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Executive Summary
Description:
Pegloticase is a PEGylated uric acid specific enzyme (uric acid oxidase or uricase) that was FDA approved in 2010 for use in patients with gout refractory to conventional therapy. Refractory gout occurs in patients whose signs and symptoms are not well controlled with conventional therapy for gout at maximally therapeutic doses or for whom these drugs are contraindicated. 
Efficacy:
In one phase II and two replicate phase III clinical trials, pegloticase reduced plasma uric acid to <6 mg/dl in all patients within a few hours of the initial infusion. Plasma uric acid levels were maintained at <6 mg/dl for at least 80% of the study period in 92% of patients treated for 3 months (phase II trial) and in 42% of patients treated for 6 months (pooled results, phase III studies). The FDA approved dose of 8 mg administered as an intravenous infusion every two weeks resulted in resolution of at least one tophus in 40% of patients vs. 7% with placebo (p=0.002). Two case reports also demonstrated resolution or improvement in tophi after treatment with pegloticase for three months. Gout flare (incidence and frequency) was higher in the pegloticase treated groups vs. placebo (75% vs. 53%, p=0.02) for the first three months of treatment but was reduced in months four through six (41% vs. 67%, respectively, p=0.007). Other endpoints favoring treatment with pegloticase vs. placebo included reduction in tender joint count, change in pain and physical function and quality of life. 
Safety:
Pegloticase was associated with a relatively high incidence rate of serious adverse events (24%) in the phase III studies, including infusion reactions (26%) and anaphylaxis (5%) leading to discontinuation of treatment in nearly 20% of patients. Development of antibodies against pegloticase appeared to result in both loss of initial response and a higher risk for infusion reactions. Anti-pegloticase antibodies were detected in 134/150 (89%) patients, early in treatment. Of the 74 patients with an initial response who later lost their response to pegloticase, 72 of these patients did so by the fourth month of treatment. The presence of anti-pegloticase antibodies appears to result in loss of the initial response in patients exceeding a certain antibody titer. In 52 patients with antibody titers exceeding 1:2430, only 1 patient maintained a response to therapy. In patients with antibody titers exceeding 1:2430, infusion reactions occurred in 31/52 (60%) of patients vs. 16/84 (19%) of patients whose antibody titers did not exceed that threshold (p<0.001).  A post-hoc analysis suggested that a loss of urate-lowering efficacy preceded infusion reactions in 91% of patients receiving infusions every two weeks. Therefore, serum uric acid should be monitored prior to infusions and if urate levels increase to >6 mg/dl, especially when two consecutive levels >6 mg/dl are observed, discontinuation of treatment with pegloticase should be strongly considered. In the phase III trials, there were a few more cardiovascular related events that occurred in the pegloticase vs. the placebo group. Although the FDA advisory committee could not reach consensus with regard to a cardiovascular signal for pegloticase, there was agreement that cardiovascular events should be monitored post-marketing.
Aside from infusion reactions and anaphylaxis, other adverse events occurring in 5% of patients or more include gout flare, nausea, contusion or bruising, nasopharyngitis, chest pain and vomiting. 
Contraindication:
Because of the risk for hemolysis and methemoglobinemia, pegloticase is contraindicated in patients with Glucose-6-phosphate dehydrogenase (G6PD) Deficiency.
Warning and Precautions:
WARNING: ANAPHYLAXIS AND INFUSION REACTIONS 
Anaphylaxis and infusion reactions have been reported to occur during and after administration of KRYSTEXXA. [See Warnings and Precautions]
Anaphylaxis may occur with any infusion, including a first infusion, and generally manifests within 2 hours of the infusion. However, delayed-type hypersensitivity reactions have also been reported.
KRYSTEXXA should be administered in healthcare settings and by healthcare providers prepared to manage anaphylaxis and infusion reactions.
Patients should be premedicated with antihistamines and corticosteroids. Patients should be closely monitored for an appropriate period of time for anaphylaxis after administration of KRYSTEXXA. 
Monitor serum uric acid levels prior to infusions and consider discontinuing treatment if levels increase to above 6 mg/dL, particularly when 2 consecutive levels above 6 mg/dL are observed.
Warning copied from manufacturer product labeling
Dosage and Administration:
· The recommended dose of pegloticase is 8 mg given as an intravenous infusion every 2 weeks. At this time, it is unknown whether there is an optimal duration of treatment. 
· Infuse the pegloticase solution over no less than 120 minutes via gravity feed, syringe-type pump or infusion pump. Do not administer pegloticase as an IV push or bolus. 
· Patients should be pre-treated prior to the infusion with antihistamines and corticosteroids to minimize the risk of anaphylaxis and infusion-related reactions. Administration of pegloticase should be done in a healthcare setting and by healthcare providers prepared to manage anaphylaxis and infusion reactions. Patients should be observed for an appropriate period of time following completion of the infusion.
· It is recommended that gout flare prophylaxis (e.g., colchicine or nonsteroidal anti-inflammatory drugs) be initiated at least one week prior to the first infusion of pegloticase and continued for at least the first 6 months of pegloticase therapy unless contraindicated or unable to tolerate.
Monitoring:
Patients who develop antibodies to pegloticase may lose their therapeutic response and be at a higher risk for anaphylaxis and infusion reactions. Therefore, serum uric acid should be monitored prior to infusions and if levels increase to >6 mg/dl, especially when two consecutive levels >6 mg/dl are observed, discontinuation of treatment with pegloticase should be strongly considered. 
If an infusion reaction occurs during the pegloticase administration, the infusion can be slowed or stopped and restarted at a slower rate, at the discretion of the physician. Since infusion reactions can occur after the infusion has completed, it is recommended that patients be observed for at least an hour post-infusion.
Updated Labeling:
In April 2012, the FDA approved updated labeling warning against combining pegloticase with other urate-lowering therapies because of the concern that other urate-lowering therapies may mask antibody development by blunting a rise in uric acid levels attributable to loss of pegloticase effectiveness due to antibody development.
Pegloticase may offer a potential therapy for those patients with refractory gout associated with severe morbidity and reduced quality of life despite an adequate therapeutic trial (at least 3 months) of conventional gout therapies (e.g., allopurinol and febuxostat, etc.) used at maximally therapeutic doses. Reversible causes of gout should be considered and managed, as indicated (alcohol intake, excessive consumption of purine rich foods [meat and seafood], obesity, medications [diuretics, niacin, low dose aspirin, tacrolimus, cyclosporine, etc.]. Because of the potential for serious adverse events associated with its use, including infusion reactions, anaphylaxis, etc. and a high rate of loss of response, prescribing of pegloticase should be restricted to VA Rheumatology or locally designated expert for appropriate patient selection, monitoring and follow up. Uric acid levels must be performed prior to each infusion. If uric acid levels exceed 6 mg/dl on two occasions, therapy with pegloticase should be discontinued. 
Introduction
Pegloticase (Krystexxa®) is a PEGylated uric acid specific enzyme (uric acid oxidase or uricase) that was FDA approved in September 2010 for use in patients with gout refractory to conventional therapy. Refractory gout includes those patients whose serum uric acid has not normalized despite use of conventional gout therapies and whose signs and symptoms are not controlled with maximally therapeutic doses of xanthine oxidase inhibitors (e.g., allopurinol and febuxostat) or for whom conventional uric acid lowering medications are contraindicated.  Orphan designation was granted by the FDA in 2001 for pegloticase for the approved indication since it is estimated that less than 200,000 individuals in the United States are affected by refractory gout (representing approximately 3% of patients with gout).1-2 
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost and other pharmaceutical issues relevant to evaluating pegloticase for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for rational use in VA. 
Pharmacology/Pharmacokinetics3-6
Pegloticase is a recombinant uricase enzyme specific for uric acid. Although most mammals possess uricase (uric acid oxidase), it is absent in humans.  Pegloticase acts to reduce serum uric acid by catalyzing oxidation of uric acid to allantoin. Allantoin is an inert and water-soluble purine metabolite, which is rapidly eliminated, primarily by the kidneys. Oxidative byproducts from the metabolism of uric acid include hydrogen peroxide and carbon dioxide. To extend the circulating half-life of the uricase enzyme and to reduce the body’s immune response to a foreign protein during prolonged use, the inert polymer polyethylene glycol (PEG) was attached to uricase.
In one pharmacokinetic study, twenty-four patients with symptomatic gout received a single intravenous infusion of pegloticase ranging from 0.5-12 mg (6 groups with 4 patients in each group [6 dosing groups: 0,5 mg, 1 mg, 2 mg, 4 mg 8 mg and 12 mg]). Plasma uricase activity, plasma uric acid concentration and plasma urate-creatinine ratio in urine were followed for 21 days after completion of the infusion. The authors observed that maximum plasma uricase activity and area under the curve increased linearly with dose and the half-life for plasma uricase activity ranged from 6.4-13.8 days. With the higher doses (4-12 mg), plasma uric acid decreased significantly within 24-72 hours from a mean of 11.1 mg/dl to 1 mg/dl.4 
In another study, the effect of multiple doses of pegloticase on uric acid levels, time taken to normalize plasma uric acid and duration of uric acid normalization was assessed in order to help determine dose and dosing interval for future studies. Additionally, authors characterized pharmacokinetics of multiple dosing in this patient population (n=40) using modeling. The authors concluded that age, weight, sex and creatinine clearance did not alter the pharmacokinetics of pegloticase. However, body surface area and presence of anti-pegloticase antibodies were noted as significant factors affecting clearance and volume of distribution. Median half-life of pegloticase was 349 hours which is consistent with findings from the above noted study.5
To date, the effect of renal or hepatic impairment on the pharmacokinetics of pegloticase has not been studied and is unknown.
FDA Approved Indication(s)3
Pegloticase is indicated for the treatment of chronic gout in adult patients refractory to conventional therapy. Refractory gout occurs in patients whose signs and symptoms are not well controlled with xanthine oxidase inhibitors at maximally therapeutic doses or for whom these drugs are contraindicated. 
Pegloticase should not be used to treat asymptomatic hyperuricemia.
Potential Off-Label Uses7-8
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
Patients with severe tophaceaous burden who are hoping for a quicker tophi resolution than may be achieved with oral urate lowering agents. Alternatively, temporary use of pegloticase in patients with severe tophaceous gout as a “bridging agent” in which it would be used for a defined period, e.g., six months to rapidly reduce serum urate and dissolve torphi; then transition to a less rigorous regimen involving xanthine oxidase inhibitors. However, there are no data to support the use of pegloticase in these cases prior to using conventional agents, such as allopurinol at maximally therapeutic doses or febuxostat, and the risk for severe adverse events is expected to be greater with pegloticase than with other urate-lowering therapies. 
Another off-label use may be in patients receiving anti-cancer treatments that are expected to result in tumor lysis and increased plasma uric acid levels. At this time, there is no evidence to support use of pegloticase in this setting.
Current VA National Formulary Alternatives
Conventional urate lowering therapies for gout (formulary): Allopurinol, probenecid, probenecid/colchicine
Conventional therapies for gout (nonformulary criteria or guidance for use): Febuxostat, colchicine
As for refractory gout, there are no other available therapies for lowering serum uric acid.
Dosage and Administration3
Storage: Vials containing pegloticase should be kept in their original carton, stored in the refrigerator and protected from light. The product should not be shaken or frozen. 
Dosage:
The recommended dose of pegloticase is 8 mg given as an intravenous infusion every 2 weeks. At this time, it is unknown whether there is an optimal duration of treatment. 
It is recommended that gout flare prophylaxis (e.g., colchicine or nonsteroidal anti-inflammatory drugs) be initiated at least one week prior to the first infusion of pegloticase and continued for at least the first 6 months of pegloticase therapy unless contraindicated or unable to tolerate.
Administration:
· Using aseptic technique, withdraw 1 ml of pegloticase from the vial into a sterile syringe. Inject the contents of the syringe into a 250 ml bag of 0.9% sodium chloride injection, USP or 0.45% sodium chloride injection, USP for intravenous infusion. The manufacturer recommends against mixing or diluting the pegloticase infusion with other drugs. The infusion bag should be inverted several times to ensure thorough mixing, but should not be shaken.
· Once mixed, the pegloticase infusion is stable for four hours when refrigerated or kept at room temperature. However, it is recommended that the solution be stored in the refrigerator (not frozen) and protected from light and used with four hours of mixing. 
· Prior to infusion, the pegloticase solution should be allowed to reach room temperature. Diluted and undiluted pegloticase should never be exposed to artificial heating such as microwaves or hot water to bring them to room temperature.
· Do not administer pegloticase as an IV push or bolus. 
· Infuse the pegloticase solution over no less than 120 minutes via gravity feed, syringe-type pump or infusion pump. 
· Patients should be pre-treated prior to the infusion with antihistamines and corticosteroids to minimize the risk of anaphylaxis and infusion-related reactions. Administration of pegloticase should be done in a healthcare setting and by healthcare providers prepared to manage anaphylaxis and infusion reactions. Patients should be observed for an appropriate period of time following completion of the infusion.
Dosing Considerations in Special Populations
· Patients 65 or greater: No dosage adjustment is required. In clinical trials, 34% of patients were 65 years or older and 12% were 75 years and older. Although no differences in safety or efficacy were observed in the clinical trials between older and younger patients, a greater sensitivity of older subjects to pegloticase may be possible.
· Renal Impairment: No dosage adjustment is required.
· Liver Impairment: No data available
· Pregnancy: Pegloticase is classified as a pregnancy category C indicating that no human studies have been conducted. It is unknown if pegloticase will result in harm to the fetus or affect reproductive ability. As a result, pegloticase should be used during pregnancy ONLY if clearly needed.
· Nursing Mothers: Because it is unknown whether pegloticase is excreted in human milk and because of the potential for serious risk to a nursing infant if it is, pegloticase should not be administered to nursing mothers.
· Children (<18 years): No data available.
Drug Monitoring
Patients who develop antibodies to pegloticase may lose their therapeutic response and be at a higher risk for anaphylaxis and infusion reactions. Therefore, serum uric acid should be monitored prior to infusions and if levels increase to >6 mg/dl, especially when two consecutive levels >6 mg/dl are observed, discontinuation of treatment with pegloticase should be strongly considered. 
If an infusion reaction occurs during the pegloticase administration, the infusion can be slowed or stopped and restarted at a slower rate, at the discretion of the physician. Since infusion reactions can occur after the infusion has completed, it is recommended that patients be observed for at least an hour post-infusion.
Efficacy
For this review, all published studies examining the efficacy and safety of pegloticase for the management of gout in humans were included. 
Efficacy Measures
Primary Endpoint:
Plasma uric acid concentration (PUAc): Accumulation of monosodium urate crystals throughout the body, caused by increased concentrations of plasma uric acid, can lead to gout. When PUAc is >7 mg/dl, the solubility limit is exceeded and urate crystals can precipitate into the plasma and settle in joints, tendons or tissues. Urate crystals in joints or other tissues lead to inflammation and pain that is often observed with gout. Reducing PUAc to <6 mg/dl results in 1) reduced formation of new urate crystals and 2) dissolution of existing crystals. With long-term treatment (PUAc lowering), these changes can ultimately lead to reduced gout flares and other gout-related long-term adverse effects.19
Secondary Endpoints:
Tophus resolution: Serial standardized digital pictures of both hands and feet and up to two other sites with tophi were taken. A blinded reader, using computer assisted quantitative measurement, compared photographs. Complete response was defined as a 100% reduction in the measured area of at least one tophus measuring at least 5 mm, without an increase in growth of any baseline tophus or appearance of new tophus. Measured at baseline and 13, 19 and 25 weeks.
Gout flare: Acute joint pain and swelling requiring treatment. The occurrence, duration and severity of the flare were reported by patients at the time of the flare and confirmed by the investigator during an interview. Also, the number of flares per patient during months 1-3 and 4-6 were compared.
Tender and swollen joint count: There is no consensus on a standard method for counting tender and swollen joints, as there are several methods that are used. In general, swollen joints indicate inflammation while tender joints may be more closely associated with pain.20
Patient reported changes in pain: Using the Health Assessment Questionnaire (HAQ) pain scale.21-22 The HAQ pain scale is designed to examine the presence or absence of arthritis-related pain and severity of pain. The scale consists of a horizontal VAS with points of zero (no pain) to three (severe pain). Or, zero (no pain) to 100 (severe pain). 
Physical function: Using the Health Assessment Questionnaire (HAQ) disability index (DI).21-22  HAQ-DI examines a patient’s level of functional disability and consists of questions assessing fine motor movements of the upper extremity, walking or climbing steps (activities of the lower extremities) and activities involving both the upper and lower extremities. There are twenty questions in eight categories including 1) dressing, 2) rising, 3) eating, 4) walking, 5) hygiene, 6) reach, 7) grip, and 8) usual activities. Patient responses to questions are scored on a scale of zero (no disability) to three (completely disabled). 
The full Health Assessment Questionnaire (HAQ) collects information pertaining to 5 general patient-centered outcomes including 1) avoiding disability, 2) to be free of pain and discomfort, 3) to avoid adverse treatment effects, 4) to keep costs of treatments low, and 5) to postpone death. The shortened HAQ is more commonly used and consists as a 2-page questionnaire containing the HAQ disability index, the HAQ pain score and the visual analog scale (VAS) global health scale, as described above.21
Quality of life: Use of the second version, 36-item short form survey (SF-36) attempts to assess eight health categories including 1) physical functioning, 2) bodily pain, 3) role limitations due to physical health challenges, 4) role limitations due to personal or emotional problems, 5) emotional well-being, 6) social functioning, 7) energy/fatigue, and 8) general health perceptions. Normal based scoring (NBS), employs a linear T-score transformation with a mean of 50 and standard deviation of 10.23-24 
Anti-pegloticase antibodies: As a safety endpoint, anti-pegloticase antibodies were monitored. Of those patients with titers above 1:2430, most lost their therapeutic response and experienced a higher rate of infusion related reactions.
Summary of Efficacy Findings
To date, there has been one published phase II trial (n=41, 26 completed study, 12-14 weeks in duration)9 and two replicate phase III trials included in a single publication (n=109 +n=116, total of 225, 6 months in duration)10 in which investigators examined the efficacy and safety of pegloticase in patients with chronic, refractory gout despite treatment for at least three months with other urate-lowering therapies. The three trials included at least two different pegloticase dosing regimens and the phase III studies were placebo controlled. The primary endpoint in each study was the percentage of patients with PUAc <6 ml/dl for at least 80% of the time. Secondary endpoints varied between the phase II and phase III studies and included gout flares (incidence and frequency), tophi resolution, reduction in joint pain and swelling, change in pain and physical function, quality of life and safety assessments. Pre-treatment to prevent or reduce infusion-related reactions was not permitted in the phase II study until nearly 90% of patients were randomized. In the replicate phase III studies, pretreatment was provided to all patients consisting of oral fexofenadine 60 mg the evening prior to and just before the infusion, IV hydrocortisone 200 mg and acetaminophen 1000 mg immediately prior to the infusion. Gout flare prophylaxis (colchicine 0.6 mg once or twice daily or a NSAID) was initiated one week prior to the first study infusion and continued throughout the phase III studies. Prophylaxis against gout flares was not part of the protocol in the phase II study. Refer to Table 1 for results. 
Table 1: Pegloticase Phase II and Phase III Study Results9-10 (FDA Approved Dose is Bolded)
	
	Sundy, et al. Phase II Trial9
	Sundy, et al. Phase III Two Replicate Trials10   a

	Treatment Groups
	Peg 4 mg q2w   (n=7) 
Peg 8 mg q2w   (n=8)
Peg 8 mg q4w   (n=13)
Peg 12 mg q4w  (n=13)
(No placebo control)
41 patients randomized, only 26 received all scheduled doses. Efficacy analyses were performed on the ITT and completed populations while safety analyses were done on the ITT population. ITT=received at least one dose. Completed=received all doses
	Peg 8 mg q2w        (n=85)
Peg 8 mg q4w (Placebo infusion q2w to maintain blinding)  (n=84)
Placebo q2w           (n=43)
Efficacy and safety analyses were performed on the ITT population, which included patients receiving at least one study infusion. All randomized patients were followed for death, which was noted as occurring prior to, during or after the 25-week study.
All comparisons are peg vs. placebo

	Primary Outcome: PUAc <6 mg/dl for at least 80% of time 
	8 mg q2w: 87.5% in both ITT and completed pop. 
4 mg q2w: 57.1 % (ITT) and 50% in completed pop. 
No statistical difference btwn groups due to small sample size. (Results for all doses not provided, only highest and lowest responses)
	Trial C0405:
Peg 8 mg q2w  (20/43, 47%) p<0.001 
Peg 8 mg q4w  (8/41, 20%), p=0.04
Placebo q2w  (0/20, 0%)
Trial C 0406:
Peg 8 mg q2w  (16/42, 38%), p=0.001       
Peg 8 mg q4w  (21/43, 49%), p<0.001
Placebo q2w  (0/23, 0%)
Pooled results: (During months 3-6)
Peg 8 mg q2w  (36/85, 42%), p<0.001     
Peg 8 mg q4w  (29/84, 35%), p<0.001
Placebo q2w   (0/43, 0%)

	Percentage of time PUAc <6 mg/dl
	>75% in each group in both ITT and completed pops. 8 mg q2w had the highest percentage of time with PUAc <6 mg/dl. 
No statistical difference btwn groups due to small sample size. (Results for all doses not provided, only highest and lowest responses)
	-----

	Relative reduction in PUAc
	Normalization of PUAc was maintained through week 10 for all groups except the 4 mg q2w-dosing group. Mean PUAc remained <6 mg./dl in all groups, as follows and % reduced from baseline:
Peg 4 mg q2w   (4.12 mg/dl) ((38%)
Peg 8 mg q2w   (1.42 mg/dl) ((86%)
Peg 8 mg q4w   (3.21 mg/dl) ((58%)
Peg 12 mg q4w  (3.09 mg/dl) ((67%)
	-----

	Tophi resolution (1 or >)
	-----
	Peg 8 mg q2w  (21/52, 40%), p=0.002       
Peg 8 mg q4w   (11/52, 21%), p=0.2
Placebo q2w    (2/27, 7%)

	Gout flare 
	Peg 4 mg q2w   (86%) 
Peg 8 mg q2w   (63%)
Peg 8 mg q4w   (92%)
Peg 12 mg q4w  (100%)
Trend towards reduced flares with continued treatment
	Flare Incidence:
Months 1-3:
Peg 8 mg q2w  (64/85, 75%), p=0.02       
Peg 8 mg q4w   (68/84, 81%), p=0.002
Placebo q2w    (23/43, 53%)
Months 4-6:
Peg 8 mg q2w  (28/69, 41%), p=0.007       
Peg 8 mg q4w   (39/69, 57%), p=0.32
Placebo q2w    (29/43, 67%)
Flare Frequency (# flares/pt):
Months 1-3:
Peg 8 mg q2w  (2.3), p=0.001       
Peg 8 mg q4w   (2.7), p<0.001
Placebo q2w    (1.2)
Months 4-6:
Peg 8 mg q2w  (0.8), p=0.06       
Peg 8 mg q4w   (1.5), p=0.45
Placebo q2w    (1.3)

	Reductions in tender joint count
	-----
	Baseline:
Peg 8 mg q2w  (11.7), p=0.36
Peg 8 mg q4w   (11.1), p=0.26
Placebo q2w    (14.1)
Change at final visit:
Peg 8 mg q2w  (-7.4), p=0.01       
Peg 8 mg q4w   (-6.1), p=0.03
Placebo q2w    (-1.2)

	Reductions in swollen joint count
	-----
	Baseline:
Peg 8 mg q2w  (8.9), p=0.08       
Peg 8 mg q4w   (10.1), p=0.19
Placebo q2w     (13.2)
Change at final visit:
Peg 8 mg q2w  (-5.5), p=0.18       
Peg 8 mg q4w   (-5.1), p=0.22
Placebo q2w    (-2.6)

	Changes in pain (HAQ pain score)
	-----
	Baseline:
Peg 8 mg q2w  (44.2), p=0.07    
Peg 8 mg q4w   (45.1), p=0.09
Placebo q2w     (53.9)
Change at final visit:
Peg 8 mg q2w  (-11.1), p=0.03       
Peg 8 mg q4w   (-6.9), p=0.14
Placebo q2w    (1.4)

	Changes in physical function (HAQ-DI)
	-----
	Baseline:
Peg 8 mg q2w  (1.10), p=0.43       
Peg 8 mg q4w   (1.21), p=0.86
Placebo q2w     (1.24)
Change at final visit:
Peg 8 mg q2w  (-0.22), p=0.01       
Peg 8 mg q4w   (-0.2), p=0.01
Placebo q2w    (0.02)

	Effect on quality of life (SF-36 Physical Summary Component Score)
	-----
	Baseline:
Peg 8 mg q2w  (35.2), p=0.05    
Peg 8 mg q4w   (33.3), p=0.26
Placebo q2w    (31)
Change at final visit:
Peg 8 mg q2w  (4.4), p=0.01       
Peg 8 mg q4w   (4.9), p=0.002
Placebo q2w    (-0.3)

	Safety
	Withdrawals (n=15):
Peg 4 mg q2w   (n=3) 
Peg 8 mg q2w   (n=0)
Peg 8 mg q4w   (n=5)
Peg 12 mg q4w  (n=7)
All w/d due to ADE except 1. 
W/D due to ADE: infusion reaction (12), infected tophus (1) and unexplained drop in hgb (1)
Anti-Peg antibodies (observations):
Presence of peg antibodies was associated with shorter peg half-life and increased AUC for urate. Treatment response was 100% for antibody negative patients. Proportion of responders and % of time PUAc was <6 mg/dl was lower in antibody positive patients.
	Serious ADEs:
Peg 8 mg q2w: 20/85 (24%)
Peg 8 mg q4w: 19/84 (23%)
Placebo: 5/43 (12%)
Deaths: (During 25 wk study)
Peg 8 mg q2w: 2/85 (2%) (Both CV)
Peg 8 mg q4w: 1/84 (1%)
Placebo: 0
Aside from the 3 deaths occurring during the 25 wk study, there was one placebo recipient who died before the first infusion of placebo, and three patients died after completing the study (1 pegloticase, 2 placebo) 
D/C due to ADE:
Peg 8 mg q2w: 15/85 (18%)
Peg 8 mg q4w: 16/84 (19%)
Placebo: 1/43 (2%)
Infusion reaction (IR):*
Peg 8 mg q2w: 22/85 (26%)
Peg 8 mg q4w: 35/84 (42%)
Placebo: 2/43 (5%)
*IR most common reason for study w/d
In a retrospective analysis of IRs, 5 met the criteria for anaphylaxis (n=3 q2w, 1 with first infusion and n=2 for q4w pegloticase.
Adjudicated CV events:
APTC
Peg 8 mg q2w: 2/85 (2%)-CV death (n=2)
Peg 8 mg q4w: 1/84 (1%)-nonfatal MI
Placebo: 0
Non-APTC
Peg 8 mg q2w: 3/85 (2%)-CHF (n=2) and arrhythmia (n=1)
Peg 8 mg q4w: 6/84 (7%)-1 each of the following: CHF, arrhythmia, DVT, TIA, unstable angina, coronary revascularization
Placebo: 0
All APTC events occurred in patients with 4 or > CV risk factors at baseline. All non-APTC events occurred in patients with prior history of CV disease but events differed and were not clustered by event category or length of pegloticase tx.
Immunogenicity:
Antibodies to pegloticase developed in 134/150 (89%) of patients tx with pegloticase. Antibodies were of IgM and IgG isotypes and did not neutralize pegloticase activity in vitro except in 1 patient. 
However, only 1 patient out of 52 with antibody titers exceeding 1:2430 continued to respond to therapy while the remaining 51 lost their response to pegloticase. For those patients not exceeding an antibody titer > 1:2430 for the duration of the study and remaining in the study for 2 or > months, they maintained their urate lowering response to pegloticase tx. A post-hoc analysis showed a difference in response rates between patients with and without antibody titers exceeding 1:2430 (p<0.001).
Antibody titers have been associated with a higher incidence of IR. IRs were reported in 31/52 (60%) of patients with anti-pegloticase antibody titers >1:2430 vs. only 16/84 (19%) of patients whose antibody titers did not exceed 1:2430. A post-hoc analysis showed that loss of efficacy preceded IRs in 20/22 (91%) of q2w dosing and 24/34 (71%) of q4w dosing.


ADE=adverse event, APTC=Anti-Platelet Trialists’ Collaboration, btwn=between, CHF=congestive heart failure, CV-cardiovascular, DVT=deep vein thrombosis, HAQ=Health Assessment Questionnaire, HAQ-DI=Health Assessment Questionnaire-Disability Index, hgb=hemoglobin, IR=infusion reaction, Peg=pegloticase, q2w=every 2 week dosing, q4w=every 4 week dosing, SF-36=survey form 36, TIA=transient ischemic attack, tx=treatment, w/d=withdrawal
a=Phase III trials: Secondary endpoint results represent pooled data. Only the primary outcome was analyzed by individual study and then pooled. Results represent the mean for the phase III studies.
In the single phase II and replicate phase III studies examining the safety and efficacy of pegloticase in patients with treatment refractory gout, plasma uric acid concentrations were reduced to <6 mg/dl in all patients within the first few hours of the initial pegloticase infusion. With infusion of the FDA approved dose of pegloticase (8 mg every 2 weeks), plasma urate levels of <6 mg/dl were maintained for at least 80% of the time in nearly 90% of patients treated for three months (phase II study) and in 42% of patients treated for six months (pooled results, phase III studies). In the phase III studies, administration of pegloticase 8 mg every 2 weeks resulted in resolution of at least one tophus in 40% of patients vs. 7% of placebo recipients (p=0.002). There are two published case reports of administration of pegloticase in patients with refractory gout in which resolution of tophi was observed with treatment.16 In the phase III studies, within the first three months of treatment, a significantly greater number of patients receiving pegloticase 8 mg every 2 weeks suffered from a gout flare vs. placebo (75% vs. 53%, respectively, p=0.02). However, during months four through six, gout flares were reduced in the pegloticase 8 mg every 2-week group vs. placebo (41% vs. 67%, respectively, p=0.007). Reduction in tender joint count, change in pain and physical function and quality of life favored treatment with pegloticase 8 mg every 2 weeks vs. placebo.18 There was no statistical reduction in number of swollen joints between groups.
With regard to safety in the phase III studies, pegloticase was associated with a relatively high rate of serious adverse events (24%), including infusion related reactions (26%, despite pretreatment with antihistamines, steroids and acetaminophen) and anaphylaxis (5%). Development of anti-pegloticase antibodies may increase a patient’s risk for infusion related reactions. In the phase III studies, antibodies were detected early in treatment in 89% (n=134) of patients. In those patients developing antibodies, infusion reactions occurred in 31/52 (60%) of patients with antibody titers exceeding 1:2430 vs. only 16/84 (19%) of patients whose antibody titers did not exceed 1:2430 (p<0.001). Loss of effectiveness has been observed with the development of anti-pegloticase antibodies. In those patients who initially responded to pegloticase did so through week ten of treatment then appeared to lose their initial response suggesting a loss of efficacy due to antibody development. Out of 74 patients who had an initial response and later became a non-responder, 72 of them did so by the fourth month of treatment. Of 52 patients with antibody titers exceeding 1:2430, only one maintained a urate lowering response. A post-hoc analysis suggested that a loss of urate lowering efficacy preceded infusion reactions in 91% of patients receiving infusions every two weeks. Therefore, serum uric acid should be monitored prior to infusions and if levels increase to >6 mg/dl, especially when two consecutive levels >6 mg/dl are observed, discontinuation of treatment with pegloticase should be strongly considered. 
In the phase III trials, there were a few more cardiovascular related events that occurred in the pegloticase groups vs. the placebo group. Although the FDA advisory committee could not reach consensus with regard to a cardiovascular signal for pegloticase, they did agree that cardiovascular events should be monitored post-marketing.
For additional study details including inclusion and exclusion criteria, relevant baseline characteristics or more detailed efficacy results, refer to the table in the Appendix (Clinical Trials, page 17).
Additional information from the FDA Review
The FDA Advisory committee reviewing pegloticase for approval recommended to reserve use for patients truly refractory to traditional uric acid lowering treatments and to stop pegloticase in those patients whose uric acid level rises to >6 mg/dL in order to decrease the risk for anaphylaxis and infusion related reactions. 
With regard to cardiovascular events, consensus was not reached as to whether or not there was a clear signal for increased risk with pegloticase; but the general sense of the advisory committee was that cardiovascular events should be monitored post-marketing.
Guidelines for Management of Gout-Place in Therapy for Pegloticase
The American College of Rheumatology is in the process of developing updated guidance for the management of gout to include recommendations for pegloticase.11 Available published guidelines for the management of gout (European League of Rheumatism 2006 [EULAR]12 and British Society for Rheumatology 200713) were published at least five years ago and do not include guidance on appropriate use of pegloticase. There is one recent publication in which the authors’ objective was to update the 2006 EULAR guideline for the diagnosis and management of gout. In this updated guidance, the authors acknowledge consideration of pegloticase in patients with treatment refractory gout and/or resistant tophaceous gout and recommend referral to a provider experienced in the use of pegloticase.14
The National Institute for Clinical Excellence (NICE) is in the process of reviewing pegloticase. Expected date of completion is February 2013.15
Adverse Events (Safety Data)1,3
Deaths and Other Serious Adverse Events1
There was one death that occurred in one of the patients receiving peglticase in the premarketing studies but that death was not considered related to pegloticase. In the phase III studies, there were three deaths in the pegloticase group that occurred during the 25-week study period. Two of those deaths were CV related (8 mg every 2 weeks) and the third death resulted from renal failure after dialysis initiated during hospitalization was withdrawn (8 mg every 4 weeks).
There were several serious adverse events that occurred in the clinical development program in patients receiving pegloticase. Those reactions included anaphylaxis, infusion related reactions, gout flares, immunogenicity-related and cardiovascular events.
Anaphylaxis-Fourteen cases (5.1%, 14/273) of anaphylaxis were reported. In the twice monthly dosing group, the incidence was 6.5% (8/123) and 4.8% (6/126) in the once monthly dosing group. The events occurred despite pre-treatment with parenteral corticosteroids and antihistamines.  Anaphylaxis may occur with any infusion of pegloticase, including the first infusion. Anaphylaxis typically manifests within two hours of the infusion but delayed hypersensitivity reactions have been reported. No cases were observed in the placebo group.
Infusion related reactions- Infusion reactions were reported in 26% of patients in the twice-monthly dosing group, 41% in the once monthly dosing group and 5% in the placebo group. The reactions included urticaria (10.6%), dyspnea (7.1%), chest discomfort or pain (9.5% and 9.5%, respectively), erythema (9.5%) and pruritis (9.5%). Although these symptoms tend to overlap with symptoms of anaphylaxis, the symptoms did not occur together in these patients to meet the criteria for anaphylaxis.
Gouty flares-Within the first three months of pegloticase therapy, gouty flares were reported in 74% of patients receiving pegloticase 8 mg twice monthly, 81% of those receiving 8 mg of pegloticase once a month and 51% receiving placebo. In the second three months of pegloticase therapy, the frequency of gouty flares was reduced in the pegloticase treatments groups and occurred in 41%, 57% and 67%, respectively. 
Immunogenicity-Approximately 92% of patients receiving pegloticase (8 mg every two weeks) developed anti-pegloticase antibodies versus 28% in the placebo group. Presence of high titer anti-pegloticase antibodies was associated with a reduced response rate or failure to maintain initial uric acid lowering response to pegloticase and a higher frequency of anaphylaxis or infusion reactions.  Infusion reactions were reported in 53% of patients with high anti-pegloticase antibody titers vs. only 6% who had undetectable or low antibody titers.
Adverse cardiovascular events-Although there were a limited number of adverse cardiovascular events reported in the premarketing safety database, there were more events reported in pegloticase versus placebo recipients including ischemic cardiovascular events, heart failure, cardiac arrhythmias and death. There were two patients who experienced an exacerbation of heart failure while receiving pegloticase vs. none with placebo. This information was included in the labeling. 
Common Adverse Events3
Table 2: Adverse Reactions Occurring in 5% or Greater of Patients
	
	Pegloticase 8 mg every 2 weeks
(N=85)
	Placebo
(N=43)

	Gout Flare
	65 (77%)
	35 (81%)

	Infusion Reaction
	22 (26%)
	2 (5%)

	Nausea
	10 (12%)
	1 (2%)

	Contusion or Bruising
	9 (11%)
	2 (5%)

	Nasopharyngitis
	6 (7%)
	1 (2%)

	Constipation
	5 (6%)
	2 (5%)

	Chest Pain
	5 (6%)
	1 (2%)

	Anaphylaxis
	4 (5%)
	0

	Vomiting
	4 (5%)
	1 (2%)


Additional information from the FDA Review1
Although the reviewer concluded that the manufacturer had appropriately characterized the safety of pegloticase, the premarketing safety base is relatively small and inadequate to identify rare adverse events. Furthermore, the long-term consequences of continued use of pegloticase in a patient with anti-pegloticase antibodies is unclear. The FDA has required the manufacturer to conduct a post-marketing safety study to obtain more information related to the safety of pegloticase.
There is a Risk Evaluation and Mitigation Strategy (REMS), including a medication guide and communication plan, addressing anaphylaxis and infusion reaction. The FDA did not feel that restricted distribution or establishing elements to assure safe use were necessary and determined that due to the nature of the disease, use in refractory patients and the route of administration (infusion) the use of pegloticase would be limited to use in a healthcare setting with supervised dosing.
The Advisory committee reviewing pegloticase for approval recommended to reserve use for patients truly refractory to traditional uric acid lowering treatments and to stop pegloticase in those patients whose uric acid level rises to >6 mg/dL in order to decrease the risk for anaphylaxis and infusion related reactions. With regard to cardiovascular events, consensus was not reached as to whether or not there was a clear signal for increased risk with pegloticase; but the general sense of the advisory committee was that cardiovascular events should be monitored post-marketing.
Contraindications
Because of the risk for hemolysis and methemoglobinemia, pegloticase is contraindicated in patients with Glucose-6-phosphate dehydrogenase (G6PD) Deficiency. Patients at high risk for G6PD deficiency should be screened prior to initiating therapy with pegloticase. Higher risk patients include those of African or Mediterranean descent. 
Warnings and Precautions1,3
WARNING: ANAPHYLAXIS AND INFUSION REACTIONS 
Anaphylaxis and infusion reactions have been reported to occur during and after administration of KRYSTEXXA. [See Warnings and Precautions]
Anaphylaxis may occur with any infusion, including a first infusion, and generally manifests within 2 hours of the infusion. However, delayed-type hypersensitivity reactions have also been reported.
KRYSTEXXA should be administered in healthcare settings and by healthcare providers prepared to manage anaphylaxis and infusion reactions.
Patients should be premedicated with antihistamines and corticosteroids. Patients should be closely monitored for an appropriate period of time for anaphylaxis after administration of KRYSTEXXA. 
Monitor serum uric acid levels prior to infusions and consider discontinuing treatment if levels increase to above 6 mg/dL, particularly when 2 consecutive levels above 6 mg/dL are observed.
Warning copied from manufacturer product labeling
Anaphylaxis: Occurred in 6.5% of patients receiving the FDA approved dose (8 mg every 2 weeks) of pegloticase versus none receiving placebo. Anaphylaxis was described as wheezing, peri-oral or lingual edema, or hemodynamic instability with or without rash or urticaria and occurred despite pre-treatment with one or more doses of oral antihistamines, intravenous steroids and/or acetaminophen. It is possible that the use of these pre-treatments may have reduced symptoms and actual rates of anaphylaxis may be higher.
Because of the risk for anaphylaxis, infusion of pegloticase must be administered in a healthcare setting supervised by healthcare providers prepared to manage and experienced in the management of anaphylaxis. Anaphylaxis may occur with any infusion of pegloticase, including the first infusion. Symptoms are generally apparent within two hours of the infusion, however, delayed-type hypersensitivity reactions may also occur. It is recommended that patients be monitored for an appropriate time period after the infusion is completed and patients be advised of the signs and symptoms of anaphylaxis and to seek immediate medical attention if they experience any symptoms suggestive of an allergic reaction after leaving the medical facility.
The risk of anaphylaxis is increased in patients whose uric acid level rises to >6 mg/dL during treatment, especially in those patients who have had two consecutive levels >6 mg/dL. Recommendations:
a. Monitor serum uric acid levels before each infusion; consider stopping pegloticase treatment if levels rise to >6 mg/dL
b. Discontinue other urate-lowering treatments before starting pegloticase and do not restart during treatment with pegloticase, since other urate-lowering therapies may mask a rise in uric acid levels.
Infusion Reactions: Occurred in 26% of patients receiving pegloticase 8 mg every 2 weeks compared to only 5% receiving placebo. These reactions happened despite pretreatment with oral antihistamines, intravenous steroids and/or acetaminophen.  The frequency of infusion-related reactions is likely to be higher in the absence of pretreatment. Therefore, patients should be pretreated with antihistamines and corticosteroids. 
Pegloticase should be administered in a supervised healthcare setting by healthcare providers prepared to manage and experienced in the management of infusion reactions.
Pegloticase should be infused slowly, over at least 120 minutes. If an infusion reaction occurs, the infusion should be slowed or stopped and restarted at a slower rate.
The risk of an infusion reaction is increased in patients whose uric acid level rises to >6 mg/dL during treatment, especially in those patients who have had two consecutive levels >6 mg/dL. Recommendations:
a. Monitor serum uric acid levels before each infusion; consider stopping pegloticase treatment if levels rise to >6 mg/dL
b. Discontinue other urate-lowering treatments before starting pegloticase and do not restart during treatment with pegloticase, since other urate-lowering therapies may mask a rise in uric acid levels.
Gout Flares: Similar to other urate-lowering therapies, administration of pegloticase can increase the frequency of gout flares because of changing uric acid levels leading to urate mobilization from tissue. It is recommended that nonsteroidal anti-inflammatory drugs or colchicine be initiated at least one week prior to the first infusion of pegloticase and continued for at least the first 6 months of therapy, unless contraindicated or not tolerated. If a gout flare does occur, pegloticase can be continued and the flare managed as appropriate. 
Congestive Heart Failure: Although pegloticase has not been prospectively studied in patients with congestive heart failure, some experienced an exacerbation in the clinical trials. As a result, caution should be used when administering pegloticase to patients with congestive heart failure and closely monitored after completion of the infusion.
Re-Treatment with Pegloticase: Currently, there are no data available in patients stopping treatment with pegloticase for greater than four weeks. It is possible that because of the immunogenicity of pegloticase, these patients may be at a higher risk for anaphylaxis or infusion reactions. Therefore, re-treatment with pegloticase should be closely monitored.
Post-marketing Safety Experience (Optional)1,17
In April 2012, the FDA approved updated labeling for pegloticase, which warned against continuation or initiation of therapy with other urate-lowering drugs, concurrent with pegloticase treatment. The updated labeling was prompted by post-marketing surveillance conducted by Savient Pharmaceuticals, which found that pegloticase was being used in combination with allopurinol or febuxostat in clinical practice. Although there have not been any serious adverse events reported is association with these combinations, there is concern that the use of these combined pegloticase/urate-lowering therapies may blunt or mask a rise in uric acid levels attributable to loss of effectiveness of pegloticase (due to antibody development). The masking of a rise in uric acid levels may impair the providers’ ability to identify those patients at a higher risk for anaphylaxis or infusion reactions because of antibody development. The manufacturer recommends discontinuing other urate-lowering therapies prior to initiating pegloticase and not restarting them.
Sentinel Events
There are no sentinel events that have been observed that are directly attributable to pegloticase administration.
Look-Alike/Sound-Alike (LA/SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
Table 3: 
	
	Lexi-Comp
	First Databank
	ISMP
	Clinical Judgment

	Pegloticase
	None
	None
	None
	Pegademase
Pegaspargase

	Krystexxa®
	None
	None
	None
	Keppra
Kristalose
Celexa


Drug Interactions
Drug-Drug
There have been no studies examining potential interactions between pegloticase and other drugs. However, since anti-pegloticase antibodies are thought to bind to the PEG portion of the drug, it is possible that the antibodies may bind with other PEGylated drugs. However, data are lacking concerning the impact of these antibodies on patient responsiveness to other PEG-containing products.
The manufacturer of pegloticase recommends discontinuing the use of other urate-lowering drugs (e.g., allopurinol, febuxostat) prior to initiation of pegloticase and not restarting them during treatment with pegloticase. There is concern that use of other urate-lowering drugs may mask any rise in serum uric acid that may occur during treatment with pegloticase signifying a loss of response due to antibody development. This blunted rise in serum uric acid, in the presence of other urate lowering drugs, may impair a providers’ ability to identify those patients who have developed anti-pegloticase antibodies and are at a higher risk for anaphylaxis and infusion reactions.3,8
Drug-Lab
None known
Acquisition Costs
Please refer to the last page of this document for VA acquisition costs for pegloticase. Prices shown on the last page of this internal, draft document may include additional discounts available to VA. This information is considered strictly confidential and must not be shared outside of VA. All cost information will be removed from the document when posted to the PBM website. 
Pharmacoeconomic Analysis
Although there are several pharmacoeconomic analyses in patients with treatment-refractory gout demonstrating a significant economic burden of the disease and reduced health-related quality of life compared to patients without gout, there are no studies specifically addressing the pharmacoeconomic implications of treatment with pegloticase.6
Conclusions
Pegloticase is a PEGylated uric acid specific enzyme (uric acid oxidase or uricase) that was FDA approved in 2010 for use in patients with gout refractory to conventional therapy. Pegloticase received orphan drug designation in 2001 for the approved indication since it is estimated that less than 200,000 individuals in the United States are affected by refractory gout.  Refractory gout occurs in patients whose signs and symptoms are not well controlled with xanthine oxidase inhibitors at maximally therapeutic doses or for whom these drugs are contraindicated. 
In one phase II and two replicate phase III clinical trials, pegloticase reduced plasma uric acid to <6 mg/dl in all patients within a few hours of the initial infusion. Plasma uric acid levels were maintained at <6 mg/dl for at least 80% of the study period in 92% of patients treated for 3 months (phase II trial) and in 42% of patients treated for 6 months (pooled results, phase III studies). The FDA approved dose of 8 mg administered as an intravenous infusion every two weeks resulted in resolution of at least one tophus in 40% of patients vs. 7% with placebo (p=0.002). Two case reports also demonstrated resolution or improvement in tophi after treatment with pegloticase for three months. Gout flare (incidence and frequency) was higher in the pegloticase treated groups vs. placebo (75% vs. 53%, p=0.02) for the first three months of treatment but was reduced in months four through six (41% vs. 67%, respectively, p=0.007). Other endpoints favoring treatment with pegloticase vs. placebo included reduction in tender joint count, change in pain and physical function and quality of life. 
With regard to safety, pegloticase was associated with a relatively high incidence rate of serious adverse events (24%) in the phase III studies, including infusion reactions (26%) and anaphylaxis (5%) leading to discontinuation of treatment in nearly 20% of patients. Development of antibodies against pegloticase appeared to result in both loss of initial response and a higher risk for infusion reactions. Anti-pegloticase antibodies were detected in 134/150 (89%) patients, early in treatment. Of the 74 patients with an initial response who later lost their response to pegloticase, 72 of these patients did so by the fourth month of treatment. The presence of anti-pegloticase antibodies appears to result in a loss of initial response in patients exceeding a certain antibody titer. In 52 patients with antibody titers exceeding 1:2430, only 1 patient maintained a response to therapy while the remaining 51 did not. In patients with antibody titers exceeding 1:2430, infusion reactions occurred in 31/52 (60%) of patients vs. only 16/84 (19%) of patients whose antibody titers did not exceed that threshold (p<0.001).  A post-hoc analysis suggested that a loss of urate-lowering efficacy preceded infusion reactions in 91% of patients receiving infusions every two weeks. Therefore, serum uric acid should be monitored prior to infusions and if urate levels increase to >6 mg/dl, especially when two consecutive levels >6 mg/dl are observed, discontinuation of treatment with pegloticase should be strongly considered. In the phase III trials, there were a few more cardiovascular related events that occurred in the pegloticase groups vs. the placebo group. Although the FDA advisory committee could not reach consensus with regard to a cardiovascular signal for pegloticase, they did agree that cardiovascular events should be monitored post-marketing.
Aside from infusion reactions and anaphylaxis, other adverse events occurring in 5% of patients or more include gout flare, nausea, contusion or bruising, nasopharyngitis, chest pain and vomiting. 
In April 2012, the FDA approved updated labeling warning against combining pegloticase with other urate-lowering therapies because of the concern that other urate-lowering therapies may mask antibody development by blunting a rise in uric acid levels attributable to loss of effectiveness of pegloticase due to antibody development.
Pegloticase may offer a potential therapy for those patients with refractory gout associated with severe morbidity and reduced quality of life despite an adequate therapeutic trial (at least 3 months) of conventional gout therapies (e.g., allopurinol and febuxostat, etc.) used at maximally therapeutic doses. Reversible causes of gout should be considered and managed, as indicated (alcohol intake, excessive consumption of purine rich foods [meat and seafood], obesity, medications [diuretics, niacin, low dose aspirin, tacrolimus, cyclosporine, etc.]. However, because of the serious adverse events associated with its use including infusion reactions, anaphylaxis, etc. and a high rate of loss of response, patients need to be carefully selected, monitored and have uric acid levels performed prior to each infusion. If uric acid levels exceed 6 mg/dl on two occasions, therapy with pegloticase should be discontinued. Because of the risk for hemolysis and methemoglobinemia, pegloticase is contraindicated in patients with Glucose-6-phosphate dehydrogenase (G6PD) Deficiency.
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APPENDIX 1. 
A literature search using PubMed and Google Scholar was conducted using the following search terms: pegloticase, Krystexxa, uricase, and gout. Reference lists of selected articles pertaining to pegloticase were also reviewed to identify any additional references. Published clinical trials examining the efficacy and/or safety of pegloticase for the management of gout in humans were included. Also, included studies were limited to English-language publications.
	Clinical Trial
	Inclusion/Exclusion/ Intervention
	Outcomes
	Results
	Safety/Comments

	Sundy, et al.9
R, OL, MC, dose finding, phase II study
N=41, 26 completed trial
12-14 weeks
Population: 
Adult patients with hyperuricemia (>8 mg/dl) and established and symptomatic gout
Funded by Savient Pharmaceuticals
	Inclusion: 1) At least 1 of the following: at least one tophus, 1 gout flare within prior 6 months or chronic gouty arthropathy. 
2) Unsuccessful tx with ULT for at least 3 months (intolerance or inadequate response) or contraindication to ULT
Exclusion: unstable CAD, uncontrolled HTN, ESRD requiring dialysis, ESLD (LFTs >3 xULN, organ transplant requiring immunosuppressive drugs, G6PDH deficiency, hx of anaphylaxis to recombinant protein or to porcine derivatives, known allergy to urate oxidase or PEGylated products, prior treatment with uricase, prednisone dose >10 mg/d or equiv. within 1 week of dosing or an acute gout flare within 1 week of dosing. ULT were not allowed
Intervention: 1-week washout period for other ULT. ULT not allowed during study.
4 treatments groups: 
4 mg q2w
8 mg q2w
8 mg q4w
12 mg q4w.
1-wk ULT washout followed by randomization.
Pre-treatment for infusion reactions was not permitted until after 90% of patients had been enrolled.
	Primary Endpoint: 1) plasma urate <6 mg/dl for at least 80% of the time.
Secondary Endpoints: 
a) Percentage of time without hyperuricemia (<6 mg/dl), b) mean plasma urate conc, c) relative reduction of the plasma urate level from baseline.
d) Safety and tolerability
	*After ¾ of patients were randomized, no further patients were randomized to the q4w regimens due to w/d or the 4 mg q2w group due to lack of efficacy.
*53 patients screened, 41 randomized, only 26 received all scheduled doses
4 mg q2w (n=7)
8 mg q2w (n=8)
8 mg q4w (n=13)
12 mg q4w (n=13)
Baseline characteristics:
Presence of tophi (71%)
Gout flares=mean of 8 flares in 12 month period
Hospitalized due to gout (39%)
Primary Endpoint: 
UA <6 mg/dl for 80% of the study period:
Highest for 8q2w group in both the ITT and completer pop. (87.5%) vs. lowest in the 4q2w group in both ITT and completer pop. (57.1 and 50%, respectively). Because of the small group sizes, there were no statistical differences between groups.
Mean UA*
( From baseline
4q2
4.12
38 %
8q2
1.42
86 %
8q4
3.21
58 %
12q4
3.09
67 %
*Up to 28 days following dose. Between tx, UA increased but remained below 6 mg/dl in all groups except the 4 mg q2w. 
Secondary Endpoints: % of time without hyperuricemia (>8 mg/dL) was highest in 8q2w (91.9%). Again no differences between groups due to small sample size.
Safety outcomes:
Gout Flares:
4q2w (86%)
8q2w (63%)
8q4w (92%)
12q4w (100%)
A trend of reduced gout flares was observed with time on pegloticase. 
Anti-pegloticase Ab:
4q2w (86%)
8q2w (63%)
8q4w  (69%)
12q4w  (85%)
	93% of patients reported an ADE. The incidence was similar across all 4 groups.
Most common ADEs were nephrolithiasis and arthralgia (15 and 12%, respectively), anemia, dyspnea, headache, muscle spasms, nausea and pyrexia (each reported in 10%) of patients. Back pain, diarrhea, erythema, fatigue, hypersensitivity, pruritis, rash, and URI (each reported by 7% of patients)
The ADEs were judged to be unrelated to tx in 60% of patients and mild to moderate in severity in 93%
IDEs comprised 12.7% of treatment related ADEs and occurred in 18 patients. These events included: nausea/vomiting, low back pain, muscle spasm, dizziness, neck pain/stiffness, difficulty breathing, shortness of breath, chest tightness or pain, rash, allergic reaction and hives. 9 of 18 patients experiencing IDE were w/d from study without rechallenge due to high level of caution. The other 9 were rechallenged and 3 of these w/d. No anaphylactic rxn were reported.
13 serious ADEs occurred in 9 patients. 5 were assigned causality (anemia, (1 requiring a blood transfusion) IDE hypersensitivity rsx, infected tophus, gout flares (n=3))
Gout flares occurred in
15 patients w/d from tx:
4q2w (n=3)
8q2w (n=0)
8q4w (n=5)
12q4w (n=7)
All but 1 w/d were due to ADEs
Infusion rxn (n=12)
Infected tophus requiring amputation of digit (n=1)
Unexplained drop in HGB conc. (n=1)
Withdrew consent (n=1)


	Sundy, et al.10
Two replicate, R, DB, PC MC (US, Mexico and Canada)
N=225 (n=109+116)
6 months
Population:
Adult patients with refractory gout and baseline UA of >8 mg/dl
Funded by Ssvient Pharmaceuticals

	Inclusion: UA > 8 mg/dl and 1 of the following: 1) 3 or > self-reported gout flares over past 18 mo 2) 1 or > tophi, 3) gout arthropathy (defined as clinically or radiographically as joint damage due to gout). Patients also had contraindications to allopurinol or hx of failure to normalize UA despite 3 or more months of tx with the medically maximally appropriate dose.  
Exclusion: G6PDH deficiency, prior tx with uricase agent, pregnancy, unstable angina, uncontrolled HTN, cardiac arrhythmia, uncompensated CHF, renal dialysis or solid organ transplant
Intervention: Pts receiving ULT received 1-week washout. Gout flare px was initiated 1-week prior to first study infusion and continued throughout the study. Px against IR was given to all pts and included oral fexofenadine 60 mg evening before infusion and again before infusion, acetaminophen 1 gm and IV hydrocortisone 200 mg immediately prior to infusion.
3 groups:
Pegloticase 8 mg q2w
Pegloticase 8 mg q4w (Placebo infusion every 2 wks to maintain blinding)
Placebo q2w
Randomization 2:2:1 (placebo)
	Primary Endpoint: 1) Plasma urate <6 mg/dl for at least 80% of the time or longer during both months 3 and 6.
Determined at baseline, 2 and 24 hrs after 1st infusion. Then, before each biweekly infusion and at 5 additional prespecified timepoints in both the 3rd and 6th month: 2 hrs, 1 day, 7 days after week 9 and week 21 infusion and 2 hrs and 7 days and the week 11 and week 23 infusions
*Primary endpoints were analyzed separately for each trial and then pooled. Secondary analyses and safety data were analyzed from pooled data.
Secondary Endpoints: (Assessed at weeks 13, 19 and final visit, week 25)
1) Tophi resolution: (complete response defined as 100% reduction in measured area of at least 1 tophus (>5 mm) without growth of any baseline or new tophus. Serial, standard digital photographs of hands and feet and up to 2 other sites with tophi
2) Gout flare: Reduction in proportion of patients with gout flare, number of flares per pt, months 1-3 and 4-6.
3) Reductions in TJC 
4) Reductions in SJC 
5) Changes in pain (HAQ-pain scale), physical function (HAQ-disability index) and QOL (SF-36)
6) Safety assessments: 
	Primary Endpoint:
8 mg q2w (n=85)
8 mg q4w (n=84)
Placebo (n=43)
After the 1st infusion, UA normalized in all pts receiving pegloticase. During the trial, some patients maintained their response during the entire study while others did not.
Proportion of responders (maintain UA <6 mg/dl at least 80% of the time during months 3 and 6) was significantly greater in both pegloticase groups vs. placebo (p<0.001).
When analyzed separately by dose, pts treated with pegloticase biweekly experienced response rates of 47% (20/43) in one trial and 38% (16/42) in the second trial (42% pooled, 36/85). Pts on monthly pegloticase experienced response rates of 20% (8/41) in one trial and 49% (21/43) in the second trial (35% pooled, 29/84). Response rate was 0% in both trials for the placebo group.
*Nonresponders treated with twice monthly pegloticase did maintain UA <6 mg/dl through week 10 but were above target UA of 6 or < at all subsequent time points. This observation suggests a loss of urate lowering efficacy in some pts. Among 74 pts treated with pegloticase who lost efficacy, 72 pts did so by the 4th month of tx. 
Secondary Endpoints: (Assessed at weeks 13, 19 and final visit, week 25)
1) Tophi resolution (final):
Pegloticase q2w: 21/52 (40%) 
Pegloticase q4w: 11/52 (21%)
Placebo: 2/27  (7%)
P=0.002 (q2w dosing vs. pla)
P=0.2 (q4w dosing vs. pla) NS
2) Gout flares (Final):
Flare Incidence:
1-3 months
Pegloticase q2w: 64/85 (75%)
Pegloticase q4w: 86/84 (81%)
Placebo:  23/43 (53%)
P=0.02 (q2w vs. pla)
P=0.002 (q4w vs. pla)
4-6 months:
Pegloticase q2w: 28/69 (41%)
Pegloticase q4w: 39/69 (57%)
Placebo:  29/43 (67%)
P=0.007 (q2w vs. pla)
P=0.32 (q4w vs. pla) NS
Flare frequency/pt:
1-3 months:
Pegloticase q2w:  2.3
Pegloticase q4w: 2.7
Placebo:  1.2
P=0.001 (q2w vs. pla)
P=<0.001 (q4w vs. pla)
4-6 months:
Pegloticase q2w:  0.8 NS
Pegloticase q4w:  1.5 NS
Placebo:  1.3
3) Reduction in TJC (Final)
Pegloticase q2w:  -7.4
Pegloticase q4w: -6.1
Placebo:  -1.2
P=0.01 (q2w vs. pla)
P=0.03 (q4w vs. pla)
4) Reduction in SJC (Final)
Pegloticase q2w: -5.5 NS
Pegloticase q4w: -5.1 NS
Placebo:  -2.6
5) Changes in pain, physical function and QOL (Final)
HAQ pain score:
Pegloticase q2w:  -11.4
Pegloticase q4w: -6.9
Placebo:  1.4
P=0.03 (q2w vs. pla)
P=0.14 (q4w vs. pla) NS
HAQ-disability index:
Pegloticase q2w:  -0.22
Pegloticase q4w: -0.20
Placebo:  0.02
P=0.01 (q2w vs. pla)
P=0.01 (q4w vs. pla)
SF-36:
Pegloticase q2w:  4.4
Pegloticase q4w: 4.9
Placebo:  -0.3
P=0.01 (q2w vs. pla)
P=0.002 (q4w vs. pla)

	Safety: 
>90% of patients experienced an ADE in each treatment group. 
Serious ADEs:
q2w: 20/85 (24%)
q4w: 19/84 (23%)
Pla: 5/43 (12%)
Deaths: (During 25 wk study)
q2w: 2/85 (2%) (Both CV)
q4w: 1/84 (1%)
Pla: 0
Aside from the 3 deaths occurring during the 25 wk study, there was one pla recipient who died before the first infusion of pla, and three patients died after completing the study (1 pegloticase, 2 pla) 
D/C due to ADE:
q2w: 15/85 (18%)
q4w: 16/84 (19%)
Pla: 1/43 (2%)
Infusion rxn (IR):*
q2w: 22/85 (26%)
q4w: 35/84 (42%)
Pla: 2/43 (5%)
*IR most common reason for study w/d
In a retrospective analysis of IRs, 5 met the criteria for anaphylaxis (n=3 q2w, 1 with first infusion and n=2 for q4w pegloticase.
Adjudicated CV events:
APTC
q2w: 2/85 (2%)-CV death (n=2)
q4w: 1/84 (1%)-nonfatal MI
Pla: 0
Non-APTC
q2w: 3/85 (2%)-CHF (n=2) and arrhythmia (n=1)
q4w: 6/84 (7%)-1 each of the following: CHF, arrhythmia, DVT, TIA, unstable angina, coronary revascularization
Pla: 0
All APTC events occurred in patients with 4 or > CV risk factors at baseline. All non-APTC events occurred in patients with prior history of CV disease but events differed and were not clustered by event category or length of pegloticase tx.
Immunogenicity:
Antibodies to pegloticase developed in 134/150 (89%) of patients tx with pegloticase. Antibodies were of IgM and IgG isotypes and did not neutralize pegloticase activity in vitro except in 1 patient. 
However, only 1 patient out of 52 with antibody titers exceeding 1:2430 continued to respond to therapy while the remaining 51 lost their response to pegloticase. For those patients not exceeding an antibody titer > 1:2430 for the duration of the study and remaining in the study for 2 or > months, they maintained their urate lowering response to pegloticase tx. A post-hoc analysis showed a difference in response rates between patients with and without antibody titers exceeding 1:2430 (p<0.001).
Antibody titers have been associated with a higher incidence of IR. IRs were reported in 31/52 (60%) of patients with anti-pegloticase antibody titers >1:2430 vs. only 16/84 (19%) of patients whose antibody titers did not exceed 1:2430. A post-hoc analysis showed that loss of efficacy preceded IRs in 20/22 (91%) of q2w dosing and 24/34 (71%) of q4w dosing.


	
	
	
	
	


ADEs=adverse drug events, APTC=Anti-Platelet Trialists’ Collaboration, CAD=coronary artery disease, CHF=congestive heart failure, CV=cardiovascular, DVT=deep vein thrombosis, ESLD=end-stage liver disease, ESRD=end-stage renal disease, Hx=history, HAQ=Health Assessment Questionnaire, IDE=infusion-day adverse event, IR=infusion reaction, MC=multicenter, OL=open-label, Pla=placebo. Px=prophylaxis, q2w=every 2 weeks, q4w=every 4 weeks, QOL=quality of life, R=randomized, rxn=reaction, SF-36=36-item Short Form Health Survey, SJC=swollen joint count, TIA=transient ischemic attack, TJC=tender joint count, tx=treatment, UA=uric acid conc., ULT=urate-lowering therapy, URI=upper respiratory infection, w/d=withdrawals 
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