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Can We Rely on RE-LY? Brian F. Gage, M.D. In patients with atrial fibrillation, warfarin pre vents 64% of strokes.1 Thus, warfarin has be come the recommended treatment for candidates for anticoagulation therapy who have atrial fibril lation and at least one additional risk factor for stroke.2 Despite clear and consistent recommenda tions,3 warfarin is prescribed to only two thirds of appropriate candidates.4 Several factors con tribute to suboptimal use of warfarin therapy: drug and dietary interactions, inconvenience of monitoring the international normalized ratio (INR), risk of hemorrhage, and concerns about real-world effectiveness, which averages 35%.4 Thus, new oral anticoagulants are needed. Dabigatran etexilate, an oral thrombin inhibi tor, appears to be an anticoagulant that could fill this niche. After conversion to its active form, dabigatran competitively inhibits thrombin. This conversion is carried out by a serum esterase that is independent of cytochrome P-450. Therefore, dabigatran should be less susceptible to dietary and drug interactions and to genetic polymor phisms that affect warfarin. Furthermore, neither anticoagulation monitoring nor dose adjustments are necessary with dabigatran. The results of a large, multicenter, random ized trial comparing dabigatran with warfarin are reported in this issue of the Journal.5 The Randomized Evaluation of Long-Term Anticoag ulation Therapy (RE-LY) (ClinicalTrials.gov num ber, NCT00262600) steering committee and in vestigators enrolled 18,113 patients who had atrial fibrillation and were at risk for stroke. Two doses of dabigatran (110 mg twice daily and 150 mg twice daily), administered in a blinded fash ion, were compared with adjusted-dose warfa rin administered in an unblinded manner. Be 1200



cause warfarin use was not blinded and patients taking warfarin had regular follow-up evalua tions for purposes of INR monitoring, report ing bias could have affected the detection of outcome events. To minimize this risk, each event was adjudicated by two independent inves tigators who were unaware of the treatment as signments, and all hospital records were reviewed to ensure complete detection of events. The primary outcome of RE-LY was systemic embolism or stroke (including hemorrhagic stroke). The rate of the primary outcome (ex pressed as the percent per year) was significant ly lower with dabigatran at a dose of 150 mg twice daily (1.11%) than with either dabigatran at a dose of 110 mg twice daily (1.53%) or war farin (1.69%). The rate of nonhemorrhagic (i.e., ischemic or unspecified) stroke also was signifi cantly lower with 150 mg of dabigatran (0.92%) than with either 110 mg of dabigatran (1.34%) or warfarin (1.20%). To prevent one nonhemor rhagic stroke, the number of patients who would need to be treated with dabigatran at a dose of 150 mg twice daily, rather than warfarin, is ap proximately 357. The rates of hemorrhagic stroke with the 110mg and 150-mg dabigatran doses (0.12% and 0.10%) were significantly lower than that with warfarin (0.38%). Given these rates, the number of patients who would need to be treated with dabigatran (rather than warfarin) to prevent one hemorrhagic stroke is approximately 370. The rate of extracranial hemorrhage was similar in all three groups: 2.51% with 110 mg of dabigatran, 2.84% with 150 mg of dabigatran, and 2.67% with warfarin. The quality of warfarin management in RE-LY was assessed by measuring the percentage of
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time (excluding the first week of therapy) dur ing which the INR was within the therapeutic range, which averaged 64%. This value is similar to the percentage of time within the therapeutic range in warfarin groups of contemporary trials: 64% in ACTIVE (Atrial Fibrillation Clopidogrel Trial with Irbesartan for Prevention of Vascular Events) W6,7 and 66% to 68% in the SPORTIF (Stroke Prevention Using an Oral Thrombin In hibitor in Atrial Fibrillation) trials.8,9 The slight ly lower rate of INR control in RE-LY reflects the higher enrollment of RE-LY participants who had not received long-term vitamin K–antago nist therapy. On the basis of a published equa tion,7 one can estimate that RE-LY participants who were randomly assigned to receive warfarin would have needed to have an INR within the therapeutic range approximately 79% of the time to have a stroke rate as low as that in the group receiving 150 mg of dabigatran. Even with pa tients’ self monitoring or pharmacogenetic dos ing, such tight control is unlikely. Myocardial infarction and gastrointestinal side effects were significantly more common with dabigatran than with warfarin. Rates of myo cardial infarction were 0.72% and 0.74% with 110 mg and 150 mg of dabigatran, respectively, and 0.53% with warfarin; approximately 500 pa tients would have to receive dabigatran for 1 pa tient to have an event. Whether thrombin inhi bition contributes to the risk of myocardial infarction is unclear. As compared with warfa rin, ximelagatran (another oral thrombin inhibi tor that is not available for clinical use) was as sociated with a significantly increased risk of myocardial infarction in patients who had acute deep-vein thrombosis10 or were undergoing joint arthroplasty.11 However, in another study, ximel agatran prevented reinfarction after an acute myo cardial infarction.12 In RE-LY, rates of dyspep sia (including abdominal pain) were elevated with dabigatran (11.8% in the 110-mg group and 11.3% in the 150-mg group) as compared with warfarin (5.8%), and it contributed to the great er second-year rate of dropout with dabigatran (approximately 21%) than with warfarin (16.6%). RE-LY participants underwent monitoring of aspartate aminotransferase and alanine amino transferase to detect possible hepatotoxicity. The fraction of participants whose aminotransferase levels were elevated to more than three times the upper limit of the normal range was approx



imately 2% in each dabigatran group — no higher than in the warfarin group and one third that associated with ximelagatran.8,9 In RE-LY, the fraction of patients requiring hospitalization for a hepatobiliary disorder was equivalent in the three treatment groups. The median duration of follow-up in RE-LY was 2.0 years, so the hepatic risks of long-term use are unclear, but they are be ing quantified in a follow-up study (NCT00808067). Also unclear is how often aminotransferases should be monitored during the initial months of therapy and whether subsequent monitoring will be needed. Dabigatran is not without important drug in teractions. P-glycoprotein inhibitors — includ ing verapamil, amiodarone, and especially quin idine — raise dabigatran serum concentrations considerably. This interaction may have contrib uted to the trend toward greater efficacy of dabigatran in the subgroup of patients taking amiodarone, but it could elevate the risk of hem orrhage in such patients. In conclusion, as compared with adjusted-dose warfarin, dabigatran given at a dose of 150 mg twice daily prevented more strokes and dabiga tran at a dose of 110 mg twice daily caused few er hemorrhages. The 150-mg dose appears to be more efficacious and the 110-mg dose appears to be safer, especially in patients taking amio darone or other P-glycoprotein inhibitors. A fu ture subgroup analysis could test the hypothesis that the 110-mg dose also is safer in patients who are petite or elderly or who have renal im pairment. Patients who had a creatinine clear ance of less than 30 ml per minute or liver dis ease were excluded from RE-LY and should not receive the drug. Noncompliant patients also were excluded from RE-LY, and they might re ceive less (if any) benefit from dabigatran, be cause the longer half-life of warfarin could pro vide them with a more consistent anticoagulant effect. Because of dabigatran’s twice-daily dosing and greater risk of nonhemorrhagic side effects, patients already taking warfarin with excellent INR control have little to gain by switching to dabigatran. In contrast, many other patients who have atrial fibrillation and at least one addition al risk factor for stroke could benefit from dab igatran. In summary, although there are qualifi cations, we can rely on RE-LY. No potential conflict of interest relevant to this article was re ported.
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From Washington University, St. Louis. This article (10.1056/NEJMe0906886) was published on August 30, 2009, at NEJM.org. 1. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrom



botic therapy to prevent stroke in patients who have nonvalvular atrial fibrillation. Ann Intern Med 2007;146:857-67. 2. Fuster V, Rydén LE, Cannom DS, et al. ACC/AHA/ESC 2006 guidelines for the management of patients with atrial fibrilla tion: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines and the European Society of Cardiology Committee for Practice Guide lines (Writing Committee to Revise the 2001 Guidelines for the Management of Patients with Atrial Fibrillation): developed in collaboration with the European Heart Rhythm Association and the Heart Rhythm Society. Circulation 2006;114(7):e257-e354. [Erratum, Circulation 2007;116(6):e138.] 3. Singer DE, Albers GW, Dalen JE, et al. Antithrombotic ther apy in atrial fibrillation: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th edition). Chest 2008;133:Suppl:546S-592S. 4. Birman-Deych E, Radford MJ, Nilasena DS, Gage BF. Use and effectiveness of warfarin in Medicare beneficiaries with atrial fibrillation. Stroke 2006;37:1070-4. 5. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med 2009; 361:1139-51. 6. Connolly S, Pogue J, Hart R, et al. Clopidogrel plus aspirin
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versus oral anticoagulation for atrial fibrillation in the Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events (ACTIVE W): a randomised controlled trial. Lan cet 2006;367:1903-12. 7. Connolly SJ, Pogue J, Eikelboom J, et al. Benefit of oral anti coagulant over antiplatelet therapy in atrial fibrillation depends on the quality of international normalized ratio control achieved by centers and countries as measured by time in therapeutic range. Circulation 2008;118:2029-37. 8. Albers GW, Diener HC, Frison L, et al. Ximelagatran vs war farin for stroke prevention in patients with nonvalvular atrial fibrillation: a randomized trial. JAMA 2005;293:690-8. 9. Olsson SB, Executive Steering Committee of the SPORTIF III Investigators. Stroke prevention with the oral direct thrombin inhibitor ximelagatran compared with warfarin in patients with non-valvular atrial fibrillation (SPORTIF III): randomised con trolled trial. Lancet 2003;362:1691-8. 10. Fiessinger JN, Huisman MV, Davidson BL, et al. Ximelaga tran vs low-molecular-weight heparin and warfarin for the treat ment of deep vein thrombosis: a randomized trial. JAMA 2005;293:681-9. 11. Iorio A, Guercini F, Ferrante F, Nenci GG. Safety and effi cacy of ximelagatran: meta-analysis of the controlled random ized trials for the prophylaxis or treatment of venous throm boembolism. Curr Pharm Des 2005;11:3893-918. 12. Wallentin L, Wilcox RG, Weaver WD, et al. Oral ximelaga tran for secondary prophylaxis after myocardial infarction: the ESTEEM randomised controlled trial. Lancet 2003;362:789-97. Copyright © 2009 Massachusetts Medical Society.



Following the Hedgehog to New Cancer Therapies Andrzej A. Dlugosz, M.D., and Moshe Talpaz, M.D. Two studies in this issue of the Journal 1,2 describe a new drug, GDC-0449, that inhibits the hedgehog signaling pathway. This pathway orchestrates nu merous processes throughout embryogenesis, and although the pathway seems inactive or dispens able in most adult tissues, it becomes reactivated in a wide range of cancers.3 For this reason, block ade of the hedgehog pathway could yield a greater degree of selectivity and fewer side effects in the treatment of cancer than conventional chemother apy. The preliminary data in these two studies raise hopes that this may indeed be the case. In the phase 1 study by Von Hoff et al.,1 investi gators used hedgehog pathway inhibitor GDC0449 to treat 33 patients with locally advanced or metastatic basal-cell carcinoma. The overall re sponse rate was 55%, with a remarkable response rate of 50% in 18 patients with metastatic dis ease. Rudin et al.2 describe a patient with wide spread metastatic medulloblastoma who had not been helped by multiple previous therapies but who had a dramatic response to GDC-0449; re sistance to the drug developed rapidly, however. 1202



How does the hedgehog pathway function, and how is it deregulated in cancer? Under normal conditions, the hedgehog pathway is actively repressed. A hedgehog receptor, patched homo logue 1 (PTCH1), inhibits smoothened homologue (SMO), a key activator in the pathway and the tar get of GDC-0449 and other hedgehog antagonists (Fig. 1A). During physiologic signaling, a group of cells produce and secrete the hedgehog pro tein, which binds to PTCH1 on neighboring tar get cells. The bound hedgehog ligand inhibits PTCH1, thereby allowing SMO to activate hedge hog signaling. These signals drive GLI proteins, which activate gene transcription and may thus influence proliferation, survival, and differentia tion of cells. Normal hedgehog signaling is re versible, so that in the absence of the hedgehog protein, PTCH1 can again inhibit SMO and turn off the pathway. Many additional molecules that are involved in the control of hedgehog signal ing are beyond the scope of this editorial. The first evidence of a link between hedgehog signaling and cancer came from studies of pa
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