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Executive Summary:  

· Febuxostat is a non-purine, selective inhibitor of xanthine oxidase approved for the chronic management of hyperuricemia in patients with gout. It is not recommended for asymptomatic or secondary hyperuricemia, nor is it indicated for treatment of acute gout.
· The recommended starting dose of febuxostat is 40mg daily; a dose of 80mg daily is recommended for patients who do not achieve a serum urate < 6mg/dl after 2 weeks of treatment at the lower dose.
· A 28-day placebo-controlled efficacy trial resulted in achievement of urate concentrations <6.0 mg/dl in 56% and 76% of patients taking febuxostat 40mg or 80mg daily, respectively. Comparisons with allopurinol have shown febuxostat 40mg daily to have urate lowering activity approximately equal to that of allopurinol 300mg daily, while febuxostat 80mg daily appears to be more potent than that dose of allopurinol. Febuxostat has not been compared to doses of allopurinol > 300mg daily nor has it been compared to probenecid.
· Unlike allopurinol, no dose adjustment is necessary when febuxostat is given to patients with mild to moderate renal impairment; administration of febuxostat 40mg or 80mg daily in this patient population has resulted in superior urate lowering versus allopurinol. 
· There is insufficient data on administration of febuxostat to patients with severe (creatinine clearance <30ml/min) or end-stage renal disease; thus, the use of febuxostat in these patients cannot be recommended. While no dose adjustment is necessary in patients with mild or moderate hepatic impairment, caution is advised giving febuxostat to subjects with severe hepatic impairment.
· The most frequently reported adverse effects associated with febuxostat include liver function abnormalities (up to 6.6%), nausea, arthralgia, and rash. Adverse drug events and event rates reported in controlled comparisons between febuxostat and allopurinol were similar. Liver function abnormalities were the most common reason for discontinuation of febuxostat in clinical trials; liver function testing is recommended on initiation of the drug and periodically thereafter.  
· Overall, a higher rate of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke has been observed in febuxostat compared to allopurinol-treated patients; however, a causal relationship with febuxostat has not been established.  Patients on febuxostat should be monitored for signs and symptoms of myocardial infarction and stroke.
· As with other urate lowering agents, initiation of febuxostat is associated with an increased risk for gouty flares; thus, prophylaxis with colchicine or a non-steroidal anti-inflammatory drug during this period is recommended. Long-term administration of febuxostat reduces gout flares to a similar extent compared to administration of allopurinol.
· Drug interactions were clinically insignificant when febuxostat was combined short-term with colchicine, naproxen, indomethacin, hydrochlorothiazide, warfarin, desipramine, and an aluminum/magnesium antacid. Drug interaction studies with febuxostat and drugs that are metabolized by xanthine oxidase have not been conducted, but co-administration of febuxostat with these drugs is contraindicated due to the possibility of decreased clearance leading to toxicity. 
· There does not appear to be any significant advantage in the use of febuxostat over allopurinol in patients where serum urate can be adequately reduced by the latter agent. In addition, the efficacy of febuxostat has not been compared to probenecid. As the cost of febuxostat therapy far exceeds those of other urate-lowering agents used in the long-term management of gout, it should be reserved for patients who are truly refractory to allopurinol or probenecid, patients with renal insufficiency who have demonstrated inadequate urate lowering with dose-adjusted allopurinol, and patients who are intolerant to allopurinol and are not candidates for probenecid.
Introduction 1-7
Hyperuricemia is defined as a serum urate concentration >6.8 mg/dl, the point at which urate crystallizes in biological fluids at normal body temperature (37oC). Hyperuricemia is one of the preliminary American College of Rheumatology criteria for the diagnosis of gout (see footnote). Gout is the result of the formation and deposition of monosodium urate crystals in patients with hyperuricemia leading to an inflammatory arthritis with episodes of intense pain (flares). Primary hyperuricemia or gout refers to disorders which appear to be inborn, while secondary hyperuricemia refers to cases that develop in the course of another disease or as a consequence of drug intake. 
Oral colchicine and/or non-steroidal anti-inflammatory drugs (NSAIDs) are the primary agents for the short-term treatment of acute gouty attacks. Corticosteroids are indicated for acute gout treatment when colchicine or NSAIDS are not tolerated, are contraindicated, or do not adequately induce complete flare resolution. Long-term urate-lowering therapy is indicated in patients to prevent frequent attacks of gouty arthritis (i.e. three or more acute episodes per year) and other sequelae of long standing hyperuricemia including chronic tophaceous gout, urate nephropathy, and uric acid stones. The therapeutic goal of urate-lowering therapy is to promote dissolution/prevent formation of urate crystals, thereby reducing the acute inflammation, gouty flares, tophus formation, and other complications associated with chronic gout. 
Preliminary ACR Criteria for the Diagnosis of Gout: 2 The presence of monosodium urate (MSU) crystals in the joint fluid and/or a tophus containing MSU crystals by chemical or polarized light microscopic examination and/or fulfillment of 

≥ 6 of the following criteria: 1) More than one attack of acute arthritis 2) Maximum inflammation develops within one day 

3) Monoarthritis attack 4) Redness observed over joint 5) First metatarsophalangeal joint painful or swollen 6) Unilateral first metatarsophalangeal joint attack 7) Unilateral tarsal joint attack 8) Tophus (proven or suspected) 9) Hyperuricemia 10) Joint fluid culture negative for organisms during attack 11) Asymmetric swelling within a joint on x-ray 12) Subcortical cysts without erosions on x-ray
The institution of long-term urate lowering therapy for chronic gout should be carefully considered in light of differing mechanisms of drug action, relative drug efficacy, potential drug interactions, and risk of adverse effects. Long-term pharmacotherapy is typically comprised of drugs which either increase urate excretion or reduce urate production. Approximately 75 percent of patients with primary (idiopathic) gout have substantially decreased renal urate excretion. A uricosuric drug such as two or three times daily probenecid can increase renal urate clearance and  may be considered to be a first-line agent for such patients; however, probenecid should only be utilized in patients who have normal renal function and do not have urolithiasis or urate overexcretion (>800 mg/day). The use of probenecid requires patients to maintain adequate hydration; alkalinization of the urine is recommended as an adjunct to therapy until serum urate returns to normal limits and tophaceous deposits disappear.
Allopurinol is the most frequently used antihyperuricemic agent for long-term management of gout, probably because of its convenient once-daily regimen (in doses < 300mg/daily) and its efficacy irrespective of the cause of hyperuricemia. Allopurinol reduces urate production through non-selective xanthine oxidase inhibition; the usual maintenance dosage range for mild to moderate gout is 200 to 400mg/day but the drug can be used in doses up to 800mg/day in severe gout. Allopurinol dosing should be down-adjusted in patients with renal impairment; however, in some cases, the resulting dose may not provide adequate urate lowering. Gastrointestinal and minor hypersensitivity reactions to allopurinol, including pruritus and dermatitis, occur in 2 to 5 percent of patients given the drug; patients with minor hypersensitivity reactions are potential candidates for desensitization, but this approach is successful in only about 50% of cases and should be limited to patients for whom a uricosuric agent is contraindicated. Allopurinol may cause rare but life-threatening reactions collectively known as allopurinol hypersensitivity syndrome (AHS) which has a mortality rate of 10-30%.  Reduced clearance of allopurinol resulting from renal insufficiency is a risk factor for AHS.  

Febuxostat is a recently introduced inhibitor of xanthine oxidase and offers a therapeutic option for the long-term lowering of urate levels in patients with gout. This monograph was prepared to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating febuxostat for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.
Pharmacology 3, 8-12
Febuxostat is 2-[3-cyano-4-(2-methylpropoxy) phenyl]-4-methylthiazole-5-carboxylic acid, which has a molecular weight of 316.38. As stated, febuxostat is a non-purine, selective inhibitor of xanthine oxidase. It achieves its therapeutic effect by decreasing serum uric acid. Uric acid, the end-product of purine metabolism in humans, is generated secondary to xanthine oxidase-mediated biotransformation of each of the following steps: hypoxanthine ( xanthine ( uric acid. Febuxostat inhibits the oxidized and reduced forms of xanthine oxidase but it has no significant effect on enzymes involved in purine or pyrimidine metabolism.  
The administration of febuxostat has been shown to result in a dose-dependent decrease in serum urate  concentrations in healthy subjects and in subjects with hyperuricemia and gout. This decrease in serum urate concentration is associated with dose-related increases in 24-hour mean serum xanthine concentrations and total daily urinary xanthine excretion, in addition to a dose-related decrease in total daily urinary uric acid excretion. 
Pharmacokinetics 8 

The pharmacokinetic data which follows was derived from healthy subjects; however, febuxostat pharmacokinetic parameters for patients with hyperuricemia and gout have been shown to be similar to those estimated in healthy subjects.13            
Absorption

· Based on total radioactivity recovered in the urine, the absorption of radiolabeled febuxostat following oral administration was estimated to be at least 49%. The absolute bioavailability of febuxostat tablets has not been studied. 

· The mean time to maximum plasma concentration (Tmax) for febuxostat occurred ~1 hour after chronic administration of 80mg febuxostat daily for 7 days; mean maximal plasma concentration (Cmax) of febuxostat in those subjects was 2.87 µg/ml.14  Tmax was not dose-related.10
· Cmax and area under the curve (AUC) of febuxostat increased in a dose proportional manner following single and multiple doses of 10 mg to 120 mg; however, doses > 120mg resulted in more than a dose-proportional increase in AUC.9, 10 
· A high fat meal decreased Cmax and AUC by 49% and 18%, respectively, without a clinically significant change in the percent decrease in serum uric acid concentration, thus indicating febuxostat may be taken without regard to food.15 

Distribution

· The mean apparent steady state volume of distribution  of febuxostat was ~0.7L/kg and plasma protein binding (primarily albumin) of febuxostat was ~99% and is constant for the concentration range achieved with doses of 40mg and 80mg.14, 16, 17
Metabolism

· There is no accumulation when therapeutic doses are administered every 24 hours.10 Febuxostat is extensively metabolized by both conjugation via uridine diphosphate glucuronosyltransferase enzymes (major metabolic pathway) and oxidation via cytochrome P450 and non-P450 enzymes.10, 18
Elimination

· Febuxostat is eliminated by both hepatic and renal pathways.10, 15 Following an 80 mg oral dose of 14C-labeled febuxostat, approximately 49% of the dose was recovered in the urine as unchanged febuxostat (3%), the acyl glucuronide of the drug (30%), its known oxidative metabolites and their conjugates (13%), and other unknown metabolites (3%). In addition to the urinary excretion, approximately 45% of the dose was recovered in the feces as the unchanged febuxostat (12%), the acyl glucuronide of the drug (1%), its known oxidative metabolites and their conjugates (25%), and other unknown metabolites (7%). 

· The apparent mean terminal elimination half-life (t1/2) of febuxostat was approximately 5 to 8 hours.
Special Population Pharmacokinetics 8 

Renal Impairment: Mayer et al. administered febuxostat 80mg daily for 7 days to healthy subjects with mild (CrCl 50-80 ml/min), moderate (CrCl 30-49 ml/min) or severe renal impairment (CrCl 10-29 ml/min) and determined that the Cmax of febuxostat did not change relative to subjects with normal renal function (CrCl greater than 80 ml/min).14  AUC and half-life of febuxostat increased in subjects with renal impairment in comparison to subjects with normal renal function, but values were similar among three renal impairment groups. In another study, mean febuxostat AUC values were up to 1.8 times higher in subjects with renal impairment compared to those with normal renal function.19  Mean Cmax and AUC values for 3 active metabolites increased up to 2- and 4-fold, respectively. However, the percent decrease in serum urate concentration for subjects with renal impairment was comparable to those with normal renal function (58% in normal renal function group and 55% in the severe renal function group).  The authors concluded that no dose adjustment is necessary when febuxostat is given to patients with mild to moderate renal impairment. The manufacturer’s package insert states that there is insufficient data in patients with severe renal impairment (creatinine clearance <30ml/min) and that caution should be exercised in those patients. Febuxostat has not been studied in end stage renal impairment patients who are on dialysis. 

Hepatic Impairment: Following multiple 80 mg doses of febuxostat in subjects with mild (Child-Pugh Class A) or moderate (Child-Pugh Class B) hepatic impairment, an average of 20-30% increase was observed for both Cmax and AUC24 (total and unbound) in hepatic impairment groups compared to subjects with normal hepatic function.20  In addition, the percent decrease in serum urate concentration was comparable between different hepatic groups (62% in healthy group, 49% in mild hepatic impairment group, and 48% in moderate hepatic impairment group). On the basis of these results, no dose adjustment is necessary in patients with mild or moderate hepatic impairment.  Caution is advised giving febuxostat to subjects with severe hepatic impairment (Child-Pugh Class C) as the pharmacokinetics of febuxostat have not been determined for these patients. 
Geriatric Use:  In a phase I, parallel-group, open label study, Khosravan et al. determined the Cmax and AUC of febuxostat and its metabolites in geriatric subjects (≥ 65 years) to be similar to those in younger subjects (18-40 years) following the administration of febuxostat 80mg daily for 7 days.16 The percent decrease in serum uric acid concentration was similar between the geriatric and younger subjects. Accordingly, no dose adjustment is deemed necessary in geriatric patients. 
Gender: In the study described above (see Geriatric Use), Cmax and AUC24 of febuxostat were 30% and 14% higher, respectively, in females than in males.16  However, weight-corrected Cmax , AUC, and percent decreases in serum urate concentrations were similar between genders, thus indicating that no dose adjustment of febuxostat is necessary based on gender.

FDA Approved Indication(s) and Off-label Uses 8
Febuxostat is a non-purine, selective inhibitor of xanthine oxidase indicated for the chronic management of hyperuricemia in patients with gout. It is not recommended for the treatment of asymptomatic hyperuricemia nor is it indicated for secondary hyperuricemia. Reports of off-label uses were not encountered during the preparation of this monograph; however, some controlled trials conducted pre-FDA approval utilized dosing regimens in excess of current labeling (febuxostat 120 or 240mg daily).21,22
Current VA National Formulary Alternatives

Allopurinol and probenecid oral tablets are listed on the VA National Formulary.

Dosage and Administration 8 
The recommended starting dose of febuxostat is 40mg daily; however, a dose of 80mg daily is recommended for patients who do not achieve a serum urate < 6mg/dl after 2 weeks of treatment at the lower dose.

In APEX, febuxostat 120mg or 240mg daily for 28 weeks resulted in a greater proportion of patients attaining a goal serum urate level of <6 mg/dl versus febuxostat 80mg daily (87% and 94%, respectively, versus 76%); however, in two open-label extension trials [FOCUS (5 years) and EXCEL (36 weeks)] the percentage of patients reaching goal on 80mg or 120mg of febuxostat daily did not differ at the final visit (82% versus 81%, and  91% versus 92%, respectively).21, 22, 29
No dose adjustment is necessary when febuxostat is prescribed for geriatric patients; dose adjustment of febuxostat is not necessary based upon gender. 
While dose adjustment of febuxostat is unnecessary in patients with mild to moderate renal impairment there is insufficient data in patients with severe (creatinine clearance < 30ml/min) or end-stage renal impairment; caution should be exercised in those patient groups. 
Dose adjustment of febuxostat is not necessary in patients with mild or moderate hepatic impairment; studies have been not been conducted in patients with severe hepatic impairment (Child-Pugh Class C). Caution is advised if febuxostat is considered in patients with severe hepatic impairment. 
Reversal of Effects
There is no reversal agent for febuxostat. Febuxostat has been given in doses of up to 300mg daily for seven days without evidence of dose-limiting toxicities. No overdose of febuxostat was reported in clinical studies. Patients should be managed by symptomatic and supportive care in the event of overdose.
Inactive ingredients

Febuxostat tablets contain the following inactive ingredients: lactose monohydrate, microcrystalline cellulose, hydroxypropyl cellulose, sodium croscarmellose, silicon dioxide, magnesium stearate, and Opadry II (green). 
Storage
Febuxostat tablets should be protected from light and stored at 25°C (77°F) [excursions permitted to 15°– 30°C (59°– 86°F)].
Efficacy8   
A literature search was performed on PubMed/Medline using the search term ‘febuxostat’.  The search was limited to studies performed in human and published in English. Reference lists of review articles were searched for relevant clinical trials.  All randomized controlled trials published in peer-reviewed journals were included as well as one unpublished randomized controlled trial which was fully described in the manufacturer’s New Drug Application to the FDA.23
Efficacy Measures 1, 24-26
For chronic gout, prophylactic therapy to reduce the serum urate level is believed to be appropriate in patients who have three or more gout attacks per year or in individuals with gouty complications; use of prophylactic therapy in these patients can reduce the likelihood of recurrent gout by 80%. Lowering of serum urate to <6.0mg/dl has been associated with reduced frequency of acute gout flares, deceased tophus size, and decreased detection of urate crystals in synovial fluid; thus, this urate therapeutic target range is the most frequently utilized standard for effective treatment.  While some patients can obtain improved or even satisfactory control of gout flares when serum urate is lowered in stable fashion to a level between 6.0 to 6.7mg/dl, the attainment of serum urate levels < 6.0mg/dl is more desirable when attempting to reduce tophi bulk in timely fashion. Initiating urate-lowering therapy can mobilize urate deposits, which may precipitate an attack (‘gouty flare’) because of rapid serum urate lowering. This may be remedied by slow upward titration of the urate lowering drug and/or prophylactic use of nonsteroidal anti-inflammatory drugs or colchicine.
The efficacy of febuxostat has been examined in several open-label trials and controlled comparisons with placebo. Febuxostat has been compared to allopurinol in both open and randomized, double-blind trials. 

Open-label Efficacy Trials

Early reports of febuxostat administration to subjects with hyperuricemia and gout revealed dose-related decreases in serum urate levels which were often associated with reduced tophus volume.11, 12, 27 Febuxostat administration for ≥ 2 years was safe, effective and well-tolerated in a small group of subjects with a history of allopurinol intolerance.28 
MRI was utilized to determine the change in tophus size in 9 subjects with gouty tophi treated with 40 to 120mg of febuxostat daily for 173 to 375 days.27 Eight tophi could be visualized and measured by MRI in 6 subjects. Six of 8 tophi decreased in volume following febuxostat administration and these decreases in tophus volumes were associated with decreases in serum urate to < 6.0mg/dl in all but one patient. 

Six of 11 allopurinol-intolerant subjects successfully completed ≥ 2 years of febuxostat 40, 80, or 120mg daily.28  ‘Allopurinol-intolerance’ was defined as a history of a reaction precluding rechallange which was usually rash/hives (n=8) but also included drowsiness, nausea, and diarrhea. Serum urate levels decreased to < 6.0mg/dl with febuxostat treatment. Two patients experienced rash while on febuxostat but were able to continue the drug. One subject withdrew from the study due to a gout flare but other withdrawals appeared unrelated to febuxostat treatment.

FOCUS (Febuxostat Open label Clinical trial of Urate-lowering efficacy and Safety) 29 was a 5 year open-label extension of a 28-day Phase II trial12 comparing febuxostat with allopurinol and placebo (appendix 1).  One hundred and sixteen subjects who had completed the previous 28-day study were entered into the open-label extension. Dose adjustments were made for 44 (38%) subjects between weeks 4 and 24; as a result, 8 subjects received febuxostat 40 mg, 79 received 80 mg, and 29 received 120 mg daily. 
Fifty-eight subjects (50%) discontinued prematurely (38 in the first year); at 5 yrs, 93% of the remaining subjects had achieved and maintained the primary endpoint of FOCUS: a serum urate <6.0 mg/dl. Among all subjects, the mean percentage reduction in serum urate from baseline ranged from 45 to 59% across all visits. Across doses, the percentage reductions in serum urate were similar at the final visit, with percentage reductions from baseline of 49.2, 47.1, and 50.7% for febuxostat doses of 40, 80, and 120mg, respectively. The proportion of subjects with a serum urate level <5.0 and <4.0m were 47 (66%) and 11(28%), respectively. Sustained reduction of serum urate was associated with nearly complete elimination of gout flares and, in 26 subjects with a tophus at baseline, resolution was achieved in 69% by the final visit. 
Adverse events (AEs) were reported by 91% (106/116) of the subjects during the course of FOCUS. The majority of AEs were mild or moderate in severity; however, serious AEs were reported by 18% (21/116) and the majority of these resulted in hospitalization. Atrial fibrillation was the most common serious AE but was not felt to be due to febuxostat. Thirteen subjects reported an AE as the primary reason for discontinuation of febuxostat; two reasons for withdrawal from the study were believed to be related to febuxostat: abnormal liver function tests (n=3) and increased serum creatinine (n=2). There were no deaths reported during the study. 
Controlled Comparisons with Placebo
Febuxostat reduced serum urate levels in a dose-related fashion in a multicenter, double-blind, placebo-controlled study conducted in 128 subjects with gout or hyperuricemia.11  The proportions of subjects with serum urate < 6.0mg/dl after 8 weeks’ administration of placebo, febuxostat 10mg, 20mg, and 40mg were 0, 22, 63, and 78%, respectively. Febuxostat reduced serum urate level to the same degree in both over-producers (urinary urate/urinary creatinine ≥ 0.6, n=25) and under-excretors (urinary rate/urinary creatinine ≤ 0.5, n=83). A smaller percentage of subjects on febuxostat (71/96, 74%) experienced adverse events compared to those on placebo (26/32, 81.3%) and, overall, only 3 of 96 of febuxostat-treated patients prematurely terminated the treatment due to adverse events.
Becker et al. conducted a 28-day, phase II, randomized, double-blind, placebo-controlled trial in 153 patients to assess the safety and efficacy of once-daily oral febuxostat (40mg, 80mg, or 120mg) in reducing serum urate levels in adult patients with gout and hyperuricemia.12  Greater proportions of febuxostat-treated patients than placebo-treated patients achieved a serum urate level < 6.0mg/dl at each visit (p<0.001 for each comparison). The targeted serum urate level was attained on day 28 in 0% of subjects taking placebo and in 56%, 76%, and 94% of those taking febuxostat 40mg, 80mg, or 120mg daily, respectively.  The mean serum urate reduction from baseline to day 28 was 2% in the placebo group, and 37% in the 40mg, 44% in the 80mg, and 59% in the 120mg febuxostat groups. Gout flares occurred with similar frequency in the placebo (37%) and the febuxostat 40mg (35%) groups; however, flares occurred with increasing frequency in the higher dosage febuxostat groups (43% and 55% in the 80mg and 120mg groups, respectively). Incidences of treatment-related adverse events were similar in the febuxostat and placebo groups. Treatment-related abnormalities in liver function test results (LFTs) [mild-to-moderate increases in transaminases, not associated with increases in bilirubin] were observed in 11 febuxostat-treated subjects. LFT values normalized in 4 patients when colchicine was discontinued. No deaths occurred during the study.
Comparisons with Allopurinol
Febuxostat 40mg daily was significantly more potent in reducing serum urate levels than allopurinol 100mg twice daily in a phase III, multicenter, allopurinol-controlled, double-dummy, double-blind, parallel-group comparative study conducted in 256 patients with gout or hyperuricemia.30 Percent decreases in serum urate at the end of the 44-day treatment phase were 40.5% and 33.9% for febuxostat and allopurinol, respectively (p<0.001). Adverse drug reaction incidence was similar for both treatment groups (8.6% of febuxostat-treated and 11% of allopurinol-treated); the majority of adverse drug reactions were mild in severity.

FACT (Febuxostat versus Allopurinol Controlled Trial) 31 was a phase 3, randomized, double-blind, multicenter study which included 760 patients who were given febuxostat 80mg, febuxostat 120mg or allopurinol 300mg daily for 52 weeks (appendix 1). The primary efficacy endpoint was a serum urate concentration < 6.0mg/dl at each of the last 3 monthly measurements: this was achieved by 53%, 62%, and 21% of patients taking febuxostat 80mg, febuxostat 120mg, or allopurinol 300mg, respectively.  Proportionally more patients reached this treatment goal with febuxostat 80mg daily or febuxostat 120mg daily versus allopurinol 300mg daily (both p<0.001vs. allopurinol).  A serum urate < 6.0 mg/dl was achieved in 74%, 80%, and 36% of patients at the final visit with febuxostat 80mg, febuxostat 120mg, or allopurinol 300mg daily, respectively. A retrospective analysis of FACT patients with a creatinine clearance (CrCl) < 90ml/min revealed that 77% (98/128) reached the primary efficacy endpoint by the final visit.
Clinical endpoints were also assessed in FACT; the median reduction in tophus area was 83% in patients receiving febuxostat 80mg (p=0.08 vs. allopurinol), 66% in patients receiving febuxostat 120mg (p=0.16 vs. allopurinol), as compared to 50% in those receiving allopurinol 300mg daily.  The incidence of gout flares diminished with continued treatment in each study group and was similar in all groups during weeks 9 through 52 (64% febuxostat 80mg; 70% for 120mg febuxostat, and 64% receiving allopurinol 300mg). Liver function test abnormalities were reported for 4-5% of patients given febuxostat 80 or 120mg daily, while the incidence of diarrhea was reported as 3% irrespective of dose. The incidence of liver function test abnormalities and diarrhea with allopurinol 300mg daily were 4 and 3%, respectively. Four of the 507 patients in the febuxostat groups died (no deaths occurred among the 253 patients taking allopurinol); blinded investigators judged the deaths to be unrelated to the study drugs. 
APEX (Allopurinol-Placebo-controlled Efficacy study of febuXostat) 21 was a phase-III, randomized, double-blind, allopurinol- and placebo-controlled, parallel-group trial (appendix 1). Either febuxostat 80mg (n=267), 120mg (n=269), 240mg (n=134), allopurinol 300mg (n=268), or placebo (n=134) was administered to subjects for 28 weeks. 
The primary endpoint of APEX was the proportion of subjects with the last 3 monthly serum urate levels <6.0mg/dl; this endpoint was not achieved by any patients taking placebo, but was achieved by 48%, 65%, 68% of patients taking febuxostat 80mg, 120mg, or 240mg, respectively. Only 22% of allopurinol treated patients achieved the primary goal. The proportions of subjects with a serum urate level < 6.0mg/dl and the percent reduction of serum urate from baseline at week 28 appeared to be dose related across the febuxostat treatment groups (76%, 87%, and 94% of subjects with serum urate < 6.0mg/dl, and 48%, 55%, 68% reduction of serum urate from baseline for febuxostat 80mg, 120mg, or 240mg daily, respectively). Seventy-eight percent (98/126) of patients with impaired renal function (serum creatinine >1.5 to ≤2.0mg/dl) achieved a serum urate < 6.0mg/dl by the final visit. Treatment with allopurinol resulted in 41% of subjects with a serum urate < 6.0mg/dl at week 28 and a 34% reduction in serum urate from baseline. There were no statistically significant differences in the proportion of subjects requiring treatment for gout flares observed between the treatment groups and no significant differences in the number or size of tophi were observed between treatment groups with the exception of a 1% decrease in the number of tophi observed with febuxostat 120mg versus placebo at week 28 (p≤0.05). Withdrawals due to gout flares were more common in the febuxostat groups; this was attributed to increased mobilization of urate crystals due to the more abrupt lowering of serum urate with febuxostat compared to allopurinol.

The occurrence rates for drug-related adverse events and/or study discontinuation due to adverse events were similar across APEX treatment groups and were typically mild or moderate in severity. The incidences of diarrhea and dizziness were more frequent in the subjects taking febuxostat 240mg daily. No other events showed any stepwise increase in rates with dose escalation of febuxostat. Adverse events leading to study discontinuation occurred in 78 subjects: abnormal findings on liver function tests (n=12), diarrhea (n= 8) and rash (n=8) were the most common reasons for study discontinuation. There were no deaths reported during the study.
EXCEL (fEbuXostat Comparative Extension Long-Term Study) 22 was an up to 40-week open-label extension of two phase-III trials (ref 12, 31) comparing febuxostat with allopurinol; 1086 subjects were enrolled (Becker et al, 2009a) (appendix 1). After 1 month initial treatment, greater than 80% of subjects receiving febuxostat 80 or 120mg daily achieved a serum urate goal < 6.0mg/dl, but only 46% of subjects receiving allopurinol 300mg met this primary outcome measure. Mean percentage reductions from baseline serum urate at the last visit on initial treatment were 47%, 53%, and 32% for febuxostat 80mg, febuxostat 120mg and allopurinol, respectively. At 36 weeks, the percentage of patients reaching goal on 80mg or 120mg of febuxostat daily did not differ at the final visit (91% versus 92%, respectively).

In EXCEL, 62 of 102 subjects (61%) who ‘failed’ goal on febuxostat 80mg achieved goal with febuxostat 120mg; while only 4 of 24 (17%) subjects who failed goal on either 80mg or 120mg febuxostat daily achieved goal with allopurinol 300mg daily. Thirty-two of 78 patients (41%) who did not achieve goal with allopurinol 300mg did so with febuxostat 80mg and 18 (23%) achieved goal with administration of febuxostat 120mg daily. Gout flares increased sharply immediately after prophylaxis withdrawal at the end of week 8 but then decreased over time for all treatment groups. As goal urate levels were maintained in >80% of subjects in the entire remaining treatment population at each visit, gout flare was reported in < 4% of subjects after 18 months of urate lowering therapy. Among subjects with tophi, long term maintenance of the goal urate range was accompanied by reductions in the areas of index tophi and by the proportion of index tophi undergoing complete resolution.

When adjusted for duration of exposure, total adverse events and serious adverse events in EXCEL were similar across all treatment groups. All deaths occurred in patients assigned to febuxostat and 6 of the 10 deaths were cardiovascular. Statistically significant mean increases from baseline for aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were observed for all 3 treatments; however, the mean increases in AST or ALT from baseline to the final visit in any of the 3 treatments were transient and small (≤ 3 times the upper limit of normal). Regardless, liver function test abnormalities were cited as the reason for withdrawing subjects in 9, 4 and 2 subjects in the febuxostat 40mg, febuxostat 80mg and allopurinol treatment groups, respectively.
CONFIRMS (CONfirmation of Febuxostat In Reducing and Maintaining Serum urate) 23, 32 was a 6 month randomized (1:1:1), double-blind, allopurinol-controlled, phase-III study conducted to compare the efficacy and safety of febuxostat 40mg and 80mg to that of allopurinol when given to patients with hyperuricemia and gout (appendix 2). Subjects were categorized by renal function status using a protocol-defined formula [normal renal function was defined as a CrCl ≥ 90ml/min; mild renal impairment as CrCl 60-89 ml/min; and moderate renal impairment as CrCl 30-59 ml/min]. Subjects with normal renal function and those with mild impairment were randomized to receive allopurinol 300mg daily, while those with moderate impairment were randomized to allopurinol 200mg daily. Febuxostat was not adjusted on renal function. Prophylaxis for gout flares was provided for the duration of the study.
The CONFIRMS study also specified prospective adjudication of cardiovascular events by an independent committee: in the APEX and FACT studies, as well as the open-label, long-term extension studies, a numerical imbalance had been noted between the febuxostat and allopurinol groups in the small number of cardiovascular and thrombotic events reported (also see Adverse Events/Safety Data – Cardiovascular Safety). 
The proportions of CONFIRMS subjects with final visit serum urate levels <6.0 mg/dl were 45%, 67%, and 42% in the febuxostat 40mg, febuxostat 80mg, and allopurinol groups, respectively. While febuxostat 40mg was determined to be non-inferior to allopurinol, the response rate of the febuxostat 80mg group was higher than both the febuxostat 40mg and allopurinol groups (both p<0.001). Comparing  subjects with mild or moderate renal impairment, significantly more subjects receiving febuxostat 80mg (72%; p<0.001) achieved the target serum urate goal of <6 mg/dl compared to patients receiving allopurinol (42%); the percentage of patients at goal with febuxostat 40mg (50%)was similar to that of allopurinol . 

There was no significant difference in incidences of gout flares or treatment-emergent adverse events (AEs) between groups in CONFIRMS. No significant differences were found between patients with normal renal function and patients with renal impairment. The most common AEs leading to treatment discontinuation were LFT abnormalities and diarrhea. Rates of cardiovascular events were low; no statistically significant difference occurred between treatment groups for the number of adjudicated Antiplatelet Trialists Collaboration events (also see Adverse Events/Safety Data – Cardiovascular Safety). There were 5 deaths in the study: 3 in the allopurinol group, 1 in the febuxostat 40 mg group, and 1 in the febuxostat 80 mg group; however, none of the deaths was considered related to study drug. 

Adverse Events (Safety Data) 8, 23 (See Efficacy section and appendices for further details from individual clinical trials)
Most Frequent Adverse Reactions:  The approved labeling for febuxostat contains a safety analysis of adverse reactions reported in three randomized, controlled clinical studies which were 6 to 12 months in duration (APEX, FACT, and CONFIRMS).  Table 1 summarizes adverse reactions reported at a rate of at least 1% in febuxostat treatment groups and at least 0.5% greater than placebo.
Table 1: Adverse reactions occurring in ≥ 1% of febuxostat-treated patients and at least
 0.5% greater than seen in patients receiving placebo in controlled studies.21,23,31
	Adverse Reactions 
	Placebo 
	Febuxostat 
	Allopurinol* 

	
	(n=134) 
	40 mg daily 

(n=757) 
	80 mg daily 

(n=1279) 
	(n=1277) 

	Liver Function Abnormalities 
	0.7% 
	6.6% 
	4.6% 
	4.2% 

	Nausea 
	0.7% 
	1.1% 
	1.3% 
	0.8% 

	Arthralgia 
	0% 
	1.1% 
	0.7% 
	0.7% 

	Rash 
	0.7% 
	0.5%
	1.6%
	1.6% 


* Of the subjects who received allopurinol, 10 received 100 mg, 145 received 200 mg, and 1122 received 
  300 mg, based on level of renal impairment
The most common adverse reaction leading to discontinuation from therapy was liver function abnormalities in 1.8% of febuxostat 40 mg, 1.2% of febuxostat 80 mg, and in 0.9% of allopurinol-treated subjects. 

In addition to the adverse reactions presented in Table 1, dizziness was reported in more than 1% of febuxostat-treated subjects although not at a rate more than 0.5% greater than placebo.
No cases of drug hypersensitivity have been attributed to febuxostat in clinical trials which evaluated 2757 patients over treatment periods lasting up to 5 years. 23
Cardiovascular Safety 8, 23, 32, 33 
In CONFIRMS (also see page 11 and appendix 2), cardiovascular event adjudication was performed prospectively by an independent committee. In addition to the pre-defined endpoints from the Anti-Platelet Trialists’ Collaborations (APTC) [cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke], the committee also took note of non-APTC events including angina, coronary or cerebral revascularization, transient ischemic attack, venous and peripheral arterial vascular thrombotic events, non-fatal CHF, arrhythmia without evidence of ischemia, severe hypertension and syncope. Three subjects (0.4%) in the febuxostat group and 3 subjects in the allopurinol group (0.4%) experienced an adjudicated APTC event, compared to no subject in the febuxostat 40mg group. Adjudicated non-APTC events were reported for 10 (1.3%) of febuxostat 40mg subjects, 9 (1.2%) of the febuxostat 80mg subjects, and 7 (0.9%) of the subjects in the allopurinol group. All of the patients having a non-APTC event had underlying cardiovascular risk factors; the most common type of non-APTC event was arrhythmia without evidence of ischemia.

Cardiovascular events and deaths with febuxostat in all of the randomized controlled and long-term extension studies have been adjudicated to APTC endpoints. In a combined analysis of the phase III randomized controlled studies, the incidences of adjudicated APTC events per 100 patient-years of exposure were: Placebo 0 (95% CI 0.00-6.16), febuxostat 40 mg 0 (95% CI 0.00-1.08), febuxostat 80 mg 1.09 (95% CI 0.44-2.24), and allopurinol 0.60 (95% CI 0.16-1.53). 

In the long-term extension studies, the incidences of adjudicated APTC events were: febuxostat 80 mg 0.97 (95% CI 0.57-1.56), and allopurinol 0.58 (95% CI 0.02-3.24). 
Overall, a higher rate of APTC events has been observed in febuxostat compared to allopurinol-treated patients; however, a causal relationship with febuxostat has not been established.  Patients on febuxostat should be monitored for signs and symptoms of myocardial infarction and stroke.
Febuxostat in doses up to 300mg daily, at steady state did not cause prolongation of the QTc interval in healthy subjects .8,23 Similarly, there was no QTc effect detected in a subset of patients with hyperuricemia and gout given febuxostat in the APEX study .23,33
Deaths and Other Adverse Events 8, 21, 22, 29, 31, 32
Four of 507 patients in FACT died during the trial but none of the deaths were believed to have been related to febuxostat. IN the EXCEL trial, serious adverse events were similar across all treatment groups; however, all 10 deaths occurred in patients assigned to febuxostat (6 of the 10 deaths were cardiovascular). There were 5 deaths in CONFIRMS: 3 in the allopurinol group, 1 in the febuxostat 40 mg group, and 1 in the febuxostat 80 mg group; no deaths were considered related to study drug.
No deaths occurred in the FOCUS and APEX trials. Six of the 116 subjects in the FOCUS trial had an occurrence of atrial fibrillation or atrioventricular block but investigators related these events to causes other than febuxostat.  Subjects in the APEX trial experienced serious cardiovascular adverse effects (chest pain, coronary artery disease, myocardial infarction, and atrial fibrillation) with similar frequency (3-4%) across all treatment groups (febuxostat 80, 120, and 240mg and allopurinol 300mg).
Tolerability 8, 23
In controlled clinical trials, relatively few patients discontinued febuxostat due to an adverse reaction assessed by investigators to be drug-induced. Febuxostat was associated with gout flares early in therapy which resulted in some patients discontinuing therapy. Liver function test abnormalities, diarrhea, and increased serum creatinine resulted in discontinuation of febuxostat in a small number of patients.
Contraindications 8, 23
Febuxostat is contraindicated for use in patients being treated with azathioprine, mercaptopurine, or theophylline (see Potential Drug Interactions). 
Warnings 8, 23 
Gout Flare
After initiation of febuxostat, an increase in gout flares is frequently observed. This increase is due to reduction in serum uric acid levels resulting in mobilization of urate from tissue deposits. In order to prevent gout flares when febuxostat is initiated, concurrent prophylactic treatment with an NSAID or colchicine is recommended.
Cardiovascular Events
In the randomized controlled studies, there was a higher rate of cardiovascular thromboembolic events (cardiovascular deaths, non-fatal myocardial infarctions, and non-fatal strokes) in patients treated with febuxostat [0.74 per 100 P-Y (95% CI 0.36-1.37)] than allopurinol [0.60 per 100 P-Y (95% CI 0.16-1.53)] {see Cardiovascular Safety}. A causal relationship with febuxostat has not been established. Patients should be monitored for signs and symptoms of myocardial infarction (MI) and stroke. 
Liver Enzyme Elevations
During randomized controlled studies, transaminase elevations greater than 3 times the upper limit of normal were observed (AST: 2%, 2%, and ALT: 3%, 2% in febuxostat and allopurinol-treated patients, respectively). No dose-effect relationship for these transaminase elevations was noted and, in phase-III controlled studies, patients with liver function test abnormalities often had other possible causes (alcohol, cholelithiasis, viral hepatitis, etc.). Periodic laboratory assessment of liver function is recommended (for example, 2 and 4 months following initiation of febuxostat and periodically thereafter). 
Precautions 8, 23
Pregnancy Category C  
There are no adequate and well-controlled studies in pregnant women. Febuxostat should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Febuxostat was not teratogenic in rats and rabbits at oral doses up to 48 mg per kg (40 and 51 times the human plasma exposure at 80 mg per day for equal body surface area, respectively) during organogenesis. However, increased neonatal mortality and a reduction in the neonatal body weight gain were observed when pregnant rats were treated with oral doses up to 48 mg per kg (40 times the human plasma exposure at 80 mg per day) during organogenesis and through lactation period. 
Nursing Mothers
Febuxostat is excreted in the milk of rats. It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be exercised when febuxostat is administered to a nursing woman
Renal and Hepatic Impairment

While dose adjustment of febuxostat is unnecessary in patients with mild to moderate renal impairment (see Special Population Pharmacokinetics), there is insufficient data in patients with severe or end-stage renal impairment; caution should be exercised in those patient groups. Similarly, dose adjustment of febuxostat is not necessary in patients with mild or moderate hepatic impairment; however, studies have been not been conducted in patients with severe hepatic impairment (Child-Pugh Class C) and caution is advised.
Secondary Hyperuricemia 
No studies have been conducted in patients with secondary hyperuricemia (including organ transplant recipients); febuxostat is not recommended for use in patients whom the rate of urate formation is greatly increased (e.g., malignant disease and its treatment, Lesch-Nyhan syndrome). The concentration of xanthine in urine could, in rare cases, rise sufficiently to allow deposition in the urinary tract.
Look-alike / Sound-alike (LA / SA) Error Risk Potential  
The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion (table 2):
Table 2: Look-alike/Sound-Alike Error Risk Potential

	Drug Name
	LA/SA Drug Name

	Febuxostat 40mg or 80mg tablets
	flavoxate 100mg tablet

	
	flavocoxid 500mg capsule1

	
	Feostat™ 100mg tablet

	Uloric™ 40 or 80mg tablets
	none


1 each capsule also contains 50 mg of citrated zinc bisglycinate, which provides 10 mg of elemental zinc in combination with flavocoxid
Drug Interactions 8, 23
In vitro Interactions
Mukoyoshi et al. examined the drug interaction potential of febuxostat in three in vitro systems: binding characteristics to human plasma proteins, metabolic pathways responsible for clearance [cytochrome p450 (CYP) and UDP-glucuronosyltransferase enzymes (UGT)], and the potential inhibitory effects of typical CYP interactions.17 The presence of ibuprofen or warfarin did not change the plasma protein binding of febuxostat (estimated at 98-99%) and febuxostat did not influence the plasma protein binding of either test drug. Febuxostat did not inhibit CYP enzymes 1A2, 2C9, 2C19, 2D6, or 3A4 and it also did not induce 1A2, 2B6, 2C9, 2C19, or 3A4 at clinically relevant concentrations. Two groups of UGT enzymes were involved in the glucuronidation of febuxostat while several CYP enzymes were involved in its oxidation; the various available pathways for metabolism would present alternatives if febuxostat was concomitantly administered with drugs that inhibited CYP or UGT enzymes. The drug-drug interaction potential for febuxostat was judged by investigators to be low.

In Vivo Interactions 8, 23, 15, 34-38
Although changes in Cmax and AUC were noted to occur, in vivo drug interactions were deemed to be clinically insignificant when febuxostat was combined with the following drugs in single- or multiple-dose crossover studies: colchicine, naproxen, indomethacin, hydrochlorothiazide, warfarin, desipramine, or an aluminum/magnesium antacid (table 3). 
Table 3: Studies of drug interactions with febuxostat in vivo
	       Drug
	Drug Effect on Febuxostat      Pharmacokinetics
	Febuxostat Effect on Drug Pharmacokinetics



	
	         Cmax                       AUC
	            Cmax                    AUC

	Colchicine1,2
	         ↑12%                     ↑7%
	         < 11% Δ             < 11% Δ

	Naproxen3
	         ↑28%                     ↑40%
	         < 2% Δ               < 2% Δ   

	Indomethacin4
	                   No effect
	         < 7% Δ               < 7% Δ

	Hydrochlorothiazide5
	                   No effect
	         < 4% Δ               < 4% Δ

	Warfarin6
	                   Not stated
	                    No effect

	Desipramine7
	                   Not stated
	             ↑16%                 ↑22%

	Antacid8
	         ↓32%                     ↓15%
	                    Not stated


1Febuxostat 40mg daily for 7 days with colchicine 0.6mg twice daily for final 4 days

2Febuxostat 120mg daily with colchicine 0.6mg twice daily for 14 days

3Febuxostat 80mg daily with naproxen 500mg twice daily for 7 days

4Febuxostat 80mg daily with indomethacin 50mg twice daily for 5 days

5Febuxostat 80mg with hydrochlorothiazide 50mg single dose trial

6Febuxostat 80mg daily with warfarin for 14 days; INR values and mean factor VII concentrations were not changed by 
 febuxostat

7Febuxostat 120mg daily ‘multiple doses’ with single dose of desipramine 25mg 

8Febuxostat 80mg single dose with 800mg Mg (OH)2 + 900mg Al(OH)3
Potential Drug Interactions 8, 23
Xanthine Oxidase Substrate Drugs
Febuxostat is a xanthine oxidase inhibitor. Although drug interaction studies of febuxostat with drugs that are metabolized by xanthine oxidase (e.g., theophylline, mercaptopurine, and azathioprine) have not been conducted, inhibition of xanthine oxidase by febuxostat could possibly cause increased plasma concentrations of these drugs leading to toxicity. Thus, the administration of febuxostat with theophylline, mercaptopurine, or azathioprine is contraindicated. 
Acquisition Costs

Table X. Acquisition costs of febuxostat, probenecid and allopurinol*
	Drug
	Dose
	Cost/patient /30 day supply ($)

	Febuxostat (Uloric™)*  
	40mg or 80mg tablet daily

	                 $92.40

	Probenecid (various)**
	500mg twice daily
	                $20.82


	Allopurinol (various)**
	100mg tablet daily
	                  $0.42

	
	
	

	
	300mg tablet daily
	                  $0.78

	
	
	


 * Big4 Pricing and ** FSS pricing, both as of August, 2009
VA Utilization

A VA MedSafe search revealed that there were 176,248 patients with a diagnostic code for gout during FY08. As of May, 2009, there were 67 VA patients on febuxostat compared to 182,875 patients on allopurinol and 5,628 on probenecid
Pharmacoeconomic Analyses
No published pharmacoeconomic analyses evaluating febuxostat were identified in the writing of this monograph. 
Following the assumptions that most patients on probenecid are intolerant to allopurinol and that probenecid patients are stable on current therapy, the number of healthcare system patients who might be candidates for febuxostat can be roughly estimated as equal to the number of patients with a documented ADE with allopurinol minus the number of patients on probenecid. This would probably be an underestimation, as there are likely patients on either allopurinol or probenecid who are undertreated on current therapy.
The manufacturer of febuxostat has developed decision analysis software which can be used by healthcare systems to compare three competing treatment strategies (allopurinol 300 mg, and febuxostat doses of 40 mg and 80 mg) based on the relative cost-effectiveness results generated by the model structure.39 The model template calculates an estimation of first-year costs and cost savings (total gout-related medical costs and pharmacy costs) which may occur through utilization of febuxostat. The model uses a decision tree which stratifies patients on urate-lowering treatment according to different serum urate concentrations and also takes into account flare probabilities and variable patient compliance. 
Conclusions
Hyperuricemia is defined as a serum urate concentration >6.8 mg/dl (the point at which urate crystallizes in biological fluids at normal body temperature) and is one of the preliminary American College of Rheumatology criteria for the diagnosis of gout.  Gout is the result of the formation and deposition of monosodium urate crystals in patients with hyperuricemia leading to an inflammatory arthritis with episodes of intense pain (flares). Primary hyperuricemia or gout refers to disorders which appear to be inborn; secondary hyperuricemia refers to cases that develop in the course of another disease or as a consequence of drug intake. Long-term urate-lowering therapy is indicated in patients who have frequent attacks of gouty arthritis (i.e. three or more acute episodes per year); the goal of therapy is to promote dissolution/prevent formation of urate crystals, thereby reducing the acute inflammation, gouty flares, tophus formation, and other sequelae of long standing hyperuricemia. Long-term pharmacotherapy is typically comprised of drugs which either increase urate excretion or reduce urate production

Febuxostat was approved by the FDA in February, 200940; it is a xanthine oxidase inhibitor indicated for the chronic management of hyperuricemia in patients with gout.  Febuxostat 40mg daily has been shown to have urate lowering activity approximately equal to that of allopurinol 300mg daily, while febuxostat 80mg daily is more potent.  As with other urate lowering agents, initiation of febuxostat is associated with an increased risk for gouty flares (prophylaxis with colchicine or a non-steroidal anti-inflammatory drug during this period is recommended), but this tendency diminishes with continued treatment. Unlike allopurinol, febuxostat can be administered to patients with mild to moderate renal insufficiency without need for dose reduction; administration of febuxostat 40mg or 80mg daily in these patients has resulted in superior urate lowering versus dose-adjusted allopurinol. Febuxostat can also be given to patients with mild to moderate hepatic impairment.
Adverse drug events and event rates reported in controlled comparisons between febuxostat and allopurinol were similar. Liver function abnormalities have been reported to occur in up to 6.6% of patients taking febuxostat and was the most common reason for treatment discontinuation; accordingly, liver function testing is recommended on initiation of the drug and periodically thereafter. Allopurinol carries the risk of severe hypersensitivity reactions; however, only one severe rash resulting from allopurinol was reported among the 1400+ patients receiving allopurinol in controlled comparisons. No cases of drug hyper-sensitivity were attributed to febuxostat in clinical trials which evaluated 2757 patients over treatment periods lasting up to 5 years.23 A higher rate of cardiovascular thromboembolic events is associated with febuxostat compared to placebo or allopurinol but a causal relationship with febuxostat has not been determined.
Studies in humans have not revealed any meaningful drug interactions between febuxostat and the agents studied; as with allopurinol, there is a risk of interaction with xanthine oxidase substrate drugs azathioprine, mercaptopurine, and theophylline and their concomitant use is contraindicated. 

Approximately 75 percent of patients with primary (idiopathic) gout have substantially decreased renal urate excretion. A uricosuric drug such as probenecid can increase renal urate clearance and may be proposed as a first-line agent for such patients; probenecid may be considered in patients who have normal renal function and do not have urolithiasis or urate overexcretion . The use of probenecid requires patients to maintain adequate hydration; alkalinization of the urine is recommended as an adjunct to therapy until serum urate returns to normal limits and tophaceous deposits disappear. Allopurinol is the most frequently used antihyperuricemic agent for long-term management of gout, probably because of its convenient once-daily regimen and its efficacy irrespective of the cause of hyperuricemia. The usual maintenance dosage range for allopurinol for mild to moderate gout is 200 to 400mg/day but the drug can be used in doses up to 800mg/day in severe gout. Cases of “allopurinol resistance” should be investigated whether that resistance is actually insufficient allopurinol dosing Allopurinol requires dose reduction in patients with significant renal impairment. 
There are no comparative trials of febuxostat and probenecid; however, there does not appear to be any significant advantage in the use of febuxostat over allopurinol in patients where serum urate can be adequately reduced by allopurinol.  Febuxostat appears to be best utilized in patients who are truly refractory to allopurinol and probenecid, patients with renal insufficiency who have demonstrated inadequate urate lowering with dose-adjusted allopurinol, and patients who are intolerant to allopurinol and are not candidates for uricosuric therapy with probenecid.

There does not appear to be any significant advantage in the use of febuxostat over allopurinol in patients where serum urate can be adequately reduced by allopurinol; while some prescribers may wish to utilize febuxostat in patients with allopurinol ‘resistance” it is important to determine whether that resistance is actually insufficient allopurinol dosing. The major shortcoming of controlled comparative trials is the lack of data comparing recommended doses of febuxostat to higher doses of allopurinol (which can be up-titrated in patients with normal renal function up to 800mg/daily); this is an avenue which deserves further study. Similarly, there are no trials comparing the urate lowering potential of febuxostat compared to that of probenecid. Also, while cross-sensitivity has not been reported with febuxostat and allopurinol, it would be clinically useful to have additional outcome data re: response to febuxostat when administered to allopurinol-intolerant patients. Finally, there is insufficient data on administration of febuxostat to patients with severe (creatinine clearance <30ml/min) or end-stage renal impairment and further study in these patient groups may prove to be worthwhile.
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Appendix 1: Major Published Clinical Trials for Febuxostat
	Citation
	Febuxostat Compared with Allopurinol in Patients with Hyperuricemia and Gout. N Engl J Med 2005; 353:2450-61. (FACT)

	Study Goals
	To compare treatment with febuxostat and allopurinol with regard to safety, urate-lowering efficacy, incidence of gout flares, and changes in tophus area.

	Methods
	Study Design 

FACT was a phase 3, randomized, double-blind, 52-week multicenter (112) trial. 
Primary and Secondary Efficacy Endpoints:       The primary efficacy endpoint was a serum urate concentration < 6.0mg/dl at each of the last 3 monthly measurements. The secondary efficacy endpoints included the proportion of subjects with serum urate levels <6.0mg/dl at each visit and the percentage reduction from baseline in the serum urate concentration at each visit.   

Clinical Endpoints:  percentage reduction from baseline in tophus area, the change in number of tophi at each visit, and the proportion of subjects requiring treatment for acute gout flares from weeks 9 through 52
Post Hoc Analysis:  to test for differences in the reduction of gout flares and tophus area between subjects with a mean post-baseline serum urate concentration of < 6.0mg/dl and those with a concentration of ≥ 6.0mg/dl
Interventions:
· Subjects already receiving urate-lowering therapy underwent a two-week washout period before undergoing randomization
· Subjects were randomly assigned to one of three groups: febuxostat 80mg or 120mg daily or allopurinol 300mg daily 
· Prophylaxis against acute flare of gout (naproxen 250mg twice daily or colchicine 0.6mg daily) was administered to all patients during the washout period and the first eight weeks of double blind treatment
· At 2 weeks, 4 weeks, and monthly thereafter, each patient underwent a physical examination with measurement of vital signs, serum urate concentration, and renal function. Compliance with study drugs, concomitant medication use, gout flares, and adverse events were also recorded.
Data Analysis

For the primary efficacy end point, comparisions were made sequentially by a two-step closed-testing pro- cedure: first, each febuxostat group was compared with the allopurinol group for noninferiority by using binomial confidence intervals for the difference between groups; second, each febuxostat group shown to be noninferior to the allopurinol group was tested for superiority to the allopurinol group by Fisher’s exact test. Noninferiority to allopurinol was declared if the lower bound of the 97.5 percent confidence interval was greater than 10 percent. The overall 0.05 alpha level was maintained within each step by using binomial 97.5 percent confidence intervals for noninferiority tests and Hochberg’s method for superiority tests. 
Pairwise comparisons were made using Fisher’s exact test for: 

· proportions of patients in each treatment group who reached the primary efficacy end point within each of three groups defined by baseline urate concentration 
· proportion of subjects who reached a secondary efficacy endpoint of a serum urate concentration <6.0 mg per deciliter and, in the clinical endpoint assessment 
· proportions of subjects with serum urate concentration of less than 5.0 mg/dl and less than 4.0 mg/dl in the post-hoc analysis. 
· proportion of subjects in the clinical endpoint assessment requiring treatment for gout flares at weeks 9 through 52 or weeks 49 through 52.
The Wilcoxson rank-sum test was used in the post-hoc analysis to compare the percentage reduction from baseline tophus area at week 52 between subjects with average post-baseline serum urate concentrations less than 6.0 mg/dl and those with average concentrations of ≥6.0 mg/dl.  Analysis of variance was used to compare the percentage reduction from the baseline serum urate concentration in the secondary efficacy analysis, while the Wilcoxson rank-sum test was used in the clinical efficacy analysis to compare the percentage reduction from baseline tophus area and number of tophi. All reported P values were two-sided.  No interim analyses were performed. A sample of 750 subjects (250 per group) was targeted to provide 80 percent power to meet the noninferiority criteria and 90 percent power to detect a 15 percent difference between at least one febuxostat group and the allopurinol group for the primary end point, on the assumption of a true response rate of 60 percent for allopurinol and at least 64 percent for febuxostat.

	Criteria
	Inclusion criteria

· Adult subjects with gout and serum urate concentrations of at lease 8.0mg/dl who also met the preliminary criteria of the American College of Rheumatology for acute arthritis of gout.
Exclusion criteria

· Serum creatinine concentration > 1.5mg/dl or and estimated creatinine clearance rate of 
< 50ml/min/1.73m2 of body surface area 

· Pregnancy or lactation
· Use of urate-lowering agents, azathioprine, 6-mercaptopurine, thiazide diuretics, or medications containing aspirin (more than 325mg daily) or other salicylates; use of prednisone > 10mg daily; or a change in hormone-replacement therapy or oral-contraceptive therapy within the previous 3 months
· A body-mass index (BMI, weight in kg/height in meters2) > 50.
· History of xanthinuria, active liver disease, or hepatic dysfunction 
· History of alcohol abuse or an alcohol intake of > 14 drinks per week.

	Results
	Study Population – Of 1283 subjects screened, 762 were randomly assigned to treatment and 760 patients received at least one dose of the study drug; the numbers of patients in the treatment groups and their baseline characteristics are detailed in table 1.
Table 1: Baseline Characteristics of patients enrolled in FACT
Febuxostat

80mg/day

(n=256)
Febuxostat

120mg/day

(n=251)
Allopurinol

300mg/day

(n=253)
   All Subjects

      (n=760)

Age, yrs (mean)

  51.8
52.0
51.6
51.8
# males (%)
243(95)
243 (97)
243 (96)
729 (96)
Mean baseline urate concentration (mg/dl)
9.80
9.84
9.90
9.84
Mean # yrs with gout
11.5
12.6
11.6
11.9
Mean # pts w/ history or pre-sence of tophi (%)
59(23)
65(26)
62(25)
186(24)
Mean # pts with previous urate lowering tx (%)
112(44)
106(42)
113(45)
331(44)
Co-existing 
conditions (%)
   Mean BMI
32.7
32.3
32.6
32.5
   Renal impair
90(35)
98(39)
81(32)
269(35)
   Urolithiasis
49(19)
34(14)
40(16)
123(16)
   Use of low dose

   ASA
41(16)
51(20)
36(14)
128(17)
   Alcohol Use
171(67)
158(63)
173(68)
502(66)
Table 2: Primary Efficacy Endpoint (FACT)
Febuxostat 80mg/day
Febuxostat 120mg/day 

Allopurinol 300mg/day
Serum urate <6.0mg/dl a least 3 monthly visits; no pts/total no (%)
136/85
(53)
154/250

(62)
53/251

(21)
% Difference in proportions, 80mg febuxostat vs. allopurinol
328

(23.1-41.3)*
% Difference in proportions, 120mg febuxostat vs. allopurinol

41

(31.5-49.5)*
*97.55% CI: both p<0.001; febuxostat 80 and 120mg daily were deemed non-inferior to allopurinol 300mg daily
Table 3: Secondary Efficacy Endpoints (FACT)
Febuxostat 80mg/day
Febuxostat 120mg/day 

Allopurinol 300mg/day
Serum urate <6.0mg/dl at final visit; 

no pts/total no (%)[p value]
185/249 (74) [<0.001]
193/242 (80)

[<0.001]
88/242 (36)
% change in serum urate conc from baseline to final visit; mean ±SD [p value]
-44.73±19.10
[<0.001]*
-51.52±19.91
[<0.001]
-32.99±15.33
Serum urate <6mg/dl at last 3 visits, according to baseline concentration
   Baseline <9.0mg/dl
   no. pts/total no. (%)[p value]

43/75(57)
[<0.04]

50/69(72)
[0.001]

25/63(40)
   Baseline 9.0 to <10mg/dl
   no. pts/total no. (%)[p value]

44/75(59)
[<0.001]

60/81(74)
[<0.001]

19/80(24)
   Baseline ≥10.0mg/dl
   no. pts/total no. (%)[p value]

49/105(47)
[<0.001]

44/100(44)
[<0.001]

9/108(8)
Serum urate < 6.0mg/dl
   Week 2, no. pts/total no. (%)[p value]
196/245(80)
[<0.001;<0.03]**

211/241(88)
[<0.001]

98/235(42)
   Week 52, no. pts/total no. (%)[p value]
129/159(81)
[<0.001]

119/145(82)
[<0.001]

70/178(39)
*, **The difference was statistically significant for comparison with allopurinol and febuxostat 120mg, respectively.  All other p values showing statistically significant differences versus allopurinol only

Table 4: Clinical Endpoints (FACT)
Febuxostat 80mg/day
Febuxostat 120mg/day 

Allopurinol 300mg/day
Incidence of gout flares
   Day 1-week 8 (prophylaxis), 

   no. pts/total (%) [p value]
55/255(22)
[<0.001]*
90/250(36)
[<0.001]**
   Weeks 9-52

   no. pts/total

147/228(64)
150/215(70)
150/234(64)
   Weeks 49-52

   no. pts/total

13/167(8)
9/153(6)
20/185(11)
Tophus change from baseline at week 52

   No. of pts (median % Δ in area)
32(-83)
26(-66)
30(-50)
   No. of pts (median Δ in no. tophi/pt)
33(0)
28(-1)
35(0)
Table 5: Post-hoc Analysis (FACT)
Febuxostat 80mg/day
Febuxostat 120mg/day 

Allopurinol 300mg/day
Serum urate at final visit
   <5.0mg/dl; no. pts/total (%) [p value]
118/249(47)

[<0.001]*, **
160/242(66)

[<0.001]**
31/242(13)
   <4.0mg/dl; no. pts/total (%) [p value]

50/249(20)

[<0.001]*, **
100/242(41)

[<0.001]**
4/242(2)
For tables 4 and 5: 

     * The difference was statistically significant for comparison with febuxostat 120mg daily

     **The difference was statistically significant for comparison with allopurinol 300mg daily

Safety/Tolerability (FACT)
Common AEs:  Liver function test abnormalities were reported for 4-5% of patients given febuxostat 80 or 120mg daily, while the incidence of diarrhea was reported as 3% irrespective of dose. The incidence of liver function test abnormalities and diarrhea with allopurinol 300mg daily were 4 and 3%, respectively.

Other AEs associated with febuxostat were reported at 1-2% incidence (or less):  headaches, joint-related signs and symptoms, musculoskeletal and connective-tissue signs and symptoms, constipation, gastroesophageal reflux, nausea and vomiting, dizziness, dysgeusia, asthenia/fatigue, epigastric and stomach discomfort, rash, and peripheral edema.



	Conclusions
	The authors of FACT concluded that 

a) both febuxostat and allopurinol administration resulted in a prompt  and persistent reduction in serum urate concentration 

b)  febuxostat, at a daily dose of 80mg or 120mg, was more effective than allopurinol 300mg daily in lowering serum urate to a concentration <6.0 mg/dl 

c) similar reductions in gout flares and tophus area occurred in febuxostat and allopurinol treatment groups
d) the overall incidences of treatment-related adverse events were similar for all febuxostat (both strengths) and allopurinol. 


	Citation
	Schumacher HR, Becker MA, Wortmann RL et al. Effects of febuxostat versus allopurinol and placebo in reducing serum urate in subjects with hyperuricemia and gout: A 28-week, phase-III, randomized, double-blind, parallel-group trial. Arthritis Rheum 2008; 59(11):1540-48 (APEX).

	Study Goals
	To compare the safety and efficacy of orally administered febuxostat with placebo and allopurinol in subjects with hyperuricemia and gout and to assess the effects of treatment in subjects with impaired renal function

	Methods
	Study Design 

APEX was a phase III, randomized, double-blind, allopurinol- and placebo-controlled, parallel-group trial conducted in 167 sites in the US.
Primary Endpoint:   The primary endpoint was the proportion of subjects with the last 3 monthly serum urate levels <6.0mg/dl.    

Secondary endpoints:  
· The proportion of subjects with a serum urate level <6.0mg/dl at each visit

· The percent reduction of serum urate from baseline at each visit

· The proportion of subjects requiring treatment for a self-reported gout flare between weeks 8 and 28

· Reduction in the number of tophi at each visit for subjects with palpable tophi at baseline

Interventions:
· Subjects already receiving urate-lowering therapy underwent a two-week washout period before undergoing randomization (which was stratified by renal function)
· Subjects were randomly assigned to one of five groups: febuxostat 80mg, 120mg, or 240mg daily, allopurinol (dose dependent upon renal function) or placebo. 

· Prophylaxis against gout flares (naproxen 250mg twice daily or colchicine 0.6mg daily) was administered to all patients during the washout period and the first eight weeks of double blind treatment

· Serum urate levels, laboratory assessments, gout flares, adverse events, concomitant medications, and number and size of palpable tophi were monitored at visits every 4 weeks.
Data Analysis

All efficacy analyses were performed on an intent-to-treat population. Comparisons for the primary efficacy end point were made sequentially using a 3-step testing process first comparing each febuxostat group with placebo for superiority, followed by a test comparing each febuxostat group to allopurinol for non-inferiority, and concluding with a test comparing each febuxostat group to allopurinol for superiority. These and other pairwise comparisons were performed using a Cochran-Mantel-Haenszel (CMH) test with Hochberg’s method for multiple comparisons. An analysis of variance was utilized to analyze the percent reduction from baseline in serum urate levels at week 28 and final visits. Fisher’s exact test was used for pairwise comparison of adverse events, liver function test elevations, and primary reason for withdrawal among the groups.

A sample size of 1,000 subjects was targeted to provide adequate power to meet non-inferiority criteria between febuxostat and allopurinol, differences between each febuxostat group and placebo, and a 15% difference between ≥ 1 febuxostat group and the allopurinol group for the primary end point. An unequal randomization ration was chosen because a larger number of subjects were required to show non-inferiority between the febuxostat 80mg and 120mg groups and the allopurinol group than to show a difference between febuxostat and placebo. Febuxostat was included for safety assessment only; this, comparisons of this dose of febuxostat with allopurinol were not powered.

	Criteria
	Inclusion criteria

· 18 – 85 years of age
· Adult subjects with gout (defined by the preliminary criteria of the American College of Rheumatology) and hyperuricemia (serum urate level ≥8.0mg/dl) with normal [serum creatinine (Crs) ≤1.5mg/dl] or impaired (Crs >1.5 to ≤2.0mg/dl) renal function. 
Exclusion criteria

· Intolerance to allopurinol, naproxen, or colchicine

· History of renal calculi

· Alcohol intake ≥ 14 drinks per week
· Hepatic dysfunction with ALT and AST both >1.5 X the upper limit of normal

· Other significant medical conditions


	Results
	Study Population – Of 1641 subjects screened, 1072 were enrolled and randomized and 772 patients completed the study. The numbers of patients in the treatment groups and their baseline characteristics are detailed in table 1.
Table 1: Baseline Characteristics for patients in APEX
Placebo

(n=134)

Febuxostat

80mg/day

(n=267)
Febuxostat

120mg/day

(n=269)
Febuxostat

240mg/day

(n=134)
Allopurinol 

300mg/day

  (n=268)**
Mean age, yrs 

52

 51
51
54
52

Males, % 
92

 94
95
94
93

Mean no. yrs with gout
10
11
12
11
11
Mean no. pts w/ history or presence of tophi
44
62
79
36
76
Recent use of allopurinol (w/in 30 days of randomization)
27
83
84
44
78
Mean BMI
32

33

33

33

33

Mild to mod renal impairment*
5

9

11
5
10
Use of low dose ASA
30
46
39
34
34
* Crs >1.5 to ≤ 2.0mg/dl
** Ten subjects received 100mg and 258 subjects received 300mg allopurinol based on renal function

Table 2: Primary endpoint (APEX)
Placebo

(n=134)

Febuxostat

80mg/day

(n=267)
Febuxostat

120mg/day

(n=269)
Febuxostat

240mg/day

(n=134)
Allopurinol 

300mg/day

  (n=268)*
Proportion of all subjects with last 3 monthly serum urate levels <6.0mg/dl (%)
0
(0)

 126/2621
(48)
175/2692
(65)
91/1342
(68)
60/2683
(22)

* Ten subjects received 100mg and 258 subjects received 300mg allopurinol based on renal function
1 Statistically different from results obtained in all subjects from placebo, allopurinol, and febuxostat 120 or 

  240mg (all p<0.001) and versus allopurinol in subjects with impaired renal function (p<0.05)
2 Statistically different from results obtained in all subjects from placebo and allopurinol (both p<0.001) and

   versus allopurinol in subjects with impaired renal function (p<0.05)

3Statistically different from results obtained in all subjects from placebo (p<0.001)

Table 3: Secondary endpoints (APEX)
Placebo

(n=134)

Febuxostat

80mg/day

(n=267)
Febuxostat

120mg/day

(n=269)
Febuxostat

240mg/day

(n=134)
Allopurinol 

300mg/day

  (n=268)*

Proportion of subjects with a serum urate level <6.0mg/dl at each visit (%)
· Week 28 

· Final Visit
1/99(1)
1/127(1)

122/161(76)1
183/253(72)1
163/188(87)2
209/265(79)1
78/83(94)2
116/126(92)3
85/208(41)4
102/263(39)4
Percent reduction of serum urate from baseline at each visit

· Week 28

· Final Visit
-4

-3

-48

-45

-55

-52

-68

-66

-34

-34

Proportion of subjects requiring treatment for a self-reported gout flare between weeks 8 and 28
There were no statistically significant differences in the proportion of subjects requiring treatment for gout flares observed between the treatment groups

Reduction in the number of tophi at each visit for subjects with palpable tophi at baseline

No significant differences in the number or size of tophi were observed between treatment groups with the exception of a 1% decrease in the number of tophi observed with febuxostat 120mg versus placebo at week 28 (p≤0.05).
( footnotes following page)

* Ten subjects received 100mg and 258 subjects received 300mg allopurinol based on renal function
1 Statistically significant versus placebo (p≤0.05) and versus allopurinol (p≤0.05)

2 Statistically significant versus placebo, versus allopurinol, and versus febuxostat 80mg (all p≤0.05)

3 Statistically significant versus placebo, versus allopurinol, versus febuxostat 80mg, and versus febuxostat 

   120mg (all p≤0.05)

4 Statistically significant versus placebo (p≤0.05)

Safety/Tolerability (APEX)
The occurrence rates for drug-related adverse events and/or study discontinuation due to adverse events were similar across treatment groups and were typically mild or moderate in severity. The incidences of diarrhea and dizziness were more frequent in the febuxostat 240mg group. No other events showed any stepwise increase in rates with dose escalation of febuxostat.

Adverse events leading to study discontinuation occurred in 78 subjects: abnormal findings on liver function tests (n=12), diarrhea (n= 8) and rash (n=8) were the most common reasons for study discontinuation. Withdrawals due to gout flares were more common in the febuxostat groups; this was attributed to increased mobilization of urate crystals due to the more abrupt lowering of serum urate with febuxostat compared to allopurinol.

There were no deaths reported during the study.

	Conclusions
	The authors of APEX concluded that treatment with febuxostat 80mg, 120mg, or 240mg daily for 28 weeks effectively reduced serum urate concentrations in patients with hyperuricemia and gout and that those effects were significantly better than those obtained by administration of allopurinol 100mg or 300mg daily or placebo. Febuxostat appeared effective in subjects with renal impairment.


	Citation
	Schumacher HR, Becker MA, Lloyd E et al. Febuxostat in the treatment of gout: 5-yr findings of the FOCUS efficacy and safety study. Rheumatology 2009; 48:188-194 (FOCUS).

	Study Goals
	To evaluate the durability of febuxostat urate-lowering and the clinical efficacy, safety, and tolerability of febuxostat-induced serum urate reduction and maintenance at sub-saturating levels.

	Methods
	Study Design 

FOCUS was a 5 year open-label extension of a 28-day Phase II trial* comparing febuxostat with allopurinol and placebo which was conducted in 23 centers in the US. 
*Becker MA, Schumacher HR, Wortmann RL et al. Febuxostat, a novel nonpurine selective inhibitor of xanthine oxidase. A twenty-eight day, multicenter, phase II, randomized, double-blind, placebo-controlled, dose-response clinical trial examining safety and efficacy in patients with gout. Arthritis and Rheumatism 2005; 52(3): 916-923.
Primary efficacy endpoint:   The primary endpoint was the proportion of subjects that achieved and maintained a serum urate <6.0mg/dl.    

Secondary efficacy endpoint:  The secondary endpoint was percent reduction of serum urate from baseline.
Additional efficacy endpoints:
· The proportion of subjects with a serum urate level <5.0 and <4.0m
· The proportion of subjects requiring treatment for gout flare
· Resolution of palpable tophi

Interventions:
· Each subject received febuxostat 80mg daily for 4 weeks; titration of dose between weeks 4 and 24 was titrated among doses of 40mg, 80mg or 120mg to maintain serum urate between 3.0 and 6.0mg/dl, to respond to an adverse event, or at the discretion of the investigator. Subjects were required to have received a stable dose for 4 weeks by week 28.
· All subjects were given colchicine prophylaxis (0.6mg twice daily) for the first 4 weeks of the study.
· At each visit, gout flares were recorded and treated at the investigator’s discretion with colchicine, NSAIDs, analgesics, or corticosteroids.
Data Analysis

Baseline data were obtained prior to treatment in the previous study: baseline serum urate was defined as the value obtained 2 days prior to the 28-day double-blind study period, while uric acid production status of each participant was determined by assessment of 24-hr urinary excretion.  Overproducers were defined by daily excretion of >800mg, underexcreters had a daily urinary output of ≤800mg. 

The number and percentage of subjects that achieved the primary efficacy endpoint, serum urate of <6.0mg/dl, at weeks 28, 52, 80, 104, 156, 208, and 260 were determined. Summary statistics were also generated at each study visit for secondary efficacy endpoints.


	Criteria
	Inclusion criteria

· All patients met the American College of Rheumatology preliminary criteria for acute arthritis of primary gout
· Females subjects either had to be surgically sterile, using acceptable methods of contraception, or post-menopausal to participate 

Exclusion criteria

· Serum creatinine (Crs) >1.5mg/dl, or calculated creatinine clearance (CrCl)<50ml/min (subjects with mild or moderate renal impairment, Crs >1.5mg/dl, or CrCl>50 but ≤80ml/min, were included in the study)

· Concurrent therapy with urate-lowering agents; azathioprine, 6-mercaptopurine, medications containing >325mg ASA , or other salicylates

· BMI > 50kg/m2
· History of xanthinuria, active liver disease, or hepatic dysfunction

· Changes in thiazide or steroid therapy within one month, or in hormone replacement or oral contraceptive therapy within 3 months of the study

· Pregnancy or lactation
· History of alcohol abuse or alcohol intake ≥ 14 drinks per week

	Results
	Study Population – Of 145 subjects completing the 28-day phase II trial, 116 enrolled in the extension study. By week 24, the dose of febuxostat had stabilized at 40mg (n=8), 80mg (n=79), or 120mg daily (n=29). Fifty-eight patients discontinued therapy prematurely, most within the first year (n=38). A summary of baseline characteristics for the 116 enrollees is listed in table 1.
Table 1: Baseline Characteristics for patients enrolled in FOCUS
All subjects (n=116)

Mean age, yrs

53.3

Males, % 
105(91)

Mean BMI (% greater than 30)
32.9(67)

Mild to mod renal impairment*(%)
68(59)

Mean serum urate, mg/dl (range)
9.7(7.7-16.1)

Uric acid production, n (%) **
     Underexcretors
88(76)
     Overproducers

26(22)
Mean no. pts with tophi present
26(22)
*serum creatinine >1.5mg/dl, or CrCl>50 but ≤80ml/min 
** Two patients missing from this analysis

Table 2:  Primary efficacy endpoint – number and percentage of patients with serum urate < 6.0mg/dl

                (FOCUS)
         Visit

Febuxostat

40mg/day,

n/N (%)
Febuxostat

80mg/day,

n/N (%)
Febuxostat

120mg/day,

n/N (%)
All Subjects

   n/N (%)

Week 28
 5/10 (50)
54/58(93)
11/17(65)
70/85(92)

Week 52

4/7(57)

47/55(85)

12/18(67)

63/80(79)

Week 80

4/8(50)

41/50(82)

8/14(57)

53/72(74)

Week 104

5/8(63)

37/49(76)

12/13(92)

54/70(77)

Week 156

4/6(67)

38/45(84)

12/13(92)

54/64(84)

Week 208

5/6(83)

36/39(92)

11/13(85)

52/58(90)
Week 260

6/5(100)
38/41(93)
10/11(91)
54/58(93)
Final Visit*
8/8(100)
65/79(82)
22/27(81)
95/114(83)
* Two subjects did not have a qualifying post-baseline serum urate assessment 

Secondary efficacy endpoint (FOCUS) – Among all subjects, mean % reduction in serum urate from baseline ranged from 45 to 59% across all visits. Across doses, the % reductions in serum urate were similar at the final visit, with % reductions from baseline of 49.2, 47.1, and 50.7% for febuxostat doses of 40, 80, and 120mg, respectively.
 Additional efficacy endpoints (FOCUS) – The proportion of subjects with a serum urate level <5.0 and <4.0m were 47 (66%) and 11(28%), respectively. The percentage of subjects that received treatment for gout flares throughout the study, by maintenance dose, was 75% (6/8) taking febuxostat 40mg; 47% (37/79) taking febuxostat 80mg; and 41% (12/29) of those taking febuxostat 120mg. Over time, the percentage of subjects requiring treatment for gout flares declined to zero by the fifth year of treatment. Resolution of tophi occurred in 18 of the 26 subjects (69%) with one or more palpable tophus at baseline.
Safety/Tolerability (FOCUS)
Adverse events (AEs) were reported by 91% (106/116) of the subjects during the study. The majority of AEs were mild or moderate in severity; however, serious AEs were reported by 18% (21/116) and the majority of these resulted in hospitalization. Atrial fibrillation was the most common serious AE but was not felt to be due to febuxostat. Thirteen subjects reported an AE as the primary reason for discontinuation of febuxostat; two reasons for withdrawal from the study were believed to be related to febuxostat: abnormal liver function tests (n=3) and increased serum creatinine (n=2). No deaths occurred during the study. 

	Conclusions
	The authors of FOCUS concluded that treatment with febuxostat for up to 5 years results in a sustained reduction in serum urate, and that subjects that maintain a serum urate <6.0mg/dl have infrequent gout flares and reduction in the presence of tophi.


	Citation
	Becker MA, Schumacher HR, MacDonald PA et al. Clinical Efficacy and safety of successful longterm urate lowering with febuxostat or allopurinol in subjects with gout. J Rheumatol 2009:36(6):1273-1282. (EXCEL)

	Study Goals
	To evaluate longterm clinical efficacy and safety of febuxostat at 80mg and 120mg daily and allopurinol 300mg daily.

	Methods
	Study Design 

EXCEL was an up to 40-week open-label extension of two phase-III trials*, ** comparing febuxostat with allopurinol, which enrolled 1086 subjects.
*Becker MA, Schumacher HR, Wortmann RL et al. Febuxostat, a novel nonpurine selective inhibitor of xanthine oxidase.  A twenty-eight day, multicenter, phase II, randomized, double-blind, placebo-controlled, dose-response clinical trial examining safety and efficacy in patients with gout. Arthritis and Rheumatism 2005;52(3): 916-923.
** Febuxostat compared with allopurinol in patients with hyperuricemia and gout. N Engl J Med 2005; 353:2450-61. (FACT)
Primary efficacy endpoint:   The primary endpoint of EXCEL was the proportion of subjects with a serum urate <6.0mg/dl (evaluated at each visit).    

Secondary efficacy endpoints (EXCEL):  
· Percentage reduction of serum urate from baseline.

· Proportion of subjects with a serum urate decreasing to <6mg/dl across treatment changes
· Reduction in the incidence of gout flares requiring treatment
· Reduction in the size or disappearance of the index tophus
Interventions:
· Subjects enrolled under the original study protocol (n=351) received febuxostat 80mg daily; during the first 6 months of treatment, titration of dose (to or from 120mg daily) was allowed to maintain serum urate in the target range, >3.0 and ≤6.0mg/dl or to respond to an adverse event.

· To include an allopurinol treatment arm to the study, the remaining subjects (n=735) were randomly assigned to received febuxostat 80mg, febuxostat 120mg, or allopurinol 100 or 300mg daily. Assignment of allopurinol dose was determined by renal function; subjects with serum creatinine (Crs) ≤1.5mg/dl received 300mg daily, while those with Crs  >1.5 and ≤ 2.0mg/dl received 100mg daily.

· Subjects were required to have received a stable daily maintenance dose by the end of month 6 of the trial.
· Subjects with 3 consecutive serum urate assessments were withdrawn from the study unless determined to be due to alcohol/diet or non-compliance with the study drug. 

· All subjects were given naproxen (250mg twice daily) or colchicine (0.6mg daily) for the first 2 months of the study to reduce the risk of gout flares. Gout flares were recorded and treated at the investigator’s discretion with colchicine, NSAIDs, analgesics, or corticosteroids.
· Physician examination and assessments of serum urate, gout flares, number and size of palpable tophi, laboratory tests, adverse events, and concomitant medications were recorded every 2 months and at the final visit.
Data Analysis

Baseline data were obtained prior to treatment in the previous study.  Efficacy variables specifically comparing serum urate in response to febuxostat (at either dose) and allopurinol were reported by initial treatment which summarized subjects by drug and/or dose to which the subject was initially assigned. Responses of serum urate to urate-lowering treatment after the permitted titration period were reported by final maintenance treatment group. Gout flares and tophus changes were also summarized by maintenance treatment each subject was receiving. Adverse events were reported by treatment at observation.  All statistical tests were 2-sided at the 0.05 significance level.

	Criteria
	Inclusion criteria

· Adult subjects with gout and serum urate concentrations of at lease 8.0mg/dl who also met the preliminary criteria of the American College of Rheumatology for acute arthritis of gout.
· Females subjects either had to be surgically sterile, using acceptable methods of contraception, or post-menopausal to participate 

Exclusion criteria

· Serum creatinine concentration > 1.5mg/dl or and estimated creatinine clearance rate of 

< 50ml/min/1.73m2 of body surface area 
· Concurrent therapy with urate-lowering agents; azathioprine, 6-mercaptopurine, medications containing >325mg ASA , or other salicylates; recent changes in thiazide therapy or a change in hormone-replacement therapy or oral-contraceptive therapy within the previous 3 months
· BMI > 50kg/m2
· History of xanthinuria, active liver disease, or hepatic dysfunction

· Pregnancy or lactation

· History of alcohol abuse or alcohol intake ≥ 14 drinks per week

	Results
	Study Population – Of the 1,280 subjects who completed one of two phase-III double-blind trials, 1,086 were enrolled in the extension study. Six hundred and sixty-four (664) subjects completed the study, with duration of treatment ranging from 31 to 40 months. Premature discontinuation of treatment typically occurred within the first year of treatment; the most common identifiable reasons for discontinuation of febuxostat (either dose) were adverse reactions or therapeutic failure, while the most common reason for discontinuation of allopurinol was therapeutic failure. A summary of baseline characteristics for the 1,086 enrollees is listed in table 1.
Table 1: Baseline Characteristics of patients enrolled in EXCEL
    Febuxostat 

        80mg

       n=649

    Febuxostat

       120mg

       n= 292

       Allopurinol     

           n=145

Mean age, yrs

51.4
50.9
51.0
Mean BMI 
32.3
33.2
33.8
Renal function, n (%)
    Normal

636(98)

286(97.9)

144(99.3)

    Impaired

13(2)

6(2.1)

1(0.7)

Mean serum urate, mg/dl, n (%) 
    <9.0

183(28.2)

97(33.2)

36(24.8)

     9.0 to < 10.0

219(33.7)

90(30.8)

54(37.2)

    ≥ 10.0

247(38.1)

105(36.0)

55(37.9)

Pts with at least one tophus present, n (%)
214(20)

*impaired renal function defined as serum creatinine >1.5mg/dl 

Table 2:  Primary efficacy endpoint – number and percentage of patients with serum urate < 6.0mg/dl

                 in EXCEL
    Febuxostat 

        80mg

       n=649

    Febuxostat

       120mg

       n= 292

       Allopurinol     

           n=145

 Month 1
501/620 (81)
241/277 (87)
64/139(46)
 Month 2
483/607(80)
212/262(81)
58/120(48)
 Month 4
434/535(81)
191/229(83)
46/83(55)
 Month 8
391/449(87)
167/185(90)
37/51(73)
Month 12
375/422(89)
145/168(86)
37/45(82)
Month 16
350/403(87)
142/164(87)
35/43(81)
Month 20
340/388(88)
134/156(86)
33/40(83)
Month 24
325/364(89)
123/141(87)
33/42(79)
Month 28
255/284(90)
63/70(90)
19/22(86)
Month 32
157/180(87)
51/57(89)
14/14(100)
Month 36

109/120(91)
43/47(92)
9/10(90)
Month 40

6/6(100)
-
-
Secondary efficacy endpoints (EXCEL)
· Mean percentage reductions from baseline serum urate at the last visit on initial treatment were 47%, 53%, and 32% for febuxostat 80mg, febuxostat 120mg and allopurinol , respectively.
· For subjects who changed treatments as a result of failure to achieve a serum urate goal of <6.0mg/dl on initial treatment:
· Of 102 subjects who did not achieve goal on febuxostat 80mg, 62 (61%) achieved goal with febuxostat 120mg

· Of 24 subjects who did not achieve goal on either 80mg or 120mg febuxostat daily, 4 (17%) achieved goal with allopurinol 300mg daily
· Of 78 subjects who did not achieve goal with allopurinol, 32/78 (41%) achieved goal with febuxostat 80mg and 18/78 (23%) achieved goal with administration of febuxostat 120mg daily
· Gout flares increased sharply immediately after prophylaxis withdrawal at the end of week 8 but then decreased over time for all treatment groups. As goal urate levels were maintained in >80% of subjects in the entire remaining treatment population at each visit, gout flare was reported in < 4% of subjects after 18 months of urate lowering therapy.

· Among subjects with tophi, longterm maintenance of the goal urate range was accompanied by reductions in the areas of index tophi and by the proportion of index tophi undergoing complete resolution.
Safety/Tolerability (EXCEL)
When adjusted for duration of exposure, total adverse events (AEs) and serious adverse events (SAEs) were similar across all treatment groups. All deaths (n=10) occurred in patients assigned to febuxostat (6 of the 10 deaths were cardiovascular). Statistically significant mean increases from baseline for aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were observed for all 3 treatments; however, the mean increases in AST or ALT from baseline to the final visit in any of the 3 treatments were transient and small (≤ 3 times the upper limit of normal). Regardless, liver function test abnormalities were cited as the reason for withdrawing subjects in 9, 4 and 2 subjects in the febuxostat 40mg, febuxostat 80mg and allopurinol treatment groups, respectively.

	Conclusions
	In EXCEL, durable maintenance of goal range serum urate level with either dose of febuxostat or allopurinol resulted in most patients attaining a serum urate <6.0mg/dl, near elimination of gout flares, and improved tophus status.


Appendix 2: Major Unpublished Clinical Trial for Febuxostat

	Citation
	Unpublished, except in abstract form as Becker MA, Schumacher HR, Espinoza L et al. A phase III, randomized, controlled, multicenter, double-blind trial (RCT) comparing efficacy and safety of daily febuxostat (FEB) and allopurinol (ALLO) in subjects with gout, presented at: American College of Rheumatology/Association of Rheumatology Health Professionals Scientific Meeting, October 24-29, 2008; San Francisco, CA, abstract L11, p. 57.  Data on file, Takeda Pharmaceuticals North America, Inc. Also see: Febuxostat 40 and 80mg, NDA No. 21-856, Briefing Document for Advisory Committee, Division of Anesthesia, Analgesia, and Rheumatology products, FDA Advisory Committee Meeting, 24 November, 2008 and study #F-GT06-153 at www.clinicaltrials.gov (CONFIRMS)

	Study Goals
	To compare the efficacy and safety of febuxostat 40mg and 80mg to allopurinol in patients with hyperuricemia and gout, including patients with mild or moderate renal impairment.

	Methods
	Study Design 

CONFIRMS was a 6 month phase-III, randomized, controlled, double-blind trial comparing febuxostat with allopurinol in patients with normal renal function and in patients with mild or moderate renal impairment. Enrollment included 2269 patients at 324 sites.
Primary efficacy endpoint:   The primary endpoint of CONFIRMS was the proportion of subjects with a serum urate <6.0mg/dl at the final visit.    

Secondary efficacy endpoints (CONFIRMS):  

· Proportion of patients with mild-to-moderate renal impairment achieving serum urate of <6.0mg/dl at the final visit
· Proportion of patients with serum urate <6.0 mg/dl at each scheduled visit
· Proportion of patients with serum urate <5.0 mg/dl at each scheduled visit 
· Proportion of patients with serum urate <4.0 mg/dl at each scheduled visit

· Percentage reduction from baseline in serum urate at each scheduled visit

Interventions:

· A 30-day washout period occurred for patients who previously received allopurinol or uricosuric therapy. During this period patients received gout flare prophylaxis (colchicine 0.6mg daily or naproxen 250mg twice daily + lansoprazole 15mg once daily).

· Subjects received febuxostat 40mg daily; febuxostat 80mg, or allopurinol {dose based on renal function: normal renal function or mild impairment [creatinine clearance (CrCl) 60-89 ml/min], 300mg; moderate renal impairment (CrCl 30-59 ml/min), 200mg}. All patients received gout flare prophylaxis for the entire 6 months,
· Every 2 months and at the final visit, all patients had the following assessments and/or evaluations: serum urate level, physical exam, vital signs, renal function, compliance with study medications, laboratory tests, assessment of concomitant medications, gout flares, and adverse effects.
Data Analysis

Efficacy endpoints were evaluated in the intent to treat population, which consisted of all randomized patients who received at least 1 dose of study drug and had baseline serum urate ≥8 mg/dl. Safety analyses were conducted on all patients who received at least 1 dose of study drug. All deaths and potential cardiovascular events were prospectively evaluated by an independent committee and adjudicated to 1 of the predefined endpoints from the Antiplatelet Trialists' Collaboration (ATPC): cardiovascular death, nonfatal MI, and nonfatal stroke. Comparisons for the primary efficacy variable to allopurinol were done sequentially using a closed testing procedure within each of 2 steps: the febuxostat groups were each compared to the allopurinol group to test for non-inferiority and then each febuxostat treatment group shown to be non-inferior to allopurinol was tested for superiority to allopurinol. Treatment comparisons were made using Fisher’s exact test with two-tailed 0.05 significance level.

	Criteria
	Inclusion criteria

· Adult subjects 18 to 85 years of age with gout and serum urate concentrations of at lease 8.0mg/dl who also met the preliminary criteria of the Amer Col of Rheumatology for acute arthritis of gout.

Exclusion criteria

· Estimated CrCl <30 ml/min

· Received previous urate lowering therapy within 30 days of enrollment

· History of: clinically unstable myocardial infarction or stroke; cancer; xanthinuria; secondary hyperuricemia; rheumatoid arthritis requiring treatment; other significant medical conditions including active peptic ulcer disease
· Pregnancy or lactation

· Active liver disease or hepatic dysfunction: ALT or AST >1.5 x ULN History of alcohol abuse or alcohol intake >14 drinks/week

· Prednisone >10 mg daily or history of intolerance to any study agent (febuxostat, allopurinol, naproxen/NSAIDs, colchicine, lansoprazole, aspirin) 

	Results
	Study Population – A total of 2269 patients were randomized and assigned to 1 of 3 treatment

groups: febuxostat 40 mg (n=757); febuxostat 80 mg (n=756); or allopurinol 300/200 mg (n=756)

daily. One patient in the allopurinol group did not meet inclusion criteria at baseline and was

not included in the efficacy analysis. The baseline characteristics and disposition for the patients enrolled in CONFIRMS are summarized in tables 1 and 2, respectively.

Table 1: Baseline Characteristics of patients enrolled in CONFIRMS
   All Patients

     n= 2269 

Gender, male (%)

2141 (94%)

Age, mean years

52.8

BMI (kg/m2), mean 

32.8

Number of years with gout, mean

11.6

History or presence of tophi, n (%)

478 (21%)

Alcohol use, n (%)

1549 (68%)

Renal impairment, n (%) 

    Mild, CrCl 60-89ml/min

1081 (48%)

    Moderate, CrCl 30-59 ml/min

402 (18%)

Table 2: Patient disposition in CONFIRMS
    Febuxostat 

        40mg

    Febuxostat

        80mg

       Allopurinol     

     300/200 mg

Randomized and received ≥ 1 dose, n

757

756

7561
Number included in intent to treat population, n
757
756
755
Completed Study, n  

632
598
621
Discontinuations, n
    Adverse event
49
61
64
    Protocol violation
10
2
4
    Personal reasons 

12
24
9
    Lost to follow-up
28
33
28
    Therapeutic failure
1
1
1
    Withdrew consent
14
20
16
    Gout Flare

            3

            7

             2

    Did not meet inclusion/exclusion criteria

            2

    Other

            8                          

            8

            11

1 Allopurinol 300mg, n=611; allopurinol 200mg n=145
Primary endpoint (CONFIRMS): Febuxostat 80 mg demonstrated superior efficacy to allopurinol in reducing final visit serum urate to <6.0 mg/dl while febuxostat 40 mg showed equivalent efficacy to allopurinol in reaching the primary endpoint (table 3).
Secondary endpoints (CONFIRMS): Both febuxostat 40 mg and 80 mg were more effective than allopurinol in lowering serum urate to <6.0 mg/dl by final visit in patients with mild-to-moderate renal impairment (table 3). In addition, a higher proportion of patients receiving febuxostat 80 mg reached serum urate target (<6.0, <5.0, or <4.0 mg/dl) at final visit compared to allopurinol and febuxostat 40 mg. 
Incidence of gout flares: The overall proportion of patients requiring treatment for a gout flare from day 1 through month 6 was 31%, 31%, and 25% for febuxostat 40 mg, febuxostat 80 mg, and allopurinol groups, respectively (table 3). Tophi were not assessed after baseline.
Table 3: Serum urate endpoints and incidence of gout flares in CONFIRMS 

    Febuxostat 

        40mg

    Febuxostat

       80mg

      Allopurinol     

     300/200mga 
Final visit, % (n/N)
      < 6.0 mg/dl (Primary endpoint)
45 (342/757)
67b,c (507/756)b
42 (318/755)
      < 6.0 mg/dl at final visit, pts with
        mild/moderate renal impairment

50a (238/757)c
72a,b (360/503)c
42 (212/501)
      < 5.0 mg/dl at final visit 
17 (125/757)
44d (333/756)
13 (100/755)
      < 4.0 mg/dl at final visit
3 (19/757)
18d (132/756)
2 (11/755)
< 6.0 mg/dl at each visit, %
      Month 2
49d
74b,c
43
      Month 4
47
75b,c
46
      Month 6
49
75b,c
47
Reduction in serum urate, final visit (%)
33d
41b,c
31
Gout flare incidence

      Month 2

19d

20d

15

      Month 4

13

15d

11

      Month 6

13d

13d

8

      Total

31d

31d

25

a Based on renal function: moderate renal impairment (n=145) allopurinol 200 mg; normal renal function (n=254) or mild impairment (n=356) received allopurinol 300 mg

b p<0.001 vs allopurinol

c p≤0.001 vs febuxostat 40 mg

d p≤0.05 vs allopurinol
Safety/Tolerability (CONFIRMS)
There was no significant difference in incidences of treatment-emergent adverse events (AEs) between groups. The most frequent treatment-emergent AEs for the febuxostat and allopurinol groups were upper respiratory tract infections (7-9%), liver function test (LFT) abnormalities (7-8%), diarrhea (6-8%), and musculoskeletal or connective tissue signs/symptoms (4-6%). No significant differences were found between patients with normal renal function and patients with renal impairment. 

The most common AEs leading to treatment discontinuation were LFT abnormalities (febuxostat 40 mg n=14;febuxostat 80 mg n=9; allopurinol n=7) and diarrhea (febuxostat 40 mg n=6; febuxostat 80 mg

n=8, allopurinol n=7). One patient on allopurinol had treatment discontinued because of a drug hypersensitivity reaction (exfoliate rash).
The majority of treatment-emergent AEs were mild to moderate in severity. Among all treatment groups, 78 patients (3.4%) experienced serious AEs: 2.5% in the febuxostat 40 mg group, 3.7% in the febuxostat 80 mg group, and 4.1% in the allopurinol group.

Rates of cardiovascular events were low; no statistically significant difference occurred between treatment groups for number of adjudicated Antiplatelet Trialists Collaboration (APTC) events. There were 5 deaths in the study: 3 in the allopurinol group, 1 in the febuxostat 40 mg group, and 1 in the febuxostat 80 mg group. No deaths were considered related to study drug.

	Conclusions
	In CONFIRMS, significantly more subjects with mild-to-moderate renal impairment receiving febuxostat 80mg or febuxostat 40mg achieved the target serum urate level of <6.0 mg/dl compared to subjects receiving allopurinol. The safety and tolerability of febuxostat and allopurinol were similar across the treatment groups in the doses studied.
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