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Abstract

Purpose Pharmacogenomics investigates interindividual
genetic variability in the DNA sequence of drug targets,
drug-metabolizing enzymes or disease genes, RNA expres-
sion, or protein translation of genes affecting drug response
and drug safety. Aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs) are among the most com-
monly prescribed medications with well-documented varia-
tion in patient response in terms of efficacy and safety. This
variation may in part be explained by pharmacogenomics.
Methods In this paper I review data on the pharmacogenomics
of aspirin and other NSAIDs focusing on clinical implications.
Results Existing scientific evidence supports the
pharmacogenomic basis of interindividual variation in treat-
ment response to aspirin and NSAIDs, with clinical implica-
tions for antiplatelet action, cancer chemoprevention, and drug
safety. However, further research efforts are needed before
knowledge on the pharmacogenomics of aspirin and NSAIDs
can be implemented in clinical practice.

Conclusion The outcome of these research efforts would be
anticipated to have added value for both science and society,
contributing to the enhanced efficacy and safety of these
agents through patient selection.
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Introduction

Interindividual variation in treatment response to standard
doses of drug therapy can lead to treatment failure or to life-
threatening adverse drug reactions among patients receiving
identical doses of the same drug. A drug’s activity is the
result of its interaction with the proteins involved in absorp-
tion, distribution, metabolism, and elimination (ADME pro-
teins) and the molecular drug targets or target pathways.
Genetic variation in these proteins, i.e., single nucleotide
polymorphisms (SNPs) in genes coding for metabolizing
enzymes or drug transporters, might have a significant in-
fluence on the drug effect. Pharmacogenomics investigates
interindividual genetic variability in the DNA sequence of
drug targets, drug-metabolizing enzymes, and disease genes,
RNA expression, or protein translation of genes affecting
drug response and drug safety [1].

Although clinical trials that include thousands of patients
may generally indicate the efficacy and lack of toxicity of
the drugs being tested, it is well known that it is not possible
to predict a priori whether an individual patient will respond
to a given medication without adverse effects. Individual
variability in drug response can be explained by a number of
parameters, including age, sex, weight, pharmacokinetics,
disease severity, concomitant diseases, and environmental
factors. Moreover, genetic differences among individuals in
drug metabolism and/or cellular drug targets may explain a
significant component of this variability [2]. Interindividual
variability in drug metabolism in particular is a major cause
of adverse drug effects. In many cases, such variability is
linked to polymorphisms in genes coding for drug-
metabolizing enzymes resulting in null variant alleles or
variant alleles that code proteins with increased or reduced
activity. Individuals carrying enzyme-inactivating mutations
display impaired drug metabolism. Thus, when treated at
standard doses, carriers of inactivating mutations have
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higher plasma drug concentrations and lower clearance
rates, rendering them susceptible to adverse drug reactions
[3]. Aspirin and other nonsteroidal anti-inflammatory
drugs/agents (NSAIDs) are among the most commonly pre-
scribed medications with well-documented variation in pa-
tient response in terms of efficacy and safety. This variation
may in part be explained by pharmacogenomics. In this
paper, I review data on the pharmacogenomics of aspirin
and other NSAIDs, focusing on clinical implications.

Pharmacogenomics and acetylsalicylic acid

Antiplatelet therapy with aspirin represents the cardinal
therapeutic strategy for the prevention of atherothrombotic
events in patients with acute coronary syndromes and those
with percutaneous coronary interventions. However, it is
known that there is great variation in the antiplatelet effect
of aspirin, and this variation could be partly be explained by
pharmacogenetic variation. A number of polymorphisms
have been associated with cardiovascular outcomes, leading
to the suggesting that these polymorphisms modulate the
antiplatelet effect of aspirin. However, most of the data have
been contradictory. In this context, polymorphisms in the
genes encoding glycoproteins (i.e., IIb/Illa, Ia/Ila, VI, and
Ibx), cyclooxygenases (COX1 and COX2), adenosine di-
phosphate receptors (P2Y1 and P2Y12) and proteins in-
volved in hemostasis (i.e., thromboxane A2 receptor,
coagulation factor XIII) have been investigated [4]. Of
these, the most intensively studied polymorphism to date
is the PIA1/A2 polymorphism in the GPIlla platelet recep-
tor. Studies in healthy humans have suggested that carriers
of P2Y(12) ADP receptor polymorphisms may be at in-
creased risk of experiencing cardiovascular events. Howev-
er, Bierend et al. demonstrated that the platelet response to
acetylsalicylic acid is independent of the presence or ab-
sence of P2Y(12) ADP receptor polymorphisms in patients
with stable coronary artery disease who have had their first
myocardial infarction [5]. Alternatively, based on the results
of their systematic review of the pharmacogenetics of aspi-
rin resistance, Goodman et al. [6] concluded that while
literature data support a genetic association between the
PIA1/A2 molecular variant and aspirin resistance in healthy
subjects, the effect diminishes markedly in the presence of
cardiovascular disease. This difference between the healthy
population and cardiovascular disease patients was attribut-
ed to the effect of co-medications on platelet function, i.e., a
degree of platelet inhibition by statins obscures the presence
of aspirin resistance. These authors also suggested that the
presence of heterogeneity in the methods used for the mea-
surement of aspirin resistance could have an additional
effect on the outcomes [6]. Recent studies have shown that
specific COX1 A-842G, C50T, and GPIIla PLA,/A, genetic
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polymorphisms that are frequently observed in Caucasians
are not commonly in patients from mainland China. In
Chinese population, the presence of the P2Y1 893CC geno-
type appears to confer an attenuated antiplatelet effect dur-
ing aspirin treatment in healthy Chinese volunteers [7].

Acetylsalicylic acid is metabolized by UDP-
glucuronosyltransferase 1A6 (UGT1A6) and cytochrome
P450 2C9 (CYP2(C9), and interindividual differences in
the activity of these enzymes have been implicated in
aspirin resistance as well as in the safety of antiplatelet
doses of acetylsalicylic acid. One particularly relevant
study investigated whether interindividual variability in
the UGT1A6 or CYP2C9 gene is related to the preva-
lence of gastric complaints in hospitalized cardiovascu-
lar patients using acetylsalicylic acid for secondary
prevention of ischemic heart disease. No association
was found between polymorphisms in the genes
encoding for aspirin-metabolizing enzymes and gastric
complaints in this cohort of patients [8].

The regular use of aspirin and NSAIDs also has a pro-
tective effect on the incidence of colon neoplasia. However,
this protective effect can be modulated by genomic varia-
tion. Bigler et al. were the first group to investigate the
influence of the CYP2C9 and UGT1A6 genotypes on the
effect of aspirin on colon adenoma risk [9]. These authors
found that variations in genotype modified the risk among
aspirin users. An assessment of colon adenoma risk in users
and nonusers based on either the CYP2C9 or the UGTIA6
genotype revealed an inverse association with aspirin only
for individuals who were homozygous wild-type for
CYP2C9 or those who carried a variant UGTIA46 allele.
However, contrary to the results obtained for aspirin users,
an inverse association was observed between nonaspirin
NSAID use and colon adenoma risk regardless of genotype
[9]. Chan et al. conducted a nested case—control study of
1,062 women who provided blood specimens and detailed
data on aspirin use before undergoing lower endoscopy,
with the aim of investigating whether polymorphisms in
the UGT1A6 enzyme modulate the protective benefit of
regular aspirin use on colorectal adenoma. These authors
concluded that the UGT1A6 genotype affects the chemo-
preventive effect of aspirin on colorectal adenoma risk [10].

Pharmacogenomics and other NSAIDs

Nonsteroidal anti-inflammatory drugs/agents are some of the
most widely prescribed and over-the-counter medications. At
least 16 different registered NSAIDs are at least partially me-
tabolized by CYP2C9. These include aceclofenac,
acetylsalicylic acid, azapropazone, celecoxib, diclofenac,
frurbiprofen, ibuprofen, indomethacin, lornoxicam, mefenamic
acid, meloxicam, naproxen, phenylbutazone, piroxicam, and
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tenoxicam [11-22]. Two common variants of the CYP2C9
gene (CYP2C9*2 and *3) have been reported to signifi-
cantly lower the activity of the CYP2C9 enzyme. These
two alleles differ from the wild-type CYP2C9*] allele by a
single point mutation. CYP2C9*2 is characterized by a
430C >T exchange in exon 3 resulting in an Argl44Cys
amino acid substitution, while CYP2C9*3 is characterized
by a 1075A >T exchange in exon 7 causing an lle359leu
substitution in the catalytic site of the enzyme. Significant
intergenotypic differences have been reported in the phar-
macokinetics of celecoxib, flurbiprofen, ibuprofen, and
tenoxicam which could potentially be translated into dose
recommendations based upon CYP2C9 genotype [22]. In
contrast, an effect of CYP2C9 genotype on the pharmaco-
kinetics of naproxen, ketoprofen, and sulindac has not been
reported.

The pharmacokinetics of celecoxib has been investigated
in humans genotyped for CYP2C9. Celecoxib has been one
of the first drugs for which the manufacturer’s drug infor-
mation recommends caution when celecoxib is administered
to poor metabolizers of CYP2C9 substrates, as they could
have abnormally high levels [22].

Diclofenac is metabolized through glucuronidation and
hydroxylation. More than 50 % of diclofenac is metabolized
to 4-hydroxydiclofenac via CYP2C9. CYP2C9 polymor-
phisms do not affect the pharmacokinetics of diclofenac
[22]. CYP2CS is involved in diclofenac 5-hydroxylation.

CYP2C8 polymorphisms may influence interindividual
variability in the pharmacokinetics of ibuprofen and
diclofenac [23-26]. In the case of ibuprofen, it has been
shown that polymorphisms in CYP2C8 significantly change
the clearing capacity of individuals who are heterozygous or
homozygous for mutants of this metabolizing enzyme.

Pharmacogenomics of NSAIDs and gastrointestinal
bleeding

The presence of the CYP2C9 variant alleles CYP2C9*2 |
and *3 has been associated with acute gastrointestinal hemor-
rhage due to NSAIDs. Pilotto et al. conducted a relevant case—
control study that included 26 patients with endoscopically
documented NSAID-related gastroduodenal bleeding lesions
and 52 controls with no lesions at endoscopy [27]. The par-
ticipants of both groups were Helicobacter pylori negative
and acute users of a NSAID or COX-2 inhibitor that un-
dergoes CYP2C9 metabolism (i.e., celecoxib, diclofenac, ibu-
profen, naproxen, or piroxicam). Two marker SNPs in the
CYP2(C9 gene, identified as the CYP2C9 *2 and *3 allele,
were evaluated. Significantly higher frequencies of
CYP2C9*1/*3 [34.6 vs. 5.8 %; P< 0.001, odds ratio (OR)
12.9, 95 % confidence interval (CI) 2.917-57.922] and
CYP2C9*1/*2 (26.9 vs. 15.4 %; P=0.036, OR 3.8, 95 % CI
1.090-13.190) were identified in bleeding versus control

patients [27]. In 2003, acute gastrointestinal bleeding was
reported in a 71-year-old patient under long-term treatment
with acenocoumarol, after treatment with indomethacin. Upon
genotyping, the patient was found to be homozygous for the
CYP2(C9*3 allele, and the authors suggested that the interac-
tion of genetically impaired metabolism of indomethacin and
acenocoumarol, as well as a putative interaction in the metab-
olism of both CYP2C9 substrates, was the cause of bleeding
[28]. Following this case report, Martinez et al. published the
first case—control study that investigated the effect of CYP2C9
polymorphisms in NSAID-induced gastrointestinal bleeding.
The results of their study demonstrated that the carriers of
CYP2C9 variant alleles were more prone to develop acute
gastrointestinal bleeding when they received NSAIDs that
were CYP2C9 substrates [3].

Not only CYP2C9 polymorphisms but also CYP2C8
polymorphisms have been implicated in NSAID-induced
gastrointestinal hemorrhage. CYP2C9*2 is in partial linkage
disequilibrium with CYP2C8*3, and many NSAIDs are
substrates for both enzymes. In a cross-sectional study of
NSAID users (n=134 bleeding cases, n=177 nonbleeding
controls), Blanco et al. investigated whether CYP2C9 and
CYP2C8 polymorphisms were associated with gastrointes-
tinal bleeding [29]. The frequencies of the CYP2C8*3 and
CYP2CY9*2 alleles were higher in NSAID users who
experienced a bleeding event versus those that did
not (CYP2C8*3: OR 3.4, P<0.002; CYP2C9*2: OR 2.7,
P=0.013). Further analysis of the data revealed that the
highest bleeding risk was in patients who possessed both
of the variant CYP2C8*3 and CYP2C9*2 alleles. The au-
thors hypothesized that CYP2C8*3 and CYP2C9*2 alleles
conferred an increased risk of gastrointestinal bleeding due
to decreased metabolic clearance and increased plasma con-
centrations of NSAIDs [29].

Pharmacogenomics of NSAIDs and hepatotoxicity

Diclofenac has been associated with rare, but serious hepato-
toxicity [30]. Although the mechanism of diclofenac-induced
hepatotoxicity has not yet been elucidated, it is hypothesized
that diclofenac adducts are formed through either the 5-
hydroxydiclofenac metabolic pathway or the UGT2B7
glucuronidation pathway. These adducts seem to play a role
in the pathogenesis of diclofenac-induced hepatotoxicity
through the covalent modification of proteins, resulting in
alteration of protein function or in induction of the immune
response [31]. Relevant studies have demonstrated that the
CYP2C9 genotype is not associated with the risk of
diclofenac-induced hepatitis [31]. Daly et al. designed a
case—control study to investigate the effect of CYP2CS8 poly-
morphisms on the risk of diclofenac hepatotoxicity [32].
Cases were 24 patients who had experienced diclofenac hep-
atotoxicity, and controls were 160 patients who had received
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diclofenac without developing hepatotoxicity. All patients
were genotyped for the CYP2C8*3 and *4 alleles. The authors
found that CYP2C8 polymorphisms could not predict the risk
of hepatotoxicity. In contrast, genes involved in the metabo-
lism and biliary excretion of diclofenac (i.e., UGT2B7 and
ABCC2, respectively) were associated with diclofenac
hepatotoxicity [32] .

Pharmacogenomics NSAIDs and chemoprevention

The effect of the CYP2C9 genotype on colorectal adenoma
risk was investigated by Chan et al. in individuals with
CYP2C9*2 and CYP2C9*3 genotypes in the Adenoma Pre-
vention with Celecoxib trial [33]. Following adenoma re-
moval, patients were assigned randomly to groups given
placebo or low-dose (200 mg, twice-daily) or high-dose
(400 mg, twice-daily) celecoxib and underwent follow-up
colonoscopies at 1 and/or 3 years. The authors observed a
pharmacogenetic association between the CYP2C9*3 vari-
ant genotype and the risk of adenoma according to celecoxib
dosing—i.e., the greater efficacy of high-dose celecoxib,
compared with low-dose celecoxib, in preventing colorectal
adenoma remained confined to individuals with slow-
metabolizer (CYP2C9*3) genotypes [33]. In another study,
Samowits et al. investigated the interactions between
CYP2C9 and UGT1A6 polymorphisms and NSAIDs in
colorectal cancer prevention. These authors determined the
UGT1A6 and CYP2C9 genotypes in 2,295 individuals with
colorectal cancer and in 2,903 controls, as well as interac-
tions between these genotypes with aspirin or ibuprofen use
and colorectal cancer risk. According to the data, variant
CYP2C9 genotypes enhanced the protective effect of ibu-
profen on the prevention of colorectal cancer. However, no
interaction was found between the variant CYP2C9 geno-
type and aspirin use, nor between the UGT1A6 genotype
with either NSAID [34]. On the other hand, in another study,
no evidence of interaction was found between polymor-
phisms in CYP2CS8, CYP2C9, UGT1A6, PPARdelta, and
PPARgamma and the protective effect of regular NSAID
use on the risk of colorectal carcinoma [35]

Discussion

Aspirin and other NSAIDs are among the most commonly
prescribed medications, with indications ranging from pain
treatment to secondary prevention of cardiovascular events
and cancer chemoprevention. It is well known that aspirin and
other NSAIDs are multi-target agents, and these drugs are
currently being investigated for novel therapeutic indications.
In addition, these agents are often implicated in serious
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adverse events. At the same time, interindividual variation in
the efficacy and safety of these agents is well recognized.

The findings reported in this review indicate that
pharmacogenomics could explain a part of this variation. How-
ever, the reader should be well aware that this article is not a
systematic review, but rather a critical review based on studies
that focus on the clinical relevance of the pharmacogenomics of
aspirin and NSAIDs. Most of the studies cited herein include a
limited number of genotyped persons taking one dose of the
drug. Based on these data, dose recommendations cannot be
suggested. In addition, it is important to take into account that
many pathways contribute to the overall clearance of NSAID.
Thus, further research efforts are needed before our knowledge
on the pharmacogenomics of aspirin and NSAIDs can be
implemented in clinical practice. It is anticipated that the out-
come of these research efforts will be of added value for science
and society by contributing to the enhanced efficacy and safety
of these agents through patient selection.

Conclusion

Current evidence suggests that pharmacogenomics explain
in part the variation in efficacy and safety of aspirin and
NSAIDs. However, research is needed before dose recom-
mendations can be implemented in clinical practice.
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