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INTRODUCTION

• Nonsteroidal antiinflammatory drugs (NSAIDs), one of 

the most widely used classes of drugs in the world, are 

effective antiinflammatory, analgesic, and antipyretic 

agents

• Although they differ from one another in chemical class, 

all inhibit the synthesis of prostaglandins

• Because prostaglandins serve a variety of physiological  

functions in organs throughout the body, NSAIDs 

frequently have side effects.



• For example, prostaglandins contribute to  protective 

barrier that  prevents ulcerations in the mucosa of the 

stomach, and they are also critical in maintaining renal 

and gastromucosal perfusion when they are threatened. 

• Thus, NSAIDs can increase the risk of gastric ulcers and 

of usually reversible renal  dysfunction.



• There are at least two isoforms of cyclooxygenase

(COX), the enzyme that is inhibited by NSAIDs.

• COX-1 is constitutive and is most strongly associated 

with organ-protective effects, such as maintenance of the 

stomach mucosal barrier;  

• COX-2 is an enzyme that is inducible by inflammation.

• NSAIDs that selectively inhibit COX-2, including 

rofecoxib and celecoxib, were developed to reduce 

inflammation while minimizing the  risk of gastric 

damage.



• COX-2 is also expressed  in endothelial cells, and 

inhibiting COX-2 suppresses prostacyclin synthesis;

• this suppression shifts the prothrombotic–antithrombotic 

balance on endothelial cell surfaces toward thrombosis, 

which raises concerns that COX-2 inhibitors  might 

increase the risk of heart disease.

• Indeed, studies showed that rofecoxib, a powerful COX-

2 inhibitor, was associated with an increased risk of 

myocardial infarction.

• Consequently, rofecoxib and other COX-2 inhibitors 

were removed from the market, but one COX-2inhibitor, 

celecoxib, remained.



• Although studies have suggested that high doses of 

celecoxib (≥400 mg per day) increase the risk of heart 

disease, the evidence was less clear for lower dose 

regimens.

• Given this unresolved question, Nissen and colleagues3 

performed the Prospective Randomized Evaluation of 

Celecoxib Integrated Safety versus Ibuprofen or 

Naproxen (PRECISION) trial.
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Study Overview

• This randomized trial involving patients with 
osteoarthritis or rheumatoid arthritis who were at 
increased cardiovascular risk showed the 
noninferiority of celecoxib to naproxen or ibuprofen 
with respect to cardiovascular safety.



• Evidence of adverse cardiovascular outcomes in a 

placebo-controlled trial resulted in the withdrawal of the 

selective COX-2 inhibitor rofecoxibin 2004.

• On the basis of a small number of events, the results of 

another trial suggested that cardiovascular harm may 

result from the use of higher than-approved doses of 

celecoxib.

• Subsequently, FDA allowed continued marketing of 

celecoxib, the sole remaining selective COX-2 inhibitor, 

but mandated a cardiovascular safety trial



• In the Prospective Randomized Evaluation of Celecoxib

Integrated Safety versus Ibuprofen or Naproxen 

(PRECISION) trial, we sought to assess cardiovascular, 

gastrointestinal, renal, and other outcomes with 

celecoxib as compared with two nonselective NSAIDs



Trial Design and Oversight

• PRECISION was a randomized, multicenter, double-

blind, noninferiority trial involving patients who were at 

increased cardiovascular risk and had rheumatoid 

arthritis or osteoarthritis



Inclusion and Exclusion Criteria

• We enrolled patients who were 18 years of age or older 

and who, as determined by the patient and physician, 

required daily treatment with NSAIDs for arthritis pain; 

patients whose arthritis pain was managed adequately 

with acetaminophen were not eligible.

• A key inclusion criterion was established cardiovascular 

disease or an increased risk of the development of 

cardiovascular disease



METHODS

• Patients who required NSAIDs for osteoarthritis or 

rheumatoid arthritis and were at increased  

cardiovascular risk were randomly assigned to receive 

celecoxib, ibuprofen, or  naproxen

• The goal of the trial was to assess the noninferiority of 

celecoxib with regard to the primary composite outcome 

of cardiovascular death (including hemorrhagic death), 

nonfatal myocardial infarction, or nonfatal stroke.



• Noninferiority required a hazard ratio of 1.12 or lower, 

as well as an upper 97.5% confidence limit of 1.33 or 

lower in the intention-to-treat population and of 1.40 or 

lower in the on-treatment population.

• Gastrointestinal and renal outcomes were also 

adjudicated.



TREATMENT

• Patients were randomly assigned, in a 1:1:1 ratio, to 

receive celecoxib (100 mg twice a day), ibuprofen  (600 

mg three times a day), or naproxen (375 mg twice a day) 

with matching placebo.

• At subsequent  visits, for patients with rheumatoid 

arthritis, investigators could increase the dose of 

celecoxib to 200 mg twice a day, the dose of ibuprofen 

to 800 mg three times a day, or the dose of naproxen to 

500 mg twice a day for the  treatment of symptoms.



• Esomeprazole (20 to 40 mg) was provided to all patients 

for gastric  protection.

• Investigators were encouraged to provide cardiovascular 

preventive management in accordance  with local 

standards and guidelines. 

• Patients  who were taking low-dose aspirin (≤325 mg  

daily) were permitted to continue this therapy



RESULTS

Patient Population

• We screened 31,857 patients; a total of 24,222 patients 

underwent randomization at 926 centers in 13 countries 

between October 23, 2006, and June 30, 2014, and 141 

were excluded from the analysis (106 were determined to 

be fraudulently  enrolled, and 35 enrolled more than 

once), leaving 24,081 participants who could be included 

in  the analysis.



• A total of 24,081 patients were randomly assigned to the 

celecoxib group (mean [±SD] daily dose, 209±37 mg), 

the naproxen group (852±103 mg), or the ibuprofen

group (2045±246 mg) for a mean treatment duration of 

20.3±16.0 months and a mean follow-up period of 

34.1±13.4 months.

• During the trial, 68.8% of the patients stopped taking the 

study drug, and 27.4% of the patients discontinued 

follow-up.



• In the intention-to-treat analyses, a primary outcome

event occurred in 188 patients in the celecoxib group

(2.3%), 201 patients in the naproxen group (2.5%), and

218 patients in the ibuprofen group (2.7%) (hazard ratio

for celecoxib vs. naproxen, 0.93; 95% confidence

interval [CI], 0.76 to 1.13; hazard ratio for celecoxib vs.

ibuprofen, 0.85; 95% CI, 0.70 to 1.04; P<0.001 for

noninferiority in both comparisons).



• In the on-treatment analysis, a primary outcome event

occurred in 134 patients in the celecoxib group (1.7%),

144 patients in the naproxen group (1.8%), and 155

patients in the ibuprofen group (1.9%) (hazard ratio for

celecoxib vs. naproxen, 0.90; 95% CI, 0.71 to 1.15;

hazard ratio for celecoxib vs. ibuprofen, 0.81; 95% CI,

0.65 to 1.02; P<0.001 for noninferiority in both

comparisons).



• The risk of gastrointestinal events was significantly lower

with celecoxib than with naproxen (P = 0.01) or ibuprofen

(P = 0.002);

• The risk of renal events was significantly lower with

celecoxib than with ibuprofen (P = 0.004) but was not

significantly lower with celecoxib than with naproxen (P =

0.19).



Time-to-Event Analysis for Primary and Secondary Outcomes.
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Baseline Characteristics of Patients in the Intention-to-Treat Population.
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Adjudicated Outcomes in the Intention-to-Treat Population.
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Adjudicated Outcomes in the On-Treatment Population.
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Discussion

• The PRECISION trial provides statistically strong

evidence that the cardiovascular risk associated with

moderate doses of celecoxib is not greater than that

associated with nonselective NSAIDs.

• As compared with two widely used nonselective 

NSAIDs — naproxen and ibuprofen — celecoxib was 

associated with numerically fewer cardiovascular events, 

which resulted in noninferiority P values of less than 

0.001.



• Although the primary purpose of the trial was to assess

cardiovascular outcomes, we also adjudicated

gastrointestinal and renal outcomes to provide a

comprehensive safety evaluation

• For this outcome, significantly fewer events occurred in 

the celecoxib group than in either the naproxen group or 

the ibuprofen group.

• These findings were expected on the basis of the 

theoretical gastrointestinal advantages of selective COX-

2 inhibition.



• Although ibuprofen and naproxen have been reported to

potentially interfere with the antiplatelet effects of aspirin,

we found no statistical interaction for aspirin use

However, the trial was not specifically designed to assess

the effects of aspirin on the relative safety of NSAIDs.

• Acetaminophen was not selected as a comparator because

previous studies had shown this drug to be ineffective for

the treatment of patients with NSAID dependent arthritis.



Conclusions

• At moderate doses, celecoxib was found to be noninferior to ibuprofen or 
naproxen with regard to cardiovascular safety.



LIMITATIONS OF TRIAL

• Any insights from this trial are limited by  high rate of 

drug discontinuation that occurred within 1 year after 

randomization, rate typical of long-term studies of  

NSAIDs

• By 1 year, approximately 40% of  pts discontinued  

treatment to which  they had been randomly assigned, 

and by 24 months more than half the patients had 

stopped, which made it hard to know whether the 

outcomes beyond 1 year reflect the effects of the drugs 

being studied, given the possible selection bias among 

those who continued to take the drug.



• One of the limitations of the PRECISION trial was the 

failure to evaluate other NSAIDs.

• One conventional NSAID, diclofenac, clearly poses a 

higher risk of cardiovascular events than other NSAIDs, 

and, for this reason, its oral use should be discouraged.
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