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Abstract:

Prostanoids act leading roles in a myriad of physiologic and pathologic processes because these autacoids participate in the

amplification of biological responses induced by innumerable stimuli. The formation of prostanoids is operated by two synthases

named cyclooxygenase(COX)-1 and COX-2. Traditional nonsteroidal antiinflammatory drugs (tNSAIDs) and COX-2 inhibitors

(coxibs) give rise to antipyretic, analgesic, and antiinflammatory actions, through their reversible clogging of the COX channel of

COX-2 – apart from aspirin which modifies irreversibly the catalytic activity of COX-2. tNSAIDs and COX-2 inhibitors resulted

clinically equivalent for the relief of acute pain and symptoms of arthropathies but they failed to modify disease progression. Clinical

evidence of the possible contribution of COX-1 in inflammation and pain in some occasion – as suggested by experimental and

pharmacology studies – is orphan because none efficacy trial with COX inhibitors was designed to establish it. COX-2 inhibitors

were developed with the aim to reduce the incidence of serious gastrointestinal (GI) adverse effects associated with the

administration of tNSAIDs ensued as a consequence of the inhibition of cytoprotective COX-1-derived prostanoids. However, the

reduced incidence of serious GI adverse effects compared to tNSAIDs demonstrated for 2 COX-2 inhibitors (e.g. rofecoxib and

lumiracoxib) has been countered by an increased incidence of myocardial infarction and stroke detected in 5 placebo controlled trials

involving the COX-2 inhibitors celecoxib, rofecoxib and valdecoxib. The future of COX-2 inhibitors will be an example of personalised

medicine as their use will be restricted to patients who do not respond to tNSAIDs or with increased risk of GI complications.
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Abbreviations: AA – arachidonic acid, APC – Adenoma Pre-

vention with Celecoxib, APPROVe – Adenomatous Polyp

Prevention on Vioxx, Arg – arginine, bid – bis in die, CABG

– coronary artery bypass grafting, COX – cyclooxygenase,

CSF – cerebrospinal fluid, CVD – cardiovascular disease, DP

– PGD receptor, DKOs – double knockouts, EDGE – Etori-

coxib Diclofenac Gastrointestinal Evaluation, EMEA – Euro-

pean Medicines Agency, EP – PGE receptor, FAP – familial

adenomatous polyposis, FDA – Food and Drug Administra-
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tathione, GST – glutathione-S-transferase, HOX – peroxi-

dase, IL – interleukin, im – intramuscular, Ile – isoleucine, IP

– PGI receptor, IPKOs – IP knockouts, iv – intravenous, LDL

– low-density lipoproteins, LPS – lipopolysaccharide, MAPEG

– membrane-associated proteins involved in eicosanoid and

GSH metabolism, tNSAIDs – traditional nonsteroidal antiin-

flammatory drugs, OA – osteoarthritis, ox-LDL – oxidised LDL,

PLs – phospholipases, PPAR – peroxisome proliferator-activated

receptor, PG – prostaglandin, PGDS – PGD synthase, PGES –

PGE synthase, PGI� – prostacyclin, POB – perforation, ob-

struction and bleeding, PUB – perforation, ulceration and

bleeding, RA – rheumatoid arthritis, TARGET – Therapeutic

Arthritis Research and Gastrointestinal Event Trial, tid – tris

in die, TP – TXA� receptor, TX – thromboxane, TXAS –

thromboxane synthase, Val – valine, VIGOR – Vioxx Gastro-

intestinal Outcomes Research
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Prostanoid biosynthesis

Prostanoids are ubiquitous lipid mediators that may

modulate a wide variety of physiologic and patho-

logic processes [24]. Under physiologic conditions,

prostanoids play an important role in the cytoprotec-

tion of the gastric mucosa, hemostasis and renal he-

modynamics. Their biosynthesis is induced in differ-

ent pathologic conditions, including inflammation,

cancer, pain and fever [12, 66, 78]. Prostanoids are

formed by arachidonic acid (AA) through the coordi-

nate activity of three consecutive enzymatic steps

(Fig. 1) [26, 77, 79, 94]: (i) the release of AA from

membrane phospholipids by phospholipase(PLs)s,

primarily cytosolic PLA2� (cPLA2�), (ii) the trans-

formation of AA to prostaglandin (PG) G2 and then to

the unstable endoperoxide PGH2 by prostaglandin H

synthases [popularly known as cyclooxyge-

nase(COX)s (Fig. 1)] and (iii) its metabolization to

prostanoids, i.e. PGE2, PGF2�, PGD2, prostacyclin

(PGI2) and thromboxane (TX) A2 by terminal cell-

and tissue-specific synthases (Fig. 1). Since the early

1990s, two isoforms of COX have been identified,

COX-1 and COX-2 which are both glycoproteins and

are associated with the membranes of the endoplas-

matic reticulum and the nucleus [77]. Although the

genes for COX-1 and COX-2 are clearly different, the

proteins share about 60% homology at the amino acid

level, have a similar molecular mass of about 70 kD

and are identical in length. Studies of the tertiary

structures of COX isozymes have demonstrated that

the amino acid conformation for the substrate binding

sites and catalytic regions are almost identical [29,

67]. However, there are important differences in these

regions, particularly the exchange of Isoleucine (Ile)

in COX-1 for Valine (Val) in COX-2 at positions 434

and 523, respectively, which gives access to a side-
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Different physical, chemical

and hormonal stimuli

Different physical, chemical

and hormonal stimuli

Fig. 1. Pathway of prostanoid biosynthesis. Arachidonic acid (AA) is released from membrane phospholipids by phospholipases and is me-
tabolized into prostaglandin (PG) H

�
by the cyclooxygenase and peroxidase activity of COX-1 and COX-2, then PGH

�
is converted into

prostanoids by tissue- and cell-specific isomerases. Once formed, prostanoids bind to their specific membrane-associated receptors which
belong to the G-protein-coupled rhodopsin-type family. COX – cycloooxygenase activity; HOX – peroxidase activity



pocket in COX-2 channel. These substitutions result

in a larger and more flexible substrate channel in

COX-2 than in COX-1 and in the inhibitor binding

site in COX-2, being 25% larger than that in COX-1

[29, 67].

COX-1 gene exhibits the features of a “housekeep-

ing gene” and is constitutively expressed in virtually

all tissues, while COX-2 is an immediate early gene

with many regulatory sites which is induced in re-

sponse to different proinflammatory stimuli [26].

However, this simplified paradigm of constitutive

COX-1 and inducible COX-2, has many exceptions:

COX-1 can be regulated during development [69, 78],

whereas COX-2 is constitutively expressed in differ-

ent tissues, i.e. brain [108], kidney [22, 32], pancreas

[82], malignant [93] and vascular endothelial cells

[92]. Since both COX-1 and COX-2 are found in

rheumatoid arthritis (RA) synovium [13, 72], induced

in response to interleukin (IL)-1� and inhibited by

dexamethasone, in synovial cells isolated from RA

patients [58], it has been claimed the possible contri-

bution of COX-1 to prostanoid biosynthesis at inflam-

matory sites, in some circumstances. The plausibility

of this mechanism is upheld by the finding that mice

deficient in COX-1, but not COX-2, exhibit a reduc-

tion in the inflammatory response to the dermal appli-

cation of AA [42]. Furthermore, McAdam et al. have

reported time-dependent expression of COX-1 in

monocytes after lipopolysaccharide (LPS) administra-

tion to humans [50].

Recently, it has been suggested that there is another

COX enzyme formed as a splice variant of COX-1,

named COX-3 [9]. COX-3 is made from the COX-1

gene but retains intron 1 in its mRNA; it was initially

reported to be expressed in canine cerebral cortex and

in lesser amounts in other analyzed tissues [9]. In hu-

mans, COX-3 mRNA was found to be expressed as an

5.2 kb transcript that was most abundant in cerebral

cortex and heart. The difference at the protein level

between COX-3 and COX-1 is the insertion of 30–34

aminoacids, depending on the mammalian species,

into the hydrophobic signal peptide. In COX-3 this

signal peptide is not cleaved; the protein is glycosy-

lated and displays COX activity [9]. Although canine

COX-3 expressed by transfected insect cells can be

inhibited by therapeutic concentrations of analge-

sic/antipyretic drugs such as acetaminophen, phena-

cetin, antipyrine, and dipyrone, recently, it has been

reported that this COX-1 variant is not expressed in

human, rat or mouse as the corresponding additional

intron 1 sequence in the mRNA transcript spans 94

(human) or 98 (rat and mouse) nucleotides, thus shift-

ing the coding sequence out of frame [15, 75].

After the metabolization of AA to PGH2 by COX

isoenzymes, PGH2 is transformed into prostanoids by

terminal cell- and tissue-specific synthases (Fig. 1) [94].

At least four glutathione (GSH)-dependent forms

of PGE synthases (PGES), have been recently identi-

fied [51]: two membrane-bound forms of PGES

(mPGES-1 and mPGES-2) and two cytosolic forms of

PGES [cPGES and glutathione-S-transferase (GST)

µ]. mPGES-1 is a member of the membrane-

associated proteins involved in eicosanoid and GSH

metabolism (MAPEG) superfamily which requires

GSH as an essential cofactor for its activity [37, 53].

mPGES-1 is up-regulated in response to various stim-

uli and acts downstream of COX-2 for PGE2 genera-

tion [12, 23, 25, 46, 66, 79]. Stimulation of various

cultured cells with proinflammatory stimuli leads to

a marked elevation of mPGES-1 expression with

a concomitant elevation of COX-2 expression and

PGE2 production [12, 23, 25, 46, 66, 79]. The coordi-

nate up-regulation of COX-2 and mPGES-1 and at-

tendant PGE2 generation are simultaneously reversed

by glucocorticoids up to basal levels [46, 53]. How-

ever, the kinetic induction of COX-2 and mPGES-1

often differs significantly [84], suggesting distinct

regulatory mechanisms for their expression.

mPGES-2 was originally purified from bovine

heart [89]. It is a 41 kD protein that contains an

N-terminal hydrophobic region, which is removed by

proteolytic processing, and a catalytic region homolo-

gous to glutaredoxin/thioredoxin. Overall structure of

mPGES-2 is rather distinct from mPGES-1. mPGES-2

is activated by various SH-reducing reagents and is

expressed constitutively in several tissues in which

mPGES-1 expression is relatively low. mPGES-2 can

be coupled with both COX-1 and COX-2 [52].

cPGES is a 23 kD cytosolic protein that is identical

to the heat shock protein 90 (Hsp90) [90], which has

been originally implicated as a cofactor for the mo-

lecular chaperone function of Hsp90 [90]. cPGES re-

quires GSH as an essential cofactor for its activity

[33, 104]. cPGES is expressed ubiquitously and con-

stitutively in the cytosol of a variety of tissues and

cells, with an exception in rat brain in which LPS

treatment increases its amount several-fold [90]. Co-

transfection and antisense experiments indicate that

cPGES is capable of converting COX-1-, but not

COX-2- derived PGH2 to PGE2 in cells, particularly
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during the immediate PGE2-biosynthetic response

elicited by Ca2+-evoked stimulus [90].

Recently, two cytosolic forms of PGES, i.e. GST-µ2

and -µ3, have been identified from the cortex of human

brain [1]. Both of them catalyze the conversion of PGH2

to PGE2, but which COX isoform is preferentially

linked with GST-µ2 and -µ3 remains to be determined.

PGD synthase (PGDS) exists in both lipocalin-type

and hematopoietic forms. The lipocalin type is a ma-

jor constituent of the human cerebrospinal fluid

(CSF), representing 3% of total CSF protein [107].

The hematopoietic form produces PGD2 in cells such

as mast cells, basophils, and Th2 cells. PGD2 is fur-

ther dehydrated to produce PGJ2, delta12-PGJ2, and

15-deoxy-delta(12,14)-PGJ2, the last of which is a ligand

for the nuclear receptor peroxisome proliferator-

activated receptor (PPAR)-� [95].

PGF2� is synthesized via three pathways from

PGE2, PGD2, or PGH2 by PGE 9-ketoreductase, PGD

11-ketoreductase, or PGH 9-11-endoperoxide reduc-

tase, respectively [102]. Although there are no reports

of PGF synthase being inducible, its levels in the

uterus may increase during pregnancy associated with

the peak of PGF2� production that accompanies partu-

rition [105].

PGI2 is produced from PGH2 by the action of PGI

synthase, a member of the P450 superfamily [31], and

there are some reports of this being inducible [40].

Thromboxane synthase (TXAS), which forms

TXA2 from PGH2, was originally identified in plate-

lets [55]. The important regulation of thromboxane

synthase gene transcription appears to be via NF-E2.

Other cis elements of the thromboxane synthase gene

may also play important regulatory roles [101].

Prostanoid receptors

Once formed, prostanoids bind to specific

membrane-associated receptors (Fig. 1 and Tab. 1).

The first prostanoid receptor to be isolated and cloned

was the TXA2 receptor (TP) [36, 96] a G-protein-

coupled receptor with seven transmembrane domains.

Homology screening of cDNA libraries resulted in the

isolation and identification of seven other prostanoid

receptors that had been predicted pharmacologically:

the PGD receptor (DP), four PGE receptors (EP1,

EP2, EP3, EP4), the PGF receptor (FP) and the PGI

receptor (IP). These receptors are highly conserved in

mammals, with several splice variants of the EP3, FP

and TP receptors occurring [54]. PGD2 actually acts

both through DP and the chemoattractant receptor

CRTH2, which is preferentially expressed in T helper

2 (Th2) cells, eosinophils and basophils in humans
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Tab. 1. Signal trasduction of prostanoid receptors

Prostanoid Prostanoid receptor Receptor subtype Receptor Isoforms Receptor coupled G-protein Receptor Signaling

PGE� EP

EP1 Gq Ca���

EP2 Gs cAMP�

EP4 Gs cAMP�

EP3 EP�� Gi cAMP�

EP�� Gs cAMP�

EP�� Gs �cAMP

EP�� Gi, Gs �cAMP �cAMP

Gq �IP3

PGD� DP, CRTH2 Gs, Gi �cAMP �cAMP

PGF�� FP FP�, FP� Gq �IP3

PGI� IP Gs, Gq �cAMP �IP3

TXB� TP TP� Gi, Gq �cAMP �IP3

TP� Gs, Gq �cAMP �IP3



[35]. Prostanoid receptors are expressed in many tis-

sues and cell types. Among the EP receptors, EP3 and

EP4 are the most widely distributed, whereas EP1 and

EP2 distribution is restricted to the kidney, stomach

and uterus, as well as to neuronal and non-neuronal

cells in the nervous system [85]. EP1, EP3 and EP4

mRNAs are expressed in primary sensory neurons, in

the dorsal root and trigeminal ganglia [57, 86], sug-

gesting involvement in PGE2-mediated peripheral

sensitization. Inflammatory signals affect the expres-

sion levels of many prostanoid receptor subtypes [91].

The function of the prostanoid receptors varies ac-

cording to cell type, ligand concentration and structure

[54]. Although the limited number of available specific

EP receptor agonists and antagonists, as well as the

complex tissue distribution pattern and cellular signal-

ing of the receptors, has restricted elucidation of their

function, transgenic mice deficient in each prostanoid

receptor are proving to be a very useful tool [54].

Pharmacological modulation of

prostanoid biosynthesis

Aspirin and related nonsteroidal anti-inflammatory

drugs – which are collectively named traditional

NSAIDs (tNSAIDs) – are an heterogeneous group of

compounds widely prescribed as analgesics and anti-

inflammatory agents due to the inhibition of

prostanoid biosynthesis [98]. Their mechanism of ac-

tion includes inhibition of both the COX-1 and

COX-2 isoenzymes [24, 25, 41, 44, 66, 87]; the inhi-

bition of COX-2 is thought to translate into their

therapeutic effects (i.e. antipyretic, analgesic, and an-

tiinflammatory actions) while that of COX-1 has been

assumed to cause the gastrointestinal (GI) adverse

events. Thus, COX-2 inhibitors – named coxibs –

were developed with the aim to reduce the incidence

of serious GI adverse effects [i.e. ulceration, bleeding,

perforation and obstruction (PUBs and POBs)], asso-

ciated with the administration of tNSAIDs on the as-

sumption that they ensued as a consequence of the in-

hibition of cytoprotective COX-1-dependent prostanoids

in gastric epithelium and disruption of hemostatic in-

tegrity by inhibition of platelet COX-1 derived TXA2

[24, 25, 66, 87, 99]. In fact, COX-1 is the major COX

isoform expressed in platelets and gastric mucosa of

normal humans.

Most tNSAIDs are acidic and inhibit prostanoid

biosynthesis by competing with AA for the binding to

the Arginine (Arg) at position 120 that is present in

both COX-isozymes [47, 64]. They, first, bind both

PGHS-isozymes near the solvent-accessible opening

of the hydrophobic channel; then, they translocate

along the length of this channel and associate with the

cyclooxygenase active site by a reversible interaction.

A third additional step is involved in selective COX-2

inhibition by coxibs, i.e. the formation of a tightly

bound enzyme-inhibitor complex, which involves the

optimisation of inhibitor and protein conformational

changes in the active site and the side-pocket [64,

100]. Differently, aspirin causes an irreversible inacti-

vation of COX-1 activity [61, 70], through a selective

acetylation of Ser529 of human COX-1 which pre-

vents the access of the substrate AA to the catalytic

active site of the COX channel [29]. The acetylation

of COX-2 at Ser516 by aspirin modifies irreversibly

the catalytic activity of the enzyme which acquires the
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Fig. 2. The biochemical selectivity of cyclooxygenase inhibitors in
whole blood assays of COX-isozyme activity in vitro. The relative de-
gree of isoform selectivity is expressed as COX-1/COX-2 IC

��
ratios.

IC
��

is the concentration of the drug required to inhibit the activity of
COX-1 and COX-2 by 50%. The measurement of PGE

�
production in

response to bacterial endotoxin (LPS) added to heparinised blood
samples (for 24 h at 37�C) reflects the time-dependent induction of
COX-2 in circulating monocytes, while the parallel measurement of
TXB

�
production during whole blood clotting (for 1 h at 37�C) is used

as an index of platelet COX-1 activity. Nonselective COX inhibitors,
profens and naproxen, exhibit COX-1/COX-2 IC

��
ratios of 0.5–1.0.

COX-2 inhibitors, meloxicam, nimesulide, diclofenac, and the coxibs
celecoxib, valdecoxib, rofecoxib, etoricoxib and lumiracoxib, show
COX-1/COX-2 IC

��
ratios of 18–433



capacity to transform AA into 15R-hydroxyeicosatetra-

enoic acid but not PGG2 [43].

The assessment of COX-1/COX-2 selectivity in vi-

tro by the use of whole blood assays of the cellular ca-

pacity to produce prostanoids generated by one or

other enzyme [62] has evidenced that selectivity is

a continuous variable of COX inhibitors (Fig. 2) [66,

88]. However, they can be subdivided into two major

clusters: the nonselective NSAIDs which produce bal-

anced inhibition of both COX-1 and COX-2, as mir-

rored by profens – e.g. ibuprofen and flurbiprofen –

and naproxen, and COX-2 inhibitors which inhibit

more profoundly COX-2 vs. COX-1 and include me-

loxicam, nimesulide, diclofenac and coxibs (i.e. cele-

coxib, valdecoxib, rofecoxib, etoricoxib and lumira-

coxib) (Fig. 2). However, COX-1/COX-2 selectivity

assessed in vitro may fade in vivo in the light of de-

tectable intersubject variability in the inhibition of

COX-1 and COX-2 due to both pharmacokinetic (e.g.

polymorphisms of genes encoding metabolising en-

zymes) and/or pharmacodynamic variability (e.g. the

possible expression of variant isoforms of COX with

different sensitivity for inhibition by tNSAIDs and

coxibs) [66].

The first coxibs approved by Food and Drug Ad-

ministration (FDA) and European Medicines Agency

(EMEA) for the treatment of RA, osteoarthritis (OA)

and for relief of acute pain associated with dental sur-

gery and primary dysmenorrhea, rofecoxib and cele-

coxib, are diaryleterocyclic derivatives containing

a phenylsulphone and a phenylsulphonamide moiety

(Fig. 3), respectively, that interact with COX-2 side-

pocket, through slow, tight-binding kinetics [41, 66].

The two drugs display different COX-1/COX-2 IC50

ratios (IC50 is the concentration of the drug required

to inhibit the activity of COX-1 and COX-2 by 50%),

in the whole blood assays in vitro, i.e. 272 and 30, re-

spectively [87, 88]. The COX-1/COX-2 IC50 ratio of

rofecoxib detected in vitro translates into a specific in-

hibition of COX-2 when the drug is administered at

therapeutic doses and above [48]. Sparing of COX-1

is presumably involved in halving the incidence of GI

perforation, GI haemorrhage, or symptomatic peptic

ulcer in patients with RA treated with rofecoxib ver-

sus the nonselective NSAID naproxen in a large ran-

domized, double-blind GI outcomes study [the Vioxx

Gastrointestinal Outcomes Research (VIGOR) study]

[3]. In contrast, detectable inhibition of COX-1 by ce-

lecoxib at 800 mg/day [49] (i.e. 2-fold higher than the

maximal chronic dose recommended in RA) may

have contributed, at least in part, to its failure in re-

ducing the incidence of GI end-points versus diclofe-

nac or ibuprofen administered to OA patients, in the

Celecoxib Long-term Arthritis Safety Study (CLASS)

[76]. The fact that one comparator was the tNSAID

diclofenac, which shares pharmacodynamic traits

with celecoxib (Fig. 2), may have contributed in cele-

coxib failure. In fact, using the human whole blood

assays of COX isozyme activities in vitro the concen-

tration response-curves of diclofenac and celecoxib

are superimposable and have the same COX-1/COX-2

IC50 ratio values (i.e. 29 and 30, respectively) (Fig. 2).

Further evidences support the notion that diclofenac is

a celecoxib-like drug: i) diclofenac has no pharmaco-

dynamic interaction with aspirin similarly to the

COX-2 inhibitors rofecoxib and etoricoxib in healthy

subjects [8, 14] and no clinical interaction with aspi-

rin was detectable in the epidemiological study of

MacDonald and Wei [45]; ii) superimposition of the

gastrointestinal and cardiovascular events by diclofe-

nac and celecoxib was detected in the retrospective

look at CLASS in non-aspirin users [106].

Novel COX-2 inhibitors with improved biochemi-

cal selectivity over that of commercially available

coxibs, were developed, i.e. etoricoxib [5, 11], valde-

coxib [21], parecoxib (the prodrug of valdecoxib, it is

the only injectable COX-2 inhibitor) [10] and lumira-

coxib [16] (Fig. 3). They are characterized by differ-

ent pharmacodynamic and pharmacokinetics features

[87]. As reported by Tacconelli et al. [88], valdecoxib

inhibits platelet COX-1 and monocyte COX-2 activi-

ties with COX-1/COX-2 IC50 ratio of 60 which is

2-fold higher (p < 0.01) than that of celecoxib. Pare-

coxib, the water-soluble inactive prodrug of valde-
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coxib [10], is rapidly converted by hepatic enzymatic

hydrolysis to the active COX-2 inhibitor, valdecoxib,

thus sharing the same pharmacodynamic properties.

Etoricoxib (approved in Europe, Mexico, Brazil and

Peru while FDA has required additional safety and ef-

ficacy data) shows a COX-1/COX-2 IC50 ratio of 344

[88]. Finally, lumiracoxib (approved in UK but still

not approved by FDA) has peculiar pharmacody-

namic and pharmacokinetic features versus other

coxibs. In fact, it is characterized by the highest

COX-2 selectivity in vitro and the shortest half-life

(3–6 h). Using the whole blood assays, we have found

a COX-1/COX-2 IC50 ratio of 433 [59]. Unlikely

other coxibs, lumiracoxib is not a tricyclic compound,

its molecular phenyl acetic acid structure represents

an analogue of diclofenac (Fig. 3) [16].

Clinical efficacy

The results of several clinical trials demonstrate that

coxibs cause a similar clinical efficacy compared with

nonselective NSAIDs and that they are superior to

placebo in the treatment of OA, RA and acute pain

[i.e. primary dysmenorrhea and post-operative dental

pain [5, 10, 16, 21, 48, 60]. Differently from other

coxibs, etoricoxib has been approved also for the

treatment of chronic low-back pain and acute gouty

arthritis [2, 74]. Moreover, recent studies evidence the

efficacy of etoricoxib in patients with ankylosing

spondylitis [30, 97]. Finally, celecoxib is the only

coxib approved also for the treatment of familial ade-

nomatous polyposis (FAP) [83]. The main efficacy

studies of celecoxib, etoricoxib and lumiracoxib (i.e.

the commercially available coxibs) are listed in Ta-

bles 2–10.

Although the results of randomised clinical trials

have evidenced that coxibs have a similar efficacy

versus tNSAIDs, it has to be pointed out they were

designed to detect equivalence, not superiority, of ei-

ther. In fact, the low sensitivity of measurable efficacy

end-points would have required larger sample-size to

allow the detection of small differences in efficacy be-

tween coxibs and tNSAIDs which might reflect the

participation of COX-1-derived prostanoids in in-

flammation and pain [66]. Indeed, we have recently

evidenced that rofecoxib (50 mg daily) and diclofenac

(150 mg daily), administered for one week to patients
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Fig. 4. Effects of one-week oral dosing with placebo, rofecoxib or
diclofenac on synovial PGE

�
levels and monocyte COX-2 and

platelet COX-1 activities ex vivo in RA patients. Patients with RA were
given placebo, rofecoxib (50 mg/day) or diclofenac (50 mg tid) for 7
consecutive days and blood was drawn 4 h after the last dose of the
two drugs. (A) Synovial fluid samples, obtained 4 h after one week
oral dosing with the 3 treatments, were assessed for the levels of
PGE

�
. (B) Heparinized whole blood samples, drawn 4 h after dosing

with placebo, rofecoxib or diclofenac, were incubated with LPS
(10 µg/ml) for 24 h at 37�C and PGE

�
levels were measured as an

index of monocyte COX-2 activity. (C) Whole blood samples, drawn
without heparin 4 h after dosing with placebo, rofecoxib or
diclofenac, were immediately transferred into glass tubes, allowed to
clot at 37�C for 60 min and serum was assayed for TXB

�
as

a reflection of maximally stimulated cyclooxygenase activity of
platelet COX-1 by endogenously formed thrombin. Results are
reported as box and whiskers



with RA, at circulating concentrations causing a simi-

lar suppression of monocyte COX-2 activity ex vivo,

had a differential impact on synovial PGE2 levels (Pa-

trignani et al. unpublished results; Fig. 4 A, B). The

less consistent reduction of synovial PGE2 levels by

rofecoxib as compared to diclofenac may suggest the

contribution of COX-1 activity to PGE2 production in

chronic RA synovitis. In fact, differently from rofe-

coxib, diclofenac significantly inhibited platelet

COX-1 by 60% (Fig. 4C). The clinical relevance of

this observation should be verified in appropriate ran-

domised clinical trials.

Despite tNSAIDs and COX-2 inhibitors resulted

clinically efficacious for the relief of acute pain and

symptoms of arthropathies it has to be pointed out that

they failed to modify disease progression.

Safety and tolerability

GI safety profile

Three large-size clinical trials were performed to ver-

ify whether COX-1 sparing by celecoxib, rofecoxib

and lumiracoxib diminished the likelihood of serious

GI adverse effects versus tNSAIDs (i.e. ibuprofen and

naproxen, two balanced inhibitors of both COX-1 and
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Tab. 2. Clinical efficacy of celecoxib in AR and OA

Model of
acute pain

Primary end-points Treatments Results References

Rheumatoid
arthritis

Improvement in signs and
symptoms of rheumatoid
arthritis

Celecoxib 100, 200 or 400 mg
bid, naproxen 500 mg
bid for 12 weeks

All dosages of celecoxib and naproxen
significantly improved the signs and
symptoms of arthritis compared with
placebo

Simon LS et al.: JAMA,
1999, 282, 1921–1928

Ostearthritis
of knee or hip

WOMAC index, visual analogue
pain scale, patient preference
between two treatments

Wash out, 6 weeks of
celecoxib 200 mg/day,
acetaminophen 1000 mg four
times a day, or placebo
(study I); second “wash out”;
crossover to 6 weeks of
second treatment (study II)

Celecoxib was more efficacious than
acetaminophen and placebo in both
periods in both studies. Patients
preferred celecoxib to acetaminophen in
both studies

Pincus T et al.: Ann
Rheum Dis, 2004, 63,
931–939

Patients were evaluated using
standard measures of efficacy
at baseline, 2–4 days after
discontinuing previous NSAID
or analgesic therapy, and after
2, 6, and 12 weeks of treatment

Celecoxib 100, 200, or
400 mg/day; naproxen
1000 mg/day or placebo for
12 weeks

All doses of celecoxib and naproxen
significantly improved the symptoms of
OA, at all time points compared with
placebo. This sustained treatment effect
of celecoxib was dose dependent

Kivitz AJ et al.: J Int Med
Res, 2001, 29, 467–479

WOMAC index (100-mm visual
analog scale [VAS])

Celecoxib 200 mg/day,
rofecoxib 12.5 or 25 mg/day,
or acetaminophen
4000 mg/day for 6 weeks

Rofecoxib 25 mg, provided efficacy
advantages over acetaminophen,
4000 mg, celecoxib 200 mg, and
rofecoxib 12.5 mg, for symptomatic
knee OA

Geba GP et al.: JAMA,
2002, 287, 64–71

Index joint pain by VAS,
WOMAC index

Celecoxib 100 mg bid,
diclofenac 50 mg tid or
placebo for 6 weeks

Primary efficacy measures indicated
statistically significant improvement
vs. placebo for both celecoxib and
diclofenac and no statistically
significant differences between
celecoxib and diclofenac

McKenna F et al.: Scand
J Rheumatol, 2001, 30,
11–18

Patients were evaluated with
standard measures of efficacy
2 to 7 and after 2, 6, and

12 weeks of treatment with
the study drug

Celecoxib 50, 100, or 200 mg
bid, naproxen 500 mg bid or
placebo for 12 weeks

All celecoxib doses were efficacious
compared with placebo, although 50 mg
was minimally effective. Celecoxib
(100 and 200 mg bid) were similarly
efficacious to naproxen

Bensen WG et al.: Mayo
Clin Proc, 1999, 74,
1095–1105



COX-2, and diclofenac, a drug that closely resembles

celecoxib in selectivity for COX-2; Fig. 2) [3, 73, 76].

Only for rofecoxib and lumiracoxib it was indeed

shown a lesser incidence of such serious GI adverse

effects compared to tNSAIDs [3, 73]. No such evi-

dence was provided for celecoxib [76]. Whether val-

decoxib is associated with reduced GI serious adverse

effects is unknown because its GI safety was extrapo-

lated from clinical efficacy trials [21]. Recently, re-

sults of a new large-size clinical study performed with

etoricoxib in patients with OA, known as the Etori-

coxib Diclofenac Gastrointestinal Evaluation (EDGE)

study, have been reported [17]. In this study, etori-

coxib significantly reduced the rate of discontinuation

by 50% due to gastrointestinal adverse events versus

diclofenac. However, there were essentially no differ-

ences between etoricoxib and diclofenac for GI perfo-

ration, ulceration or bleeding (PUBs), which are ex-

ploratory end points in this study. Failure of etori-

coxib to reduce the incidence of serious GI adverse

events versus diclofenac is plausibly related to the

fact that EDGE is an intra-class trial since both drugs

are COX-2 inhibitors. Despite etoricoxib has a higher

selectivity towards COX-2 in vitro than diclofenac,
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Tab. 3. Clinical efficacy of celecoxib in acute pain

Model of
acute pain

Primary end-points Treatments Results References

Post-operative
dental pain

Total
pain relief score over 8 h
(TOPAR8)

Celecoxib 200 or 400 mg,
rofecoxib 50 mg, ibuprofen
400 mg, or placebo

Rofecoxib 50 mg demonstrated
significantly greater overall analgesic
efficacy compared with celecoxib 400 mg.
Time to onset of analgesic effect and peak
analgesic effect were similar for rofecoxib 50
mg and celecoxib 400 mg

Malmstrom K et al.: Clin Ther,
2002, 24, 1549–1560

TOPAR8 Single dose of celecoxib
200 mg, rofecoxib 50 mg,
ibuprofen 400 mg or
placebo

Compared with celecoxib, rofecoxib had
superior analgesic effects

Malmstrom K et al.: Clin Ther,
1999, 21, 1653–1663

Orthopedic
surgery

Pain assessments
conducted over the
following 8-h period

Celecoxib 200 mg,
hydrocodone
10 mg/acetaminophen 1000
mg, or placebo within 24 h
after the end of anesthesia.
Patients who had received <
or =1 dose of rescue
medication during study I
continued to take study
medication up to 3 times a
day as needed

Patients with moderate to severe pain after
orthopedic surgery experienced
comparable analgesia with single doses of
celecoxib and
hydrocodone/acetaminophen. Over
a 5-day period, oral doses of celecoxib
200 mg taken 3 times a day demonstrated

superior analgesia and tolerability
compared with hydrocodone
10 mg/acetaminophen 1000 mg taken
3 times a day

Gimbel JS et al.: Clin Ther,
2001, 23, 228–241

Acute
shoulder pain

100-mm visual analog
scale (VAS)

Celecoxib 400 mg/day vs.

naproxen 1 g/day for
14 days

The difference in change from baseline at
day 14 in maximum pain at rest was not
statistically significant

between the two treatment groups, but was
numerically higher for celecoxib than for
naproxen

Bertin P et al.: J Int Med Res,
2003, 31, 102–112

Acute shoulder
tendinitis/
bursitis

Mean reduction in
Maximum Pain Intensity
at Rest, measured using
a 100 mm VAS, from
baseline to days
7 and 14

Celecoxib 400 mg followed
by 200 mg bid, naproxen
500 mg bid, or placebo bid

for 14 days

Celecoxib showed comparable efficacy to
naproxen and superior to placebo in
relieving the pain of patients with acute
shoulder tendinitis and/or subacromial
bursitis

Petri M et al.: J Rheumatol,
2004, 31, 1614–1620
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Tab. 4. Clinical efficacy of parecoxib in postoperative acute pain

Model of
acute pain

Primary end-points Treatments Results References

Postoperative
inguinal
hernia repair

Morphine consumption, pain at
rest and while coughing, and
patient satisfaction throughout
the first 12 h postoperatively

A single injection of 40 mg
parecoxib or 2 injections of 2 g
propacetamol within the first
12 h after surgery in patients
receiving morphine

Patients in the parecoxib group
rated their pain management as
good or excellent (87% vs.

70% in the propacetamol
group, p = 0.001). Within the
first 12 h after inguinal hernia
repair in adult patients, a single
injection of parecoxib 40 mg
compares favorably with 2
injections of propacetamol 2 g

Beaussier M et al.: Anesth
Analg, 2005, 100, 1309–1315

Postoperative
gynecologic
laparotomy
surgery

Total pain relief and patient’s
global evaluation of study
medication and time to rescue
medication

A single dose of parecoxib
sodium 40 mg im with single
doses of morphine 6 and
12 mg im

Parecoxib sodium 40 mg im

demonstrated pain relief
statistically similar to that with
morphine 12 mg im and
superior to that with morphine
6 mg im and a longer duration
of action. Single-dose parecoxib
sodium 40 mg provided
significantly better pain
responses to placebo or
morphine 4 mg and was
comparable to ketorolac 30 mg.
Multiple-dose parecoxib
sodium was comparable to
ketorolac, 4 times daily

Malan TP Jr et al: Anesth
Analg, 2005, 100, 454–460

Single-dose iv placebo,
parecoxib sodium 20 mg or
40 mg, ketorolac 30 mg, or
morphine 4 mg followed by
multiple-dose parecoxib
sodium or ketorolac as needed

Bikhazi GB et al: Am J Obstet
Gynecol, 2004, 191,
1183–1191

Postoperative
hip
arthroplasty

Cumulative morphine use Single iv dose of parecoxib
sodium (20 or 40 mg) or
placebo together with iv

morphine 4 mg

Parecoxib sodium-treated
patients used significantly less
morphine over 24 and 6 h,
compared to placebo

Malan TP Jr et al.:
Anesthesiology, 2003, 98,
950–956

Postoperative
orthopedic
knee surgery

Pain relief Single iv dose of parecoxib
sodium 20 and 40 mg,
morphine 4 mg, and ketorolac
30 mg

Parecoxib sodium 40 mg is as
effective as ketorolac 30 mg
and is more effective than
morphine 4 mg

Rasmussen GL et al.: Am
J Orthop, 2002, 31, 336–343

Oral surgery Pain intensity difference, time
to onset analgesia and time to
use of rescue medication

Parecoxib sodium 20 mg im

20 mg iv, 40 mg im or 40 mg iv

vs. ketorolac tromethamine
60 mg im or placebo

Parecoxib sodium 20 and
40 mg im or iv and ketorolac
60 mg im were significantly
superior to placebo for all
primary end-points. The 40 mg
dose was comparable to
ketorolac 60 mg on most
measures of analgesia but had
a longer duration of action

Daniels SE et al.: Clin Ther,
2001, 23, 1018–1031

Pain assessments at baseline
and through 24 h postdose

Single im doses of parecoxib
(1–20 mg) vs. ketorolac
tromethamine 30 mg im and vs.

placebo

Parecoxib 20 mg im is an
effective analgesic dose with an
onset and magnitude

of analgesic effect approaching
that of ketorolac 30 mg im

Mehlisch DR et al.: J Oral
Maxillofac Surg, 2003, 61,
1030–1037
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Tab. 5. Clinical efficacy of parecoxib in preoperative acute pain

Model of acute pain Primary end-points Treatments Results References

Preoperative laparoscopic
cholecystectomy surgery

Length of stay in the
postanesthesia care unit,
pain intensity, patient
ecovery after surgery and
opioid-sparing efficacy

A single IV dose parecoxib 40 mg
or placebo 30–45 min before the
induction of anesthesia. Six to
12 h after the IV dose, the
parecoxib group received a single
oral dose of valdecoxib 40 mg,
followed by valdecoxib 40 mg
once daily on postoperative days
1–4 and then 40 mg once daily as
needed on days 5–7

Patients in the
parecoxib/valdecoxib group
were significantly superior
to placebo for all primary
end-points

Gan TJ et al.: Anesth Analg,
2004, 98, 1665–1673

Joshi GP et al.: Anesth Analg,
2004, 98, 336–342

Preoperative orthopedic
surgery

Time to rescue
medication and pain
intensity

20-mg or 40-mg parecoxib
sodium vs. placebo

Parecoxib sodium 20 and
40 mg were superior to
placebo for all primary
end-points (significant for
40-mg parecoxib sodium
vs. placebo)

Desjardins PJ et al.: J Am
Pediatr Med Assoc, 2004, 94,
305–314

Preoperative oral surgery Time to rescue
medication, proportion of
patients requiring rescue
medication, patients
global assessment and
pain intensity

Single iv doses of parecoxib
sodium (20, 40, and 80 mg)
vs. placebo

For all primary end-points,
all doses of parecoxib
sodium were significantly
superior to placebo. There
were no significant
differences between the
parecoxib sodium 40 and
80 mg groups

Desjardins PJ et al.: Anesth
Analg, 2001, 93, 721–727

Tab. 6. Clinical efficacy of etoricoxib in AR and OA

Model of acute pain Primary end-points Treatments Results References

Rheumatoid arthritis Patient global assessment of
disease activity, investigator
global assessment of disease
activity, tender joint count
and swollen joint count.

Etoricoxib 90 mg/day vs.

naproxen 500 mg bid vs.

placebo for 12-weeks

For all primary end-points,
etoricoxib and naproxen were
statistically superior to placebo

In the second study, etoricoxib
was significantly superior to
naproxen and placebo

Collantes E et al.: BMC Fam
Pract, 2002, 3, 10

Matsumoto AK et al.:
J Rheumatol, 2002, 29,
1623–1630

Ostearthritis of knee
or hip

WOMAC pain and physical
function subscales 100 mm
VAS and patient’s global
assessment of disease status

Etoricoxib 30 mg/day vs.

ibuprofen 800 mg tid, and
vs. placebo

Both etoricoxib and ibuprofen
were statistically superior to
placebo for all primary end-
points

Wiesenhutter CW et al.:
Mayo Clin Proc, 2005, 80,
470–479

Etoricoxib 60 mg/day vs.

placebo or diclofenac 50 mg
tid for 6-weeks

Etoricoxib was comparable in
efficacy to diclofenac on all the
parameters. The onset of
clinical benefit with etoricoxib
on day one is more rapid than
that of diclofenac

Zacher J et al.: Curr Med Res
Opin, 2003, 19, 725–736

In Part 1 (6 weeks), patients
received

placebo, etoricoxib 5, 10, 30,
60 or 90 mg/day. In Part 2
(8 weeks), patients

received etoricoxib 30, 60 or
90 mg/day or diclofenac
50 mg tid

At 6 weeks, all the doses of
etoricoxib had

clinical efficacy superior to
placebo. Maximal efficacy was
seen with 60 mg. In Part 2,
etoricoxib 30, 60 and 90 mg
were generally similar to
diclofenac

Gottesdiener K et al.:
Rheumatology, 2002, 41,
1052–1061



the drug might cause detectable inhibition of COX-1

in vivo in some patients due to intersubject variability

in the inhibition of COX-isozymes [66].

Cardiovascular profile of COX-2 inhibitors and

tNSAIDs

An increased incidence of myocardial infarction and

stroke was detected in 5 placebo controlled trials in-

volving the COX-2 inhibitors celecoxib, rofecoxib

and valdecoxib [80, 106]. In the VIGOR trial, a study

of approximately 8000 patients with RA randomized

to receive the specific COX-2 inhibitor rofecoxib

(50 mg/day) or naproxen (500 mg bid) with a mean

duration of follow-up of 9 months, the rates of myo-

cardial infarction significantly exceeded by 5-fold in

rofecoxib-treated group [3]. This is only partly ex-

plained by a possible cardioprotective effect of

naproxen. In fact, Capone et al. [6] have found that

even within the context of a controlled and well moni-

tored study, the chronic administration of naproxen

500 mg bid gets into the functionally relevant range,

i.e. > 95% inhibition of platelet COX-1 activity ex

vivo at the end of the dosing interval, in some but not

all subjects studied. This is coherent with the hetero-

geneous results of several epidemiologic studies

which have been performed to establish the possible

antithrombotic effect of this drug [106]. Rofecoxib

has now been withdrawn from the market by Merck,

following premature cessation of the APPROVe

(Adenomatous Polyp Prevention on Vioxx ) study –

designed to seek an impact on benign sporadic colo-

nic adenomas – by its Data Safety and Monitoring

Board [4]. This action was taken because of a highly

significant 1.9 – fold increase in the incidence of

thromboembolic serious adverse events on rofecoxib

25 mg/day compared with placebo. Blood pressure

was elevated early in the rofecoxib group, but the in-

cidence of myocardial infarction and thrombotic

stroke began to diverge progressively between the

groups after a year of treatment [4]. The public an-

nouncement of the APPROVe results, which coin-

cided with Merck’s withdrawal of rofecoxib from the

market in September 2004, prompted scientists to re-

view the cardiovascular-safety results of a similar

trial, the Adenoma Prevention with Celecoxib (APC)

study [81]. At either 200 or 400 mg bid, celecoxib in

the APC trial was associated with a tripling of the risk

of cardiovascular events (relative risk, 2.8; 95% con-

fidence interval, 1.3 to 6.3) [81]. Finally, the results of

trials in patients undergoing coronary artery bypass

grafting (CABG) treated with aspirin, have shown an

increased risk of cardiovascular events in patients re-

ceiving valdecoxib or its intravenous formulation,

parecoxib [28, 56]. On April 7, 2005, the maker of

valdecoxib, Pfizer, announced that it has voluntarily
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Tab. 7. Clinical efficacy of etoricoxib in acute gouty arthritis and ankylosing spondylitis

Model of acute pain Primary end-points Treatments Results References

Acute gouty arthritis Patients’ assessment of pain
in the study joint (0–4-point
Likert scale) over days 2–5

Etoricoxib, 120 mg/day vs.

indomethacin, 50 mg tid for
8 days

Both treatment groups
experienced comparable
pain relief over the entire
treatment period

Rubin BR et al.: Arthritis
Rheum, 2004, 50, 598–606

Schumacher HR Jr et al.:
BMJ, 2002, 324, 1488–1492

Ankylosing spondylitis Patient’s assessment of
spine
pain, patient’s global
assessment of disease
activity, and the Bath
Ankylosing
Spondylitis Functional
Index

Etoricoxib 90 mg or
120 mg/day vs. Naproxen
500 mg bid vs. placebo for
6 weeks (part I) and then vs.

naproxen 500 mg bid for other
46 weeks

For all primary end-points,
both doses of etoricoxib
were statistically superior to
placebo over 6 weeks.
At the end of the 52-week
treatment period, both
etoricoxib doses
demonstrated greater
treatment effects compared
with naproxen, for all
primary end-points

van der Heijde et al.:
Arthritis Rheum, 2005, 52,
1205–1215

Time-weighted average
change from baseline of
spine pain intensity

Etoricoxib 90 mg or
120 mg/day vs. Naproxen
500 mg bid vs. placebo for
6 weeks

Etoricoxib and naproxen
were significantly superior to
placebo

Gossec L et al.: Ann Rheum
Dis, 2005, (Epub ahead of
print)



stopped the sales of the drug. This action was taken

after the FDA concluded that the risk of serious side

effects from taking valdecoxib outweigh the benefits

received from the treatment.

In the Therapeutic Arthritis Research and Gastroin-

testinal Event Trial (TARGET) study, comparing lu-

miracoxib (400 mg/day) with naproxen (500 mg bid)

and ibuprofen (400 mg tid) for one year in OA patients

mostly at low-risk of vascular events, the numbers of

events was small, but the relative risk in non-aspirin us-

ers was 1.47, although it did not attain significance [20].

Recently, the clinical study EDGE [17] has as-

sessed the cardiovascular safety of etoricoxib versus

diclofenac as secondary end-point. In the EDGE

study comparable rates of thrombotic cardiovascular

events were detected. Rates of discontinuation due to

hypertension-related adverse effects were higher on

etoricoxib than diclofenac.

An apparent increased incidence of myocardial in-

farction has been detected in users of tNSAIDs in

a recent observational study [34]. However, long-term

prospective, controlled clinical trials are required to
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Tab. 8. Clinical efficacy of etoricoxib in acute pain

Model of acute
pain

Primary end-points Treatments Results References

Acute pain:
post-operative
dental pain

Total pain relief

over 6 h (TOPAR6)

Etoricoxib 120 mg, vs. oxycodone/
acetaminophen 10 mg/650 mg vs.

codeine/ acetaminophen 60 mg/ 600
mg and vs. placebo

Etoricoxib 120 mg vs. Oxycodone/
acetaminophen 10/650 mg vs.

placebo

Etoricoxib demonstrated
significantly greater overall
analgesic efficacy vs.

oxycodone/ acetaminophen and
codeine/acetaminophen All
active treatments were superior
to placebo
Active treatments were
statistically significantly superior
to placebo for all efficacy
measures. Total pain relief over 6
h for etoricoxib was significantly
more than for
oxycodone/acetaminophen

Malmstrom K et al.: Curr Med
Res Opin, 2005, 21, 141–149

Chang DJ et al.: Anesth Analg,
2004, 99, 807–815

Total pain relief over
8 h (TOPAR8)

Etoricoxib 60, 120, 180, and 240 mg
vs. placebo and vs. ibuprofen 400 mg

Etoricoxib 120 and 180 mg were
superior to etoricoxib 60 mg and
ibuprofen

Etoricoxib 120 mg vs. placebo vs.

naproxen sodium 550 mg and vs.

Acetaminophen/codeine
600/60 mg

Etoricoxib 120 mg was
significantly superior to placebo
and acetaminophen/codeine
600/60 mg and similar to
naproxen sodium

Malmstrom K et al.: Clin Ther,
2004, 26, 667–679

Malmstrom K et al.: Clin J Pain,
2004, 20, 147–155

Acute pain:
primary
dysmenorrhea

TOPAR8 Etoricoxib 120 mg vs. placebo,
naproxen sodium 550 mg vs. placebo
over the course of 3 consecutive
cycles

The TOPAR8 score for etoricoxib
and naproxen were significantly
greater than that of placebo

Malmstrom K et al.: Gynecol
Obstet Invest, 2003, 56, 65–69

Chronic low
back-pain

Assessment of low
back-pain intensity
scale (0 to 100 mm
VAS) over 4 weeks
of treatmet

Etoricoxib 60 mg or 90 mg in
comparison to placebo over
12 weeks

Etoricoxib 60 or 90 mg/day
provided clinical efficacy
significantly superior to placebo,
which was observed as early as
one week after initiating
treatment, was maximal at
4 weeks and was stably
maintained over 3 months

Pallay LM et al.: Scand J Rheumatol,
2004, 33, 257–266

Birbara CA et al.: J Pain, 2003,
4, 307–315
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Tab. 9. Clinical efficacy of lumiracoxib in AR and OA

Model of acute pain Primary end-points Treatments Results References

Rheumatoid arthritis American College of
rheumatology 20%
improvement (ACR20%) at
week 13

Lumiracoxib 200 or
400 mg/day vs. naproxen
500 mg bid vs. placebo for
26 weeks

Lumiracoxib was significantly
superior to placebo

Geusens P et al.: Int J Clin
Pract, 2004, 58, 1033–1041

Ostearthritis of knee
or hip

WOMAC total score and
patient’s global assessment
of disease activity

Lumiracoxib 100 mg/day,
lumiracoxib 100 mg/day with
a loading dose of 200 mg/day
for the first two weeks,
celecoxib 200 mg/day, or
placebo for 13 weeks

All active treatments were
superior to placebo for all
co-primary variables. No
significant differences were
observed between any active
treatments

Lehmann R et al.: Curr Med
Res Opin, 2005, 21, 517–526

WOMAC total score, patient’s
global assessment of disease
activity and pain intensity in
the target knee

Lumiracoxib 100 mg/day,
lumiracoxib 100 mg/day with
a loading dose of lumiracoxib
200 mg/day for the first
2 weeks, celecoxib 200 mg/day,
or placebo for 13 weeks

Lumiracoxib was superior to
placebo and similar to
celecoxib on all primary
efficacy variables. No
significant differences were
seen between the lumiracoxib
groups at any time point.

Sheldon E et al.: Clin Ther,
2005, 27, 64–77

Overall joint pain intensity
and WOMAC score

Lumiracoxib 50, 100, or
200 mg bid or 400 mg/day,
Placebo or diclofenac 75 mg
bid for 4 weeks

All lumiracoxib doses were
superior to placebo and
similar to diclofenac

Schnitzer TJ et al.: Arthritis
Rheum, 2004, 51, 549–557

Ostearthritis of hand Overall OA pain intensity
(VAS mm) in the target hand

Lumiracoxib 200 or
400 mg/day or placebo for
4 weeks

Lumiracoxib doses were
superior to placebo. No
significant differences were
seen between the lumiracoxib
groups

Grifka JK et al.: Clin Exp
Rheumatol, 2004, 22,
589–596

Tab. 10. Clinical efficacy of lumiracoxib in acute pain

Model of acute pain Primary end-points Treatments Results References

Acute pain: primary
dysmenorrhea

Summed pain intensity
difference from 0 to 8 h
on day 1 (SPID-8)

Lumiracoxib 400 mg/day,
rofecoxib 50 mg/day and
placebo (Study 1);
lumiracoxib 400 mg/day,
naproxen 500 mg bid and
placebo (Study 2)

All active treatments were
statistically superior to
placebo in each study;
lumiracoxib was comparable
to rofecoxib and naproxen

Bitner M et al.: Int J Clin
Pract, 2004, 58, 340–345

Acute pain:
post-operative
dental pain

Pain intensity difference over
12 h

Single oral dose of
lumiracoxib 100 or 400 mg,
ibuprofen 400 mg and
placebo

Lumiracoxib 400 mg and
ibuprofen were superior to
placebo from 1 to 12 h post
dose while lumiracoxib
100 mg was superior from
1.5 to 9 h.

Zelenakas K et al.: Int J Clin
Pract, 2004, 58, 251–256

Summed pain intensity
difference over the first 8 h
post dose (SPID-8)

Single oral doses of
lumiracoxib 400 mg,
rofecoxib 50 mg, celecoxib
200 mg or placebo

Lumiracoxib demonstrated
the fastest onset of analgesia
and the longest time to
rescue medication use.
Patient global evaluation of
lumiracoxib was comparable
to rofecoxib and superior to
celecoxib and placebo

Kellstein D et al.: Int J Clin
Pract, 2004, 58, 244–250



adequately assess the potential risk of serious adverse

cardiovascular events associated with tNSAIDs.

A plausible mechanism in cardiovascular

hazard by COX-2 inhibition

PGI2 and TXA2, the major products of AA metabo-

lism in endothelial cells and platelets, respectively, act

a leading role in cardiovascular homeostasis [24]. The

individual cardiovascular effects of PGI2 in vitro con-

trast with those of TXA2. An unbalanced biosynthesis

of these mediators seems to play a role in atherogene-

sis and thrombosis. However, it should be pointed out

that PGI2 may counteract any other agonist with simi-

lar biological effects to TXA2.

Platelet TXA2 causes the propagation of the initial

activation signal to adjacent platelets, by inducing

further platelet activation and TXA2 formation [63].

TXA2 is also a potent trigger of vascular smooth mus-

cle cell contraction and proliferation and it has been

recently shown to be a mediator of endothelial migra-

tion and angiogenesis. The importance of TXA2 is

highlighted by the efficacy of low-dose aspirin,

a platelet COX-1 inhibitor [6, 61], in prevention of

myocardial infarction and stroke [65].

Studies in vitro and in vivo in humans have shown

that COX-2 is the major COX isoform that contrib-

utes to endothelial PGI2 biosynthesis [7, 49, 92]. PGI2

potently inhibits aggregation of platelets induced by

all recognized agonists, vascular smooth muscle cell

proliferation and vascular tone in vitro and in vivo,

leukocyte-endothelial cell interactions and cholesteryl

ester hydrolase [25]. Recently, it has been reported an

antioxidant role for PGI2 through the induction of

hemoxygenase-1 [18]. For these manifold biological

effects, PGI2 mirrors the features of an atheroprotec-

tive mediator. The use of mice deficient in PGI2 re-

ceptor or TXA2 receptor has unravelled unambigu-

ously that TXA2 promotes and PGI2 prevents the ini-

tiation and progression of atherogenesis through

control of platelet activation and leukocyte-endothelial

cell interaction [19, 39].

Egan et al. [18] have recently found in mice that es-

trogen acts via its ERa receptor to upregulate COX-2-

dependent PGI2 formation. The vascular benefit of es-

trogen therapy in ovariectomized mice rendered prone

to atherogenesis was faded by IP receptor deletion.

This finding suggests that PGI2 inhibition by COX in-

hibitors might counteract the cardiovascular benefit of

endogenous and exogenous estrogens.

Recent findings suggest that COX-2 is involved in

the biosynthesis of renal vasodilatatory prostanoids.

In fact, COX-2 inhibitors or gene knockout dramati-

cally augment the pressor effect of angiotensin II [68].

Consistently, deletion of IP and EP2 – the receptors

for COX-2-derived prostanoids, PGI2 and PGE2 –

also results in elevation of blood pressure [38, 103].

Rudic et al. [71] have found that COX-2-derived

PGI2 also controls the changes that occur in the mus-

cular lining of blood vessels in response to pressure-

related changes in blood flow. Recently, Francois et

al. [27] have reported that mice lacking IP receptor [IP

knockouts (IPKOs)] develop salt-sensitive hyperten-

sion, cardiac hypertrophy, and severe cardiac fibrosis.

Coincidental deletion of TP receptor does not prevent

the development of hypertension, but cardiac hypertro-

phy is ameliorated and fibrosis is prevented in IPTP dou-

ble knockouts (DKOs). These results may suggest that

suppression of TXA2 with low-dose aspirin could reduce

the risk of heart disease if taking COX-2 inhibitors.

Overall these findings, in mice, suggest that during

prolonged dosing with COX-2 inhibitors, inhibition

of PGI2 may lead to several consequences – a rise in

blood pressure, initiation, and early development of

atherosclerosis, and the architectural and functional

response of blood vessels to such stress – which may

predispose individuals to an exaggerated thrombotic

response upon rupture of an atherosclerotic plaque.

Plaque rupture and subsequent thrombotic vascular

occlusion are the most deleterious sequelae of atheroscle-

rosis, underlying most fatal myocardial infarctions and

thromboembolic strokes. Recently, in Apobec-1/LDLR

DKO mice, it has been found that inhibition of systemic

PGI2 by a selective COX-2 inhibitor, in combination

with the TP antagonist S18886, was associated with the

induction of a vascular phenotype characteristic of an

unstable plaque, i.e. lost of vascular muscle smooth

cells in the fibrous cap of atherosclerotic lesion [19].

Conclusions

It is now unambiguously recognized that the in-

creased thrombotic risk associated with the admini-

stration of COX-2 inhibitors is a class effect. In fact,
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all these drugs inhibit PGI2 leaving unconstrained

TXA2 and any agonist with similar biological fea-

tures. The cardiovascular risk seems dose-dependent;

it is not simply associated with COX-2 selectivity, but

drug exposure (half-life and duration of dosing) plays

an important role. Furthermore, the hazard would be

expected to relate to clinical substrate (cardiovascular

risk). Finally, differences between individuals are

probably involved. Further studies should be per-

formed for the identification of characteristics of pa-

tients that are making them susceptible to cardiovascu-

lar adverse effects by selective COX-2 inhibitors. In

the meantime, the use of these drugs have to be under

scrutiny particularly in cardiovascular risk-population.

The EMEA has recommended a number of restric-

tions on use of all selective COX-2 inhibitors com-

mercially available (celecoxib, etoricoxib and pare-

coxib). They are now contra-indicated in patients with

established ischemic heart disease and/or cerebrovas-

cular disease (stroke), and also in patients with pe-

ripheral arterial disease and they should be prescribed

with caution in patients with risk factors for heart dis-

ease, such as hypertension, hyperlipidemia, diabetes

and smoking. They should be used in the lowest effec-

tive dose for the shortest possible period. Despite,

long-term controlled clinical trial data are not available

to adequately assess the potential risk of serious ad-

verse cardiovascular events associated with tNSAIDs,

FDA has extended the same restrictions to these drugs.

The future of coxibs may be an example of person-

alized medicine since the goal is to restrict their use in

people who really need them, i.e. who do not respond

to tNSAIDs or with increased risk of GI complica-

tions. Selective COX-2 inhibitors remain an appropri-

ate choice in patients at low cardiovascular risk but

with increased risk of GI complications.
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