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Objective. To assess efficacy, safety, pharmacokinetics, and immunogenicity of pegloticase plus methotrexate (MTX)
versus pegloticase plus placebo cotreatment for uncontrolled gout in a randomized, placebo-controlled, double-blind trial.

Methods. This study included adults with uncontrolled gout, defined as serum urate ≥7 mg/dl, oral urate-lowering ther-
apy failure or intolerance, and presence of ongoing gout symptoms including ≥1 tophus, ≥2 flares in the past 12 months, or
gouty arthritis. Key exclusion criteria included MTX contraindication, current immunosuppressant use, G6PDH deficiency,
and estimated glomerular filtration rate <40 ml/minute/1.73 m2. Patients were randomized 2:1 to 52 weeks of pegloticase
(8 mg biweekly) with either oral MTX (15 mg/week) or placebo. The primary end point was the proportion of treatment
responders duringmonth 6 (defined as serumurate <6mg/dl for ≥80%of visits duringweeks 20–24). Efficacywas evaluated
in all randomized patients (intent-to-treat population), and safety was evaluated in all patients receiving ≥1 blinded MTX or
placebo dose.

Results. A total of 152 patients were randomized, 100 to receive pegloticase plus MTX, 52 to receive pegloticase
plus placebo. Significantly higher treatment response occurred during month 6 in the MTX group versus the placebo
group (71.0% [71 of 100 patients] versus 38.5% [20 of 52 patients], respectively; between-group difference
32.3% [95% confidence interval 16.3%, 48.3%]) (P < 0.0001 for between-group difference). During the first 6 months
of pegloticase plus MTX or pegloticase plus placebo treatment, 78 (81.3%) of 96 MTX patients versus 47 (95.9%) of
49 placebo patients experienced ≥1 adverse event (AE), most commonly gout flare (64 [66.7%] of 96 MTX patients
and 34 [69.4%] of 49 placebo patients). Reports of AEs and serious AEs were comparable between groups, but the
infusion reaction rate was considerably lower with MTX cotherapy (4.2% [4 of 96 MTX patients, including 1 patient
who had anaphylaxis]) than with placebo cotherapy (30.6% [15 of 49 placebo patients, 0 who had anaphylaxis])
(P < 0.001). Antidrug antibody positivity was also lower in the MTX group.

Conclusion. MTX cotherapy markedly increased pegloticase response rate over placebo (71.0% versus 38.5%)
during month 6 with no new safety signals. These findings verify higher treatment response rate, lower infusion reaction
incidence, and lower immunogenicity when pegloticase is coadministered with MTX.

INTRODUCTION

Pegloticase is a US Food and Drug Administration–approved
PEGylated uricase enzyme indicated for the treatment of

uncontrolled gout. Pegloticase rapidly lowers serum urate levels
by converting circulating urate to allantoin, a water-soluble mole-
cule readily cleared by the kidneys. Antidrug antibody develop-
ment can limit pegloticase efficacy, resulting in premature
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treatment discontinuation. Clinical studies showed that 42% of
patients maintain serum urate <6.0 mg/dl during months 3 and
6 of pegloticase monotherapy, with 26% having infusion reactions
in the absence of a serum urate monitoring protocol (1). Loss of
efficacy and infusion reactions have been attributed to antidrug
antibody development that accelerates pegloticase clearance
(2–4). Because pegloticase is often the last remaining therapy
option for patients with uncontrolled gout, rheumatologists began
to cotreat patients with immunomodulating therapies in an effort
to attenuate antidrug antibody formation and increase urate-
lowering response durability, similar to approaches with other bio-
logics for rheumatic diseases.

The literature supports using immunomodulating therapies
with pegloticase (5). Data from clinical settings and open-label tri-
als show higher rates of sustained urate-lowering in patients
treated with pegloticase plus immunomodulation. A small ran-
domized, placebo-controlled trial examining pegloticase plus
mycophenolate mofetil (n = 22) versus pegloticase plus placebo
(n = 10) found a treatment response rate of 86% versus 40%,
respectively, at week 12 (6). Additionally, an open-label trial
(n = 14) examining pegloticase plus oral methotrexate (MTX)
showed a 6-month response rate of 79% (7). A recent systematic
literature review showed an overall pegloticase response rate of
83% with immunomodulation. Treatment response rates were
higher than the established pegloticase monotherapy response
rate (42%) for all immunomodulators examined: oral MTX (90%),
subcutaneous MTX (78%), mycophenolate mofetil (86%), lefluno-
mide (67%), and azathioprine (64%) (5). Furthermore, immuno-
modulator use with pegloticase has been recommended by
consensus from gout experts across multiple subspecialities (8).

Despite these consistent and positive findings, there are no
large, randomized, double-blind, placebo-controlled trials exam-
ining the effect of immunomodulation cotherapy on pegloticase
response rates. The primary efficacy objective of the Methotrex-
ate to Increase Response Rates in Patients with Uncontrolled
GOut Receiving Pegloticase randomized controlled trial (MIRROR
RCT) was to compare the treatment response rate of pegloticase
plus oral MTX (15 mg/week) versus pegloticase plus placebo in an
uncontrolled gout population. Here, we report 6-month findings of
the 52-week trial, including treatment response rates, safety pro-
file, pharmacokinetics, and antidrug antibody findings.

PATIENTS AND METHODS

Patients. The trial enrolled adults (≥18 years of age) with
uncontrolled gout, defined as serum urate ≥7 mg/dl, gout refrac-
tory to conventional therapy (failure to normalize serum urate
levels and/or intolerance to oral urate-lowering therapy), and pres-
ence of ongoing gout symptoms (presence of ≥1 tophus, recur-
rent acute gout flares [≥2 flares in the 12 months prior to
screening], and/or chronic gouty arthritis). Patients discontinued
oral urate-lowering therapy for ≥7 days prior to beginning the

MTX tolerance period (6 weeks before the initial pegloticase infu-
sion [week –6]). Key exclusion criteria included pregnancy; seri-
ous acute bacterial infection (unless treated and resolved
2 weeks prior to starting the MTX tolerance period); severe
chronic or recurrent bacterial infection; current or chronic
(≥3 months) use of a systemic immunosuppressive agent or glu-
cocorticoid (<10 mg/day prednisone or equivalent dose allowed);
HIV or hepatitis B/C positivity; advanced kidney disease (esti-
mated glomerular filtration rate [eGFR] <40 ml/minute/1.73 m2);
G6PDH deficiency at screening; serious cardiovascular disease
or uncontrolled blood pressure (>160/100 mm Hg) prior to ran-
domization; contraindication to or known intolerance of MTX; ele-
vated liver transaminase levels; low albumin levels; low blood cell
counts (white blood cells <4,000/μl, hematocrit <32%, platelets
<75,000/μl); regular alcohol use (>3 beverages/week); and
known intolerance to all gout flare prophylaxis. For full inclusion/
exclusion criteria, see Supplementary Table 1 available on the
Arthritis & Rheumatology website at https://onlinelibrary.wiley.
com/doi/art.42335.

Study design. This was a phase IV, multicenter, random-
ized, double-blind, placebo-controlled, parallel-group, efficacy
and safety study of pegloticase plus MTX versus pegloticase plus
placebo in adult patients with uncontrolled gout and was con-
ducted at 42 sites in the US (Supplementary Table 2, https://
onlinelibrary.wiley.com/doi/art.42335). This trial was registered
at ClinicalTrials.gov (identifier: NCT03994731). All eligible patients
underwent a 2-week tolerance test of oral MTX (15 mg/week
during 6 weeks to 4 weeks prior to initial pegloticase infusion
[week –6 to week –4], and 1 mg/day oral folic acid also adminis-
tered). Patients who were unable to tolerate oral MTX were con-
sidered screen failures. Patients who tolerated oral MTX and
who continued to meet eligibility criteria were randomized and
included in the intent-to-treat population. Medidata Randomiza-
tion and Trial Supply Management (Medidata Solutions) was used
to randomly assign patients 2:1 (stratified by presence of tophi) to
receive pegloticase plus MTX or pegloticase plus placebo
(Figure 1). Patients and investigators remained blinded to treat-
ment assignment until after study completion.

Following randomization (4 weeks before first pegloticase
infusion), patients entered a 4-week run-in period, during which
they continued taking folic acid and either MTX or placebo. As
specified in the clinical trial protocol, MTX and placebo dose
adjustments or interruptions were allowed for tolerance pur-
poses during the run-in period and during the pegloticase plus
MTX or placebo treatment period (after discussion with the
sponsor medical monitor), maximizing the proportion of
patients who remained on therapy. Temporary pauses in ther-
apy were allowed based on liver function tests, cytopenias,
eGFR (<30 ml/minute/1.73 m2), or clinically important symp-
toms as deemed by the investigators.
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Patients completing the run-in period received their first
pegloticase infusion (8 mg) on study day 1, continuing oral folic
acid (1 mg/day) and blinded oral MTX (15 mg/week) or placebo
during the 52-week treatment period. MTX dose adjustments
were allowed during the treatment period. Standard gout flare
prophylaxis (colchicine, nonsteroidal antiinflammatory drugs,
and/or low-dose prednisone [≤10 mg/day]) was required for
≥1 week before and throughout the pegloticase plus MTX or
placebo treatment period per the 2012 American College of
Rheumatology guidelines for management of gout (9). Infusion
reaction prophylaxis was administered before each pegloticase
infusion (180 mg oral fexofenadine the day before infusion,
180 mg oral fexofenadine and 1,000 mg acetaminophen the
morning of infusion, and 125 mg intravenous methylpredniso-
lone over 10–30 minutes immediately prior to infusion). During
the treatment period, pegloticase infusions were administered
biweekly from day 1 to week 50 (26 infusions) using the stan-
dard 2-hour infusion rate. If a patient had serum urate levels
>6 mg/dl at 2 consecutive visits beginning at week 2, treatment
was discontinued, and the patient remained in study under
observation. Following the week 52 visit (or end of pegloticase
infusions visit), patients resumed normal gout care, including
oral urate-lowering therapy resumption, per the treating physi-
cian’s discretion. Patients were followed up at 3 and 6 months
after week 52 (or end of pegloticase treatment visit) for evalua-
tion of clinical status, including serum urate.

The trial protocol was reviewed and approved by the US
Food and Drug Administration, by the WCG Institutional Review
Board (Puyallup, WA), and by local institutional review boards as
required by investigators. All patients provided written informed

consent to participate, and study conduct adhered to the tenets
of the Declaration of Helsinki.

Study outcomes. The primary efficacy end point was the
proportion of patients who were treatment responders in the
intent-to-treat population during month 6 (study weeks 20–24),
defined as the proportion of randomized patients with serum urate
<6 mg/dl for ≥80% of the visits during month 6. Secondary end
points included the proportion of treatment responders during
month 12, the proportion of patients with tophi at baseline who
had complete resolution of ≥1 tophus at week 52, and change
from baseline to week 52 in Health Assessment Questionnaire
(HAQ) scores (pain, health, and disability index) (10). Because the
primary end point was during month 6, this report focuses on find-
ings through week 24, and secondary end points are not reported
here. Other exploratory end points of interest for this 6-month anal-
ysis included mean change from baseline in serum urate at weeks
14 and 24, time to 2 consecutive serum urate measurements
>6 mg/dl (pegloticase discontinuation due to urate-lowering
efficacy loss), and proportion of treatment responders (serum
urate <6 mg/dl for >80% of the time) during month 3 (weeks
10, 12, and 14) and overall (month 3 and month 6 combined).

Serum samples for serum urate measurement were col-
lected at screening and at 6 weeks, 4 weeks, and 2 weeks prior
to the initial pegloticase infusion (weeks –6, –4, and –2). On the
day of the first pegloticase infusion (day 1), pre- and post-infusion
blood samples were collected for serum urate measurement by a
central laboratory. Beginning with week 2, two pre-infusion blood
samples were collected for serum urate measurement within
48 hours of pegloticase infusion. Digital photographs of tophi on

Follow-up 
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Weekly
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+
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Figure 1. Overview of the study design for assessing pegloticase plus methotrexate (MTX) versus pegloticase plus placebo (PBO) cotreatment
for uncontrolled gout in a randomized, placebo-controlled, double-blind trial. Following screening, patients underwent a 2-week MTX tolerability
period before randomization then entered a 4-week run-in period and 52-week pegloticase plus MTX or PBO treatment period. Patients with
pre-infusion serum urate >6 mg/dl at 2 consecutive study visits beginning at week 2 discontinued study treatment and remained in the study on
observation. Key efficacy and safety assessments were conducted during months 6 and 12.
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the hands and feet were obtained at 6 weeks before the first
pegloticase infusion (week –6), day 1, and weeks 14, 24,
36, and 52.

Blood samples for pharmacokinetic evaluations were col-
lected post-infusion on day 1, pre- and post-infusion at weeks
2, 4, 6, 14, 22, 24, 36, 52 (or end of pegloticase infusions visit,
only 1 sample collected [noninfusion visit]), and at the 3-month
posttreatment follow-up. Pre-infusion blood samples for antidrug
antibody evaluations were collected at the same visits. The peglo-
ticase quantitation limit was 0.6 μg/ml, and measurements below
quantitation limit were imputed as 0.3 μg/ml. Trough (Cmin) and
peak (Cmax) concentrations of pegloticase and the proportion of
patients with Cmin below quantitation limit were summarized by
visit and treatment group. Anti–polyethylene glycol (anti-PEG)
and anti-uricase IgG antibody incidence and titer were summa-
rized by visit, treatment group, and treatment response. Both of
these antidrug antibodies were examined because the naked uri-
case enzyme (11,12) and PEG (13) can individually elicit antibody
production. Pre-infusion blood samples were collected to mea-
sure MTX polyglutamate (MTXGlu1-5) concentrations in red blood
cells.

Safety, including laboratory testing and adverse event
(AE) reporting, was evaluated during the run-in period (≥1 dose
blinded MTX or placebo received), the 52-week pegloticase plus
MTX or placebo treatment period (≥1 pegloticase dose received),
and the 6-month follow-up period (first assessment >30 days
after the last medication dose). The overall AE and serious AE pro-
file for pegloticase and pegloticase plus MTX cotherapy were
summarized. AEs were coded using the Medical Dictionary for
Regulatory Activities (MedDRA) and graded for severity using the
Rheumatology Common Toxicity Criteria version 2.0 (14). AEs of
special interest included infusion reactions, anaphylaxis per
National Institute of Allergy and Infectious Disease/Food Allergy
and Anaphylaxis Network criteria (15), gout flare, and cardiovas-
cular events. An independent safety committee adjudicated AEs
of special interest other than gout flare.

The full schedule of assessments is provided in Supplemen-
tary Table 3, available at https://onlinelibrary.wiley.com/doi/
art.42335. At screening, assessments included medical history,
physical examination, gout assessment (patient-reported and
clinical), and laboratory testing (serum urate, hematology, clinical
chemistry, pregnancy test, G6PDH). Before the 2-week MTX tol-
erance test (6 weeks prior to first pegloticase infusion [week –6]),
physical examination, gout assessments, and laboratory parame-
ters were examined. Biweekly assessments included physical
examination and gout assessment. Blood samples to measure
serum urate were also collected during noninfusion visits at weeks
21 and 23.

Statistical analyses. The primary efficacy analysis was
conducted in the intent-to-treat population. Additional efficacy
analyses were conducted in the modified intent-to-treat popula-
tion (≥1 pegloticase infusion received). The proportion of patients

with treatment response during month 6 was analyzed with
Cochran-Mantel-Haenszel weighting to estimate common risk
difference within strata (presence of subcutaneous tophi, yes/no)
and SEM of the common risk difference. Difference in the rate of
treatment response between the pegloticase plus MTX group
and the pegloticase plus placebo group and corresponding 95%
confidence interval (95% CI) and P value were estimated. At least
2 serum urate observations from visits during month 6 must have
been available for a patient to be eligible for responder consider-
ation. Patients were considered nonresponders if they had no
serum urate observations, had only 1 serum urate observation
(regardless of the value of that single observation), or met serum
urate monitoring criteria specifying pegloticase discontinuation
(pre-infusion serum urate >6 mg/dl at 2 consecutive scheduled
visits between week 2 and week 24 for the month 6 end point).
The mean change from baseline to week 24 in serum urate was
analyzed using a mixed model for repeated measures analysis of
covariance (ANCOVA) model, with terms for baseline score, tophi
presence at baseline, treatment group, visit, visit by treatment
group interaction, and visit by baseline interaction.

Up to 5 measurable tophi (≥5 mm in longest dimension
with distinguishable borders) and 2 unmeasurable tophi
(≥10 mm in longest dimension with indistinguishable borders)
were selected for assessment using study photographs.
Two trained, central readers categorized individual tophi as
having complete response, defined as 100% tophus area
reduction for measurable tophi or no longer visible for unmea-
surable tophi. Complete resolution of a tophus response was
defined as complete resolution of ≥1 tophus at week
24 without evidence of progressive disease among other
tophi. Patients with a missing week 24 tophi assessment were
considered nonresponders.

Safety analyses were conducted in the safety population
(patients receiving ≥1 dose of blinded MTX or placebo during the
run-in period and patients receiving ≥1 pegloticase infusion during
the treatment period). Based on the 43% response rate during
month 6 observed in phase III trials of pegloticase monotherapy
(8 mg every 2 weeks), a sample size of 135 patients (90 random-
ized to pegloticase plus MTX, 45 randomized to pegloticase
plus placebo) was estimated to provide 88% power with a
2-sided alpha level of 0.05 to detect a 28% difference in rates
(71% response rate for pegloticase plus MTX versus 43% for
pegloticase plus placebo).

Trial oversight. An independent, multidisciplinary data
monitoring committee (Axio [a Cytel company]) reviewed study
progress and unblinded, comparative efficacy and safety data
to protect patient welfare while preserving study integrity. An
external adjudication committee evaluated AEs of special inter-
est, including infusion reactions, anaphylaxis, and cardiovascu-
lar events. The data monitoring committee could recommend
study design modification or cessation for safety reasons, nei-
ther of which was recommended. Blinded safety data were
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summarized regularly throughout the study for sponsor safety
monitoring.

RESULTS

Patients. A total of 278 patients were screened between
June 13, 2019 and July 1, 2020. During screening, 119 patients

were screen failures before the 2-week open-label MTX tolerance

period, and another 7 patients discontinued after ≥1 dose of

open-label MTX. Among these 7 patients, 5 patients did not meet

inclusion/exclusion criteria, and 2 patients were lost to follow-up.

Therefore, 152 patients were randomized to either pegloticase

plus MTX (n = 100) or pegloticase plus placebo (n = 52) and

included in the intent-to-treat population. Of these randomized

patients, 3 patients (2 MTX, 1 placebo) withdrew before taking

blinded MTX or placebo, and 4 patients (2 MTX, 2 placebo) with-

drew before the first pegloticase infusion. Ultimately, 145 patients

(96 receiving MTX, 49 receiving placebo) entered the pegloticase

plus MTX or pegloticase plus placebo treatment period and

received ≥1 pegloticase infusion, with 70 (72.9%) of 96 MTX

patients and 19 (38.8%) of 49 placebo patients completing treat-

ment through week 24 (Figure 2).
Of the 152 randomized patients, 135 (88.8%) were male, and

105 (69.1%) were White. Mean ± SD age was 54.7 ± 12.6 years.
At screening, patients had a mean ± SD gout history (time since
first diagnosis) of 13.9 ± 10.7 years. All patients had experienced
≥1 gout flare in the prior year (mean ± SD 10.8 ± 14.2 flares per
patient), and 115 patients (75.7%) had tophi. Failure to improve

SCREENING
278 pa�ents were screened for eligibility

119 were screen 
failures

MTX TOLERABILITY
159 took ≥1 dose open-label MTX

2 lost to follow-up
5 screen failures
(all tolerated MTX)

RANDOMIZATION
152 underwent randomiza�on

ITT popula�on

98 received ≥1 dose
blinded MTX

100 were assigned to receive 
peglo�case + MTX

52 were assigned to receive
peglo�case + PBO for MTX

51 received ≥1 dose
blinded PBO for MTX

26 discon�nued peglo�case+MTX
• 6 withdrawals (1 COVID-related)
• 2 lost to follow-up
• 11 lack of efficacy (stopping criteria)
• 1 physician decision
• 4 adverse event
• 2 unrelated deaths (1 from COVID-19)

49 received ≥1 dose peglo�case

TREATMENT
Safety popula�on
mITT popula�on

(145 pa�ents)

1 discon�nued prior to taking 
blinded PBO for MTX

2 discon�nued prior to taking 
blinded MTX (1 for COVID-19†)

2 discon�nued during the
Run-in period (1 for COVID-19†)

96 received ≥1 dose peglo�case

2 discon�nued during the 
Run-in period

70 completed 
peglo�case + MTX treatment 

thru Week 24*

19 completed the
peglo�case + PBO Treatment 

period thru Week 24*

30 discon�nued peglo�case+PBO
• 1 withdrawal (not COVID-related)
• 2 lost to follow-up
• 18 lack of efficacy (stopping criteria)
• 1 physician decision
• 8 adverse events

MTX/PBO
RUN-IN

Figure 2. Flow chart depicting patient distribution and study disposition for a randomized, placebo-controlled, double-blind trial assessing
pegloticase plus methotrexate (MTX) versus pegloticase plus placebo (PBO) cotreatment for uncontrolled gout. * = 1 patient in each treatment
group discontinued MTX/PBO but continued to receive biweekly pegloticase infusions. † = withdrawal due to COVID-19 concerns, not infection.
ITT = intent-to-treat; mITT = modified intent-to-treat.
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despite prior oral urate-lowering therapy (allopurinol, febuxostat,
and/or probenecid) was noted in 86.1% of patients, with most
patients having taken allopurinol. Mean daily doses of allopurinol,
febuxostat, and probenecid were approximately 290 mg, 60 mg,
and 750 mg, respectively. The remaining patients were unable to
tolerate or had a contraindication to oral urate-lowering therapies.
Comorbidity prevalence was high, with hypertension (62.5%),
gastrointestinal disorders (38.2%), stage 3 chronic kidney disease
(defined as eGFR <60 ml/minute/1.73 m2; 32.2%), osteoarthritis
(25.0%), hyperlipidemia (24.3%), cardiac disorders (23.7%), obe-
sity (20.4%), type 2 diabetes mellitus (17.8%), depression
(15.8%), and eye disorders (15.8%) most frequently noted. Base-
line characteristics were balanced across treatment groups
(Table 1).

Of patients who received ≥1 pegloticase infusion (modified
intent-to-treat population), a mean ± SD of 10.8 ± 4.07 infusions
(median 13 infusions) were received by the pegloticase plus MTX
group through week 24 (n = 96). In contrast, the pegloticase plus
placebo group received a mean ± SD of 7.3 ± 4.90 infusions
(median 6 infusions; n = 49). Both groups had a high degree
of MTX or placebo compliance through week 24, with an average
weekly dose range of 14.7–15.1 mg in the MTX group (n = 98)
and 14.5–15.0 mg in the placebo group (n = 51) during the run-
in and treatment periods.

Efficacy. The primary efficacy end point was met, with
71.0% of patients (71 of 100) in the pegloticase plus MTX group
meeting response criteria during month 6 compared to 38.5% of
patients (20 of 52) in the pegloticase plus placebo group
(between-group difference 32.3% [95% CI 16.3%, 48.3%];
P < 0.0001) (Figure 3A). Response rates during month 3 and
overall (months 3 and 6 combined) were similar between the
intent-to-treat population and the modified intent-to-treat popula-
tion (≥1 pegloticase infusion received).

Mean ± SEM change from baseline in serum urate through
week 24 was –7.66 ± 0.358 mg/dl in the pegloticase plus
MTX group versus –5.23 ± 0.507 mg/dl in the pegloticase plus
placebo group (intent-to-treat population; between-group differ-
ence –2.43 mg/dl [95% CI –3.58, –1.27 mg/dl]; P < 0.0001)
(Figure 3B). The median time to 2 consecutive serum urate mea-
surements >6 mg/dl was not estimable in the pegloticase plus
MTX group (too few patients met discontinuation criteria) and
69 days (lower quartile [Q1] 29.0 days, upper quartile [Q3] not
estimable) in the pegloticase plus placebo group (P < 0.0001)
(Figure 3C). In the pegloticase plus MTX group, 15 (15.6%) of
96 patients had 2 consecutive serum urate measurements >6
mg/dl through week 24 compared to 27 (55.1%) of 49 patients
in the pegloticase plus placebo group; median time from first
pegloticase infusion to serum urate measurement >6 mg/dl was
71 days and 27 days, respectively. In patients with tophi at base-
line, complete tophus resolution at week 24 was observed in sig-
nificantly more patients receiving pegloticase plus MTX than
patients receiving pegloticase plus placebo (18 [34.6%] of
52 patients versus 4 [13.8%] of 29 patients; between-group dif-
ference 20.8% [95% CI 2.8%, 38.8%]) (P = 0.0434 for between-
group difference).

Safety. Of patients who received ≥1 dose of blinded MTX or
placebo during the run-in period, 43 (43.9%) of 98 patients in the
MTX group versus 20 (39.2%) of 51 patients in the placebo group
experienced ≥1 AE, with gout flare the most common AE in both
groups (28 [28.6%] of 98 patients versus 10 [19.6%] of
51 patients, respectively) (Figure 4A). One serious AE of coinci-
dent nephrolithiasis (grade 2), increased bilirubin (grade 2), leuko-
cytosis (grade 1), and acute kidney injury (grade 1) occurred in
1 MTX patient (patient hospitalized) and was deemed unrelated

Table 1. Characteristics of patients with uncontrolled gout in the
intent-to-treat population treated with pegloticase plus MTX versus
pegloticase plus placebo*

Pegloticase
plus MTX

Pegloticase
plus placebo

(n = 100) (n = 52)

Male 91 (91.0) 44 (84.6)
Age, mean ± SD years 55.6 ± 12.7 53.0 ± 12.1
Race/ethnicity
White 69 (69.0) 36 (69.2)
Black or African American 16 (16.0) 6 (11.5)
Asian 8 (8.0) 6 (11.5)
Native Hawaiian/Pacific Islander 4 (4.0) 1 (1.9)
Other 3 (3.0) 3 (5.8)†

Tobacco use history
Never 51 (51.0) 28 (53.8)
Former 26 (26.0) 13 (25.0)
Current 23 (23.0) 11 (21.2)

Body mass index, mean ± SD kg/m2 32.7 ± 5.6 32.7 ± 7.8
Baseline eGFR,
mean ± SD ml/minute/1.73 m2 ‡§

69.3 ± 17.8 71.1 ± 17.2

eGFR <60 ml/minute/1.73 m2 33 (33.3) 16 (30.8)
Gout characteristics
Time since first gout diagnosis,
mean ± SD years

13.7 ± 10.6 14.3 ± 10.8

Presence of tophi at screening¶ 74 (74.0) 41 (78.8)
Number of acute gout flares
in prior year, mean ± SD

10.6 ± 12.9 11.3 ± 16.7

Number of acute gout flares
in prior 6 months, mean ± SD

5.5 ± 6.7 6.1 ± 8.7

Baseline serum urate,
mean ± SD mg/dl‡

8.74 ± 1.61 9.11 ± 1.65

Prior oral urate-lowering
therapy use (within past year)

83 (83.0) 45 (86.5)

Allopurinol 78 (78.0) 39 (75.0)
Febuxostat 15 (15.0) 10 (19.2)
Probenecid 3 (3.0) 3 (5.8)

* Except where otherwise indicated, values are the number (%) of
patients. eGFR = estimated glomerular filtration rate.
† Includes 1 patient with missing race/ethnicity information.
‡ Last observation made prior to first open-label methotrexate
(MTX) dose (6 weeks before first pegloticase infusion [week –6]).
§ In the safety population (≥1 pegloticase infusion received), the
pegloticase plus MTX group included 95 patients, and the
pegloticase plus placebo group included 49 patients.
¶ Based on investigator or photographic assessment.
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to MTX treatment by the investigator. No AE led to withdrawal of
blinded MTX or placebo during the run-in period.

In the first 24 weeks of the pegloticase plus methotrexate
or placebo treatment period, 78 (81.3%) of 96 patients in the
MTX group and 47 (95.9%) of 49 patients in the placebo group
experienced ≥1 AE (Figure 4A), most of which were mild or
moderate (grade 1 or 2) in both groups. Of 338 AEs in the
MTX group, 321 (95.0%) were mild or moderate, and of
185 AEs in the placebo group, 178 (96.2%) were mild or mod-
erate. AEs of special interest during treatment included gout flare,
infusion reaction, anaphylaxis, and cardiovascular events. Gout
flare was the most common AE with a similar frequency between
the MTX and placebo groups (66.7% [64 of 96 patients] versus
69.4% [34 of 49 patients], respectively). As expected with urate-
lowering therapy initiation (16), the proportion of patients with
≥1 gout flare increased in the first month following pegloti-
case initiation, followed by a progressive decrease in both
treatment groups (Figure 4B). The proportion of patients with
≥1 gout flare during each month was similar between groups.

Infusion reactions were less frequent in the MTX group (4.2%
[includes anaphylaxis in 1 MTX patient]) than the placebo group
(30.6%) (Figure 4A) and occurred during the first or second peglo-
ticase infusion in 3 (75.0%) of the 4 MTX patients and 11 (73%) of
the 15 placebo patients who had an infusion reaction. The single
anaphylaxis AE occurred during the first pegloticase infusion fol-
lowing good MTX compliance. The patient recovered the same
day following treatment with intramuscular and subcutaneous
epinephrine, intravenous diphenhydramine hydrochloride, and
intravenous methylprednisolone. A single cardiovascular event of
cardiac arrest occurred in 1 MTX patient >2 weeks after the
patient’s last pegloticase infusion (third infusion; event deemed
unrelated to either MTX or pegloticase treatment by investigator).
AEs known to have an association with MTX (e.g., infection, liver
toxicity, renal toxicity, gastrointestinal disorders, hematologic dis-
orders) (17) did not occur more frequently in the MTX group than
the placebo group (Figure 4A).

Reports of serious AEs were similar between groups through
month 6 of the pegloticase plus MTX or placebo treatment period

Figure 3. A, Key treatment efficacy end points through week 24 in the intent-to-treat (ITT) and modified intent-to-treat (mITT) populations of
patients randomized to receive pegloticase plus methotrexate (MTX) or pegloticase plus placebo (PBO) for treatment of uncontrolled gout. Treat-
ment response was defined as serum urate (SU) <6 mg/dl for ≥80% of visits during month 6 (weeks 20–24). B, Least squares (LS) mean change
from baseline in SU at each study visit. The shaded region represents 95% confidence intervals (95%CIs).C, Kaplan-Meier curve for time to 2 con-
secutive SU measurements >6 mg/dl through week 24. Median time to 2 consecutive SU >6 mg/dl was not estimable in the pegloticase plus MTX
group and 69 days (9.9 weeks) in the pegloticase plus PBO group (mITT population). In A, * = primary efficacy end point. † = determined through
week 24 using mixed model repeated measures analysis. ‡ = assessed during pegloticase treatment; MTX/PBO was discontinued when pegloti-
case was discontinued. In B, asterisks denote a statistically significant difference between treatment groups (P ≤ 0.0001). In C, circles represent
patient censoring due to 2 consecutive SU measurements >6 mg/dl.

SAFETY AND EFFICACY OF PEGLOTICASE PLUS MTX FOR UNCONTROLLED GOUT 299



(8 [8.3%] MTX patients, 5 [10.2%] placebo patients) (Figure 4A).
These included cardiac disorders (2 MTX patients [2.1%]), small
intestine obstruction (1 MTX patient [1.0%]), noncardiac chest

pain during pegloticase administration (1 placebo patient
[2.0%]), infusion reaction (2 MTX patients [2.0%; includes 1 ana-
phylaxis]; 2 placebo patients [4.1%]), infection (1 MTX patient

Figure 4. A, Summary of treatment-emergent adverse events (AEs) occurring in ≥5% of either treatment group through week 24 of the
pegloticase plus methotrexate (MTX) or placebo (PBO) treatment period (safety population). All AEs of special interest and serious AEs are also
shown. Elevated liver function test (LFT) includes elevated aspartate aminotransferase, alanine aminotransferase, bilirubin, and hepatic enzymes.
B, Proportion of patients in each treatment group who experienced ≥1 gout flare during each month of the pegloticase plus MTX or pegloticase
plus PBO treatment period. Month 0 represents the proportion of patients with ≥1 flare during the MTX/PBO 4-week run-in period. In A, * = AE
of special interest, adjudicated. † = known MTX AE (ref. 17). ‡ = nervous system disorders included dizziness (2 MTX), headache
(1 MTX, 1 PBO), hypoesthesia (2 MTX), neuropathy peripheral (1 MTX), paresthesia (1 MTX). § = general disorders included fatigue
(5 MTX, 1 PBO), chest discomfort (1 PBO), feeling hot (1 MTX), peripheral edema (1 PBO), peripheral swelling (1 MTX), pain (1 MTX), foreign body
sensation (1 MTX), non-cardiac chest pain (1 PBO). k = infections included COVID-19 (1 MTX) and soft tissue abscess (1 PBO).
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[1.0%; COVID-19], 1 placebo patient [2.0%; soft tissue abscess]),
gunshot wound (1 MTX patient [1.0%]), failure-to-thrive (1 placebo
patient [2.0%]), and polymyalgia rheumatica (1 MTX
patient [1.0%]).

AEs leading to permanent withdrawal of study medication
occurred in both groups but less frequently with pegloticase plus
MTX treatment. In the MTX group, 7 patients (7.3%) had pegloti-
case and MTX withdrawn because of tachycardia, anaphylaxis,
infusion reaction, hypersensitivity, COVID-19, pneumonia, influ-
enza, and/or gout flare, and 2 patients had only MTX withdrawn
because of fatigue and decreased hemoglobin. In the placebo
group, 9 patients (18.4%) had pegloticase withdrawn because
of infusion reaction, with 5 also discontinuing placebo. Three
patients (6.1%) had only placebo withdrawn because of gastroin-
testinal disorder (pain, constipation, vomiting), infusion reaction,
decreased platelet and white blood cell counts, back pain, alope-
cia, and skin drug eruption. Treatment-emergent serious AEs led

to 2 deaths in the pegloticase plus MTX group. One patient with
a history of appendicitis/appendectomy and cervical disc disease
experienced cardiac arrest more than 2 weeks after the patient’s
last pegloticase infusion (third infusion) that was deemed unre-
lated to pegloticase or MTX treatment by the site investigator.
The second patient had COVID-19 that was deemed unrelated
to either study drug; the patient had multiple comorbidities,
including hypertension, obesity, coronary artery disease, cardio-
megaly, atrial fibrillation, and type 2 diabetes mellitus.

Pharmacokinetics and immunogenicity of pegloti-
case in the presence and absence of MTX. Higher pegloti-
case concentrations (Cmax and Cmin) were observed in the
pegloticase plus MTX group than in the pegloticase plus placebo
group (Figures 5A and B). At week 14, median Cmin was 1.32
μg/ml (Q1, Q3 0.73, 1.74 μg/ml) in the pegloticase plus MTX
group versus 0.63 μg/ml (Q1, Q3 0.30, 1.28 μg/ml) in the

Figure 5. Comparison of peak (Cmax [A]) and trough (Cmin [B]) concentrations of pegloticase at week 14 in patients who received cotreatment
with methotrexate (MTX) or placebo (PBO). C, Kaplan-Meier curve for time to anti–polyethylene glycol (anti-PEG) IgG antibody positivity. Median
time to anti-PEG antibody positivity was not estimable in patients treated with pegloticase plus MTX and 155 days (lower quartile [Q1] 44, upper
quartile [Q3] not estimable) in patients treated with pegloticase plus PBO. The below quantitation limit (BQL) was 0.6 μg/ml (imputed as 0.3 μg/ml
in analysis). In A and B, circles represent treatment responders; triangles represent treatment nonresponders. Lines represent the median; whis-
kers represent Q1 and Q3. Dashed horizontal lines show the pegloticase BQL. In C, circles represent patient censoring. Numbers below the plot
show the number of patients remaining in the analysis at each time point. ADA = antidrug antibody.
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pegloticase plus placebo group. Median Cmax was 3.01 μg/ml
(Q1, Q3 1.94, 3.98 μg/ml) in the pegloticase plus MTX group ver-
sus 2.66 μg/ml (Q1, Q3 1.45, 3.20 μg/ml) in the pegloticase plus
placebo group. Improved pegloticase response was associated
with higher pegloticase concentrations; at week 14, Cmin was
below quantitation limit in 8 (80.0%) of 10 nonresponders and
16 (18%) of 89 responders (median Cmin 1.26 μg/ml [Q1, Q3
0.72, 1.71] in responders).

Pegloticase plus MTX cotherapy reduced the incidence of
new antidrug antibody formation. Anti-uricase antibodies were
not detected at baseline in either treatment group; however,
11 (11.6%) of 95 MTX patients versus 10 (20.4%) of 49 placebo
patients developed anti-uricase antibodies during the first
24 weeks of pegloticase plus MTX or placebo treatment.
Mostly low anti-uricase antibody titers (≤1:10) were observed,
and anti-uricase antibody positivity was not associated with lower
pegloticase concentration (no effect on pegloticase pharmacoki-
netics) or treatment response.

Anti-PEG antibodies were present in 24 (25.0%) of 96 MTX
patients and 14 (29.2%) of 48 placebo patients at baseline.
The proportion of patients who had postbaseline anti-PEG anti-
body positivity (positive titer if antibody-negative at baseline;
increase in titer if antibody-positive at baseline) was 23.2% in the
pegloticase plus MTX group and 50.0% in the pegloticase plus
placebo group. Median time to positive anti-PEG antibody
response was not estimable in the pegloticase plus MTX group
(few anti-PEG antibody–positive patients postbaseline) and
155 days (95% CI 44 days, not estimable) in the pegloticase
plus placebo group (P = 0.0008 for Kaplan-Meier estimate)
(Figure 5C). In patients who were positive for anti-PEG antibodies
postbaseline, those in the pegloticase plus MTX group had overall
lower titer levels than the pegloticase plus placebo group through
week 24 (mean titer range 92.5–280.6 versus 325.7–728.4,
respectively). Additionally, positive anti-PEG antibody status was
associated with a lower median pegloticase Cmin at week 6 (0.64
μg/ml [Q1 below quantitation limit, Q3 1.09 μg/ml] in anti-PEG
antibody–positive patients versus 1.06 μg/ml [Q1, Q3 0.66, 1.44
μg/ml] in anti-PEG antibody–negative patients).

Treatment response rates were lower in patients who devel-
oped anti-PEG antibodies postbaseline than in those who
remained negative throughout the pegloticase plusMTX or placebo
treatment period. In the modified intent-to-treat population,
patients who remained anti-PEG antibody–negative had a treat-
ment response rate during month 6 of 80.8% (59 of 73 patients) in
theMTX group and 58.3% (14 of 24 patients) in the placebo group.
In contrast, those who developed anti-PEG antibodies postbase-
line had a response rate of 54.5% (12 of 22) and 25.0% (6 of 24)
in the MTX and placebo groups, respectively. These treatment
group differences were similar to the overall modified intent-to-treat
response rate (74.0% in the MTX group versus 40.8% in the pla-
cebo group). In the 4 MTX patients who experienced infusion
reactions or anaphylaxis during the treatment period, 3 (75%)

had anti-PEG antibodies at baseline (all had titers ≤1:20), and
all 4 of these patients (100%) had anti-PEG antibodies after
baseline (≥1:320). Of the 15 placebo patients who experienced
an infusion reaction during the treatment period, 6 (40%) had
anti-PEG antibodies at baseline (4 patients <1:40, 2 patients
≥1:320), and 11 (73.3%) had anti-PEG antibodies postbaseline
(2 patients ≤1:20, 9 patients ≥1:160).

Methotrexate polyglutamates exposure. MTXGlu
concentrations in red blood cells were maintained during treat-
ment in the pegloticase plus MTX group, suggesting compliance
with MTX administration. Furthermore, MTXGlu concentrations
were in the expected range based on a prior study of low-dose
oral MTX use in rheumatoid arthritis patients (18), suggesting min-
imal or no impact of pegloticase on MTX pharmacokinetics.
MTXGlu concentrations (including MTXGlu3, the predominant
MTXGlu [19]) did not significantly differ between responders and
nonresponders.

DISCUSSION

In this trial conducted in patients with uncontrolled gout who
were intolerant of or refractory to oral urate-lowering therapy, we
observed a significantly higher proportion of patients meeting the
6-month primary end point and lower infusion reaction incidence
among patients receiving pegloticase plus MTX compared to
those receiving pegloticase plus placebo. Patients cotreated with
MTX had lower incidence of antidrug antibody development, indi-
cating MTX attenuation of pegloticase immunogenicity. Conse-
quently, patients receiving pegloticase plus MTX had overall
higher pegloticase Cmin and Cmax than those receiving pegloti-
case plus placebo, indicating higher and more consistent pegloti-
case exposure. This finding is consistent with the improved
efficacy outcome found in the pegloticase plus MTX group.

Gout has a high health burden and is associated with chronic
kidney disease (20,21), metabolic syndrome (22,23), cardiovas-
cular disease (24–26), increased mortality (26,27), and decreased
quality of life (28–30). Uncontrolled gout results in an even higher
burden due to higher comorbidity rates (31) and frequent, painful
acute gout flares (29,32). Given that pegloticase is the only medi-
cal therapy indicated for refractory or urate-lowering therapy–
intolerant gout, maximizing the number of patients who achieve
sustained lowering of serum urate levels and receive the full
course of therapy is extremely important. Preliminary clinical trials
(6,7,33) and case series (34–36) in the literature support immuno-
modulator use in conjunction with pegloticase to increase the pro-
portion of patients with therapeutic response. The MIRROR RCT
study, a large, prospective, randomized, placebo-controlled,
double-blind trial, verified that pegloticase plus oral MTX
(15 mg/week) cotherapy resulted in a higher rate of sustained
urate lowering than pegloticase plus placebo (pegloticase mono-
therapy) during the first 6 months of therapy. Importantly, the
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MTX group had lower infusion reaction incidence (4% [includes
1 patient who experienced anaphylaxis] in the MTX group versus
31% in the placebo group) and otherwise similar safety profile as
the placebo group. Among noted AEs, ≥95% were mild or mod-
erate. As in prior studies, gout flare was the most common AE in
both treatment groups and decreased over time during
treatment.

Anti-pegloticase antibody development has been previously
linked to loss of pegloticase urate-lowering efficacy and infusion
reaction occurrence (1,3). The pharmacokinetic and antidrug anti-
body findings presented here support these associations. In both
treatment groups, fewer patients with anti-PEG antibody positivity
were treatment responders during month 6 than patients without
these antibodies (54.5% versus 80.8%, respectively, in the MTX
group; 25.0% versus 58.3%, respectively, in the placebo group).
Additionally, the patient who experienced anaphylaxis had low-
titer anti-PEG antibodies (<1:10) prior to pegloticase initiation.
This study also provides evidence that a low-to-moderate MTX
dose attenuated antidrug antibody development against
pegloticase.

This study had several limitations. It did not address serum
urate management following pegloticase therapy. In patients
who are tolerant of xanthine oxidase inhibitors but have inade-
quate response, some clinicians begin oral urate-lowering therapy
immediately after the last pegloticase infusion, but others wait until
serum urate is >6 mg/dl. Further study of this important issue is
needed. This study does not address pegloticase therapy dura-
tion in patients who are unable to tolerate xanthine oxidase
inhibitors. Future studies may address potential therapeutic
strategies in this population. In addition, few patients had eGFR
<60 ml/minute/1.73 m2 (all had eGFR ≥40 ml/minute/1.73 m2).
Although MTX should be avoided when eGFR is <30 ml/minute/
1.73 m2, up to 49% of uncontrolled gout patients have chronic
kidney disease (31). Therefore, further study of other immunomo-
dulating therapies with pegloticase is needed in patients with
advanced chronic kidney disease. Last, these 6-month analyses
may not have been long enough for maximum therapeutic benefit
to be observed, particularly with respect to tophi resolution.
Future analysis of the full 52-week treatment period will provide
further insight.

In conclusion, these results confirm superiority of pegloticase
plus MTX cotherapy to pegloticase monotherapy in treatment effi-
cacy and safety in uncontrolled gout management. In patients
cotreated with MTX, response rates during month 6 of pegloticase
therapy were significantly higher (71.0% versus 38.5% in patients
receiving pegloticase monotherapy), and infusion reaction inci-
dence was markedly lower (4.2% versus 30.6% in patients receiv-
ing pegloticase monotherapy), with a comparable safety profile to
patients cotreated with placebo. Furthermore, this trial provides
evidence that MTX enhances drug survival and decreases pegloti-
case immunogenicity through attenuation of antidrug antibody
development. Based on these findings, this trial strongly supports

MTX coadministration with pegloticase in uncontrolled gout
patients.
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