of significant hepatocellular injury[28].

CHARACTERISTICS OF NSAIDS INDUCED
LIVER TOXICITY
The discovery of aspirin in 1946 followed by that of
phenylbutazone was the beginning of the NSAIDs era.
However, not until 1960 was indomethacin marketed. On
the other hand, during the 1950s, ibuprofen was the second drug (along with aspirin) approved to be sold as over
the counter medication. Interestingly, most of these substances were employed during the 60s, before the prostaglandin era.
The NSAIDs chemical classification recognizes four
major groups of molecules: (1) carboxylic acids; (2) oxicams carboxamides; (3) sulphonanilides diaryl-substituted;
and (4) pyrazole/furanones[29]. From the clinical stand
point NSAIDs induced hepatotoxicity is associated with
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Table 2 Liver-related hepatotoxicity induced by non-steroidal anti-inflammatory drugs
Drug

Pattern of liver damage

Proposed mechanism

Aspirin

Acute and chronic hepatitis
Reye’s syndrome
Acute and chronic hepatitis
Mixed damage and pure cholestasis
Acute hepatitis and mixed injury
Acute hepatitis, ductopenia
Cholestatic, mixed damage
Acute hepatitis, mixed damage
Acute hepatitis, massive and submassive necrosis,
cholestasis and ductopenia
Acute hepatitis, pure cholestasis

Dose dependent
> with high dose
Metabolic
Immunologic
Hypersensivity
Metabolic
Metabolic
Probably metabolic
Metabolic

Moderate
Low
Low
Low
Low

Probably metabolic

Moderate

Diclofenac
Sulindac
Ibuprofen
Naproxen
Coxibs
Oxicams
Nimesulide

different patterns of clinical presentation, several mechanisms of liver damage and various pathological patterns.
We will only describe below the clinical characteristics
of several NSAIDs that may be associated with a potential liver injury (Table 2).
Acetaminophen was not taken into account because
most cases of liver damage are due to suicide attempts
but a minority of cases are accidental and related to use
of paracetamol as a therapeutic prescription. Acetaminophen-induced hepatotoxicity should be described separately and not within this topic.

Low
Low

DICLOFENAC
Diclofenac is the most widely used NSAID in the
world[36,37]. The vast majority of data related to hepatic reactions comes from retrospective studies. There were no
more than 60 cases of diclofenac hepatotoxicity reported
in the literature until Banks and co-workers in 1995 reported their analysis of 180 cases referred to FDA from
1988 through 1991. The authors observed evidence of liver disease in 85% of the patients within the first 6 mo after drug intake. Interestingly, a higher latency (after 6 mo)
was observed in 12% of cases[38]. The long latency period
observed in a large number of cases in addition to the
absence of hypersensibility support a metabolic mechanism of hepatotoxicity. Jaundice was a very common sign
present in 90 out of 120 patients. A total of 7 jaundiced
patients died as a result of liver disease. In this analysis
liver function tests (LFTs) showed a mixed (hepatocellular
and cholestatic) pattern in 66% of cases, cholestatic in
8% and indeterminate in the remainder of the group. In
contrast to Jick’s point of view which suggests that hepatotoxicity induced by diclofenac is an uncommon event[39],
the study by Banks proposed for the first time that diclofenac is a much more common cause of liver damage
than so far suspected[38]. This concept was reinforced in a
recent report from Laine who conducted the longest and
largest liver-related diclofenac study so far ever reported
[Multinational Etoricoxib and Diclofenac Arthritis LongTerm (MEDAL) program][25]. They conducted a prospective, randomized and double-blind study analyzing the
frequency of diclofenac induced liver reactions in 17 289
patients. The authors randomized only those osteoarthritis
or rheumatoid arthritis patients over 50 years of age who
were going to receive diclofenac therapy (150 mg daily) or
etoricoxib (60 or 90 mg daily). They also excluded cases
with previous liver disease or more than 14 weekly alcohol
drinks. Hypertransaminasemia > 3 × ULN was observed
in over 3% of arthritic patients with a regular intake of diclofenac. It is interesting to point out that alanine transaminase (ALT) values higher than 10 × ULN were only
identified in 0.5% of cases[25]. The incidence of diclofenac
liver-related hospitalizations in this study was 16 per
100 000 patient-years. Through these results, the authors
provide evidence that diclofenac is a very safe drug. The

ASPIRIN
Although liver toxicity induced by aspirin is considered
to be dose-dependent, there is evidence that rheumatic
patients may have predisposing conditions that may increase individual risk of liver damage. Hypoalbuminemia
in patients with systemic lupus erythematosus and juvenile
rheumatoid arthritis are two well documented risk factors
for increased susceptibility to liver injury[30,31]. In addition,
studies in rats have shown that aspirin hepatotoxicity is
more common in animals with experimentally-induced
rheumatoid arthritis compared to that observed in those
without arthritis[32]. The clinical presentation of liver
toxicity is often anicteric (jaundice at less than 5%) and
transaminase levels correlate with serum salicylate levels (>
25 mg/100 mL)[33]. Focal nonspecific necrosis, hepatocellular degeneration and hydropic changes are commonly
seen in liver histology[34]. Aspirin can also produce a mitochondrial dysfunction pattern that may lead to a liver free
fatty acid accumulation and subsequently develop into a
severe metabolic disorder associated with hepatic massive
microsteatosis. This syndrome, known as Reye’s Syndrome, is characterized by metabolic acidosis, hepatic encephalopathy, hypoglycemia, coagulopathy and azotemia.
Reye’s disease induced by aspirin is a rarity since aspirin
is currently avoided in pediatric patients and replaced by
ibuprofen and paracetamol.
A recent experimental study in rats suggests that salicylic acid could trigger mitochondrial dysfunction causing
a marked fall in intracellular ATP which in turn leads to a
lethal hepatocellular injury mediated by a lipid peroxidation
mechanism[35].
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contributing to liver injury in SLD/LPS-cotreated rats[43].
Regrettably the current coexistence of conflicting
and heterogeneous results precludes us from reaching
valid conclusions regarding SLD DILI.

small number of related hospitalizations (0.023%), and
Hy’s cases (transaminases > × 3 ULN and bilirubin > 2
ULN or a fatal outcome or liver transplantation) (0.012%)
are the strongest evidence showing that diclofenac bears a
low liver toxicity rate.
These data are in concordance with those observed by
Traversa and co-workers showing ibuprofen and naproxen
also displayed a low hepatotoxicity rate. However, in
this latter study nimesulide had a higher hospitalization
rate when compared with a past control cohort (33 per
100 000 patient-years)[23]. In a systematic analysis of several randomized studies, Rostom and co-workers also
found a very low frequency of hospital admissions due
to NSAIDs related-liver disease in 4261 patients (3 per
100 000 patient) and 0% when diclofenac was evaluated
separately[21].
Diclofenac is a typical example of the combination
of factors resulting in hepatotoxicity (e.g. drug metabolism, reactive metabolite formation and clearance) determining the actual development and the severity of liver
damage. Morover, diclofenac might produce liver injury
through either metabolic idiosyncrasy or an immunological mechanism generated by drug adduct formation[8].

IBUPROFEN
Ibuprofen has a recognized anti-inflammatory, analgesic
and antipyretic property and is one of the most commonly NSAIDs used worldwide. It is characterized by a
high safety profile and very low liver toxicity incidence.
Along with paracetamol and aspirin, ibuprofen has become one of the largest ever selling over the counter
drugs. It was first introduced to the UK market in 1969
and due to the low rate of gastrointestinal adverse events,
it has ever since almost replaced aspirin, indometacin and
phenylbutazone in arthritic patients[44]. A scarce number
of hepatotoxicity reports involving ibuprofen were published, associated to both hepatocellular and cholestatic
liver damage. Indeed, one of the latter cases was linked
to vanishing bile duct syndrome[45,46]. It has also been suggested that ibuprofen may increase the risk of liver injury
when administered to patients with chronic hepatitis C.
An ibuprofen associated increase of transaminases > 5 ×
UNL was recently reported in three patients with chronic
hepatitis C, eventually confirmed by re-challenge[47].
Traversa et al[23] in their cohort study that recruited
thousands of patients receiving various NSAIDs confirmed that ibuprofen has a very low liver toxicity rate:
Only two patients showed ibuprofen-associated liver injury
(out of 126 cases that had NSAIDs). Despite the massive
use of this drug worldwide, a low rate of ibuprofen liver
toxicity along with a low incidence of gastrointestinal,
renal and cardiovascular serious events characterizes the
safety profile. This is probably based on the fact ibuprofen
has a short plasma half life and does not form pathological metabolites.The absence of reports including ibuprofen induced liver injury in several studies and meta-analyses, strongly suggests that ibuprofen is an unlikely cause of
liver disease[48-50].

SULINDAC
Sulindac (SLD) is associated with an increased incidence
of liver toxicity and serious hepatic reactions (5-10 times)
when compared with other NSAIDs. Besides its recognized anti-inflammatory mechanism through the inhibition of cyclooxygenase (COX 1 and 2), SLD became very
popular due to its antiapoptotic effect in colonic polyposis
treatment[40]. SLD induced hepatotoxicity was more frequently encountered among people over 50 years old. Regarding the mechanism of hepatotoxicity, SLD associated
DILI is one other example of a combination of factors as
judged by the conflicting results present in the literature.
Indeed, in a series of 91 documented cases reported to
FDA a predominantly cholestatic pattern was present in
43% while hepatocellular-related changes were found in
25% of patients[41]. Morover, a hypersensitivity mechanism
of liver injury was present in 60% of cases. Zou et al[42] recently reported an interesting pilot study showing that cotreatment of SLD and lipopolysaccharide (LPS) caused
liver injury in rats. In this context they also found a selectively clotting system activation and fibrinolytic system
inhibition in rats treated with SLD/LPS. These changes
were also associated with tisular hypoxia and fibrin clot
deposit in the hepatic sinusoids[42]. Researchers suggest
that these results may be extrapolated to humans with the
disease. Furthermore, they hypothesize that hypoxia in
the frame of the SLD/LPS association may underlie the
idiosyncratic model where the sulfide metabolite probably
plays a central role.
Another experimental study carried out by the same
authors shows that tumor necrosis factor (TNF)-α augmented the cytotoxicity of SLD sulfide in primary hepatocytes and HepG2 cells. These results suggest that TNF-α
can enhance SLD sulfide-induced hepatotoxicity, thereby
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COXIBS
Coxibs are NSAIDs designed to selectively inhibit
COX-2. Lately, this group of drugs has been gaining
worldwide popularity due to a much better gastrointestinal safety profile when compared with nonselective
NSAIDs[25]. However, NSAIDs-induced cardiovascular
adverse events have generated significant controversy[51,52].
Due to increased risk of myocardial infarction and arterial
hypertension, rofecoxib was removed from the market
by Merck in 2004[53]. Valdecoxib was also voluntarily discontinued by manufacturer Bextra, Pfizer Canada Inc and
by FDA in 2005 because of severe allergic skin lesions
including cases of Stevens-Johnson syndrome and also
because of an increased risk of heart and stroke attack[54].
On the other hand, celecoxib continues to be marketed in
many countries. Laine and coworkers recently published
a comprehensive evaluation of the literature up to 2007
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analyzing controlled trials, meta-analyses and reviews related to the safety profile of selective inhibitors of COX-2
in patients with osteoarthritis (OA)[55]. Their results are
truly encouraging and show that coxibs have a therapeutic
efficacy comparable to other NSAIDs and higher than
that of acetaminophen. This was observed when patients
with OA were treated for moderate to severe degree of
pain. Through meta-analysis the authors documented that
coxibs have a 74% lower risk of gastro-duodenal ulcer
complications. In contrast, they found a double risk of
myocardial infarction vs placebo and naproxen treated patients. There were no significant differences in cardiovascular risk between coxibs compared with non-naproxen
NSAIDs. Despite these encouraging results, FDA reported an alert related to the increase of cardiovascular risk
induced by coxibs.
Coxib-induced liver injury is an uncommon event and
the annual reported incidence of hepatotoxicity is 1 in
100 000 exposed persons[56]. A long term study evaluating
the safety profile of celecoxib in arthritics patients (Celecoxib Long-term Arthritis Safety Study-CLASS) found
increased transaminase level in 0.6 % patients[57].
A rise of transaminase level was also reported and associated with rofecoxib (2%) and with higher doses of lumiracoxib (3%). In this study, a higher frequency of clinical hepatitis was found in patients receiving 400 mg of
lumiracoxib when compared with ibuprofen and naproxen
treated patients[58]. In another survey, lumiracoxib was
linked to severe hepatocellular necrosis[59]. Health authorities from United Kingdom subsequently removed it from
the market. Scottish authorities reported 20 cases of severe liver disease probably associated with lumiracoxib.
FHF was documented in 14 out of 20 patients (two patients died and three patients needed liver transplantation).
In addition, recent postmarketing reports from Australia
of severe hepatic reactions with lumiracoxib at doses of
at least 200 mg (two patients died and 2 underwent liver
transplantation) led also to its withdrawal from the market
in that country[60].
On the other hand, rofecoxib was associated with a
low rate of hepatic reactions and an increase of ALT ≥
3 × UNL was documented in 1.8/100 000 exposed persons[55], but despite this excellent safety profile, Yan and
colleages reported two well-documented cases of cholestatic hepatitis induced by rofecoxib[61]. The first patient
showed a high level of alkaline phosphatase (APH) associated with hepatocellular injury in zone 1 whereas in the
other case a significant increase in ALT associated with a
minimum increase of APH was documented. In this latter patient mild liver damage in both acinar zones 1 and 3
was described. In contrast, four other published cases of
rofecoxib induced liver toxicity were characterized by predominant cholestatic presentation[62,63].
To our knowledge no case of etoricoxib severe hepatotoxicity has ever been published. However, transaminase
elevation (3 × ULN) has been reported in 1% of patients
treated with etoricoxib for up to one year[21,64].The mechanism of liver damage induced by coxibs has not yet been
completely elucidated. Kung and co-workers recently

WJG|www.wjgnet.com

suggested that the bioactivation of lumiracoxib and its
metabolite [4’-hydroxylumiracoxib (M5)] may produce
GSH depletion, covalent binding to proteins and oxidative
stress, that in turn may lead to liver injury[65].
Nevertheless, hepatotoxicity caused by non-selective
NSAIDs has been more extensively studied. Furthermore,
mitochondrial injury, cholestasis and oxidative stress induced by a reactive metabolite formation constitute the
most conspicuous molecular reported disorders. An attractive hypothesis suggests that NSAIDs inhibition of
COX-2, might cause liver damage through a prostaglandin
(PGs) pathway. Regarding this concept the authors proposed that the inhibition of PGE2 could down regulate
the antiapoptotic mitochondrial protein Bcl-2, which protects against bile acid induced apoptosis[66].

OXICAMS
Oxicams induced hepatotoxicity is an uncommon clinical
situation. Piroxicam induced severe hepatocellular necrosis
was the most frequent reported clinical pattern[35,67,68]. Uneventful recovery, death and need of liver transplantation
have all been reported[69,70]. On the other hand, a clinical
and histological pattern of hepatocellular plus cholestatic
(mixed) injury was also associated with piroxicam in one
single case. LFTs normalization was observed in this patient within 4 mo after starting the clinical disease[71], Interestingly, a case of severe intrahepatic cholestasis linked to
a long period of piroxicam intake, was originally described
20 years ago[72].
Only two patients with piroxicam-induced liver toxicity were admitted to our liver unit during the last three decades (unpublished data). The first patient was a 44-yearold woman with clinical and histological evidence of
submassive necrosis. The patient developed ascites and
liver failure after 28 d of drug intake and uneventfully
recovered without liver transplantation in 95 d from clinical onset. The other case was a 42-year-old man admitted
with clinical and biochemical manifestations of severe
cholestasis after piroxicam treatment as the single medication for 58 d. Liver histology showed a typical hepato-canalicular cholestasis associated with ductopenia (Figure 1).
This latter case progressively evolved to prolonged cholestasis with asthenia, anorexia and intolerable itching. He
underwent corticosteroids therapy for 30 d. We were able
to document a complete biochemical recovery 120 d from
the clinical onset.
Other oxicam derivatives were also occasionally implicated in cases of acute cholestatic hepatitis included
isoxicam and droxicam[73].
The mechanism of oxicams-induced hepatotoxicity appears to be idiosyncratic and dose independent.
Due to the absence of immunoallergic features in most
of the reported cases, it is very difficult to support an
immune-mediated mechanism of liver injury[74].

NIMESULIDE
Nimesulide has analgesic, anti-inflammatory and anti-
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Figure 1 Piroxicam induced hepato-canalicular cholestasis associated
with ductopenia (notice absence of bile duct in the portal tract).

Figure 3 Acute hepatitis induced by nimesulide (hepatocellular collapsed
areas are shown with arrows).

main clinical symptoms at presentation are jaundice (70%),
malaise (65%) and pruritus (50%). Interestingly, two thirds
of patients start liver toxicity 15 to 90 d after drug intake.
Relevant to drug safety, in only 11% latency was shorter
than 15 d (Figure 2). On the other hand, normalization
exceeded 90 d in 27% of cases[94]. In cholestatic liver injury, normalization of alkaline phosphatase serum level
usually takes more time than transaminases (i.e. more than
1 year)[95].
Nine patients in our series developed severe liver disease and FHF was observed in 6 cases. In agreement with
the recent publication by Walker et al[96], this subpopulation was composed predominantly of females older than
50 years. Two patients died before liver transplant due to
multiorgan failure, while a 9-year-old girl successfully underwent orthotopic liver transplantation.
We observed a wide range of variations of ALT/aspartate transaminase level in concordance with Bjarnason
who analyzed 33 case reports documenting an elevation
of ALT of at least 2-fold in 100%, and a 5-fold elevation
in 89% of patients[97].
Nimesulide hepatotoxicity shows a wide spectrum of
liver damage including acute hepatitis, cholestasis, mixed
forms, massive and submassive hepatic necrosis. We
found hepatocellular necrosis (Figure 3) in 64%, cholestatic hepatitis in 27% and pure cholestasis in 9 %[94].
The mechanism of nimesulide induced hepatotoxicity remains unknown. It has been suggested that it could
be due to the formation of a reactive metabolite. On the
other hand, individual genetic variations in drug metabolism have also been proposed.
Acknowledging the true impact of nimesulide on the
liver is not an easy task. Despite the proliferation of reports
describing nimesulide-induced severe liver injury (mainly
Argentina, Ireland and Finland), the epidemiological studies
have almost unanimously concluded that severe hepatotoxicity is of low incidence determining a positive risk-benefitratio. Inquiring about nimesulide intake should be incorporated into standard anamnesis of liver disease, especially
when acute liver damage is being investigated.

35
66%

30

No. of patients

25
20
15
10

23%
11%

5
0
< 15

15-90

> 90

t /d

Figure 2 Latency (time from nimesulide intake to clinical onset) in 43 patients.

pyretic activity due to potent inhibitory effects on the
COX-2 enzymes. Nimesulide bears a good gastro-intestinal tolerance. The mechanism of action has been attributed to a unique chemical structure of the sulphonanilides
class of NSAIDs[75].
Our group in Argentina reported the first observation linking nimesulide with liver toxicity in 1997[76]. Since
then, a steady flow of reports confirmed severe forms of
hepatotoxicity, to the point that national health authorities
of several countries withdrew nimesulide from the market[77-88]. Despite this, nimesulide commercialization is still
maintained in several European countries, although the
EMEA reports recommend a length of therapy restricted
to 15 d and maximal dosage of 100 mg/d[13]. Controversy
regarding nimesulide persists due to the fact that clinical series reports and epidemiological trials continue to
involve nimesulide in severe liver damage[19,89,90]. On the
other hand, health institutions conclude that nimesulideinduced-liver injury is statistically comparable to that of
the remainder of the NSAIDs[91,92].
In our institution, 5 out of 30 cases (17%) had severe
liver injury[93]. In 2009 our series included 43 well documented cases of nimesulide-induced liver damage associated to a wide clinical and histological spectrum of hepatotoxicity[94]. To our knowledge this constitutes the largest
series of nimesulide hepatotoxicity ever reported. The
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Addendum
Other than the previously analyzed drugs, indomethacin,
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naproxen, meloxican, tenoxican and etodoloc have also
been associated with various hepatic reactions[73].

higher frequency of liver damage. NSAIDs induced liver
injury which might potentially lead to a fatal outcome or
need liver transplantation. As in other forms of DILI,
jaundice entails poor prognosis with 25% of jaundiced
patients developing severe liver disease. Drugs with an
increased risk of liver damage should undergo close LFTs
monitoring in order to prompt drug withdrawal to avoid
severe hepatotoxicity.

CONCLUSION
Aspirin was the first discovered NSAID. Dose dependent liver injury is accepted as the prevalent mechanism.
Liver toxicity rate is very low currently since aspirin has
been replaced by paracetamol and ibuprofen in pediatric
patients and in various rheumatic diseases.
Diclofenac is probably the most used NSAID in rheumatology. Severe liver reactions and diclofenac hospitalization rate are uncommon. An increase in ALT levels of
3-10 × ULN is observed in 3% of cases.
Sulindac induced hepatotoxicity was documented more
than fifty years ago. Liver damage occurrence was reported
to be 5-10 times higher than that of other NSAIDs. A hypersensivity mechanism of liver injury was the most prevalent liver reaction.
Ibuprofen has the highest liver safety profile among
NSAIDs and showed no severe liver injury in larger studies. Along with paracetamol and aspirin, it is considered
one of the most common over the counter NSAIDs sold
in the world.
Coxibs have currently replaced several NSAIDs due
to safer GI profile. However, the high rate of cardiovascular events associated to rofecoxib is the main drawback
related to drug marketing. Despite liver damage being a
rare clinical situation, lumiracoxib has been discontinued
in several countries due to severe hepatotoxicity.
Oxicams are associated with a well-documented hepatic safety profile. Uncommonly, piroxicam may cause
severe hepatocellular damage. The clinical and histological pattern may be mixed or associated to clinical
and biochemical prolonged cholestasis with or without
ductopenia. Isoxicam and droxicam were only linked to
liver toxicity in sporadic reports. The mechanism of liver
damage appears to be an idiosyncratic one.
Nimesulide was removed from the market in several
countries due to severe liver damage described in clinical
series, but various epidemiological surveys do not document these findings. EMEA recommends that nimesulide should only be used for short periods at daily doses
not higher than 200 mg/d in adults.
In summary, neither documenting the possibility
of the causative role of a drug when confronting liver
damage in an individual patient nor determining the
true incidence of NSAIDs induced hepatotoxicity in the
general population, are easy tasks. Rigorous data collecting, caution and clinical commitment are required when
judging potential hepatotoxicity. The clinician always
needs to critically evaluate the possibility whether other
factors may play a role in the actual findings.
Despite the shortage of well-designed epidemiological studies, there is evidence showing that most of
the NSAIDs are safe drugs with low risk of liver injury
(mostly ranging from 0.29-3.1/100 000 exposed individuals when recent based-population studies were analyzed).
Both sulindac and nimesulide have been linked to a
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