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Background
The cardiovascular safety of the cyclo-oxygenase (COX)-2 inhibitors is actively being debated. Since February 2005, results from several studies have been published in the medical literature.1-4 Increased interest in the cardiovascular safety of the COX-2 inhibitors was sparked by the voluntary worldwide withdrawal of Vioxx by Merck in September of 2004. Adverse cardiovascular risks are also documented for other COX-2 inhibitors.5 To date, Australia has added a "black-box" warning to the celecoxib (Celebrex) and valdecoxib (Bextra) labels describing the increased risk of heart problems seen with COX-2 administration. In addition, Australian regulators requested that all patients receiving daily celecoxib doses > 200 mg or meloxicam (Mobic) doses > 15 mg discuss their dosing regimen with their physician.6 Canada is considering warnings similar to those in Australia.6 Similarly, the European Union added safety restrictions to all COX-2 inhibitors currently available in Europe.7 The European Medicines Agency recommended the following restrictions for all COX-2 inhibitors: COX-2 inhibitors are contraindicated in patients with ischemic heart disease or stroke, etoricoxib is contraindicated in patients with uncontrolled hypertension, COX-2 inhibitors should be prescribed cautiously to patients with risk factors for heart disease (e.g., hypertension, high cholesterol, diabetes, smoking, peripheral vascular disease), and COX-2 inhibitors should be prescribed at the lowest effective dose and for the shortest period of time possible.

On February 16 through 18, 2005 the United States Food and Drug Administration (FDA) Advisory Committee on Arthritis and Drug Safety and Risk Management met to evaluate the risk of cardiovascular adverse events with COX-2 inhibitor therapy. A full briefing document for this meeting can be obtained at http://www.fda.gov/ohrms/dockets/ac/05/briefing/2005-4090b1.htm. This document will highlight the cardiovascular risk information presented at the FDA Advisory Committee meeting and summarize the Committee's recommendations. It is important to remember that recommendations by Advisory Committees are only recommendations; the FDA may or may not approve the Advisory Committee recommendations. All information contained in this document is from the Advisory Committee briefing document unless otherwise noted.8 

Approved COX-2 Inhibitors
Celecoxib: Results from a meta-analysis conducted by Pfizer suggest that there is no increased risk of adverse thromboembolic events in patients taking celecoxib compared with placebo (relative risk [RR] 1.02, 95% confidence interval [CI] 0.49-2.13) or comparator drugs (RR 0.88, 95% CI 0.65-1.19) for a chronic indication. Results were similar in aspirin and non-aspirin-taking patients. This meta-analysis included data from 41 randomized studies enrolling more than 44,000 patients. Celecoxib total daily doses ranged from 40 to 800 mg and treatment lasted from two weeks to 12 months. The mean patient age was approximately 60 years. The majority of patients were < 65 years of age and female. Comparator drugs included ketoprofen (Orudis), ibuprofen (Motrin), naproxen (Naprosyn), diclofenac (Voltaren), and loxoprofen (available in Europe).

Data from three prevention trials, the Prevention of Sporadic Colorectal Adenomas with Celecoxib (APC) trial, the Prevention of Colorectal Sporadic Adenomatous Polyps (PreSAP) trial, and the Alzheimer's Disease Anti-inflammatory Prevention Trial (ADAPT), were not included in the meta-analysis conducted by Pfizer. To date, an adverse cardiovascular outcome was found in only the APC trial. In the APC trial patients were treated for up to four years with celecoxib 400 or 800 mg daily or placebo. An increase in adverse cardiovascular events compared with placebo was seen in both the 400 mg (RR 2.5, 95% CI 1.0-6.3) and 800 mg (RR 3.4, 95% CI 1.4-8.3) treatment groups. No adverse effects on cardiovascular outcomes were noted with celecoxib in the ADAPT or PreSAP trials. 

To date, one published meta-analysis evaluated celecoxib administration and cardiovascular risk. This analysis included data from 15 clinical trials enrolling approximately 30,000 patients. This analysis did not find an increased cardiovascular risk in all patients with celecoxib administration (RR 0.85, 95% CI 0.23-3.15) compared with placebo, naproxen (RR 0.85, 95% CI 0.29-2.46), or non-naproxen nonsteroidal anti-inflammatory drugs (NSAIDs) (RR 1.06, 95% CI 0.70-1.61). Results were similar in the non-aspirin-taking subset. 

Results from five published epidemiologic studies are similar. These studies enrolled more than 80,000 patients with a mean age > 65 years. There were no differences in risk of adverse cardiovascular outcomes with increased celecoxib doses or duration of treatment. Several studies did suggest an increased risk of adverse cardiovascular thromboembolic events with rofecoxib compared with celecoxib. 

Rofecoxib: A pooled analysis of all phase IIB to V clinical studies > 4 weeks in duration by Merck did find an increased risk of adverse cardiovascular events with rofecoxib administration compared with naproxen administration (RR 1.61, 95% CI 1.04-2.50). However, an increased risk was not seen when rofecoxib administration was compared with non-naproxen NSAIDs (RR 0.93, 95% CI 0.51-1.69) or placebo (RR 1.14, 95% CI 0.77-1.68) administration. Data from > 28,000 patients were included in this analysis. 

Results from seven observational rofecoxib studies have either been published in the medical literature or presented at medical meetings. However, only five of these studies were comparative. Results from these five comparative observational studies are not clear. Two studies reported no difference in adverse cardiovascular outcome between rofecoxib and no NSAID use; one of these studies also found no difference between rofecoxib and NSAID or other COX-2 inhibitor use; one study found an increased risk with rofecoxib doses > 25 mg daily with "new-use" compared with non-NSAID use; and one study found an increased risk with rofecoxib compared with celecoxib during the first 90 days of use. 

Data from the Adenomatous Polyp Prevention on Vioxx (APPROVe) trial were not included in the pooled analysis conducted by Merck because the study was ongoing. This placebo controlled, double-blind study evaluated the risk of future adenoma occurrence in patients with a history of colorectal adenomas. Roughly 2,600 patients were randomized to receive either placebo or rofecoxib for three years. An interim analysis of data from the APPROVe trial found an increased risk of serious cardiovascular adverse effects with rofecoxib compared with placebo after 18 months of treatment (RR 1.96, 95% CI 1.20-3.19). Upon learning of this result, Merck elected to voluntarily remove rofecoxib from the worldwide prescription market. 

Valdecoxib: Results from a meta-analysis conducted by Pfizer suggest that there is no increased risk of adverse cardiovascular outcomes in patients prescribed valdecoxib compared with placebo (RR 1.80, 95% CI 0.47-6.97) or an NSAID (RR 0.55, 95% CI 0.27-1.14) for chronic conditions. A total of 19 randomized, placebo- or comparator-controlled studies enrolling more than 12,250 patients were included in this analysis. The mean age of patients was 56 to 59 years, the majority of whom were female, and approximately 13% were taking aspirin. Results were similar for aspirin and non-aspirin users. 

Valdecoxib has also been evaluated for the treatment of acute pain following surgery. The use of orally administered valdecoxib does not appear to increase the risk of adverse cardiovascular effects. However, when parecoxib, a valdecoxib prodrug administered intravenously, is administered, the risk of an adverse cardiovascular event appears to be increased following coronary artery bypass graft (CABG) surgery. In one study, 2% of patients randomized to parecoxib followed by valdecoxib compared with 0.5% of patients randomized to placebo had an adverse cardiovascular thromboembolic complication following CABG surgery (p=0.033). This effect was not seen in a study conducted in general surgery patients. 

Investigational COX-2 Inhibitors
Two COX-2 inhibitors, etoricoxib (Arcoxia) and lumiracoxib (Prexige), are currently awaiting FDA approval. 

Etoricoxib: A pooled analysis of all completed etoricoxib studies did not find an increased risk of adverse cardiovascular thromboembolic events with etoricoxib compared with placebo (RR 1.11, 95% CI 0.32-3.81), non-naproxen NSAIDs (RR 0.83, 95% CI 0.26-2.64) or naproxen (RR 1.70, 95% CI 0.91-3.18). However, the rate of adverse cardiovascular thrombotic events with naproxen was lower than with etoricoxib. Approximately 6,700 patients were enrolled in studies included in this analysis. However, none of the studies was longer than 12 weeks in duration. 

Results from a study enrolling approximately 7,100 patients are similar. In this study the risk of an adverse cardiovascular adverse event was similar between patients randomized to etoricoxib or diclofenac (RR 1.07, 95% CI 0.65-1.74). 

Lumiracoxib: Results from a meta-analysis conducted by Novartis including data from all lumiracoxib studies > 1 week in duration do not show an increased risk of adverse cardiovascular effects with lumiracoxib compared with all comparators (RR 1.14, 95% CI 0.83-1.57), placebo (RR 0.88, 95% CI 0.34-2.25), non-naproxen NSAIDs (RR 0.83, 95% CI 0.46-1.51), or naproxen (RR 1.49, 95% CI 0.94-2.36). A total of 22 randomized trials enrolling approximately 34,000 patients were included in this analysis. The majority of patients were female and > 55 years of age. Results were similar when evaluating stroke and myocardial infarction. Lumiracoxib dose and treatment duration did not appear to adversely affect cardiovascular outcomes. 

The safety of lumiracoxib was evaluated in the Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET). TARGET enrolled more than 18,300 patients. TARGET compared lumiracoxib with both ibuprofen and naproxen. In TARGET, there was a trend towards less adverse cardiovascular effects with lumiracoxib compared with ibuprofen (hazard ratio [HR] 0.76, 95% CI 0.41-1.40); none of the differences were statistically significant. In contrast, there was a trend towards more adverse cardiovascular effects with lumiracoxib compared with naproxen (HR 1.46, 95% CI 0.89-2.37); none of the differences were statistically significant. Results were similar in patients taking and not taking aspirin, with a history of cardiovascular disease or at high risk of cardiovascular disease, and with hypertension or coronary artery disease. 

Naproxen
Information on the cardiovascular safety of naproxen was also presented at the Advisory Committee meeting. An increase in adverse cardiovascular effects with naproxen was seen in ADAPT. In this study, the risk of gastrointestinal bleeding and cardiovascular and cerebrovascular adverse effects was higher with naproxen compared with placebo administration. Data from clinical studies, post-marketing studies, post-marketing surveillance, and observational studies do not show an increased risk of cardiovascular thrombotic events with naproxen administration. In fact, there appears to be a 14% reduction in myocardial infarction risk with naproxen administration. 

FDA Advisory Committee Recommendations
A majority of committee members voted to continue marketing celecoxib, rofecoxib, and valdecoxib. A total of 31 of 32 members voted to continue marketing celecoxib; one committee member voted to remove celecoxib from the prescription drug market. The Advisory Committee specifically recommended adding a black-box warning to the celecoxib label, halting direct-to-consumer advertising, distributing a "Dear Healthcare Professional" letter and patient-education materials, and limiting the celecoxib dose to < 200 mg daily. Overall, the group felt the risk of adverse cardiovascular effects was at the low-end for celecoxib, particularly at a dose of 200 mg daily. Risk may increase however with increased doses. 

A total of 17 members voted to continue marketing valdecoxib; 13 members voted to remove valdecoxib from the prescription drug market; two committee members abstained from voting. The Advisory Committee specifically recommended adding a black-box warning, stronger than that added to the celecoxib label, to the valdecoxib label, halting direct-to-consumer advertising, distributing a "Dear Healthcare Professional" letter and patient-educational materials, and adding a contraindication against using valdecoxib in patients undergoing cardiac surgery. Many committee members were concerned about the limited long-term safety data available for valdecoxib. 

A total of 17 members voted to continue marketing rofecoxib; 15 members voted not to allow re-introducing rofecoxib back into the prescription drug market. If rofecoxib is returned to the prescription drug market, the Advisory Committee recommended adding a black-box warning, stronger than that added to the celecoxib label, to the rofecoxib label, halting direct-to-consumer advertising, distributing a "Dear Healthcare Professional" letter and patient-educational materials, cutting the dose from 25 to 12.5 mg and eliminating the 50 mg dose, and possibly requiring patient informed consent. Many members felt that reintroduction of rofecoxib into the prescription drug market should be limited to a 12.5 mg dose.9,10
Committee members also recommended adding graded black-box warnings to the labels of all available prescription and nonprescription NSAIDs. The committee felt it would be a mistake to issue a blanket warning for all NSAIDs.10 

Conclusions
Results from data presented at the FDA Advisory Committee meeting suggest that the adverse cardiovascular effects seen with COX-2 inhibitors are a class effect. However, it appears that this effect varies based not only on the drug but also on the dose. At this time, at least two COX-2 inhibitors will continue to be marketed in the United States. However, there does appear to be an increased risk of adverse cardiovascular events with these agents. Current evidence suggests that celecoxib has a low risk of adverse cardiovascular events; the risk with rofecoxib appears to be higher. 

When considering a patient for COX-2 or traditional NSAID therapy, calculate the patient's gastrointestinal and cardiovascular risks and discuss the risks and benefits of the therapies with them. Patients with cardiovascular risk factors such as a prior myocardial infarction, hypertension, or congestive heart failure should try traditional NSAIDs first. For patients with both gastrointestinal and cardiovascular risk factors, consider combination therapy with a proton-pump inhibitor and a traditional NSAID. If COX-2 inhibitor therapy is needed prescribe low doses, such as celecoxib 200 mg daily, and administer for short time periods. 
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