
ORIGINAL RESEARCH

Effect of Leflunomide on Pegloticase Response Rate
in Patients with Uncontrolled Gout: A Retrospective
Study

Karim Richard Masri . Lissa Padnick-Silver . Kevin Winterling .

Brian LaMoreaux

Received: November 16, 2021 /Accepted: December 20, 2021 / Published online: January 8, 2022
� The Author(s) 2022

ABSTRACT

Background: Pegloticase, a PEGylated uricase
for uncontrolled gout, rapidly lowers serum
urate (SU). Not all patients complete a full-
therapy course because anti-pegloticase anti-
bodies can develop, causing efficacy loss and
infusion reactions. The literature and clinical
trial data indicate that methotrexate co-ad-
ministration markedly improves pegloticase
response rates from the established monother-
apy response rate of 42%. Unfortunately,
methotrexate use is restricted by kidney disease,
which is often present in uncontrolled gout
patients. Leflunomide is less restricted in
patients with renal dysfunction. This study
examined the treatment response rate of
pegloticase co-administered with leflunomide.
Methods: Patients co-treated with pegloticase
(8 mg biweekly infusion) and oral leflunomide
(20 mg/day) were included. Patient/treatment
characteristics and safety parameters (adverse
events [AEs], laboratory parameters) were

examined. Pre-infusion prophylaxis was
administered (day of infusion: IV solumedrol,
night before and morning of infusion: oral
fexofenadine or diphenhydramine). Patients
were considered treatment responders if C 12
pegloticase infusions were administered and
pre-infusion SU\ 6 mg/dl at infusion-12.
Results: Ten patients (five male,
72.7 ± 12.5 years) were included. The most
common comorbidities were chronic kidney
disease (90%), hypertension (70%), diabetes
mellitus (60%), obesity (60%), and congestive
heart failure (50%). Baseline SU was
7.1 ± 2.4 mg/dl and nine patients (90%) had
subcutaneous tophi noted. Seven patients
(70%) met responder criteria, receiving
26.6 ± 14.0 infusions (range 13–55) with a pre-
infusion-12 SU of 0.9 ± 1.5 mg/dl. The three
non-responders received\12 infusions because
of unrelated AEs or loss of follow-up. Three
patients (30%) experienced AEs. One had
unrelated cardiac disease worsening and three
gout flares, one had a pre-infusion solumedrol
reaction (wooziness/loss of consciousness), and
one had two mild, transient increases in liver
enzymes.
Conclusions: This study supports leflunomide
as co-therapy to pegloticase in uncontrolled
gout patients. Heterogeneity and high comor-
bidity burden in uncontrolled gout patients
makes having a variety of immunomodulators
options important.
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Key Summary Points

Why carry out this study?

Co-administering methotrexate with
pegloticase markedly improves treatment
response rates but other
immunomodulators, including
leflunomide, may be better suited for
patients with chronic kidney disease, a
common comorbid condition in
uncontrolled gout patients.

This retrospective study examined
treatment response rates in uncontrolled
gout patients treated with pegloticase plus
leflunomide co-therapy (responder
defined as C 12 pegloticase infusions with
serum urate\ 6 mg/dl just prior to
infusion 12).

What was learned from the study?

Seven of ten patients (70%) met treatment
response criteria, receiving 26.6 ± 14.0
infusions (pre-infusion-12 serum urate:
0.9 ± 1.5 mg/dl).

Three patients (30%) experienced an
adverse event, with one experiencing
unrelated worsening of cardiac disease
and three gout flares, one experiencing a
pre-infusion solumedrol reaction
(wooziness/loss of consciousness), and
one experiencing two mild, transient
increases in liver enzymes.

This study supports leflunomide as co-
therapy to pegloticase in uncontrolled
gout patients. This is important because
due to heterogeneity and high
comorbidity burden of these patients, a
variety of immunomodulator options are
needed.

INTRODUCTION

Pegloticase is a PEGylated biologic for uncon-
trolled gout that has well-established serum
urate (SU)-lowering effects [1]. However, many
patients develop anti-drug antibodies (ADAs) to
pegloticase, which have been associated with
loss of treatment response and increased risk for
infusion reactions (IRs) [2]. As a result, clinical
trial data showed a 42% pegloticase monother-
apy treatment response rate, with loss of urate-
lowering response noted in many patients and a
high IR rate in non-responders. In these phase 3
trials, subjects received 12 biweekly pegloticase
infusions (8 mg) over 24 weeks. Sustained urate-
lowering with a full course of pegloticase is
important. At week 24 in the pegloticase clinical
trials, nearly 70% of pegloticase responders had
resolution of at least one tophus [3]. In contrast,
only 28% of non-responders had similar tophi
improvement [3]. This is notable because
tophaceous gout patients have a greater disease
burden [4] and higher comorbidity prevalence
[5] than non-tophaceous patients. Additionally,
and importantly, the uncontrolled gout popu-
lation has few effective treatment options and,
for many patients, pegloticase is their last hope.

Emerging data indicate that co-treatment
with pegloticase and immunomodulating
agents may allow more patients to receive and
respond to a full treatment course. Prior studies
describe increased success of pegloticase treat-
ment in conjunction with methotrexate [6–10],
mycophenolate mofetil [11], azathioprine [12],
or cyclosporine [8]. Though methotrexate co-
therapy has been studied in the highest number
of patients [13], its use in patients with renal
impairment is limited by a resulting increase in
methotrexate toxicity [14]. Given that chronic
kidney disease (CKD) is prevalent in uncon-
trolled gout patients [15–17], this is of particular
importance. The use of leflunomide is not as
restricted by CKD, as no signs of renal toxicity,
including increased serum creatinine, were
observed during clinical phase 3 clinical trials in
patients with rheumatoid arthritis [14]. How-
ever, those trials did not include patients with
significant renal dysfunction [18, 19] and, as
stated in the leflunomide package insert,
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caution should be used when administering
leflunomide to patients with kidney dysfunc-
tion [20]. To date, the literature does not con-
tain information on the use of leflunomide with
pegloticase. This report fully describes treat-
ment response rate and safety observations in
patients with uncontrolled gout co-treated with
leflunomide and pegloticase.

METHODS

This retrospective study was reviewed and
approved by the Western Institutional Review
Board (IRB; Puyallup, WA, USA), which desig-
nated this study as exempt research waiving the
requirement of informed consent. All study
conduct adhered to the tenets of the Helsinki
Declaration of 1964 and its later amendments.

All included patients had received care at a
private rheumatology practice where an
immunomodulatory agent is often used in
conjunction with pegloticase to maximize
chances of sustained urate-lowering response.
All patients were heavily burdened by gout and,
as with all patients administered pegloticase,
were closely monitored with physical exams,
vital sign monitoring, and laboratory testing. In
this community practice, leflunomide is used in
place of methotrexate as the co-therapy agent
when an uncontrolled gout patient has comor-
bid renal dysfunction or another condition that
would exclude methotrexate use. Patients that
had been co-treated with pegloticase (biweekly
8 mg infusions) and oral leflunomide
(10 mg/day for 7 days, followed by 20 mg/day)
were included in this retrospective study. Prior
to each infusion, all patients were administered
a standard prophylaxis regimen of intravenous
solumedrol (125 mg) on the day of infusion and
either oral fexofenadine (60 mg) or diphenhy-
dramine (25 mg) the night before and day of
infusion. As instructed in the pegloticase pack-
age insert [21], SU was monitored prior to each
infusion to monitor for loss of urate-lowering
effect, known to precede infusion reaction in
many patients [22]. Liver function and blood
cell count changes are of concern in patients
administered leflunomide. Therefore, liver
function tests and blood cell counts were also

measured prior to each infusion throughout
pegloticase therapy. Because of the high fre-
quency of renal dysfunction in uncontrolled
gout patients [16, 17], kidney function by
means of serum creatinine level was also
monitored.

Extracted data included patient demograph-
ics, gout characteristics, serum urate (SU),
number of pegloticase infusions, and lefluno-
mide timing with respect to the first pegloticase
infusion. Safety data examined included clinical
laboratory parameters and adverse events, with
particular attention paid to gout flares and IRs.
The primary outcome was the proportion of
pegloticase responders, defined as those receiv-
ing at least 12 infusions with an SU\6 mg/dl
just prior to infusion 12. Data are presented as
mean ± standard deviation and n (%) as
appropriate.

RESULTS

Ten patients with uncontrolled gout who
underwent pegloticase with leflunomide co-
treatment were identified and included in
analyses (Table 1). All patients were either
intolerant of or no longer responded to oral
ULTs. Nine of ten patients had visible tophi and
all had severe manifestations of gout, including
chronic pain, frequent gout flares, erosive joint
damage (radiographically evidenced), and/or
gout-related hospitalizations. As a result, gout
heavily impacted patient quality of life in all
included cases. Five patients (50%) were male,
there were no current smokers, and average
patient age was 72.7 ± 12.5 years. Gout disease
duration widely varied between 2 and 20 years,
90% had subcutaneous tophi, and SU prior to
the first pegloticase infusion averaged
7.1 ± 2.4 mg/dl. Comorbidities were prevalent,
with CKD (90%), hypertension (70%), diabetes
mellitus (60%), obesity (60%), and congestive
heart failure (50%) most reported (Table 1).
Liver function tests were within two times the
upper limit of normal (ULN) in all patients for
both ALT (25.3 ± 8.3 U/l) and AST (33.9 ± 21.3
U/l). No patient had a history of liver disease,
with the exception of one patient (patient 8),
who had a remote history of prior hepatitis B
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Table 1 Patient demographic and clinical characteristics

Patient
number

Gender Age (years) BMI kg/
m2)

Pre-therapy
SU (mg/dl)

Visible
tophi

Comorbidities

1 Male 47 29.1 9.4 Yes Hypertension, CHF, CKD (stage 3,

polycystic)

2 Female 70 36.5 9.3 No Hypertension, CHF, CKD (stage 4),

diabetes mellitus, obesity, bipolar, post-

menopausal

3 Male 70 26.8 10.2 Yes Hypertension, CHF, coronary artery disease,

CKD (stage 4), diabetes mellitus, atrial

fibrillation, transient ischemic attack,

vitamin D deficiency, alcohol use

4 Female 63 31.7 3.8a Yes Coronary artery disease, CKD, obesity

5 Male 83 24.0 5.5a Yes CKD, diabetes mellitus, dyslipidemia, history

of rectal cancer

6 Male 72 39.4 9.0 Yes Hypertension, CKD, obesity

7 Female 81 41.6 4.5b Yes Hypertension, CHF, CKD (stage 3–4),

diabetes mellitus, obesity, seronegative

rheumatoid arthritis, chronic obstructive

pulmonary disease, gastroesophageal reflux

disease, asthma, sleep apnea, inflammatory

arthritis

8 Male 81 44.1 7.8 Yes Hypertension, CKD (stage 3), diabetes

mellitus, dyslipidemia, obesity, remote

history of hepatitis B infection, chronic

obstructive pulmonary disease,

gastroesophageal reflux disease, glaucoma,

neuropathy, lymphedema, benign prostate

hyperplasia, diverticulosis, kidney stones,

and pulmonary embolism

9 Female 92 22.3 4.6a Yes Hypertension, CHF, CKD (stage 3), anemia,

apnea, alcohol abuse, gastric ulcer, hearing

loss, pneumonia, pancreatic cyst, spinal

stenosis, bile obstruction, degenerative

joint disease

10 Female 68 32.6 6.6 Yes Diabetes mellitus, dyslipidemia, obesity,

osteoarthritis, asthma, cancer

Mean ± SD 72.7 ± 12.5 32.8 ± 7.4 7.07 ± 2.37

SU serum urate, CHF congestive heart failure, CKD chronic kidney disease
aPatient had a long history of SU[ 6 mg/dl and had heavy gout burden
bPost-infusion measurement
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infection (ALT = 21, AST = 30 at the beginning
of treatment).

Leflunomide initiation varied between
30 weeks before and 27 weeks after pegloticase
infusion 1 (median timing: 5.5 days before
infusion 1). Leflunomide was initiated a mean
of 9.9 ± 11.8 weeks before pegloticase in the
five patients (50%) pre-treated with leflunomide
and 12.6 ± 10.6 weeks after pegloticase in the
four patients (40%) who began leflunomide
after pegloticase. The remaining patient (10%)
initiated leflunomide on the same day as
pegloticase infusion 1. Seven patients (70%)
met treatment response criteria, receiving C 12
pegloticase infusions and having a mean pre-
infusion SU at infusion 12 of 0.90 ± 1.46 mg/dl
(range 0.1–3.8 mg/dl, Table 2). In these seven
responders, a mean of 26.6 ± 14.0 pegloticase
infusions were administered (median 22, range
13–55 infusions). Of the three patients who did
not meet treatment response criteria, one
entered hospice after infusion 6 (SU prior to last
infusion\ 1 mg/dl), one discontinued after
infusion 9 due to unrelated worsening of con-
gestive heart failure and CKD (SU prior to last
infusion\ 1 mg/dl), and one was lost to follow-
up after infusion 6 (SU prior to last infusion:
7.0 mg/dl). The patient with a rise in SU had a
6-month treatment interruption between infu-
sions 4 and 5 and initiated leflunomide 4 weeks
prior to infusion 5.

No new safety concerns were identified.
Three of ten patients (30%) experienced at least
one adverse event. One patient had three gout
flares during treatment and a worsening of heart
failure and renal disease that were deemed
unrelated to pegloticase with leflunomide co-
therapy (Table 2). One patient required emer-
gency care because of an adverse reaction to
solumedrol (loss of consciousness, wooziness)
prior to pegloticase infusion 14 (scheduled
pegloticase infusion not administered and
treatment discontinued). This patient did meet
treatment responder criteria. Lastly, no mean-
ingful changes in liver function tests occurred
during treatment (mean change during treat-
ment in ALT and AST of 6.6 ± 20.3 and
- 1.1 ± 22.8 U/l, respectively), with the excep-
tion of one patient who experienced mild,
transient increases in liver function tests

following infusion 6 (alanine aminotransferase
[ALT] = 126 units/l, aspartate aminotransferase
[AST] = 92 units/l) and infusion 18 (ALT = 104
units/l, AST = 64 units/l). The patient contin-
ued treatment with both pegloticase and
leflunomide, ultimately meeting response cri-
teria. The patient who had a prior hepatitis B
infection had liver function tests within two
times the ULN at end of treatment (ALT = 48,
AST = 32 after 34 pegloticase infusions). No
other clinically meaningful laboratory value
changes occurred.

DISCUSSION

The current case series demonstrates that
leflunomide administered as co-therapy may
safely increase pegloticase treatment response
rates. This is the first case series to thoroughly
examine this treatment regimen. Pegloticase
monotherapy trials showed a 42% treatment
response rate (n = 85) [1], but 70% of pegloti-
case plus leflunomide-treated patients reported
here (n = 10) met treatment response criteria. In
agreement, leflunomide has also been shown to
increase therapy efficacy and safety when
administered in conjunction with biologic
therapies in patients with rheumatoid arthritis
[23–25].

Preliminary evidence in the literature and
that of the current case series suggests that low-
to-moderate dose immunomodulation with a
variety of therapies can increase the proportion
of patients receiving a full course of pegloticase
therapy, likely through attenuation of ADA
formation [13]. Methotrexate has been most
studied, with data from a preliminary open-la-
bel clinical trial showing 79% efficacy rate at
6 months [7]. However, many gout patients
have limitations to methotrexate, including
CKD, which affects up to 47% of gout patients
[15, 24]. Preliminary evidence from the current
study suggests leflunomide can also be success-
fully used as co-therapy with pegloticase. Other
reports on mycophenolate mofetil [11], aza-
thioprine [12], and cyclosporin (single case) [8]
as co-therapy have also shown improvements in
pegloticase response rates. Given the complex-
ity of and high comorbidity rate in
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Table 2 Pegloticase with leflunomide co-therapy details and list of adverse events

Patient
number

Leflunomide
initiationa

(days)

Number of
pegloticase
infusions

Pegloticase
therapy
durationb

(weeks)

SU at Inf
12 (mg/
dl)

Treatment responder? (If
no, reason)

Adverse events

1 ? 30 9 16 – No—Discontinued therapy

due to AEs (deemed

unrelated to co-therapy)

Three gout flares,

worsening of

CHF (not-

related)

2 - 11 22 48 0.1 Yes Mild, transient

increase liver

function tests

(after infusions 6

and 18)

3 - 14 13 23 2.0 Yes Loss of

consciousness

(infusion 11),

reaction to

solumedrol

(prior to

infusion 14)

4 ? 189 6 33 – No—Lost to follow-up after

infusion 6. Note: Patient

had a 6-month treatment

interruption between

infusions 4 and 5 because

of insurance issues.

Leflunomide started prior

to infusion 5

–

5 ? 35 22 56 0.1 Yes –

6 ? 98 22 45 0.1 Yes –

7� - 210 27, 19, 9 57, 37, 16 0.1 Yes –

8 0 34 71 3.8 Yes –

9 - 77 6 12 – No—Discontinued upon

entering hospice

–

10 - 36 18 35 0.1 Yes –

Mean ± SD 0.4 ± 104.9 20.7 ± 14.9 – 0.9 ± 1.5 7 (70%) –
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uncontrolled gout patients, data on the efficacy
of a variety of immunomodulatory agents
employed in this population as co-therapy with
pegloticase are desirable.

Our study had several limitations. As with all
retrospective studies, a selection bias may have
been introduced. This was minimized by
including all identified patients that qualified in
the analyses. Second, our sample size was small
at just ten patients, though was similar in size to
multiple other existing reports [6, 8, 10]. Addi-
tionally, the timing of leflunomide initiation
was variable, with some patients beginning
leflunomide well into their pegloticase treat-
ment course. Further, prospective studies are
needed to determine the optimal timing for
initiating leflunomide. Lastly, this retrospective
study lacked a direct comparison to a pegloti-
case monotherapy group. Because of these
considerations, larger, prospective, blinded,
controlled trials are needed to fully understand
the risk/benefit profile of leflunomide plus
pegloticase co-therapy.

CONCLUSIONS

The current study provides preliminary evi-
dence supporting the use of leflunomide as co-
therapy with pegloticase in uncontrolled gout
patients. The current case series is of particular
importance because 90% of the included gout
patients had CKD. These results and those pre-
sented in the literature suggest that a variety of

immunomodulators may be viable options for
co-therapy with pegloticase, giving clinicians
several evidence-backed options for mitigating
pegloticase immunogenicity in uncontrolled
gout patients.
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(days)
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(weeks)
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