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ABSTRACT

Objective: Patients with uncontrolled/refrac-
tory gout have heavy disease burden, but few
treatment options. Pegloticase lowers serum
urate (SU), but anti-drug antibodies can limit
treatment efficacy. Evidence supports
immunomodulator-pegloticase co-administra-
tion to increase sustained urate-lowering rates,
but published cases are limited. This study
investigated experience with pegloticase-im-
munomodulation co-therapy at two commu-
nity rheumatology practices.
Methods: Patients initiating pegloticase with
immunomodulation in 2017 or later were
included. Patient/treatment characteristics and
proportion of responders (C 12 pegloticase
infusions, SU\6 mg/dl at infusion-12) were
examined. Patients on therapy at data collec-
tion with\12 infusions were excluded from
response analyses. eGFR before and after ther-
apy was examined.

Results: Thirty-four patients (79% male,
62.4 ± 16.3 years) with uncontrolled gout
(SU = 9.1 ± 2.0 mg/dl, 91% tophaceous) were
included. Most-reported comorbidities were
hypertension (76%), obesity (71%),
osteoarthritis (68%), and CKD (47%). Pre-ther-
apy eGFR was 65.4 ± 25.2 ml/min/1.73 m2

(41% eGFR\60 ml/min/1.73 m2). All patients
initiated immunomodulation before
(5.3 ± 3.0 weeks, n = 32) or at (n = 2) first
pegloticase infusion. Subcutaneous methotrex-
ate (15.4 ± 4.9 mg/week, n = 20), oral
methotrexate (15.3 ± 3.6 mg/week, n = 9),
mycophenolate mofetil (1000 mg/day, n = 3),
and azathioprine (100 mg/day, n = 2) were
administered. Patients received 14.6 ± 7.1
infusions over 28.5 ± 14.9 weeks. Overall
response rate was 89%, ranging among
immunomodulators (subcutaneous methotrex-
ate: 93%, oral methotrexate: 89%, mycophe-
nolate mofetil: 100%, azathioprine: 50%). On
average, eGFR increased during therapy
(? 10.3 ± 16.9 ml/min/1.73 m2), with CKD
stability/improvement in 85%. Nineteen
patients (56%) experienced gout flares. No
infusion reactions or infections were noted. No
new safety concerns were identified.
Conclusions: These real-world findings provide
further support for increased pegloticase
response rates when co-treatment with
immunomodulating therapy is used.
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PLAIN LANGUAGE SUMMARY

Patients with gout that does not respond to oral
urate-lowering therapies have heavy disease
burden and few treatment options. Pegloticase
lowers serum urate levels (SU) and resolves
tophi, but anti-drug antibodies can limit urate-
lowering efficacy duration. Evidence increas-
ingly supports co-administering an
immunomodulator with pegloticase to increase
the proportion of patients with sustained urate-
lowering response. However, there are few
published cases from real-world clinical prac-
tice. This study examined treatment with
pegloticase ? immunomodulation at two com-
munity rheumatology practices. Patients who
began treatment with pegloticase and an
immunomodulator in 2017 or later were inclu-
ded. The proportion of patients with sustained
urate-lowering response (C 12 infusions
received, SU\6 mg/dl at infusion 12) was
investigated. Renal function before and after
therapy was also examined. Thirty-four patients
were included. Before treatment, SU averaged
9.1 mg/dl and most-reported comorbidities
were hypertension (76%), obesity (71%),
osteoarthritis (68%), and chronic kidney disease
(47%). All patients began using an
immunomodulator before or at first pegloticase
infusion (subcutaneous methotrexate [20
patients], oral methotrexate [9 patients],
mycophenolate mofetil [3 patients], and aza-
thioprine [2 patients]). On average, 14.6 infu-
sions were administered over 28.5 weeks and
overall response rate was 89%. Response rate
varied among different immunomodulators:
subcutaneous methotrexate: 93%, oral
methotrexate: 89%, mycophenolate mofetil:
100%, azathioprine: 50%. On average, kidney
function improved, with chronic kidney disease
stage stability/improvement in 85% of patients.
Nineteen patients (56%) experienced gout
flares. No infusion reactions or infections were
noted and no new safety concerns were identi-
fied. These real-world findings provide further
support for administering immunomodulation
as co-therapy to pegloticase.

Keywords: Gout; Immunomodulation; Lefluno-
mide; Methotrexate; Mycophenolate mofetil;
Pegloticase; Uncontrolled gout; Urate

Key Summary Points

Why carry out this study?

Pegloticase lowers serum urate (SU) in
patients with uncontrolled/refractory gout,
but efficacy can be limited by anti-drug
antibody development.

Co-administering pegloticase with an
immunomodulating agent meaningfully
increases the number of patients with
sustained urate-lowering while on treatment
but case data in the literature remain
limited.

This study examined experience from two
community rheumatology practices where a
variety of immunomodulating agents are
routinely co-prescribed with pegloticase
therapy.

What was learned from the study?

This case series provides further real-world
evidence supporting concomitant
pegloticase and immunomodulator co-
therapy.

In agreement with prior studies, the
treatment responder rate observed here in
the presence of immunomodulation co-
therapy (89%) was markedly higher than the
established pegloticase monotherapy
response rate (42%).

Methotrexate has been most studied, but our
findings suggest that co-therapy with other
immunomodulators may also improve
pegloticase response rates in uncontrolled
gout patients.
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INTRODUCTION

Gout is a painful inflammatory arthritis caused
by chronic hyperuricemia and has been associ-
ated with metabolic comorbidities [1, 2], car-
diovascular disease [1–5], renal dysfunction
[2, 6], lower quality of life (QOL) [1, 7], and
increased mortality [1, 4, 8]. Patients with
uncontrolled or refractory gout have even
higher disease burden [9] and comorbidity rates
[10], as well as more severe chronic kidney dis-
ease [10] and highly impacted QOL [11].
Unfortunately, these uncontrolled gout patients
often have limited treatment options.

Pegloticase lowers serum urate (SU) in
uncontrolled gout patients, but the durability of
this effect can be limited in some patients lar-
gely because of anti-drug antibody development
[12]. Evidence in the literature strongly supports
the co-administration of pegloticase with an
immunomodulating agent to increase treat-
ment response rates. A systematic review of the
literature showed an 83% pegloticase response
rate with immunomodulator co-administration
[13], compared to a 42% response rate of
pegloticase monotherapy [12]. Further, a
recently completed randomized, controlled trial
(RCT) of pegloticase ? methotrexate (MTX) co-
therapy (MIRROR RCT; NCT03994731) showed
a 71% response rate during month 6 (vs. 38%
pegloticase ? placebo) [14]. However, case data
in the literature remain limited. The current
study reports experience from two community
rheumatology practices where immunomodu-
lating therapy is routinely co-prescribed in
patients undergoing pegloticase treatment.
Treatment response rates, effect on kidney
function, and safety signals were examined in
uncontrolled gout patients co-treated with
pegloticase and a single immunomodulatory
agent.

METHODS

This retrospective study of medical record data
was reviewed and assigned exempt status by the
wcg IRB (Puyallup, WA; IRB registration #:
IRB00000533), waiving the requirement of
informed consent. All study conduct adhered to

the tenets of the Declaration of Helsinki of 1964
and its later amendments. Patients with
uncontrolled gout who underwent pegloticase
plus immunomodulation co-therapy and who
received their first pegloticase infusion in 2017
or later were included. Medical record data were
collected in March and May of 2021, including
data through March 15, 2021. All patients were
cared for at two community rheumatology
practices and no exclusion criteria were applied.

Medical record data were extracted and de-
identified by an independent party (The Lock-
wood Group, Stamford, CT) using a standard-
ized data collection form. Examined parameters
included patient demographics, gout charac-
teristics, treatment parameters, and the pro-
portion of patients who were considered to be
pegloticase responders, defined as C 12 peglot-
icase infusions received and SU\6 mg/dl just
prior to infusion 12. SU values that were below
the quantitation limit (BQL) were entered as the
quantitation limit to avoid artificially lowering
mean SU values (e.g.,\ 1.5 mg/dl entered as
1.5 mg/dl). BQL varied between 0.2 and 1.5 mg/
dl. Patients who remained on therapy at data
collection, but had not yet reached infusion 12
were excluded from responder rate analyses. All
patients had a target pegloticase administration
schedule of 8 mg infusions every 2 weeks and
received pre-infusion prophylaxis (125 mg IV
methylprednisolone or 100 mg hydrocortisone,
180 mg oral fexofenadine or 25 mg IVP
diphenhydramine). All patients were on a
standard gout flare prophylaxis regimen during
pegloticase ? immunomodulation co-therapy.
Estimated glomerular filtration rate (eGFR) was
also examined before therapy and at last infu-
sion to investigate change in kidney function
during therapy. Adverse events (AEs) were cat-
egorized by the reporting physician as ‘‘flares,’’
‘‘infusion reactions,’’ or ‘‘other.’’ To capture AEs
not previously associated with pegloticase, fur-
ther detail was provided for all ‘‘other’’ AEs. Data
are presented as mean ± SD or as n (%) as
appropriate. Changes in continuous variables
over time were statistically examined using two-
tailed, paired Student’s t tests. Statistical signif-
icance was defined as p\0.05.
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RESULTS

Patient Characteristics

A total of 34 patients with uncontrolled gout
were identified and included in the analyses.
Most patients were male (79%) and Caucasian
(74%) and mean age was 62.4 ± 16.3 years
(Table 1). Comorbidities were common, with
hypertension (76%), obesity (71%),
osteoarthritis (68%), chronic kidney disease
(CKD, 47%), and cardiovascular disease (35%)
most frequently reported. Baseline eGFR aver-
aged 65.4 ± 25.2 ml/min/1.73 m2 and 41% of
patients had eGFR\60 ml/min/1.73 m2. No
kidney transplant or dialysis patients were
included.

Gout duration averaged 14.7 ± 13.4 years
and mean SU prior to pegloticase exposure was
9.1 ± 2.0 mg/dl. Subcutaneous (subQ) tophi
were noted in 91% of patients and all had signs
of severe gout, including chronic pain, frequent
gout flares, and/or bone erosions on radiogra-
phy. Thirty-one of 34 patients (91%) had doc-
umented oral ULT use prior to beginning
pegloticase, with a history of allopurinol use in
28 patients (82%, mean dose:
270.8 ± 139.8 mg/day [n = 24]) and febuxostat
use in three patients (9%, mean dose:
53.3 ± 23.1 mg/day [n = 3]). Of the three
patients (9%) without oral ULT use noted, one
patient was not on an oral ULT at first
rheumatology office visit and two patients
reported allopurinol intolerance.

Pegloticase Plus Immunomodulation Co-
Therapy

A total of 498 pegloticase doses were adminis-
tered (14.6 ± 7.1 infusions/patient) over a
mean of 28.5 ± 14.9 weeks. Immunomodulator
use included subQ methotrexate (MTX; 20
patients [59%], 10-25 mg/week), oral MTX (9
patients [26%], 7.5-20 mg/week), oral
mycophenolate mofetil (MMF; 3 patients [9%],
1000 mg/day), and oral azathioprine (AZA; 2
patients [6%], 100 mg/day; Table 2).
Immunomodulation co-therapy was initiated
prior to pegloticase in 32 patients (94%)

Table 1 Pre-therapy characteristics of uncontrolled gout
patients treated with pegloticase and immunomodulation
co-therapy

Patient characteristics N = 34

Male, n (%) 27 (79%)

Age, years, mean ± SD 62.4 ± 16.3

Current tobacco user, n (%) 7 (21%)

Race, n (%)

Caucasian 25 (74%)

Asian 5 (15%)

African–American 4 (12%)

BMI, kg/m2, mean ± SD 35.3 ± 8.6

BMI C 30 kg/m2 24 (71%)

Reported comorbidities, n (%)

Hypertension 26 (76%)

Osteoarthritis 23 (68%)

Chronic kidney disease 16 (47%)

Cardiovascular disease* 12 (35%)

Diabetes mellitus 11 (32%)

Degenerative disc disease 5 (15%)

Hyperlipidemia 3 (9%)

eGFR, ml/min/1.73 m2, mean ± SD 65.4 ± 25.2

eGFR\ 60 ml/min/1.73 m2, n (%) 14 (41%)

Gout characteristics

Gout duration,� years, mean ± SD 14.7 ± 13.4

Visible (subcutaneous) tophi, n (%) 31 (91%)

SU, mg/dl, mean ± SD 9.1 ± 2.0

Prior oral ULT use, n (%)� 31 (91%)

Allopurinol 28 (82%)

Febuxostat 3 (9%)

BMI body mass index, eGFR estimated glomerular filtration rate, SD

standard deviation, SU serum urate, ULT urate-lowering therapy
*Includes coronary artery disease (7 patients [21%]), atrial fibrillation

(4 patients [12%]), congestive heart failure (3 patients [9%]), pul-

monary embolism (1 patient [3%]), cardiac arrythmia (1 patient

[3%]), and/or peripheral vascular disease (1 patient [3%])
�N = 30; 1 patient gout duration unknown, 3 patients had non-

numerical response (‘‘many [years]’’, ‘‘long stander’’, ‘‘long time’’)
�2 patients reported allopurinol intolerance, 1 patient not on ULT

at first rheumatology visit
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5.3 ± 3.0 weeks before the first pegloticase
infusion. The remaining two patients (6%) ini-
tiated immunomodulation (both subQ MTX)
and pegloticase on the same day (Fig. 1).

At data collection, 11 patients (32%)
remained on therapy, 17 patients (50%) had
met treatment goals and discontinued therapy,
and six patients (18%) had prematurely dis-
continued therapy. Of the 11 patients who
remained on therapy, six had not yet reached
infusion 12 and were excluded from responder
rate analyses. Premature therapy discontinua-
tion occurred because of loss of follow-up
(n = 2), urate-lowering efficacy loss (n = 1),
patient choice (n = 1), COVID concerns (n = 1),
and adverse event (n = 1; stroke [further descri-
bed below]). Therefore, 28 patients were inclu-
ded in responder rate analyses. Twenty-five of
28 patients (89%) met treatment response cri-
teria (Fig. 2). On average, SU fell to
1.0 ± 0.6 mg/dl following pegloticase infusion
1, remaining approximately 1 mg/dl for the

remainder of therapy (Fig. 3). Of the 17 patients
that had met treatment goals and discontinued
pegloticase, 15/17 (88%) had tophi before
beginning therapy. Of these 15, 13 (87%) no
longer had visible tophi following pegloticase
discontinuation. Ten of these 17 patients (59%)
were administered allopurinol following
pegloticase discontinuation at a mean dose of
360 mg/day (range, 100 to 600 mg/day).

Response rates for individual immunomod-
ulators were 100% for MMF, 93% for subQ
MTX, 89% for oral MTX, and 50% for AZA
(Fig. 2). Of the three patients were considered
non-responders, one met treatment goals after
three pegloticase infusions and discontinued
therapy, one had an SU of 11.3 mg/dl prior to
infusion 12 but because of ongoing clinical
improvement remained on therapy, without
any reported infusion reactions, and one self-
discontinued azathioprine 2 weeks prior to
infusion 5 (SU rise after infusion 6 followed by
pegloticase discontinuation).

Table 2 Pegloticase with immunomodulation treatment parameters and outcomes

IMM
agent

Number
of patients

Dose Pegloticase
infusions
administered

SU at
infusion 12*
(mg/dl)

Responders* Change in eGFR�

(ml/min/1.73 m2)

SubQ MTX 20 (59%) 15.4 ± 4.9 mg/week

(10–25 mg/week)

14.4±2.2* 1.1±3.0* 13/14 (93%)* ?10.9 ± 19.7

Oral MTX 9 (26%) 15.3 ± 3.6 mg/week

(7.5–25 mg/week)

19.7±11.5 1.2±0.6 8/9 (89%) ?7.5 ± 15.0

MMF (oral) 3 (9%) 1000 mg/day

(all 1000 mg/day)

15.0±3.0 1.2±0.6 3/3 (100%) ?15.4 ± 6.8

AZA (oral) 2 (6%) 100 mg/day

(both 100 mg/day)

11.5±7.8 1.5 1/2 (50%) ?9.3 ± 1.8

Overall 34 – 16.0±7.2* 1.1±2.2*� 25/28 (89%)* ?10.3 ± 16.9

Data are presented as mean ± standard deviation (range), n (%), or n/N (%). All patients began IMM prior to the first
pegloticase infusion with the exception of 2 subQ MTX patients (1 responder, 1 ongoing therapy and had not yet reached
pegloticase infusion 12)
IMM immunomodulation, SU serum urate level, eGFR estimated glomerular filtration rate, subQ subcutaneous, MTX
methotrexate, MMF mycophenolate mofetil, AZA azathioprine, eGFR estimated glomerular filtration rate
*Excludes 6 patients who remained on therapy at data collection but had not yet reached infusion 12
�Change from pre-therapy value at last pegloticase infusion
�N = 26 (patients who reached infusion 12)

Rheumatol Ther (2022) 9:1549–1558 1553



Over the course of therapy, mean eGFR
among pegloticase ? immunomodulation co-
treated patients improved from 65.4 ± 25.2 ml/
min/1.73 m2 at baseline to 75.7 ± 30.8 ml/min/
1.73 m2 at time of last pegloticase infusion
(p = 0.001, N = 34). Mean eGFR change over

pre-therapy values was ? 10.3 ± 16.9 ml/min/
1.73 m2 at last pegloticase infusion (N = 34 [all
patients regardless of treatment duration or
response]). Further, kidney disease remained
stable or improved in 29 patients (85%), with
CKD progression of one stage or less in the

Infusion 12
Treatment responder if 

SU <6 mg/dL

Peglo�case
(target schedule: 8 mg infusion every 2 weeks)

Immunomodulator
(MTX, LEF, MMF, or AZA administered during peglo�case, ini�ated 
before, at �me of, or following first peglo�case infusion)

Infusion 1

Fig. 1 Schematic of study design showing pegloticase and immunomodulation co-therapy. Patients were considered to have
sustained urate-lowering efficacy (treatment responder) if they had received at least 12 pegloticase infusions and had
SU\ 6 mg/dl just prior to infusion 12. MTX methotrexate, LEF leflunomide, MMF mycophenolate mofetil, AZA
azathioprine

(N=28)

89%
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Fig. 2 Pegloticase response rate in patients co-treated with an immunomodulator. The AZA non-responder self-
discontinued AZA 2 weeks prior to pegloticase infusion 5 (pegloticase discontinued after infusion 6). MMF mycophenolate
mofetil, subQ subcutaneous, MTX methotrexate, AZA azathioprine
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remaining five patients (15%). Of these, one
patient moved from stage 1 to stage 2, two
moved from stage 2 to stage 3a, and two moved
from stage 3a to 3b. Patients with pre-therapy
CKD (eGFR\ 60 ml/min/1.73 m2, n = 14) were
older (72.6 ± 10.1 vs. 55.2 ± 16.2 years,
p\0.001) and more often female (43 vs. 5%)
than those without CKD (n = 20). Despite these
differences, all findings were similar between
patients with and without pre-therapy CKD,
including the number of pegloticase infusions
administered (CKD: 14.6 ± 8.3 vs. non-
CKD: 14.7 ± 6.4 infusions), urate-lowering effi-
cacy (91% [10/11] vs. 88% [15/17]), MTX usage
(93% vs. 80%; mean dose: 14.2 ± 5.4 vs.
16.3 ± 3.4 mg/week), and mean change in
eGFR (12.3 ± 21.5 vs. 8.9 ± 13.2 ml/min/1.73
m2).

Safety Observations

No new safety concerns were identified. Twenty
patients (59%) experienced one or more adverse
events during pegloticase plus immunomodu-
lation co-therapy. The most common adverse
event was acute gout flare, which was observed
in 19 patients (56%). In these 19 patients, a
mean of 1.8 ± 1.5 flares per patient were noted.

Other adverse events included unrelated stroke
in one patient (3%) after 15 pegloticase infu-
sions (treatment discontinued) and new lower
extremity pain (described as ‘‘other AE’’) in
three patients (9%). No infusion reactions or
infections were noted. Clinical laboratory val-
ues were monitored in all patients as a precau-
tion, including liver function tests (LFTs), with
no new laboratory abnormalities emerging.

DISCUSSION

These data re-inforce the potential of co-ad-
ministering pegloticase plus immunomodulator
to increase the proportion of patients who
achieve sustained urate-lowering on therapy.
This case series is important because of the lar-
ger number of included cases (N = 34) and the
variety of immunomodulators examined. The
overall treatment pegloticase with
immunomodulation response rate was 89%,
which represents a marked increase from the
established 42% with pegloticase monotherapy
[12]. The 89% response rate reported here is
consistent with MIRROR RCT (71% response
rate during month 6) [14], an open-label trial
with oral MTX (79% response rate during
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Fig. 3 Mean serum urate (SU) prior to each pegloticase infusion. Mean SU remained below 1 mg/dl following infusion 16
(seven or fewer patients for infusions 17–38). Error bars represent standard deviation
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month 6) [15], a randomized controlled trial
with MMF (86% at 12 weeks) [16], two smaller
case series with MTX (both n = 10, 80-100%)
[17, 18], and a systematic literature review of all
immunomodulators (83%) [13]. Another case
series (n = 10) showed that leflunomide may
also be an option for immunomodulatory co-
therapy (70% response rate) [19]. The current
study showed a response rate for MMF co-ther-
apy of 100%, but the number of patients
administered MMF as co-therapy was small
(n = 3). Treatment response rate with MTX co-
therapy was also high and similar between the
oral and subQ routes of administration (89%
and 93%, respectively). Lastly, patients co-trea-
ted with AZA had the lowest treatment response
rate of 50%, but only two included patients had
received AZA as co-therapy (one patient who
self-discontinued AZA was a non-responder). No
new safety concerns emerged for
immunomodulation co-therapy as a whole or
for any individual immunomodulator exam-
ined. These findings are important for treating
uncontrolled gout patients, who frequently
present substantial clinical challenges because
of a high comorbidity burden [10, 20, 21] and
limited treatment options. Additionally, the
heterogeneity of uncontrolled gout patients
means that some immunomodulating therapies
may not be appropriate for some patients,
emphasizing the importance of published data
on a variety of immunomodulator use with
pegloticase.

The association between gout and CKD is
well known, with gout patients being three
times more likely to develop CKD [6] and 2.4
times more likely to develop advanced CKD
(stage 3–5) [22] than their non-gout counter-
parts. Interestingly, uncontrolled gout patients
in the current case series had a mean eGFR
improvement of 10.3 ml/min/1.73 m2 during
pegloticase plus immunomodulation co-ther-
apy (baseline: 65.4 ± 25.2 ml/min/1.73 m2, last
infusion: 75.7 ± 30.8 ml/min/1.73 m2;
p = 0.001). Additionally, 85% of patients had
either stable or improved CKD stage (based on
eGFR). This finding is in agreement with phase
3 pegloticase monotherapy trial data, which
showed eGFR stability over 6 months of
pegloticase treatment [23]. It is possible that

eGFR could further improve with longer dura-
tion of pegloticase-induced SU-lowering and
further study is needed. Longer-term (12-
month) MIRROR RCT findings may provide
further insight.

This study had several limitations. First, a
selection bias may introduce errors into any
retrospective study. To minimize the influence
of such errors, all patients in both practices who
initiated pegloticase with immunomodulation
co-therapy in 2017 or later were included. Sec-
ond, though this case series included more
patients than prior pegloticase with
immunomodulation case series, larger ran-
domized controlled trials (RCTs) are needed to
fully validate both efficacy and safety findings.
Randomized controlled trials examining MMF
co-therapy and MTX co-therapy have been
completed, showing similar findings as reported
here [14, 16].

CONCLUSIONS

In conclusion, this case series highlights expe-
riences with pegloticase plus immunomodula-
tion co-therapy in a real-world clinical setting,
further supporting the use of immunomodula-
tors to increase pegloticase treatment response
rates. Importantly, several different
immunomodulation agents may be effective for
increasing treatment response rates and seem
well tolerated by patients with uncontrolled
gout. However, further study is needed, partic-
ularly with AZA and MMF.
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