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Abstract Celecoxib is the only FDA selective

cyclooxygenase-2 (COX-2) inhibitor approved nowadays.

Studies showed that its therapeutic efficacy and toxicity

may be related to inter-individual variability in pharma-

codynamics and pharmacokinetics. This review aims to

give an updated overview on celecoxib pharmacodynamics

and pharmacokinetics in relation to genetics. For this

purpose, a Medline search was performed to collect rele-

vant literature between 2004 and 2014. Studies showed that

single nucleotide polymorphism (SNP) in PTGS2-

765G[C does not control COX-2 inhibitory effect of

celecoxib. PGTS1 mutations may have an impact on the

selectivity of celecoxib and as such on its gastrointestinal

adverse events. Moreover, CYP2C9*2 and *3 allele were

identified in bleeding patients taking celecoxib versus

control patients. CYP2C9*2, CYP2C*3, two PTGS1 SNPs,

and other variant genotypes have shown an association

with acute coronary syndromes in patients taking cele-

coxib. As for the metabolism of celecoxib, in vitro and

ex vivo studies showed a reduced clearance of celecoxib in

individuals carrier of CYP2C9*3 allele and to a lower

extent with CYP2C9*2 carriers. Studies also demonstrated

that CYP2C8 does not have a major role in the metabolism

of celecoxib. Non-conclusive data are found on the Uridine

diphosphate glucuronosyltransferases (UGTs) which

catalyze the second phase of the metabolism of celecoxib.

As a conclusion, celecoxib should be used with caution in

patients known or suspected to be poor CYP2C9 metabo-

lizers. As for CYP2C8, UGTs and other genotypes further

studies are still needed to confirm their role in the admin-

istration of celecoxib to the right person at the right dose

and right time.
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Introduction

Several non-steroidal anti-inflammatory drugs (NSAIDs)

are available in the market to treat inflammation, relieve

pain, and reduce fever [30]. Those drugs exert their action

mainly by inhibiting prostaglandins biosynthesis through

preventing arachidonic acid (AA) to bind to the

cyclooxygenase (COX) enzyme active site. Two main

isoforms of COX enzymes exist: COX-1 and COX-2.

COX-1 has a role in numerous physiological functions. It

maintains normal renal function, protects the mucosa of the

gastrointestinal tract, and produces proaggregatory throm-

boxane A2 in the platelets. COX-2 is present in negligible

amounts at normal physiologic conditions. Genetically, it is

regulated through several steps namely gene transcription

and post transcription. Overexpression of COX-2 can lead

to various pathologic conditions including inflammatory

diseases and cancers [16]. Although traditional NSAIDs

are effective in relieving pain and reducing inflammation

mediated by COX-2, their usefulness is limited in many

patients due to their gastrointestinal side effects. As a

consequence, in order to produce potent anti-inflammatory
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and analgesic agents with fewer side effects compared to

traditional NSAIDs, scientist in the 1990s intensified their

research in order to design selective COX-2 inhibitors.

From different drugs launched, only etoricoxib and cele-

coxib were allowed to remain in the market. In 2007,

etoricoxib received a non-approvable letter from the Food

and Drug Administration (FDA) due to safety concerns of

an increased risk of cardiovascular events. Even though

this is true, Merck marketed it outside the United States.

On the other hand, celecoxib remained in the US market

but with a black box warning indicating a risk of cardio-

vascular events [1, 3–5, 22]. Pharmacogenetics found that

serious adverse events can be anticipated and thus avoided

by knowing the presence or absence of certain alleles in

patients to be treated [6, 14]. For example, celecoxib is

known to be a substrate of CYP2C9, thus any polymor-

phism that affects this enzyme activity or expression may

affect celecoxib clearance [2]. Other polymorphisms are

also involved in the pharmacodynamics of celecoxib such

as Prostaglandin-endoperoxide synthase (PTGS) 1 and 2,

the genes that encode COX-1 and COX-2, respectively [9,

24].

Aim of the Work

Knowing that the therapeutic efficacy and toxicity of

celecoxib are related to inter-individual variability [2, 15],

the aim of this review is to have a complete genetic

overview on celecoxib pharmacodynamics and pharma-

cokinetics as to implement the right drug, right dose, and

right time for the right person.

Method

A Medline search was performed to collect all relevant

literature between 2004 and 2014. Key words used were

NSAIDs, celecoxib, pharmacodynamics, pharmacokinet-

ics, and pharmacogenetics.

Celecoxib Pharmacodynamics

Following stimulation of the cell membrane by inflamma-

tory signal, AA, the precursor of Prostaglandin (PG), is

released through the action of phospholipases. The free AA

is converted to eicosanoids catalyzed by COX, lipoxyge-

nase, and cytochrome P450 enzyme. In the COX pathway,

the initial reaction converts AA to prostaglandin G2

(PGG2). The latter is reduced to prostaglandin H2 which

under the action of various cell-specific isomerases and

synthases is converted to prostaglandin D2, prostaglandin

E2 (PGE2), prostaglandin F2a, prostacyclin, and throm-

boxane A2 (TXA2). Celecoxib, a non-steroidal anti-in-

flammatory drug, which FDA indicated for osteoarthritis,

rheumatoid arthritis, ankylosing spondylitis, acute pain,

and primary dysmenorrhea, exerts its action by inhibiting

the COX-2 pathway [7, 12, 15, 22]. Thus, the genetic

variation of COX-2 that decreases the net activity of this

enzyme may decrease the therapeutic success of celecoxib

by shifting the inflammatory process to the other pathways.

According to Cipollone et al. [9], single nucleotide poly-

morphism (SNP)-765G[C in the PTGS2 gene, which codes

for COX-2, is accompanied with more than two times

decrease in COX-2 expression. On the other hand, Skarte

et al. [28] showed by in vivo whole blood assay that SNP in

PTGS2-765G[C did not modulate COX-2 inhibitory effect

of celecoxib. In fact, there was no statistical significance in

the inhibition of PGE2 by celecoxib in the homozygous

carriers of the PTGS2 wild-type 765G allele and the

homozygous carriers of the PTGS2 variant-type 765G

allele. COX-2 expression was also similar in the two

groups. Consequently, as shown by Shi et al. [26], the

difference in effectiveness of celecoxib is only attributed to

the dose and not to genetic factors.

The most common side effects encountered with cele-

coxib related to the gastrointestinal (GI) tract include

nausea, dyspepsia, flatulence, diarrhea, and abdominal

pain. Upper GI ulcers and bleeding are also been reported

even though they occur fewer than with traditional

NSAIDs. This was shown in the Successive Celecoxib

Efficacy and Safety Study I (SUCCESS-I) as well as by

Singh et al [27]. The odds ratio of the occurrence of ulcer

due to traditional NSAIDs as compared to celecoxib is

equal to 7.02 (95 % CI 1.46–33.80, p = 0.008) [27]. The

GI side effect of celecoxib may be attributed to the fact that

the latter retains some COX-1 inhibitory activity which

differs from patient to patient [22]. Data demonstrate that

PTGS1 mutations may have an impact on the selectivity of

celecoxib. PTGS1 SNP (c50C[T (rs3842787)) has shown

to reduce COX-1 inhibition in T variant carriers taking

celecoxib and thus leads to less GI side effects in those

patients [13]. GI bleeding is also attributed to the amount

of celecoxib present at the site of action. Thus, any muta-

tion that decreases the metabolism of celecoxib may

increase this side effect. According to Pilotto et al [21],

CYP2C9*1/*2 and *3 allele were identified in GI bleeding

patients taking celecoxib versus control patients with an

odds ratio equal to 3.8 (95 % CI 1.090–13.19, p = 0.036)

and 12.9 (95 % CI 2.917–57.922, p\ 0.001), respectively.

TXA2 is synthesized by COX-1 in platelet. It stimulates

smooth muscle proliferation, vasoconstriction, and platelet

aggregation. Conversely, prostacyclin (PGI2) is synthe-

sized from conversion of AA by COX-2 in vessel walls. It

promotes vasodilation and inhibition of platelet
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aggregation. By selectively inhibiting COX-2, celecoxib

creates an imbalance between TXA2 and PGI2 and thus

leads to an increase in the risk of thrombosis [11]. In fact,

CLASS study showed no significant difference between

celecoxib and traditional NSAIDs in regard to serious

cardiovascular events, while an increase in the cardiovas-

cular events in patient taking celecoxib was shown in the

APC trial as mentioned by Shi and Klotz [25]. This may be

attributed to genetic differences between patients. In fact,

two PTGS1 SNPs (rs10303135 and rs12353214) were

significantly associated with acute coronary syndrome in

patients taking celecoxib as found by St Germaine et al.

[29]. Kraus et al. [20] found two variants of the pros-

taglandin E2 synthase gene (rs2241271 and rs2302821),

one in the C-reactive protein gene (rs1800947) and three in

the epidermal growth factor receptor signaling gene

(rs6017996, rs6018256, and rs6018257), to be associated

with celecoxib cardiovascular side effect. Moreover,

CYP2C9*2 and CYP2C9*3 genotypes carriers have higher

risk of cardiovascular adverse events with 400 mg cele-

coxib twice daily as compared to the wild carriers (RR

2.76; 95 % CI 1.08–7.06) as stated by Chan et al. [8].

Nevertheless, this correlation was not shown with patients

randomized to celecoxib 200 mg twice daily [8]. Thus,

dose administered may be another factor. As mentioned in

a pooled analysis of six randomized trials comparing

celecoxib with placebo, cardiovascular risk is twice greater

in patients taking celecoxib twice per day as compared to

once per day [15].

Celecoxib Pharmacokinetics

After oral administration, celecoxib reaches peak plasma

level at approximately 3 h. Peak plasma level and area

under the curve are dose dependent up to 200 mg twice

daily under fasting conditions. High-fat meal may delay

peak plasma level to about 1–2 h. A reduction in plasma

celecoxib concentration is seen in patients co-administer-

ing aluminum- and magnesium-containing antacid [12, 15].

Celecoxib is extensively metabolized to inactive form in

the liver and only less than 3 % is excreted unchanged

through urine and feces. Seventy to ninety percent of the

administered drug is metabolized via CYP2C9 to hydrox-

ycelecoxib. The remaining part is catalyzed by CYP3A4.

Carboxycelecoxib is formed by oxidation of hydroxycele-

coxib under the influence of cytosolic alcohol dehydroge-

nases ADH1 and ADH2. By Uridine diphosphate

glucuronosyltransferases (UGTs), carboxycelecoxib is

conjugated to glucuronic acid to form 1-O-glucuronide.

Approximately 27 % of the drug is excreted in the urine

and 57 % excreted in the feces [12, 15, 23–25]. Elimination

half-life ranges from 11 to 16 h. In patients with liver

disease, the plasma level is increased by twofold [25].

Since celecoxib metabolism is primarily mediated by

CYP2C9, the FDA has warned that patients known to be

poor CYP2C9 metabolizers should be administered cele-

coxib with caution [15]. In fact, in several studies,

homozygous CYP2C9*3/*3 mutants showed a higher area

under the curve than wild-type CYP2C9*1/*1 subjects.

Thus, carriers of CYP2C9*3 allele have an impaired hep-

atic clearance of celecoxib [1, 18, 23–25]. CYP2C9*3

allele has been reported in 5.8 % of the Caucasian, 5.3 %

of the British, and 10 % of the Turkish individuals [17, 23].

CYP2C9*2 has also been linked to significant reduction in

COX-2 activity. In vitro study showed that, in the presence

of CYP2C9*2 allele, methyl hydroxylation of celecoxib is

decreased by 34 %. Nevertheless, the effect of CYP2C9*2

is much weaker than that of CYP2C9*3 [15, 23].

CYP2C8 can have a role in the metabolism of celecoxib

since its sequence is highly homologous to CYP2C9. Fre-

quent CYP2C8 polymorphisms encountered are CYP2C8*2,

CYP2C8*3, and CYP2C8*4. CYP2C8*2 allele is found in

18 % of African American, CYP2C8*3 in 13.7 % of Cau-

casians, and CYP2C8*4 in 6.6 % of Caucasians. Several

allele variants of CYP2C8 have been associated with

decreased metabolism of celecoxib [10, 23]. Nevertheless,

according to Prieto-Perez et al. [23], an association between

the pharmacokinetic of celecoxib and polymorphisms of

CYP2C8 exists but with no statistical significance. This

result suggests that this gene does not play amajor role in the

metabolism of celecoxib.

Uridine diphosphate glucuronosyltransferases catalyzes

the second phase of the metabolism of celecoxib. Even

though it is clear that celecoxib is metabolized by UGTs,

the specific UGT involved is still unknown [24].

According to Karjalainen et al. [19], celecoxib inhibits

CYP2D6 and thus increases its substrates such as meto-

prolol and dextromethorphan. In fact, in vivo, celecoxib

has increased the area under the curves of metoprolol by

64 % and dextromethorphan by 13.6 %.

Conclusion

PTGS1 mutations may have an impact on the selectivity of

celecoxib and as such on the gastrointestinal adverse events

of celecoxib. CYP2C9*2 and *3 allele were identified in

bleeding patients taking celecoxib versus control patients.

CYP2C9*2, CYP2C*3, two PTGS1 SNPs, and others

variant genotypes have shown an association with acute

coronary syndrome in patients taking celecoxib. As for the

metabolism of celecoxib, in vitro and ex vivo studies

showed a reduced clearance of celecoxib in individuals

carrier of CYP2C9*3 allele and to a lower extent with
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CYP2C9*2 carriers. These data are conclusive with the

recommendation of the FDA requiring patients suspected

to be poor CYP2C9 metabolizers based on genotype or

previous history to be administered celecoxib with caution

since the latter may lead to undesirable side effects such as

gastrointestinal bleeding, myocardial infarction, and stroke.

As for CYP2C8 and UGTs, data are still inconclusive and

further studies are needed.
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