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Title.  Valdecoxib: The rise and fall of a COX-2 inhibitor 

Abstract 

Introduction: Valdecoxib is a cyclooxygenase 2 (COX-2) selective anti -inflammatory drug.  It 
is associated with a reduced incidence of gastrointestinal complications and is potentially 
useful for patients with rheumatological diseases requiring longer term anti-inflammatory 
treatment.    

Areas covered: Due to a perceived increased risk of thrombotic events, particularly 
cardiovascular hazards and reports of unpredictable, potentially life threatening skin 
reactions, valdecoxib has been voluntarily withdrawn from the market since 2005. This 
review manuscript examines the therapeutic potential and the adverse events of valdecoxib 
utilising a pubmed and web of sciences search to select literature on this subject.   

Expert opinion:  Whilst valdecoxib did have reduced incidence of gastrointestinal 
complications due to a perceived increased risk of thrombotic events it was withdrawn. The 
limitations of the research supporting the withdrawal of this potential are discussed. 
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1. Overview of the market  

The COX-2 inhibitors were developed with the promise of improved gastro-intestinal safety 

in comparison with non-selective anti-inflammatory agents. These drugs were perceived to 

be of particular use in the treatment of rheumatological diseases where long term anti –

inflammatory drug use, with the combination of other disease modifying drugs,  is still the 

norm. Unfortunately, these agents have been associated with a small but measurable 

increased risk of cardiovascular events which originally lead to the voluntary withdrawal of 

rofecoxib (Vioxx) in 2004 and then valdecoxib in 2005. One coxib, celecoxib (Celebrex) 

remains on the market despite similar findings. 

2.  Introduction to compound 

Inflammation is a prominent component of most local and multisystem musculoskeletal 

diseases.  Though therapies modifying the disease course of autoimmune rheumatological 

diseases are the mainstay of treatment, non-steroidal anti-inflammatory drugs (NSAIDS) and 

cyclooxygenase 2 (COX-2) inhibitors continue to be of value in disease management.  These 

drugs provide pain relief, reduce joint swelling, and moreover are effective in reducing pain 

and regional inflammation in acute sprains, fractures and soft tissue rheumatic disorders. 

The main mediators of inflammation are eicosanoids (prostaglandin, prostacyclin [PGI2], 

thromboxane A2, and leukotrienes) produced from arachidonic acid derived from 

membrane phospholipids (figure 1).  NSAIDs inhibit the fatty acid cyclo-oxygenase (COX) 

enzyme; prostaglandin G/H synthase; resulting in reduced prostaglandin and thromboxane 

production [1].  There are two isoforms of this enzyme: COX-1 is generally believed to be a 

constitutive, housekeeping enzyme present in most tissues; whilst COX-2 is induced by 

pathological processes [2][3].   The inhibition of COX-1 and COX-2 pathways results not only 

in reduced inflammation and anti-pyresis but also in reduced platelet aggregation, a 

propensity to cause gastrointestinal ulceration and perforations, and fluid and sodium 

retention, especially when taken on a chronic basis [4-6] The selective COX-2 inhibitors such 

as valdecoxib were developed with the aim of reducing the untoward side effects of NSAIDS 

whilst preserving its useful anti-inflammatory function.  
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 2.1. Chemistry 

The mechanism of action of valdecoxib is best understood by comprehending the intricacies 

of the prostanoid (PG) and thromboxane synthesis. The first committed step in this process 

is the metabolism of archidonic acid to prostaglandin H by the enzyme prostaglandin H2 

synthetase, also known as cyclo-oxygenase (COX).  The first step, the dioxygenase step, 

incorporates two molecules of oxygen into the arachidonic chain at C11 and C15 positions 

resulting in the formation of the highly unstable endoperoxidase mediator PGG2.  As the 

COX enzymes are bi-functional, these enzymes are capable of peroxidation of this end 

product. The result is the conversion of PGG2 to PGH2, where the PGG2 hydroperoxidase 

group in C15 is transformed to a hydroxy-group PGH2.  Thereafter, PGG2 is subject to other 

isomerases, reductases or synthetases which transforms it to other prostanoids [7].  

Both COX-1 and COX-2 are homodimers in the intracellular membrane. Both of these similar 

isoforms contain a hydrophobic channel into which arachidonic acid or other fatty acid 

substrates can dock in order for oxygenation to occur.  COX 2 contains a bulky side pocket 

which is not present in COX-1 and therefore drugs such as valdecoxib, which contain a bulky 

groups or moieties bind only to COX-2. These COX2 inhibitors then enter the hydrophobic 

channel in these enzymes blocking the entry of the fatty acid substrates.   

Valdecoxib is a diaryl substituted isoxazole, structurally similar to celecoxib, the first COX2 

inhibitor (Figure 3).  Hydroxylamine hydrochloride in the presence of sodium acetate  was 

used to convert deoxybenzamin  to its corresponding oxime [8].  The oxime was 

deprotonated using 2 equivalents of butyllithium followed by condensation with ethyl 

acetate.  The result, isoxazoline was treated with chlorosulfonic acid [9].  This was followed 

by the reaction of sulfonyl chloride with aqueous ammonia yielding valdecoxib [10].  



4 | P a g e  
 

FIGURE 1:  THE CYCLO-OXYGENASE AND LIPOOXYGENASE PATHWAY 

 

 

Source: Journal of Human Hypertension (2005) 19, 1–5. doi:10.1038/sj.jhh.1001777. 

Published online 23 September 2004 

 

2.2. Pharmacokinetics and metabolism 

In healthy young subjects, valdecoxib is well absorbed on an empty stomach and achieves 

maximum plasma concentrations in about 3 hours (Tmax). Approximately 83% of the drug 

reaches the systemic circulation and peak plasma concentration (Cmax) and concentration 

time curves (AUC) remain little affected by meals or concomitant antacid use  (Pharmacia 

corporation 2002). The Cmax and AUC show proportional increases with doses up to a 

maximum of 400mg with steady state concentrations being achieved after four days of 

treatment [11].   
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Valdecoxib is heavily protein bound with >98% of drug being bound to plasma proteins at 

plasma concentrations in the range of 21-2384 ug/L. The drug undergoes hepatic 

metabolism, metabolized by both the nonP450 and P450 cytochrome pathways (Figure 2).  

The P450 system is predominant with hydroxylation and aryl hydroxylation resulting in the 

formation of a carboxylic acid derivative via the CYP3A4, CYP2C9, and P450 enzyme systems. 

In contrast, the non P450 pathway glucuronidates the sulphonamide group.  The 

metabolites of valdecoxib are excreted in the urine with less than 5% of the drug being 

excreted unchanged in the urine [12]. 

The elimination half-life of valdecoxib is approximately 8-11 hours.   Plasma concentrations 

of valdecoxib were increased by 130% in patients with mild to moderate hepatic impairment 

(Child Pugh Class B). It is recommended that patients with hepatic impairment be monitored 

and commenced on smaller doses of treatment. However, the indication for using this drug 

in this vulnerable population must be re-examined and alternative options employed 

whenever possible. There are no studies of the use of valdecoxib in end-stage liver disease, 

but due to its pathways of metabolism valdecoxib is best avoided in severe liver disease[12].  
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FIGURE 2. METABOLISM OF VALDECOXIB 

 

 

Elderly persons have higher concentrations of valdecoxib in the circulation, attributed to the 

decline in hepatic and renal function as well as reduced volumes of distribution.  It is 

therefore recommended that the valdecoxib dose be reduced in the  elderly, especially 

those with reduced body weight <50kg [12].  

 

2.2 Pharmacodynamics 

Valdecoxib binds tightly in a relatively stable fashion to COX-2 thereby inhibiting its function.  

In vitro studies have demonstrated that valdecoxib potently inhibits prostaglandin E2 

production (50% inhibition of COX2 (IC50) =0.0005uM/L compared to COX -1 (IC50) =140uM) 

[12][13].  Similar results have been obtained in ex-vivo studies, in human whole blood, 

where the corresponding COX2 (IC50) and COX1 (Similar results have been obtained in ex-

vivo studies, in human whole blood, where the corresponding COX2 (IC50) were 0.89uM and 

25.4 uM/L respectively.  
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The COX1/COX2 inhibition ratios are much higher for valdecoxib when compared to 

celecoxib  [10] and the non-selective NSAIDs [14].  The primary metabolites of valdecoxib do 

not contribute significantly to the mechanism of action of valdecoxib.  Valdecoxib is also the 

active moiety of the parenteral COX2 selective inhibitor parecoxib sodium [15]. 

The analgesic effects of valdecoxib were studied in rat models of inflammation.  The dose of 

valdecoxib that caused a 50% reduction in inflammation was 0.05, 0.032 and 10.2 mg/kg in 

the carrageenan air pouch, adjuvant arthritis and carrageenan hind-paw models[10]. The 

analgesic effect on humans in described below in the clinical efficacy section. 

The traditional non-steroidal anti inflammatory drugs (tNSAIDS) inhibit platelet function.  

Double blind randomised control studies of the effect of valdecoxib 40mg twice daily on 

platelet function in healthy adults and elderly demonstrated that this drug does not affect 

platelet function or bleeding times [16, 17]. 

 

3.  Clinical efficacy 

The clinical efficacy of valdecoxib has been assessed in the treatment of osteoarthritis (OA) 

of knees, hips [18-20], rheumatoid arthritis [20], analgesia in dysmenorrhoea [21] and post-

operative analgesia after hip athroplasty [22],  orthopaedic foot and oral surgery [23][24].  A 

total of 4000 patients were evaluated in these studies. This review will focus on the patients 

with knee and hip osteoarthritis and rheumatoid arthritis. 

Valdecoxib has been more efficacious than placebo in treating osteoarthritis of the knee.  At 

higher doses (5mg b.i.d and 10mg once or b.i.d.), it was equally efficacious as naproxen 

500mg/bd. Assessment at week 1, 2 and 6 revealed an improvement in the patient 

assessment of pain, patient global assessment of arthritis (using visual analogue scores and 

the Western Ontario and Mc Masters Universities OA index) from baseline [25].  A double-

blind study of patients with moderate to severe knee OA revealed that valdecoxib 5mg b.i.d 

or 10mg b.i.d was equally efficacious as naproxen with fever endoscopically proven gastro-

duodenal ulcers at week 12 (3 vs 10% p<0.05) [18]. Valdecoxib has been similarly efficacious 
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in patients with hip OA, where the majority of studies compared valdecoxib with 

naproxen[19]. 

Valdecoxib 10mg, 20mg and 40mg q.d. has been compared with naproxen in the 

symptomatic treatment of patients with a flare of rheumatoid arthritis. The studies revealed 

that valdecoxib was well tolerated and as equally effective as naproxen 500mg b.i.d at doses 

of 20mg or 40mg q.d.[26, 27]. Similar results were shown when valdecoxib was compared to 

diclofenac [28] .However, it was noted that valdecoxib had superior gastrointestinal 

tolerability when compared to slow release diclofenac and ibuprofen [29]. The favourable 

gastrointestinal tolerance of valdecoxib has been further proven in a meta-analysis [30], 

where there was decrease in dyspepsia and improved drug tolerance in patients taking 

valdecoxib even at supra-therapeutic doses. 

Similar trends have been reported in the management of acute and chronic low back pain 

[31]. 

 

4. Safety and tolerability 

The gastrointestinal safety of valdecoxib has been proven in the studies discussed above.  It 

is clear that valdecoxib inhibits COX-2 enzyme to reduce prostaglandins E2 and I2 in 

inflamed joints without  affecting the COX-1 mediated, prostaglandin E2, I2 effected gastric 

mucosal protection [32].  

As COX-2 enzyme contributes to renal vasodilatory function by promoting prostacyclin 

generation in endothelial cells the renal safety of valdecoxib has been a cause for concern. 

The renal safety of valdecoxib has been explored in cohorts of patients with rheumatoid 

arthritis and osteoarthritis. The incidence of common renal side effects; albuminuria, 

peripheral oedema and hypertension following COX2 inhibition is higher than placebo 

(0.9%, 2.3% and 2.8% compared to 0.2%, 0.7% and 0.6% ) but is not significantly different to 

conventional NSAIDS (0.5%, 2.2%, and 1.5%) in pooled studies [33, 34][24, 25].  Studies of 

patients with severe renal dysfunction and those with end stage renal dysfunction on 

haemodialysis resulted in a 23% reduction of mean plasma clearance when compared with 
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healthy subjects. But, this is not of clinical significance to warrant a dosage reduction in 

renal insufficiency.  However, the use of valdecoxib in patients with advanced renal disease 

is strongly discouraged. The majority of renal effects are dose dependent and attributed to 

the occurrence of oedema and rise in blood pressure.  Therefore valdecoxib use in subjects 

dependent on the renin-angiotensin system haemodynamics; e.g cirrhotics, patients with 

congestive heart disease; must be accompanied by monitoring of renal function.  

Drug interactions between valdecoxib and many other drugs have been extensively studied 

[35, 36]. Of particular interest is the fact that valdecoxib does not significantly affect the 

action of methotrexate.  Short courses of low dose valdecoxib (10mg b.d.) had no effect on 

the pharmacokinetics of oral methotrexate.  Similar changes have been described with 

intramuscular methotrexate (unpublished reports).  However, there is little data on 

interactions between valdecoxib and other disease modifying drugs.  

 

5.  Regulatory affairs 

In 2005 the Food and Drug Administration agency of the United States Department of 

Health and Human Services (FDA) and the European Medicines Agency (EMEA) requested 

that the manufacturer voluntarily withdraw valdecoxib from the market due to its potential 

side effect profile. The lack of adequate data on the long-term safety of the drug, increased 

risk of adverse cardiovascular events in short term coronary artery bypass graft trials, 

reports of serious skin reactions coupled with the lack of any significant advantage over 

NSAIDS were cited as reasons for this withdrawal request. 

The increase in cardiovascular events has been attributed to its potent inhibition of COX-2 

and consequent reduction of prostacyclin biosynthesis. This fact is supported by in vivo 

studies which have demonstrated that NSAIDS (both the COX-2 inhibitors and some 

tNSAIDS) reduce systemic biosynthesis of prostacyclins in healthy humans by >60% [37].  

In the vascular system, prostacyclin formation in the endothelium is induced in response to 

platelet vessel wall interactions and haemodynamic stress [38-40].  There is evidence that 

prostacyclin binding to its receptor activates membrane bound adenyl-cyclase leading to 
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formation of cyclic AMP[41].  cAMP initiates inhibition of platelet aggregation, vascular 

smooth muscle constriction and induction of thrombomodulin which inhibits coagulation, 

with resultant reduction of vascular occlusion.  In addition, studies on rodent models have 

confirmed that prostacyclin helps prevent hypertension and cardiac hypertrophy [42, 43].  

Moreover, clinical trials of COX2 inhibitors used for other indications have demonstrated a 

trend that CV hazard is dose dependent [44, 45]. It is interesting that the magnitude of 

concomitant COX-1 inhibition mitigates the cardiovascular risk [46].  One explanation for 

this is believed to be the result of inhibition of thromboxane A2 (TXA2), another pro-

aggregatory agent [47].  It is noteworthy that cardiovascular risk is only minimized in these 

cases and is not completely abrogated. 

Another possible contributory factor to the cardiovascular risk is the occurrence of 

hypertension.  This adverse effect is attributed to the inhibition of COX2 in the kidneys.  In 

susceptible individuals, inhibition of vasodilatory renal prostacyclin leads to sodium 

retention, oedema and hypertension [48].  This is a feature of COX-2 inhibitors and certain 

tNSAIDS [49, 50], but is greater in COX-2 inhibitors [51] at high dose, as shown in the MEDAL 

(Multinational Etoricoxib vs Diclofenac Arthritis Long-term Program) and EDGE studies [52, 

53].  These study results suggest that thrombosis rather than hypertension is the main 

mechanism of cardiovascular risk. 

The increased risk of cardiovascular adverse events for valdecoxib was highlighted in two 

short-term multi centre, randomized, double blind, placebo controlled trials assessing the 

safety of the drug in coronary bypass grafting (CABG) patients. In these trials valdecoxib (or 

its prodrug parecoxib) were used in post-operative analgesia. COX-2 inhibitors such as 

valdecoxib are ideal candidates to provide for post-operative pain relief: these agents give 

pain relief without increasing bleeding (compared to tNSAIDS). This is particularly true for 

valdecoxib, where the pro-drug parecoxib is intravenously administered, and is therefore 

eminently useful in the early post-operative period.  

In the first study in 2003 [54], 1671 CABG patients were randomly allocated to receive 

intravenous parecoxib for a maximum of three days followed by oral valdecoxib till 

postoperative  day 10, or intravenous placebo and oral valdecoxib or intravenous and oral 

placebo throughout the trial period of 14 days (151 patients in the valdecoxib (40mg 
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bid)/parecoxib sodium (40mg bid) group with 151 in the placebo/placebo group).  The 

primary end-points were adverse events, including cardiovascular events, renal dysfunction, 

poor wound healing and peptic ulceration. The groups given valdecoxib with parecoxib or 

valdecoxib with placebo had significantly higher adverse events.  This was particularly true 

for cardiovascular events including myocardial infarction, cardiac arrest, stroke and 

pulmonary embolism.  These events were more frequent in the treatment group when 

compared to placebo with a risk ratio of 3.7 (95 %CI, 1.0 to 13.5; P=0.03).  

However, the drug doses used in this short-term trial designed for pain relief, were different 

to the convential doses of valdecoxib recommended for standard rheumatological practice. 

The doses of valdecoxib, and particularly that of parecoxib were supra therapeutic, leading 

to profound suppression of COX-2 activity. It is invariable that such profound prostacyclin 

suppression in a cohort of patients at high coronary risk caused a rapid increase in vascular 

and thrombotic events. 

The second multicenter, phase III, placebo-controlled, double-blind, randomized, parallel-

group trial CABG study assessed the risk of cardio-vascular events, renal dysfunction, peptic 

ulceration and wound infection in 462 patients [55]. Patients were allocated at a ratio of 2:1 

to parecoxib/valdecoxib or standard care (control) groups, respectively. Intravenous study 

drug (parecoxib) (40 mg) was administered within 30 minutes of extubation and at a dose of 

20mg IV b.i.d for a minimum of 3 days. Thereafter, oral treatment of valdecoxib 40 mg b.i.d. 

was initiated and continued for a total of 14 days. Clinical adverse events were assessed 

from the time of the first dose through the 30-day post-dosing period.  Though the 

parecoxib/valdecoxib groups had better pain relief than the control group during the study 

time points, serious adverse events were twice as frequent in the valdecoxib-parecoxib 

group, particular cardiovascular events. The incidences of other individual serious adverse 

events, including cerebrovascular complications and renal dysfunction, were proportionally 

greater, though not significantly different, between the groups. However, despite the lower 

doses of valdecoxib and the shorter treatment duration compared to the first study, 

parecoxib was used at a dose of 20mg b.i.d., which is still a supra-therapeutic dose 

completely suppressing COX-2 activity. 

Similar findings were obtained from a meta-analysis of the coronary and cerebrovascular 
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adverse events in these two CABG and other placebo controlled trials of valdecoxib in 

patients with arthritis demonstrated a threefold higher cardiovascular risk in valdecoxib 

compared to placebo (RR=3.08; 95%CI = 1.20-7.87) [56]  

However, this finding was not corroborated in a similar unpublished study on 1050 patients 

undergoing major general or orthopaedic surgery. These patients were given an initial dose 

of parecoxib 40mg i.v. followed by 20mg i.v. b.i.d for three days, followed by oral valdecoxib 

(20 mg b.i.d) (525 patients) or placebo (525 patients) for the 10 day treatment period or a 

placebo intravenous infusion followed by oral placebo (525 patients). No significant 

differences were detected in the overall safety profile [57]. 

These findings suggest that the CV effects of valdecoxib are most marked in patients with 

severe haemostatic activation. There are a multitude of potential contributors for this 

increased thrombotic risk.  Patients who are subject to CABG have inherently increased risk 

of CV complications affecting the cardiovascular, cerebrovascular, renal and intestinal 

systems.  In addition, platelet activation occurs early in the post-CABG patients [58] and may 

not be counteracted by aspirin. Moreover, valdecoxib potentially interferes with the COX-2 

mediated cardiac ischaemia protective effect of anaesthetics [59].  

It is believed that the contact between blood and synthetic surfaces in the extra-corporeal 

circuit activates platelets, endothelial cells and leucocytes with resultant thrombotic 

tendency [60][61]. Furthermore, the cardiopulmonary bypass increases prostacyclin and 

thromboxane levels [62, 63] In addition, cross clamping may contribute to ischaemic-

reperfusion insults to the myocardium [64].  The combination of these factors, which may 

be exponential, explain why CABG patients are more susceptible to the CV complications of 

valdecoxib.  The near total suppression of COX-2 inhibition, and subsequent thrombosis 

could not be mitigated by low dose aspirin.   The rapid suppression of vascular prostacyclin 

by intravenous parecoxib could not be countered by the orally administered aspirin, which 

requires at least an hour to supress platelet COX-1.  In addition, a high number of CABG 

patients are not-responsive to aspirin in the immediate post surgical period [65, 66].  This 

may be a consequence of the intense inflammatory cascade activation due to reperfusion of 

vital organs.  This may induce thromboxane synthesis through COX-2 induction in platelet-

leucocyte aggregates reducing the ability of aspirin to suppress thromboxane [67]. 
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Furthermore, there may be de-novo synthesis of COX-1 in the platelets activated by pro-

aggregatory stimuli which counteracts aspirin inhibition of platelet thromboxane 

biosynthesis [68]. 

There are no large scale RCTs performed which assess the safety of valdecoxib in OA or RA. 

There are unpublished data of 10 RCT in OA and RA where 4531 patients in total received 

valdecoxib.  The doses ranged from 10-80mg with a wide treatment duration of 6-52 weeks.  

It is noteworthy that the majority of these patients received valdecoxib for <12 weeks.  The 

incidence of serious CV events in patients of valdecoxib, or placebo (n=1142) or tNSAID 

(n=2261) were compared.  There was no significant difference between the exposure 

adjusted incidence of adverse events of or CV events when the three groups were 

compared.  However, as most of the studies were of short duration, and were inadequately 

powered to detect cardiovascular events in a lower CV risk group, the validity of this 

information is questionable [57]. 

Systematic review and meta-analyses have been performed to estimate the risk of MI 

associated with COX-2 inhibitors compared with placebo. Chen et al used a fixed- effect 

model to analyse 55 RCTs of 99,087 patients to estimate the odds ratio of MI associated 

with COX-2 inhibitors when compared to placebo, tNSAIDS and other COX-2 inhibitors.  The 

overall odds ratio for MI risk for COX-2 inhibitors was 1.46 (95% CI=1.02, 2.09). Celecoxib, 

Rofecoxib, Etoricoxib, Valdecoxib and Lumiracoxib were associated with higher MI risks 

compared to placebo though subgroup comparisons failed to achieve conventional levels of 

significance. The pooled OR for any COX-2 inhibitor compared to other tNSAIDS was 1.45 ( 

95% CI=1.09, 1.93).  Interestingly, valdecoxib had a lower MI risk than diclofenac (OR=0.14; 

95% CI=0.03, 0.73), though diclofenac continues to be used extensively. The available head-

to-head comparisons of COX-2 inhibitors failed to identify any difference in risk of MI 

between the different COX-2 inhibitors [69]. 

Similar results were yielded by the meta-analysis done by Kearney et al, with some 

significant new developments [70].  Data from 138 randomized trials involving 145,373 

participants were evaluated in this meta-analysis.  Trials for this meta-analysis were selected 

if they had at least 4 weeks scheduled treatment and included a comparison of a COX-2 

inhibitor versus placebo or versus a tNSAID.  This meta-analysis explored the following pre-
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specified outcomes: a serious vascular event, fatal/non-fatal myocardial infarction, 

fatal/non-fatal stroke or vascular death. Due to the hypothesis that naproxen has aspirin-

like antiplatelet effects the analysis of COX-2 inhibitor versus tNSAIDS were subdivided to 

naproxen and non-naproxen like NSAIDS. In placebo comparisons, the use of a selective 

COX-2 inhibitor was associated with a 42% increased incidence of serious vascular events 

(1.2% per year vs 0.9% per year; rate ratio 1.42 95% relative increase in the incidence of 

serious vascular events 1.13-1.78: P=0.0003.) This was chiefly attributed to increased 

incidence of myocardial infarction (0.6% yearly versus 0.3% year; 1.86, 1.33 to 2.59; 

P=0.0003).  There was no significant heterogeneity amongst the different types of COX-2 

inhibitors, though the data was inadequately powered to detect a real difference. High dose 

regimens of some tNSAIDS, i.e. ibuprofen and diclofenac had a similar risk of serious 

vascular events to COX-2 inhibitors (0.9% yearly versus 1% yearly, rate ratio 1.16, 0.97 to 

1.38; P=0.1). A marked difference in heterogeneity was detected when COX-2 inhibitors 

were compared with naproxen and non-naproxen tNSAIDS.  The explanation for these 

results is the profound inhibitory effect both tNSAIDS and COX-2 inhibitors on prostacyclin is 

unopposed by platelet COX-1 inhibition.  High dose naproxen inhibits both COX-1 in 

platelets and COX-2 in inflammatory tissues reducing the possibility of increased CV risk. As 

indicated before, valdecoxib and fellow COX-2 inhibitors suffer from only inhibiting COX-2 

mediated prostacyclin synthesis.  The platelet COX-1 remains functional with a propensity 

for thrombosis leading to thrombotic risk. [71]. 

Another cause for concern in the use of Valdecoxib is the risk of serious skin infections.  

Despite lacking the aromatic amine portion of sulphonamide usually implicated in toxic 

epidermal necrolysis (TEN), post-marketing surveillance of Valdecoxib demonstrated an 

increase of TEN, Steven Johnson Syndrome and Erythema multiforme [72, 73].  The arbitrary 

nature of Valdecoxib skin-reactions are of particular concern: they occur in patients with 

and without previous sulphonamide allergy and after short or long term use [72][73].  The 

skin reactions reported in valdecoxib ranged from widespread erythema to target lesions 

and TEN.  However, a more recent retrospective analysis of some of the reported skin 

reactions revealed that cutaneous effects of valdecoxib are distinctly different to TEN [74].   
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6. Expert Opinion 

Valdecoxib is an efficacious drug. It, like other COX-2 inhibitors,  is particularly useful in 

rheumatological practice, due to its superior gastrointestinal tolerability.  Gastroprotection 

is especially important as most patients with rheumatological disease are on multiple drugs, 

including disease modifying drugs, which cause gastrointestinal adverse effects.  In addition, 

most patients require anti-inflammatory medication frequently, and occasionally as a long 

term therapeutic option.  The presence of an injectable pro-drug, extends the usefulness of 

valdecoxib.  There is potential for use in rheumatology patients  with disease flares in the 

immediate post-operative period . 

It is unfortunate that this main advantage of valdecoxib, the presence of a parenterally 

administered pro-drug, led to its trials on a group of patients at particularly high risk of 

cardiovascular events. In addition, the subjects for these trials were patients immediately 

after post coronary bypass graft surgery:  circumstances with exaggerated propensity for 

thrombosis and vascular occlusion. Moreover, valdecoxib was used in supra-therapeutic 

doses, with the use of its parenteral drug, parecoxib. The doses used in both these trials are 

much higher than those used in rheumatological practice, or those trialled in the 

rheumatology treatment trials.  This dosage results in profound suppression of COX-2 

pathways. The results obtained are therefore of little surprise.  However, it is possible, 

though it will never be formally proven, that the cardiovascular risk will be attenuated in 

patients in whom valdecoxib would have been used in clinical practice, at the customary 

dosage. 

Similar findings have been highlighted for celecoxib (75). Despite its increased 

cardiovascular risk highlighted in patients with colorectal continues to be used extensively in 

clinical practice. The attenuated cardiovascular risk may be attributed the circumstances 

under which the drug was used (43).  

In our opinion, these trials have questioned the long-term safety not only of valdecoxib, but 

also of other COX-2 inhibitors, which should by virtue of mechanism of action result in a 

higher thrombotic risk. The fact that only rofecoxib and valdecoxib were selected for 

withdrawal warrants further discussion.  The fate of valdecoxib, in particular, was sealed by 
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reports of potentially life threatening skin reactions, the validity of these findings have been 

subsequently questioned (74). It is clear that valdecoxib, apart from having an injectable 

prodrug, has no other advantages over the other COX-2 inhibitors.  Therefore, there is 

currently little justification for the continued use of the drug. However, there are lessons to 

be learned from the processes that lead to the withdrawal of the drug. The need for caution 

in extrapolating the findings of trials to different patient subpopulations is highlighted from 

the unfortunate plight of valdecoxib. 

 

 



17 | P a g e  
 

References 

 
 
1. Vane JR. Inhibition of prostaglandin synthesis as a mechanism of action for aspirin-
like drugs. Nature: New biology 1971; 231(25):232-235. 
2. Crofford LJ. COX-1 and COX-2 tissue expression: implications and predictions. The 
Journal of rheumatology Supplement 1997; 49:15-19. 
3. Zidar N, Odar K, Glavac D, Jerse M et al. Cyclooxygenase in normal human tissues--is 
COX-1 really a constitutive isoform, and COX-2 an inducible isoform? Journal of cellular and 
molecular medicine  2009; 13(9B):3753-3763. 
4. Ferreira SH VJ. New Aspects of Mode of Action of Nonsteroid Antiinflammatory 
Drugs. Annual Review of Pharmacology and Toxicology 1974; 14:57-73. 

5. Brooks PM, Day RO. Nonsteroidal antiinflammatory drugs--differences and 
similarities. The New England journal of medicine 1991; 324(24):1716-1725. 
6. Langman MJ, Weil J, Wainwright P, Lawson DH  et al. Risks of bleeding peptic ulcer 
associated with individual non-steroidal anti-inflammatory drugs. Lancet 1994; 343(8905): 
1075-1078. 
7. Luong C, Miller A, Barnett J, Chow J et al. Flexibility of the NSAID binding site in the 
structure of human cyclooxygenase-2. Nature structural biology 1996; 3(11):927-933. 
8. House HO RF. Use of Ketoxime Derivatives to Prepare Alpha-Acetoxy Ketones. 
Journal of Organic Chemistry 1969; 34:1430. 
9. Park CA, Kaiser EM, Kaufman RJ, Henoch FE et al. Preparation of 2-Isoxazolines from 
C(Alpha),O-Dilithiooximes and Aldehydes and Ketones. Journal of Heterocyclic Chemistry 
1976; 13:449-453. 
10. Talley JJ, Brown DL, Carter JS, Graneto MJ et al. 4-[5-Methyl-3-phenylisoxazol-4-yl]- 
benzenesulfonamide, valdecoxib: a potent and selective inhibitor of COX-2. Journal of 
medicinal chemistry 2000; 43(5):775-777. 
11. Karim A, Laurent A, Slater ME, Kuss ME et al. A pharmacokinetic study of 
intramuscular (i.m.) parecoxib sodium in normal subjects. Journal of clinical pharmacology 
2001; 41(10):1111-1119. 
12. Ormrod D, Wellington K, Wagstaff AJ. Valdecoxib. Drugs 2002; 62(14):2059-2071; 
discussion 2072-2053 ** very useful article to glean the pharmacokinetics and 
pharmacodynamics of valdcoxib. 
13. Alsalameh S, Burian M, Mahr G, Woodcock BG et al. Review article: The 
pharmacological properties and clinical use of valdecoxib, a new cyclo-oxygenase-2-selective 
inhibitor. Alimentary pharmacology & therapeutics 2003; 17(4): 489-501 ** Useful review of 
the pharmacological basis of using valdecoxib. 
14. Warner TD, Vojnovic I, Bukasa A, Mitchell JA et al. Nonsteroid drug selectives for 
cyclo-oxygenase-1 rather than cyclo-oxygenase-2 are associated with human 
gastrointestinal toxicity: A full in vitro analysis  Proceedings of the National Academy of 
Sciences of the United States of America; 1999;  p. 7563. 

15. Jain KK. Evaluation of intravenous parecoxib for the relief of acute post-surgical pain. 
Expert opinion on investigational drugs 2000; 9(11): 2717-2723. 
16. Leese PT, Talwalker S, Kent JD, Recker DP. Valdecoxib does not impair platelet 
function. The American journal of emergency medicine 2002; 20(4):275-281. 



18 | P a g e  
 

17. Leese PT, Recker DP, Kent JD. The COX-2 selective inhibitor, valdecoxib, does not 
impair platelet function in the elderly: results of a randomized controlled trial. Journal of 
clinical pharmacology 2003; 43(5):504-513. 
18. Kivitz A, Eisen G, Zhao WW, Bevirt T et al. Randomized placebo-controlled trial 
comparing efficacy and safety of valdecoxib with naproxen in patients with osteoarthritis. 
The Journal of family practice 2002; 51(6):530-537. 
19. Makarowski W, Zhao WW, Bevirt T, Recker DP. Efficacy and safety of the COX-2 
specific inhibitor valdecoxib in the management of osteoarthritis of the hip: a randomized, 
double-blind, placebo-controlled comparison with naproxen. Osteoarthritis and cartilage / 
OARS, Osteoarthritis Research Society 2002; 10(4):290-296. 
20. Bensen W, Weaver A, Espinoza L, Zhao WW  et al. Efficacy and safety of valdecoxib in 
treating the signs and symptoms of rheumatoid arthritis: a randomized, controlled 
comparison with placebo and naproxen. Rheumatology (Oxford) 2002; 41(9):1008-1016. 
21. Daniels SE, Torri S, Desjardins PJ. Valdecoxib for treatment of primary dysmenorrhea. 
A randomized, double-blind comparison with placebo and naproxen. Journal of general 
internal medicine 2005; 20(1):62-67. 
22. Camu F, Beecher T, Recker DP, Verburg KM. Valdecoxib, a COX-2-specific inhibitor, is 
an efficacious, opioid-sparing analgesic in patients undergoing hip arthroplasty. American 
journal of therapeutics 2002; 9(1):43-51. 
23. Daniels SE, Desjardins PJ, Talwalker S, Recker DP et al. The analgesic efficacy of 
valdecoxib vs. oxycodone/acetaminophen after oral surgery. J Am Dent Assoc. 2002; 
133(5):611-621. 
24. Desjardins PJ, Shu VS, Recker DP, Verburg KM et al. A single preoperative oral dose 
of valdecoxib, a new cyclooxygenase-2 specific inhibitor, relieves post-oral surgery or 
bunionectomy pain. Anesthesiology 2002; 97(3):565-573. 
25. Fiechtner  JJ SD, Recker D. A double-blind, placebo-controlled dose ranging study to 
evaluate the efficacy of valdecoxib, a novel COX-2 inhibitor, in treating the signs and 
symptoms of osteoarthritis of knee.  Europaen Congress of Rheumatology. Prague, Czech 
Republic 2001. 
26. Williams GW, Kivitz AJ, Brown MT, Verburg KM. A comparison of valdecoxib and 
naproxen in the treatment of rheumatoid arthritis symptoms. Clinical therapeutics. 2006; 
28(2):204-221. 
27. Gibofsky A, Rodrigues J, Fiechtner J, Berger M et al. Efficacy and tolerability of 
valdecoxib in treating the signs and symptoms of severe rheumatoid arthritis: a 12-week, 
multicenter, randomized, double-blind, placebo-controlled study. Clinical therapeutics 2007; 
29(6):1071-1085. 
28. Pavelka K, Recker DP, Verburg KM. Valdecoxib is as effective as diclofenac in the 
management of rheumatoid arthritis with a lower incidence of gastroduodenal ulcers: 
results of a 26-week trial. Rheumatology (Oxford) 2003; 42(10):1207-1215. 
29. Rabeneck L, Goldstein JL, Vu A, Mayne TJ et al. Valdecoxib is associated with 
improved dyspepsia-related health compared with nonspecific NSAIDs in patients with 
osteoarthritis or rheumatoid arthritis. The American journal of gastroenterology 2005; 
100(5):1043-1050. 
30. Eisen GM, Goldstein JL, Hanna DB, Rublee DA. Meta-analysis: upper gastrointestinal 
tolerability of valdecoxib, a cyclooxygenase-2-specific inhibitor, compared with nonspecific 
nonsteroidal anti-inflammatory drugs among patients with osteoarthritis and rheumatoid 
arthritis. Alimentary pharmacology & therapeutics 2005; 21(5):591-598. 



19 | P a g e  
 

31. Ximenes A, Robles M, Sands G, Vinueza R. Valdecoxib is as efficacious as diclofenac in 
the treatment of acute low back pain. The Clinical journal of pain  2007; 23(3):244-250. 
32. Cannon CP, Cannon PJ. Physiology. COX-2 inhibitors and cardiovascular risk. Science 
2012; 336(6087):1386-1387  
* Concise but useful explanation of the basis of using COX-2 inhibitors and their side effects. 
33. Rossat J, Maillard M, Nussberger J, Brunner HR et al. Renal effects of selective 
cyclooxygenase-2 inhibition in normotensive salt-depleted subjects. Clinical pharmacology 
and therapeutics 1999; 66(1):76-84. 
34. Swan SK, Rudy DW, Lasseter KC, Ryan CF et al. Effect of cyclooxygenase-2 inhibition 
on renal function in elderly persons receiving a low-salt diet. A randomized, controlled trial. 
Annals of internal medicine 2000; 4: 133(1):1-9. 
35. Ibrahim A, Park S, Feldman J, Karim A et al. Effects of parecoxib, a parenteral COX-2-
specific inhibitor, on the pharmacokinetics and pharmacodynamics of propofol. 
Anesthesiology 2002; 96(1):88-95. 
36. Ibrahim A, Karim A, Feldman J, Kharasch E. The influence of parecoxib, a parenteral 
cyclooxygenase-2 specific inhibitor, on the pharmacokinetics and clinical effects of 
midazolam. Anesthesia and analgesia 2002; 95(3):667-673. 
37. McAdam BF, Catella-Lawson F, Mardini IA, Kapoor S et al. Systemic biosynthesis of 
prostacyclin by cyclooxygenase (COX)-2: the human pharmacology of a selective inhibitor of 
COX-2. Proceedings of the National Academy of Sciences of the United States of America 
1999; 96(1): 272-277. 
38. Topper JN, Cai J, Falb D, Gimbrone MA, Jr. Identification of vascular endothelial 
genes differentially responsive to fluid mechanical stimuli: cyclooxygenase-2, manganese 
superoxide dismutase, and endothelial cell nitric oxide synthase are selectively up-regulated 
by steady laminar shear stress. Proceedings of the National Academy of Sciences of the 
United States of America  1996; 93(19):10417-10422. 
39. Barry OP, Pratico D, Lawson JA, FitzGerald GA. Transcellular activation of platelets 
and endothelial cells by bioactive lipids in platelet microparticles. The Journal of clinical 
investigation 1997; 99(9): 2118-2127. 
40. Caughey GE, Cleland LG, Gamble JR, James MJ. Up-regulation of endothelial 
cyclooxygenase-2 and prostanoid synthesis by platelets. Role of thromboxane A2. The 
Journal of biological chemistry 2001; 276(41): 37839-37845. 
41. Narumiya S, Sugimoto Y, Ushikubi F. Prostanoid receptors: structures, properties, 
and functions. Physiological reviews 1999; 79(4): 1193-1226. 
42. Cheng Y, Austin SC, Rocca B, Koller BH  et al. Role of prostacyclin in the 
cardiovascular response to thromboxane A2. Science. 2002 ; 296(5567):539-541. 
43. Egan KM, Lawson JA, Fries S, Koller B et al. COX-2-derived prostacyclin confers 
atheroprotection on female mice. Science 2004; 306(5703):1954-1957. 
44. Arber N, Eagle CJ, Spicak J, Racz I et al. Celecoxib for the prevention of colorectal 
adenomatous polyps. The New England journal of medicine 2006; 355(9):885-895. 
45. Bertagnolli MM, Eagle CJ, Zauber AG, Redston M et al. Celecoxib for the prevention 
of sporadic colorectal adenomas. The New England journal of medicine 2006; 355(9):873-
884 * study shows an increased risk of cardiovascular events in celecoxib in a population of 
patients different to those in which valdecoxib cardiovascular risk was assessed. 
46. Capone ML, Tacconelli S, Di Francesco L, Sacchetti A et al. Pharmacodynamic of 
cyclooxygenase inhibitors in humans. Prostaglandins & other lipid mediators 2007; 82(1-4): 
85-94. 



20 | P a g e  
 

47. Grosser T, Fries S, FitzGerald GA. Biological basis for the cardiovascular 
consequences of COX-2 inhibition: therapeutic challenges and opportunities. The Journal of 
clinical investigation 2006 ; 116(1):4-15. 
48. Gurwitz JH, Avorn J, Bohn RL, Glynn RJ et al. Initiation of antihypertensive treatment 
during nonsteroidal anti-inflammatory drug therapy. JAMA 1994; 272(10):781-786. 
49. Pope JE, Anderson JJ, Felson DT. A meta-analysis of the effects of nonsteroidal anti-
inflammatory drugs on blood pressure. Archives of internal medicine 1993; 153(4):477-484. 
50. Johnson AG, Nguyen TV, Day RO. Do nonsteroidal anti-inflammatory drugs affect 
blood pressure? A meta-analysis. Annals of internal medicine 1994; 121(4): 289-300. 
51. Aw TJ, Haas SJ, Liew D, Krum H. Meta-analysis of cyclooxygenase-2 inhibitors and 
their effects on blood pressure. Archives of internal medicine 2005; 165(5):490-496. 
52. Cannon CP, Curtis SP, Bolognese JA, Laine L. Clinical trial design and patient 
demographics of the Multinational Etoricoxib and Diclofenac Arthritis Long-term (MEDAL) 
study program: cardiovascular outcomes with etoricoxib versus diclofenac in patients with 
osteoarthritis and rheumatoid arthritis. American heart journal 2006; 152(2):237-245. 
53. Baraf HS, Fuentealba C, Greenwald M, Brzezicki J et al. Gastrointestinal side effects 
of etoricoxib in patients with osteoarthritis: results of the Etoricoxib versus Diclofenac 
Sodium Gastrointestinal Tolerability and Effectiveness (EDGE) trial. The Journal of 
rheumatology 2007; 34(2):408-420. 
54. Ott E, Nussmeier NA, Duke PC, Feneck RO et al. Efficacy and safety of the 
cyclooxygenase 2 inhibitors parecoxib and valdecoxib in patients undergoing coronary 
artery bypass surgery. The Journal of thoracic and cardiovascular surgery 2003; 125(6):1481-
1492. 
55. Nussmeier NA, Whelton AA, Brown MT, Langford RM et al. Complications of the 
COX-2 inhibitors parecoxib and valdecoxib after cardiac surgery. The New England journal of 
medicine 2005; 352(11):1081-1091. 
56. Furberg CD, Psaty BM, FitzGerald GA. Parecoxib, valdecoxib, and cardiovascular risk. 
Circulation 2005; 111(3):249. 
57. 2005 Safety Alert for Human Medical Products. United Stated Food and Drug 
Association. Washington DC 2005.    [Available at: 
http://www.fda.gov/medwatch/SAFETY/2004/apr_PI/Bextra_PI.pdf (Last accessed 20th 
February 2013).  

** Discusses the details behind withdrawal of valdecoxib 

58. Mangano DT. Aspirin and mortality from coronary bypass surgery. The New England 
journal of medicine 2002; 347(17):1309-1317. 
59. Kato R, Foex P. Myocardial protection by anesthetic agents against ischemia-
reperfusion injury: an update for anesthesiologists. Canadian journal of anaesthesia = 
Journal canadien d'anesthesie 2002; 49(8):777-791. 
60. Wan S, LeClerc JL, Vincent JL. Inflammatory response to cardiopulmonary bypass: 
mechanisms involved and possible therapeutic strategies. Chest 1997; 112(3):676-692. 
61. Davies GC, Sobel M, Salzman EW. Elevated plasma fibrinopeptide A and 
thromboxane B2 levels during cardiopulmonary bypass. Circulation 1980; 61(4): 808-814. 
62. Faymonville ME, Deby-Dupont G, Larbuisson R, Deby C et al. Prostaglandin E2, 
prostacyclin, and thromboxane changes during nonpulsatile cardiopulmonary bypass in 
humans. The Journal of thoracic and cardiovascular surgery 1986; 91(6):858-866. 

http://www.fda.gov/medwatch/SAFETY/2004/apr_PI/Bextra_PI.pdf


21 | P a g e  
 

63. Watkins WD, Peterson MB, Kong DL, Kono K et al. Thromboxane and prostacyclin 
changes during cardiopulmonary bypass with and without pulsatile flow. The Journal of 
thoracic and cardiovascular surgery 1982; 84(2):250-256. 
64. Park JL, Lucchesi BR. Mechanisms of myocardial reperfusion injury. The Annals of 
thoracic surgery 1999; 68(5):1905-1912. 
65. Zimmermann N, Kienzle P, Weber AA, Winter J et al. Aspirin resistance after 
coronary artery bypass grafting. The Journal of thoracic and cardiovascular surgery 2001; 
121(5):982-984. 
66. Zimmermann N, Wenk A, Kim U, Kienzle P et al. Functional and biochemical 
evaluation of platelet aspirin resistance after coronary artery bypass surgery. Circulation 
2003; 108(5):542-547. 
67. Dixon DA, Tolley ND, Bemis-Standoli K, Martinez ML et al. Expression of COX-2 in 
platelet-monocyte interactions occurs via combinatorial regulation involving adhesion and 
cytokine signaling. The Journal of clinical investigation 2006; 116(10):2727-2738. 
68. Evangelista V, Manarini S, Di Santo A, Capone ML et al. De novo synthesis of 
cyclooxygenase-1 counteracts the suppression of platelet thromboxane biosynthesis by 
aspirin. Circulation research 2006; 98(5):593-595. 
69. Chen LC, Ashcroft DM. Risk of myocardial infarction associated with selective COX-2 
inhibitors: meta-analysis of randomised controlled trials. Pharmacoepidemiology and drug 
safety 2007; 16(7):762-772. 
70. Kearney PM, Baigent C, Godwin J, Halls H et al. Do selective cyclo-oxygenase-2 
inhibitors and traditional non-steroidal anti-inflammatory drugs increase the risk of 
atherothrombosis? Meta-analysis of randomised trials. BMJ 2006; 332(7553):1302-1308. 
71. Capone ML, Tacconelli S, Di Francesco L et al. Cardiovascular effects of valdecoxib: 
transducing human pharmacology results into clinical read-outs. Expert opinion on drug 
safety 2008; 7(1):29-42  
*** A very detailed review on the pharmacology of valdecoxib and it's side effects, does not 
limit itsef to the cardiovascular events. 
72. Decision Memo-Analysis and Recommendations for Agency Action-COX2 Selective 
and Non-selective NSAIDS. United States Food and Drug Association.  Washington DC 2005. 
Available from: http://www.fda.giv/cder/drug/infopage/COX2/NSAIDdecisionMemo.pdf 
(Last accessed on 21 February 2013) 
73. HSA Drug Safety Information (No.11). Pfizer's voluntary suspension of sales of 
valdecoxib (Bextra) 2005.   Available from: 
http://www.hsa.gov.sg/docs/valdecoxib_8Apr2005.pdf (Last accessed on 21 February 2013) 
74. Ziemer M, Wiesend CL, Vetter R, Weiss J  et al. Cutaneous adverse reactions to 
valdecoxib distinct from Stevens-Johnson syndrome and toxic epidermal necrolysis. Archives 
of dermatology 2007; 143(6):711-716. 

75.  Cohen JS. How celecoxib could be safer, how valdecoxib might have been. Ann 
Pharmacother. 2005;39(9):1542-5.  
 

 

 

http://www.fda.giv/cder/drug/infopage/COX2/NSAIDdecisionMemo.pdf
http://www.hsa.gov.sg/docs/valdecoxib_8Apr2005.pdf

	2.1. Chemistry

