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Abstract: Gout remains the most prevalent inflammatory arthritis worldwide, driven by hyperuricemia and monosodium urate
crystal-induced inflammation. Conventional therapies manage most patients effectively, but refractory disease and contraindications
in special populations create unmet clinical needs. This gap is particularly evident among patients with advanced chronic kidney
disease or organ transplants. Biologic therapies targeting key pathophysiologic mechanisms have emerged as specialized options for
these difficult-to-treat cases. Pegloticase achieves sustained urate reduction in refractory gout. Concomitant immunomodulatory
therapy using methotrexate or mycophenolate substantially improves response rates by mitigating antidrug antibody formation. Anti-
inflammatory biologics targeting the interleukin-1 (IL-1) pathway underwent a prolonged clinical translation process. Anakinra
accumulated extensive off-label evidence over two decades without formal approval, while rilonacept faced regulatory rejection in
2012 despite demonstrating efficacy. Canakinumab received Food and Drug Administration (FDA) approval in August 2023 after its
initial rejection in 2011, becoming the first biologic formally indicated for gout in the United States. NLR family pyrin domain-
containing protein 3 (NLRP3) inflammasome inhibitors represent a recent area of investigation. OLT1177 has advanced through
clinical development after incorporating safety lessons from the hepatotoxicity experience associated with MCC950. Diverse pipeline
compounds further reflect active research in this therapeutic class. Biologics function as rescue options for patients with inadequate
responses to conventional treatment rather than as first-line alternatives. Remaining challenges include immunogenicity management,
treatment costs that limit accessibility, and incomplete long-term safety characterization. Future progress depends on refining patient
selection through predictive biomarkers and ensuring appropriate access for patients most likely to benefit from these advances.
Keywords: gout, biological products, urate oxidase, interleukin-1, NLR family, pyrin domain-containing 3 protein, hyperuricemia

Introduction

Gout represents the most prevalent inflammatory arthritis worldwide, affecting millions of individuals with increasing
incidence linked to aging populations, metabolic syndrome prevalence, and dietary patterns.' The disease follows
a chronic progressive course characterized by recurrent acute inflammatory flares and gradual accumulation of mono-
sodium urate crystal deposits in joints and soft tissues. Persistent hyperuricemia provides the biochemical foundation,
with sustained serum urate elevation above saturation thresholds enabling crystal formation and deposition.” These
crystals trigger intense inflammatory responses mediated primarily through the NLR family pyrin domain-containing
protein 3 (NLRP3) inflammasome and interleukin-1 (IL-1) pathways, producing the acute joint pain, swelling, and
disability characteristic of gout attacks.® The dual pathophysiology involving both sustained hyperuricemia and crystal-
induced inflammation establishes distinct therapeutic targets. Effective long-term management requires addressing
hyperuricemia to prevent further crystal deposition and promote existing deposit dissolution. Acute management
necessitates suppressing inflammatory responses to crystals already present in tissues.* This mechanistic understanding
informs two complementary therapeutic strategies that have guided drug development for decades.
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Conventional pharmacotherapy successfully manages most patients with gout. It comprises oral urate-lowering
medications including allopurinol and febuxostat combined with anti-inflammatory agents such as nonsteroidal anti-
inflammatory drugs (NSAIDs), colchicine, and corticosteroids.” However, a subset of patients experiences inadequate
disease control despite optimized conventional therapy. Refractory gout describes situations where patients fail to achieve
target serum urate levels below 6 mg/dL or continue experiencing recurrent flares.® Progressive tophaceous disease may
also develop despite appropriate treatment attempts. Multiple factors contribute to refractory disease. These include
severe baseline hyperuricemia requiring urate reduction beyond conventional drug capacity, medication intolerances
limiting dose optimization, and patient adherence challenges with chronic oral regimens.” Beyond refractoriness, specific
clinical scenarios present therapeutic dilemmas where conventional options face substantial limitations. Advanced
chronic kidney disease restricts allopurinol dosing and contraindicates NSAIDs while reducing colchicine clearance.
Solid organ transplant recipients require careful navigation of drug interactions with immunosuppressive regimens.®
Patients with multiple comorbidities frequently accumulate contraindications to standard agents. These difficult-to-treat
populations represent substantial unmet medical needs where alternative therapeutic approaches could provide mean-
ingful clinical benefit.

Biologic therapies have emerged as specialized treatment options for gout patients inadequately served by conven-
tional approaches.” These agents target key pathophysiologic mechanisms through recombinant protein technologies to
achieve highly selective interventions at well-defined molecular targets. Uricase enzymes catalyze uric acid oxidation to
more soluble metabolites. This enables profound urate reduction unattainable through xanthine oxidase inhibition
alone.'® Anti-inflammatory biologics intercept the IL-1 signaling cascade responsible for acute gout flare pathophysiol-
ogy. They function either by blocking cytokine-receptor interactions or by preventing upstream inflammasome
activation.'' This narrative review examines biologic therapies developed for gout management across these two
mechanistic categories. Relevant literature was identified through searches of PubMed and MEDLINE, with priority
given to controlled clinical trials, real-world evidence, and translational studies bearing on regulatory development and
clinical application. We discuss clinical translation experiences across three major therapeutic classes. These include
uricase variants such as pegloticase and emerging alternatives, IL-1 pathway inhibitors encompassing receptor antago-
nists and neutralizing antibodies, and NLRP3 inflammasome inhibitors representing more recent investigational
approaches. For each therapeutic class, we discuss development histories including regulatory challenges encountered

during gout indication approval processes. We also examine current clinical evidence from controlled trials and real-
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world experience, and review evolving strategies to optimize efficacy and safety profiles. The objective is to provide
clinicians and researchers with a practical understanding of how these biologics function within contemporary gout
management paradigms.

Biological Therapies for Urate Lowering

Development and Clinical Translation of Recombinant Uricases

The exploration of uricase replacement therapy originated from the recognition that humans lost the uricase gene through
evolution.'” This enzyme deficiency distinguishes humans from most other mammals that can metabolize uric acid into
the more soluble allantoin.'® Rasburicase emerged as the first recombinant uricase approved for tumor lysis syndrome.
While it demonstrated rapid urate reduction in acute settings, its short half-life of approximately 18 hours and high
immunogenicity limited its chronic application in gout management.'* Clinical experience showed that rasburicase
required continuous or frequent infusions to maintain therapeutic effects, making it impractical for long-term treatment of
patients with refractory gout.'® These limitations catalyzed the development of modified uricase preparations suitable for
chronic disease management.

Pegloticase represented a significant advancement through polyethylene glycol (PEG) conjugation technology. The
FDA approved pegloticase in September 2010 as the first biologic therapy specifically indicated for chronic refractory gout
in adults. PEGylation extended the half-life to 10 to 12 days, enabling a practical biweekly infusion schedule.'® Pivotal
Phase III trials demonstrated that 42% of patients receiving pegloticase 8 mg every two weeks achieved sustained serum
urate levels below 6 mg/dL during month 6. Beyond urate lowering, pegloticase treatment resulted in significant tophus
resolution and improvements in physical function and quality-of-life measures. However, clinical application soon revealed
a critical challenge. Approximately 40% to 50% of patients developed antidrug antibodies against the PEG moiety or the
uricase protein itself.'”"'® These antibodies led to loss of therapeutic efficacy and increased risk of infusion reactions.
Current prescribing guidelines recommend discontinuing pegloticase when patients show loss of urate-lowering response,
as continued treatment in the presence of high antibody titers substantially increases infusion reaction risk.

Recognizing immunogenicity as the central barrier to successful uricase therapy, investigators explored immunomo-
dulatory strategies.'® SEL-212 combines pegadricase with InmTOR, a proprietary rapamycin-containing nanoparticle
designed to induce antigen-specific immune tolerance. Phase 2 dose-finding studies established that SEL-037 (pegadri-
case) at 0.2 mg/kg combined with SEL-110 (ImmTOR) at 0.15 mg/kg achieved optimal results.?” When pegadricase was
administered alone, rapid urate reductions were not sustained beyond 30 days in most participants due to antibody
formation. In contrast, 66% of evaluable participants achieved sustained urate control at week 20 when receiving five
monthly doses of the combination therapy. Another study showed that InmTOR inhibited the development of uricase-
specific antibodies in a dose-dependent manner, thereby enabling sustained enzyme activity and sustained reduction in
serum uric acid levels.”! The Comparative Randomized Assessment of Pegloticase vs SEL-212 (COMPARE) trial
directly compared SEL-212 with pegloticase in a head-to-head Phase 2 study. While the primary endpoint showed
numerically higher response rates with SEL-212 compared to pegloticase during months 3 and 6 combined, this
difference did not reach statistical significance.”> However, percentage reductions in serum urate levels were statistically
greater with SEL-212. Importantly, SEL-212 required only monthly infusions compared to biweekly pegloticase admin-
istration, potentially reducing treatment burden and cumulative glucocorticoid exposure for flare prophylaxis.

Beyond SEL-212, multiple alternative approaches to addressing uricase immunogenicity have entered development.
For example, co-administration of high molecular weight free PEG with pegloticase demonstrated 4-fold to 12-fold
reductions in anti-PEG antibodies in murine models.”> This strategy employs competitive inhibition, where free PEG
blocks PEGylated protein binding to PEG-specific B cell receptors. Another innovative approach involves engineered red
blood cell-based delivery. Loading uricase into red blood cells provided immunological masking, leading to maintained
urate-lowering performance after repeated infusions through reduced antibody-mediated macrophage clearance.>* Recent
studies also highlight novel uricase constructs. PAT101, featuring recombinant human albumin conjugated to Aspergillus
Aavus uricase through click chemistry, exhibited more than double the half-life of pegloticase in transgenic mice.*> After
4 weeks of repeated administration in rats, rasburicase retained only 24% of uricase activity while PAT101 maintained
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86%. Similarly, another study showed that PEGylated porcine-human recombinant uricase (PEG-PHRU) demonstrated
effective urate degradation and mitigation of hyperuricemia-induced renal damage in animal models.*®

The developmental trajectory from rasburicase through pegloticase to current investigational agents illustrates
iterative problem-solving in biologic drug development (Table 1). Each generation addressed specific limitations of its
predecessor while revealing new challenges. Pegloticase overcame the short half-life of rasburicase but encountered
immunogenicity barriers. Current strategies targeting immune tolerance through various mechanisms represent responses
to this obstacle. Two Phase 3 trials of SEL-212 are ongoing, with results expected to clarify whether immunomodulatory
co-administration can meaningfully improve sustained response rates compared to pegloticase monotherapy. The
diversity of approaches under investigation reflects both the clinical importance of solving this problem and the
complexity of achieving sustained immune tolerance to therapeutic foreign proteins.

Clinical Considerations and Management Strategies

The recognition that antidrug antibodies represent the primary cause of pegloticase treatment failure prompted investiga-
tion of immunomodulatory co-therapy strategies.>® This approach builds on established principles from other biologic
therapies where concomitant immunosuppression reduces antibody formation. Effective immunomodulation must
achieve sustained tolerance without causing unacceptable toxicity or infection risk. This requirement is particularly
relevant given the chronic nature of gout and the frequent presence of multiple comorbidities in affected patients.!
Unlike broad immunosuppression that affects the entire immune system, the goal involves preventing specific antibody
responses to the therapeutic enzyme while preserving general immune surveillance.

Methotrexate has emerged as the most extensively studied immunomodulatory agent for pegloticase co-therapy.>* The
Methotrexate to Increase Response Rates in Patients with Uncontrolled Gout Receiving Pegloticase (MIRROR) study
evaluated weekly oral methotrexate at 15 mg combined with folic acid supplementation in 14 patients with uncontrolled
gout.27 This open-label trial demonstrated that 78.6% of patients met the responder definition of serum urate below 6 mg/
dL for at least 80% of the time during month 6. This response rate substantially exceeded the historical 42% observed
with pegloticase monotherapy. All patients tolerated methotrexate without unexpected safety concerns.>® The metho-
trexate regimen began 4 weeks prior to the first pegloticase infusion and continued throughout treatment, allowing time
for immunomodulatory effects to develop before enzyme exposure. Recent real-world experience from two community
rheumatology practices provided additional evidence supporting this strategy.”® Among 34 patients receiving various
immunomodulators with pegloticase, subcutaneous methotrexate at 15.4 mg weekly achieved a 93% response rate while
oral methotrexate at 15.3 mg weekly achieved 89%. These findings suggest that both administration routes can
effectively prevent antibody formation, though subcutaneous delivery may offer more consistent bioavailability.

Other immunomodulatory agents have also demonstrated efficacy in preventing pegloticase immunogenicity. The
Reducing Immunogenicity of Pegloticase (RECIPE) trial evaluated mycophenolate mofetil at 1000 mg twice daily in
a randomized, double-blind, placebo-controlled design.>® Results showed that 86% of patients in the mycophenolate arm
achieved serum urate levels at or below 6 mg/dL at 12 weeks compared to 40% in the placebo arm. By week 24,
sustained response rates were 68% versus 30% respectively. Notably, the placebo arm experienced more infusion
reactions at 30% compared to none in the mycophenolate group. Another study reported successful long-term pegloticase
treatment over 98 weeks when combined with low-dose azathioprine at 50 mg daily.!” This case demonstrated significant
tophus reduction of 77% with maintained low serum urate levels and absence of infusion reactions. Two transient
increases in serum urate correlated with azathioprine non-compliance and resolved upon medication reinstitution. The
community practice experience mentioned previously included 3 patients receiving mycophenolate mofetil at 1000 mg
daily, all of whom responded successfully, and 2 patients on azathioprine at 100 mg daily with a 50% response rate.*®
These data suggest that multiple immunomodulatory pathways can effectively prevent antibody formation, though
optimal agent selection may depend on individual patient factors including comorbidities and contraindications.

Patient selection and baseline characteristics significantly influence pegloticase treatment outcomes. Analysis com-
paring patients with and without clinically apparent tophi revealed important differences.>* Patients with tophaceous gout
were significantly older, had longer disease duration, greater numbers of tender and swollen joints, and lower estimated
glomerular filtration rate. Despite more severe baseline disease, both groups experienced significant clinical benefit with
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Table | Development and Clinical Characteristics of Uricase-Based Therapies for Refractory Gout

Agent Key Innovation Development Status & Key Efficacy Primary Limitation Ref.
Rasburicase First recombinant uricase for clinical use FDA approved for tumor lysis syndrome; rapid urate Short half-life (~18h) and high immunogenicity limit | [14]
reduction in acute settings chronic use
Pegloticase PEGylation extends half-life to 10-12 days FDA approved 2010 for chronic refractory gout; 42% 40-50% develop anti-drug antibodies leading to [16-18]
(monotherapy) enabling biweekly dosing sustained responders at month 6 loss of efficacy and increased infusion reaction risk
SEL-212 Rapamycin nanoparticle (ImmTOR) induces Phase 3 ongoing; Phase 2 showed 66% sustained response at | COMPARE trial showed numerical but not [20-22]
(Pegadricase + antigen-specific immune tolerance week 20; monthly dosing vs biweekly pegloticase statistical superiority over pegloticase; higher
ImmTOR) treatment cost
Free PEG co- High molecular weight free PEG Preclinical; 4- to 12-fold reduction in anti-PEG antibodies in Clinical translation pending; optimal PEG [23]
administration competitively inhibits anti-PEG antibody murine models molecular weight and dosing require
formation determination
Red blood cell- RBC carrier provides immunological masking | Preclinical; maintained urate-lowering after repeated infusions | Complex manufacturing process; RBC [24]
encapsulated and reduces macrophage clearance in animal models compatibility and loading efficiency challenges
uricase
PATIOI Recombinant human albumin conjugation via | Preclinical; >2x half-life vs pegloticase in mice; 86% retained | Early development stage; human pharmacokinetics | [25]
click chemistry doubles half-life activity vs 24% for rasburicase after 4 weeks in rats and immunogenicity unknown
PEG-PHRU Porcine-human recombinant uricase with Preclinical; effective urate degradation and mitigation of Xenogeneic protein source may pose [26]
PEGylation hyperuricemia-induced renal damage in animal models immunogenicity concerns; clinical data lacking
Pegloticase + Immunomodulation to prevent antibody Real-world use; 78.6% response (oral, MIRROR); 89-93% Requires MTX initiation 4 weeks prior; monitoring | [27,28]
Methotrexate formation response (oral/SC, community practice) for MTX-related adverse effects
Pegloticase + Alternative immunomodulatory pathway Phase 2 completed (RECIPE); 86% response at 12 weeks, 68% | Twice-daily oral dosing; potential Gl and [29]
Mycophenolate targeting lymphocyte proliferation sustained at 24 weeks vs 30% placebo hematologic side effects
mofetil

Abbreviations: COMPARE, head-to-head Phase 2 randomized controlled trial of SEL-212 versus pegloticase; FDA, Food and Drug Administration; Gl, gastrointestinal; InmTOR, rapamycin-containing tolerogenic nanoparticle
proprietary formulation; MIRROR, Methotrexate to Increase Response Rates in Patients with Uncontrolled Gout Receiving Pegloticase open-label study; MTX, methotrexate; PEG, polyethylene glycol; PEG-PHRU, PEGylated porcine-
human recombinant uricase; RBC, red blood cell; RECIPE, Reducing Immunogenicity of Pegloticase Phase 2 randomized controlled trial; SC, subcutaneous.
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pegloticase treatment. However, patients with tophi showed improvements in additional parameters including swollen
joints and functional scores that were not significant in non-tophaceous patients. Another analysis examined the 2-year
period before pegloticase initiation in 408 patients.®> During this time, the percentage of patients with tophi increased
from 15.4% to 61.5%, those with at least one flare increased from 49% to 84%, and mean flare frequency rose from 1.0 to
2.1 per patient. Healthcare resource utilization also increased substantially across all categories except emergency
department visits. These findings underscore the progressive nature of uncontrolled gout and suggest that earlier
identification and intervention may help prevent disease escalation.

Real-world data provide important insights into pegloticase utilization patterns and post-treatment management.
A retrospective analysis of nearly 3 million gout patients identified only 483 pegloticase initiators, highlighting limited
real-world use.*® The median number of infusions was four and median treatment duration was 3 months. During follow-
up, anaphylaxis occurred in 0.6% of patients while heart failure hospitalizations affected 6.4%. These rates differ
somewhat from clinical trial data, potentially reflecting differences in patient populations and clinical settings.
Regarding long-term benefits, one analysis demonstrated that responders to biweekly pegloticase who maintained
persistently low serum urate levels experienced significant reductions in both systolic and diastolic blood pressure,
independent of changes in renal function.’” After pegloticase discontinuation, management becomes challenging.
Analysis of 375 patients who discontinued treatment showed that 86% subsequently received oral urate-lowering therapy,
but only 51% of them achieved target serum urate below 6 mg/dL.*>® The median time to starting or restarting therapy
was 92 days. For patients who responded to initial pegloticase treatment, retreatment after a gap in therapy appears
feasible. A case series described four patients successfully retreated with pegloticase following treatment gaps ranging
from 12 to 156 weeks.’® Three of four patients achieved serum urate below 1.0 mg/dL during retreatment without
infusion reactions or significant adverse events. These observations suggest that prior response predicts future response,
though careful monitoring remains essential given the immunogenic potential of re-exposure after a treatment gap.

Biological Therapies for Inflammation Control
IL-1 Pathway Inhibitors

Interleukin-1B (IL-1B) plays a central role in the inflammatory cascade triggered by monosodium urate crystals, making
IL-1 pathway inhibition a mechanistically rational therapeutic strategy.*® Although IL-1p serves as the principal mediator
of acute crystal-induced inflammation, interleukin-la (IL-1a) contributes to the propagation and persistence of the
inflammatory response. This contribution is particularly evident in the context of chronic tophaceous disease. This
distinction has practical consequences for therapeutic design. Agents that block both IL-1a and IL-1p exert broader
suppression of the IL-1 signaling axis. In contrast, selective IL-1B neutralization preserves the IL-la-dependent
components of innate immune surveillance, a consideration of potential relevance in patients with elevated infection
risk. Two distinct approaches have emerged to interrupt IL-1 signaling. Receptor antagonists and trap proteins block IL-1
binding to cell surface receptors in a nonselective manner, affecting both IL-1a and IL-1p. Monoclonal antibodies, by
contrast, provide selective IL-1p neutralization.*' These mechanistic differences are accompanied by substantial variation
in pharmacokinetic profiles. Half-lives range from hours to weeks across available agents, translating into dosing
schedules that span daily administration for acute management to quarterly injections suited to long-term prophylaxis.
These therapeutic modalities underwent a prolonged clinical translation from initial approvals in other indications to
formal regulatory recognition in gout. This process involved the accumulation of extensive off-label clinical experience
and multiple regulatory setbacks. Ultimately, these efforts yielded approvals that validated targeted IL-1 inhibition as
a viable approach for patients with inadequate responses to conventional treatments.

IL-1 Receptor Antagonists and Trap Proteins

Among the broad-spectrum IL-1 inhibitors, anakinra entered clinical use earliest and has accumulated the most extensive
evidence in gout.*> The agent functions as a recombinant IL-1 receptor antagonist that competes with both IL-1a and IL-
1B for receptor binding, directly interrupting the inflammatory response to monosodium urate crystals. Following FDA
approval in November 2001 for rheumatoid arthritis (RA), anakinra found off-label use in acute gout despite never
obtaining formal approval for this indication.** The short half-life necessitates daily subcutaneous administration, which
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offers flexibility for acute management where rapid treatment initiation and discontinuation provide clinical advantages.
Multiple controlled trials established anakinra efficacy across diverse patient populations. A randomized non-inferiority
study comparing anakinra to conventional treatments including colchicine, naproxen, or prednisone in 88 patients with
crystal-proven gout demonstrated comparable symptom reduction in both groups.** A Phase II trial evaluated anakinra at
two doses against triamcinolone injection, enrolling 165 patients and covering 301 flares.* Although statistical super-
iority was not achieved for the primary pain reduction endpoint, anakinra showed comparable efficacy and favorable
performance on most secondary outcomes.

Real-world evidence demonstrates anakinra utility particularly in patients with contraindications to conventional
therapies. A retrospective analysis of 91 hospitalized cases, including 77 gout episodes and 11 pseudogout episodes,
found that half of patients had comorbidities limiting standard treatment options.*® Anakinra achieved therapeutic
success in 92% of gout flares and 79% of pseudogout flares with good tolerability. This population represents precisely
the clinical scenarios where alternative treatments become essential. Another study specifically examined 31 patients
with stage 4 to 5 chronic kidney disease or those who had undergone kidney transplantation.*’ Anakinra proved
efficacious in all cases without significant renal function deterioration. Ten patients required prolonged treatment due
to symptom recurrence upon discontinuation, while only one serious infection occurred three months after therapy
initiation. These findings address a significant clinical need, as advanced renal impairment frequently accompanies severe
gout while contraindicating most conventional anti-inflammatory agents.

A systematic review synthesized anakinra experience from 38 studies encompassing 551 patients and 648 analyzed
flares.*® The cohort reflected typical severe gout characteristics, with mean age 57.9 years and 82.9% male representa-
tion. Polyarticular presentation occurred in 47.5% of cases while tophaceous disease affected 66.9%, and more than half
of patients carried multiple comorbidities. Effectiveness reached 94% for acute flares and 91% for long-term treatment.
The analysis described successful use in complex scenarios including 65 patients with active infection, 41 solid organ
transplant recipients, and 14 patients receiving hemodialysis. Adverse effects occurred in 6.7% of acute treatments,
though rates increased with long-term administration. The ability to administer anakinra during active infection
represents a particular advantage. Hospitalized patients frequently develop gout flares concurrent with infections, creating
therapeutic dilemmas when conventional agents carry infection risks or face contraindications. The Anakinra for
Synovial fluid analysis in Gout and Related Diseases trial (ASGARD) currently investigates anakinra efficacy and safety
specifically in patients with chronic kidney disease, a population with substantial unmet therapeutic needs.*’

Rilonacept occupies a distinct clinical position within the same mechanistic class. Where anakinra’s short half-life
and daily dosing suit acute on-demand management, rilonacept’s extended pharmacokinetic profile was designed for
sustained prophylactic use. This design is particularly relevant during the period of urate-lowering therapy initiation
when flare risk is transiently elevated. Rilonacept employs a trap protein mechanism, binding both IL-1a and IL-1B
before receptor engagement through a dimeric fusion protein architecture combining IL-1 receptor components with
immunoglobulin domains.’® This design enables weekly dosing compared to anakinra’s daily regimen. The agent
received FDA approval in February 2008 for cryopyrin-associated periodic syndromes (CAPS).>' A Phase III trial
randomized 241 patients to placebo or rilonacept at 80 mg or 160 mg weekly for 16 weeks while initiating allopurinol.>*
Both rilonacept doses significantly reduced mean gout flares from 1.06 per patient with placebo to 0.29 and 0.21
respectively.”® Proportions experiencing multiple flares decreased from 46.8% to 18.8% and 16.3%. Adverse events
remained generally balanced except for increased injection site reactions with rilonacept.

Despite these positive efficacy results, an FDA Advisory Committee voted 11 to 0 against approval for gout in
May 2012. The committee determined that evidence did not demonstrate benefits outweighing risks. Specific concerns
included indication breadth, insufficient data from truly treatment-refractory patients, and limited long-term safety
information. This outcome illustrated an important distinction between statistical efficacy and the evidentiary standards
required for regulatory approval in a biologic indication. These standards were particularly stringent when the target
population and benefit-risk boundaries had not been defined with sufficient precision. The rilonacept experience directly
informed subsequent IL-1 inhibitor development strategies, reinforcing the importance of restrictive patient selection

criteria and comprehensive long-term safety characterization as prerequisites for regulatory success. Rilonacept remains
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available only for periodic fever syndromes. Anakinra therefore remains the primary IL-1 receptor antagonist option for
gout, despite its own lack of formal approval for this indication.

IL- 1 B-Specific Monoclonal Antibodies

The regulatory lessons drawn from rilonacept’s rejection shaped the development strategy for the next generation of IL-1
pathway inhibitors. Stricter patient selection criteria and a more precisely defined benefit-risk population guided
subsequent applications. Canakinumab represents a selective approach targeting IL-1 through fully human monoclonal
antibody technology.’® This selectivity carries mechanistic implications beyond the distinction noted in the preceding
section. By sparing IL-1a-mediated signaling, canakinumab preserves a broader component of innate immune function
compared to receptor-level antagonists, a property that may be relevant in patients requiring long-term treatment. Its
extended half-life and quarterly subcutaneous dosing position it specifically for sustained prophylactic use rather than
acute on-demand management. This profile makes it most suitable for patients with a history of frequent flares who
require durable inflammatory suppression.

Following FDA approval in June 2009 for CAPS, canakinumab entered investigation for gout management.’> The
regulatory path proved prolonged and challenging. An FDA Advisory Committee rejected the initial gout application in
2011, citing insufficient evidence that benefits outweighed risks despite demonstrated flare reduction efficacy in clinical
trials. European authorities assessed the evidence differently, granting approval in August 2013 specifically for patients
with contraindications or inadequate responses to conventional treatments in whom urate-lowering therapy had not
achieved target levels.’® The divergent outcomes reflected differing interpretations of benefit-risk boundaries and patient
population definitions across regulatory agencies, echoing the evidentiary tensions encountered with rilonacept. After
continued evidence generation and regulatory dialogue, canakinumab obtained FDA approval for symptomatic gout
treatment in August 2023.>’ The approved dosing of 150 mg subcutancously every 12 weeks offers substantial
convenience compared to the more frequent administration schedules required by other IL-1 inhibitors.

Important mechanistic insights emerged from cardiovascular research examining IL-1f inhibition in patients with
prior myocardial infarction and elevated inflammatory markers. The Canakinumab Anti-inflammatory Thrombosis
Outcomes Study (CANTOS) trial provided two complementary analyses characterizing canakinumab’s influence on
gout-related outcomes. A causal mediation analysis investigated relationships between canakinumab treatment, serum
urate changes, and incident gout development.”® This analysis demonstrated that canakinumab significantly reduced
incident gout risk independent of changes in serum urate levels. Statistical modeling revealed that urate reduction
mediated only a small proportion of the observed effect on gout prevention. A separate exploratory analysis examined
10,059 patients over a median 3.7 years of follow-up.>®> Among participants receiving placebo, incident gout attack rates
increased progressively with higher baseline urate concentrations, ranging from 0.49 per 100 person-years in those with
urate below 404.5 pmol/L to 2.94 per 100 person-years in those with urate at or above 535.4 pumol/L. Quarterly
canakinumab administration significantly reduced gout attack risk across all baseline urate strata without altering
serum uric acid levels over time. Taken together, these findings support a conceptually important point. Suppressing
IL-1B-mediated inflammation can prevent acute gout manifestations even when hyperuricemia and crystal deposition
persist. This observation provides a mechanistic rationale for selective IL-1p inhibition as a standalone strategy in
patients for whom urate-lowering targets remain difficult to achieve. The CANTOS data also demonstrated acceptable
safety in patients with substantial cardiovascular comorbidity, extending the evidence base for canakinumab beyond
dedicated gout trial populations.

NLRP3 Inflammasome Inhibitors

NLRP3 inflammasome inhibitors represent a more recent area of investigation compared to the decades-long develop-
ment of IL-1 pathway blockers.>® Their mechanistic appeal lies in targeting a step upstream of IL-1f maturation. Where
IL-1 receptor antagonists and monoclonal antibodies intercept cytokine signaling after IL-1f has already been processed
and released, NLRP3 inhibition acts earlier in the inflammatory cascade by preventing inflammasome assembly and the
subsequent cleavage of pro-IL-1p into its active form. This positioning raises the possibility of broader suppression
across multiple downstream inflammatory mediators beyond IL-13 alone. Whether this theoretical advantage translates
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into clinically meaningful benefits over direct IL-1 blockade remains to be established. The field has not yet produced
agents with sufficient clinical evidence to allow direct comparison. The field has experienced both notable setbacks and
promising advances as researchers have refined their understanding of optimal inhibitor characteristics and safety
profiles.

Lead Compounds: From Setbacks to Progress

MCC950 was among the earliest small molecule NLRP3 inhibitors to enter clinical development, advancing to Phase II
trials for RA around 2015 to 2017 on the basis of preclinical efficacy across multiple inflammatory disease models.®
However, development terminated when high-dose administration at approximately 1200 mg daily produced hepatotoxi-
city signals including transaminase elevations in trial participants.®' This clinical failure represented a significant setback
for the field but also provided valuable lessons regarding dose selection, hepatic safety monitoring, and therapeutic
window considerations.

Rather than abandoning the NLRP3 target, the research community intensified mechanistic investigations to under-
stand MCC950’s actions and guide next-generation compound development. Subsequent biochemical and structural
studies, conducted primarily in cell-free and cell-based systems, established three important findings. Proteomic analysis
confirmed NLRP3 as the direct binding target of MCC950.°* Structural studies revealed that MCC950 functions by
closing the active conformation of NLRP3, preventing the protein from adopting the oligomerized state necessary for
inflammasome assembly.”> More detailed mechanistic work identified that MCC950 specifically targets the Walker
B motif within the NLRP3 NACHT (nucleoside triphosphate-binding domain present in NAIP, CIITA, HET-E, and TP1
proteins).®* Together, these findings established proof of concept for direct NLRP3 inhibition while highlighting that
sufficient selectivity and an adequate safety margin are prerequisites for clinical translation. The knowledge gained from
MCC950 characterization continues to inform structure-based design efforts for improved inhibitors.

The development of OLT1177, also known as dapansutrile, reflected a deliberate response to the MCC950 experience.
Dose selection and safety monitoring protocols were designed from the outset to address the hepatotoxicity concerns that
had terminated the earlier program. Preclinical evaluation in a monosodium urate crystal-induced peritonitis mouse
model demonstrated that OLT1177 effectively reduced neutrophil infiltration and inflammatory cytokine production.®®
The compound showed dose-dependent anti-inflammatory effects with favorable pharmacokinetic properties, and
toxicology assessments at therapeutically relevant doses did not reveal hepatotoxicity signals. Critically, whereas
MCC950 had been advanced to doses exceeding 1000 mg daily before hepatotoxic effects became apparent, the
OLT1177 program incorporated hepatic safety endpoints at each dose escalation step. Conservative upper dose bound-
aries were established prior to first-in-human studies. This design reflects a direct application of the therapeutic window
lessons derived from the MCC950 experience.

Clinical evaluation then proceeded through structured dose-finding studies. Phase I testing established tolerability up
to 1000 mg daily for 8 days without hepatotoxicity signals, contrasting favorably with the MCC950 experience.®®
A subsequent Phase 2a trial in acute gout enrolled patients with crystal-proven disease and evaluated multiple dose levels
ranging from 300 mg to 2000 mg daily. All tested doses demonstrated efficacy in reducing pain and inflammatory
markers compared to baseline, and the compound maintained acceptable tolerability across this broad dose range with no
evidence of significant liver enzyme elevations. These results suggested a wider therapeutic window relative to MCC950.
The trial design incorporated frequent hepatic monitoring specifically informed by prior hepatotoxicity concerns.
OLT1177’s oral bioavailability and convenient dosing schedule offer practical advantages for outpatient gout manage-
ment. Based on Phase 2a results, a Phase 2/3 trial is currently underway to further define optimal dosing and establish
efficacy in larger patient populations. The progression from MCC950’s clinical termination through mechanistic
characterization to OLT1177’s advancing clinical programme illustrates how a well-defined safety failure can be
converted into actionable design principles for subsequent candidates, provided that the underlying target mechanism
retains sufficient biological validity.
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Pipeline Compounds and Mechanistic Innovations

Building on the design principles established through the MCC950 and OLT1177 experience, multiple research groups
have pursued parallel strategies to develop NLRP3 inhibitors with improved selectivity, potency, and safety profiles.
These efforts fall broadly into two categories. One involves compounds that act directly on the NLRP3 protein itself,
while the other encompasses compounds that intervene at alternative or upstream points in the inflammasome activation
pathway.

Among direct NLRP3 inhibitors, structural optimization has been a primary strategy. One study synthesized and
evaluated 22 derivatives to establish structure-activity relationships guiding compound refinement.®’ This work identified
specific structural features associated with improved potency and reduced off-target effects. Separately, scaffold hopping
strategies generated compounds with novel chemical frameworks while retaining NLRP3 inhibitory activity, aiming to
escape potential liability features present in earlier scaffolds.® Focused optimization efforts have yielded specific
compounds showing promise in preclinical evaluation. A series of N-sulfonylurea derivatives produced compound 4b,
which demonstrated potent NLRP3 inhibition with favorable pharmacokinetic properties in rodent inflammatory
models.®” More recently, computational approaches have accelerated inhibitor discovery, with machine learning algo-
rithms trained on existing NLRP3 inhibitor data predicting novel compound CSC-6 with nanomolar potency.”
Experimental validation confirmed the computational predictions, demonstrating that artificial intelligence methods can
complement traditional medicinal chemistry in identifying optimized lead compounds. All of these candidates remain at
the preclinical stage, and their pharmacokinetic and safety profiles in humans have not yet been characterized.

A second category of pipeline compounds targets alternative intervention points in the inflammasome activation
pathway. The shared rationale is that disrupting upstream or parallel nodes may achieve comparable anti-inflammatory
effects while avoiding some of the on-target liabilities associated with direct NLRP3 binding. The compound SLC3037
specifically disrupts NIMA-related kinase 7 (NEK7)-NLRP3 binding, preventing inflammasome oligomerization without
directly engaging the NLRP3 protein itself.”' This approach may preserve some regulatory mechanisms that direct
inhibitors would suppress. In preclinical models, SLC3037 demonstrated anti-inflammatory activity in monosodium urate
crystal-induced gout models, though human pharmacology data are not yet available. Another innovation involves
simultaneously targeting multiple nodes in the inflammatory cascade. The compound CBED exhibits dual inhibitory
activity against both NLRP3 inflammasome assembly and gasdermin D pore formation in preclinical studies.”? Since
gasdermin D mediates pyroptotic cell death downstream of inflammasome activation, dual inhibition provides a degree of
redundancy that may limit compensatory pathway activation. Whether this translates into superior efficacy over single-
target inhibition remains to be tested clinically. Addressing an upstream trigger rather than the inflammasome itself, the
compound Z1456467176 functions as an allosteric modulator of purinergic receptor P2X7 (P2X7R), which serves as an
upstream sensor triggering NLRP3 activation in response to extracellular adenosine triphosphate.”> By dampening
P2X7R signaling, this compound indirectly reduces NLRP3 inflammasome activation, offering the potential advantage
of targeting an established druggable receptor class. Natural products have also attracted attention as potential sources of
NLRP3 inhibitor scaffolds. Cucurbitacin B, derived from traditional medicinal plants, demonstrated NLRP3 inhibitory
activity in cellular and animal models relevant to gout pathophysiology in preclinical screening assays. It may serve as
a starting point for semisynthetic derivatives with improved drug-like properties.”*

The breadth of mechanistic approaches represented in this pipeline reflects the degree to which the field has moved
beyond first-generation direct NLRP3 binding strategies. Direct inhibitors offer well-characterized target engagement but
must navigate the selectivity and hepatic safety constraints illustrated by the MCC950 experience. Indirect and multi-
target approaches introduce additional mechanistic flexibility, though at the cost of greater complexity in predicting
clinical pharmacology. A limitation common to all compounds discussed in this section is their exclusive reliance on
preclinical evidence. Whether the mechanistic diversity observed in cell and animal studies will translate into differ-
entiated clinical profiles remains an open question. Table 2 summarizes the key characteristics of both IL-1 pathway
inhibitors and NLRP3 inflammasome-targeted agents discussed in this review, providing a comparative reference across
regulatory status, mechanism, and available evidence.
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Table 2 Anti-Inflammatory Biologic and Small Molecule Therapies Targeting IL-1 and NLRP3 Pathways in Gout

Type Agent Mechanism & Target Regulatory Status & Timeline Key Clinical Feature Ref.
IL-1 Pathway
Inhibitors
Anakinra IL-1 receptor antagonist FDA approved 2001 (rheumatoid arthritis); Daily SC injection; 94% efficacy in acute flares; [44-49]
competing with IL-la and IL-1B for | extensive off-label use in gout without formal 92% success in hospitalized patients with
receptor binding approval comorbidities
Rilonacept IL-1a/ trap protein (dimeric FDA approved 2008 (CAPS); FDA rejected for | Weekly SC injection; reduced flares from 1.06 to | [53]
fusion combining IL-IR gout May 2012 (1 1-0 committee vote) 0.29-0.21 per patient during ULT initiation
components with IgG Fc)
Canakinumab IL-1B-specific monoclonal antibody | FDA approved 2009 (CAPS); rejected for gout | 150mg SC every |12 weeks; first biologic formally | [52,58]
with selective neutralization 2011; EMA approved 2013; FDA approved for | approved for gout in United States
gout August 2023
NLRP3 Inflammasome
Inhibitors
MCC950 Direct NLRP3 inhibitor targeting Phase 2 for rheumatoid arthritis terminated Closes active conformation preventing [62-64]
Walker B motif in NACHT domain | ~2017 due to hepatotoxicity oligomerization; hepatotoxicity with
transaminase elevation at ~1200mg/day
OLT1177 Direct NLRP3 inhibitor with Phase | completed; Phase 2a completed Oral dosing; no hepatotoxicity up to 1000mg/day | [65,66]
(Dapansutrile) improved safety profile 2019-2020; Phase 2/3 ongoing for 8 days; 300-2000mg daily effective in acute
gout
CSC-6 Direct NLRP3 inhibitor identified Preclinical development Nanomolar potency predicted computationally [70]
through machine learning and validated experimentally; Al-assisted drug
algorithms discovery approach
SLC3037 Disrupts NEK7-NLRP3 protein Preclinical development Prevents inflammasome assembly without [71]
interaction (upstream directly binding NLRP3; may preserve regulatory
intervention) mechanisms
CBED Dual inhibitor of NLRP3 Preclinical development Multi-target strategy providing redundancy; [72]
inflammasome assembly and blocks both inflammasome activation and
gasdermin D pore formation downstream pyroptosis
Cucurbitacin B Natural product-derived NLRP3 Preclinical development Plant-derived scaffold with anti-inflammatory [74]
inhibitor from traditional medicinal effects in cellular and animal gout models
plants

Abbreviations: Al artificial intelligence; CAPS, cryopyrin-associated periodic syndromes; CBED, 4-(2-(4-chlorophenyl)-1-((4-chlorophenyl)amino)ethyl)benzene-1,3-diol; CSC-6, machine learning-identified NLRP3 inhibitor compound;
EMA, European Medicines Agency; FDA, Food and Drug Administration; IgG Fc, immunoglobulin G fragment crystallizable region; IL-1, interleukin-1; IL-IR, interleukin-1 receptor; IL-1q, interleukin-1 alpha; IL-1p, interleukin-1 beta;
NACHT, nucleoside triphosphate-binding domain present in NAIP, CIITA, HET-E, and TP proteins; NEK7, NIMA-related kinase 7; NLRP3, NLR family pyrin domain-containing protein 3; SC, subcutaneous; ULT, urate-lowering therapy.
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Clinical Decision-Making and Practical Considerations

Treatment Selection Framework

Biologic therapies for gout function as specialized options for specific patient populations rather than replacements for
conventional treatments. Oral urate-lowering medications and standard anti-inflammatory agents remain first-line therapy
for most patients. Biologics enter consideration when conventional treatments fail to achieve therapeutic targets, produce
intolerable adverse effects, or face contraindications. Refractory gout with persistently elevated urate despite optimized
oral therapy represents the primary indication for uricase biologics. Frequent acute flares uncontrolled by standard anti-
inflammatory agents justify IL-1 pathway inhibitors or NLRP3 inhibitors. Advanced chronic kidney disease exemplifies
clinical scenarios where multiple conventional options face simultaneous limitations, rendering biologics valuable
alternatives. This treatment paradigm positions biologics as rescue therapies. The designation reflects both their
specialized mechanisms and practical considerations including cost and administration burden.

Within biologic classes, agent selection requires matching the therapeutic mechanism to the individual patient’s
clinical profile and treatment objectives. Patients needing sustained urate reduction benefit from pegloticase or related
uricase therapies. Those requiring flare suppression despite adequate urate control benefit from anti-inflammatory
biologics. Among IL-1 pathway inhibitors, the practical distinctions in administration frequency carry direct implications
for patient suitability. The daily subcutaneous dosing required by anakinra suits acute on-demand management in hospital
or clinic settings. By contrast, the quarterly schedule of canakinumab is better suited to patients requiring sustained
prophylaxis in an outpatient context. These practical differences should inform selection alongside the mechanistic
considerations discussed in the preceding section. Patient comorbidities including infection history, immunosuppression
status, and organ function guide safety assessments. Economic constraints and insurance coverage patterns create
practical limitations, typically requiring documented conventional treatment inadequacy before biologic approval.
Shared decision-making incorporating patient preferences regarding administration routes and visit frequency ensures
selected treatments align with individual circumstances.

Monitoring and Safety Management

Uricase therapy monitoring centers on serial serum uric acid measurements at each infusion visit. Successful treatment
typically achieves levels below 6 mg/dL, often reaching below 2 mg/dL. Persistent urate elevation above 6 mg/dL or two
consecutive elevated measurements suggest antidrug antibody development and impending treatment failure. Where
immunomodulatory co-therapy is employed, additional laboratory surveillance including blood counts and hepatic
function tests should be conducted at intervals appropriate to the chosen agent. Anti-inflammatory biologic monitoring
emphasizes flare frequency and severity through patient symptom documentation. Clinical efficacy is reflected in reduced
joint symptoms and improved function, though standardized response criteria remain lacking. Monitoring frequency is
generally higher during treatment initiation and can be extended once stable responses are established.

The principal safety considerations differ by administration route and mechanism. Infusion reactions represent the
most immediate concern with intravenous biologics, requiring protocols for recognition and management. These
protocols should address presentations ranging from mild reactions to anaphylaxis. Premedication and post-infusion
observation periods serve to mitigate these risks. Subcutaneous agents produce injection site reactions that are generally
manageable through technique education. Across both routes, immunosuppression increases infection susceptibility,
necessitating baseline screening for latent infections and clear patient education about prompt symptom reporting.
Vaccination status review ensures appropriate immunization before therapy when feasible. Special populations including
those with advanced kidney disease or prior organ transplantation warrant individualized monitoring reflecting elevated
baseline risks. Systematic documentation of clinical responses and adverse events supports ongoing benefit-risk assess-
ment and enables timely treatment modification when safety signals emerge.

Conclusion
Biologic therapies now occupy defined roles in gout management for patients who cannot achieve adequate disease
control through conventional treatments. Uricase-based approaches have advanced beyond the immunogenicity

12 https: Journal of Inflammation Research 2026:19



Zhou et al

limitations of early recombinant enzymes, with concomitant immunomodulatory therapy improving sustained response
rates to pegloticase by reducing antidrug antibody formation. IL-1 pathway inhibitors completed a prolonged regulatory
trajectory, culminating in canakinumab FDA approval in August 2023 as the first biologic formally indicated for gout in
the United States. Anakinra retains practical utility in patients with contraindications to conventional anti-inflammatory
agents. NLRP3 inflammasome inhibitors remain at an earlier stage of clinical development. The field has incorporated
lessons from the MCC950 hepatotoxicity experience into more cautious dose selection and safety monitoring for
subsequent candidates. Across all three classes, biologics function as specialized rescue options for patients with
refractory or contraindicated conventional therapy rather than as first-line alternatives. Shared challenges including
immunogenicity management, treatment costs, and limited long-term safety data continue to constrain broader clinical
adoption.

Several limitations of this review warrant acknowledgment. As a narrative rather than a systematic review, literature
selection was guided by clinical and translational relevance rather than a predefined protocol, and some degree of
selection bias cannot be excluded. The sections addressing NLRP3 inflammasome inhibitors draw predominantly on
preclinical data, as most pipeline compounds have not yet entered or completed clinical trials. Conclusions regarding
their therapeutic potential therefore remain preliminary pending human validation. The published literature on long-term
safety for several agents discussed here also remains limited. This limitation constrains the strength of conclusions that
can be drawn regarding extended treatment risk profiles.

Future progress will depend on advances in several converging areas. Predictive biomarkers capable of identifying
patients most likely to respond to specific biologic classes would improve treatment efficiency and reduce unnecessary
exposure to costly or immunosuppressive regimens. For uricase therapies, ongoing Phase 3 evaluation of SEL-212 will
clarify whether immunomodulatory co-administration can reliably extend sustained response rates beyond those achiev-
able with pegloticase monotherapy. For IL-1 pathway inhibitors, real-world safety data accumulating under post-approval
canakinumab experience will be important in defining the long-term benefit-risk profile across diverse patient popula-
tions. These populations include those with cardiovascular comorbidities and chronic kidney disease. In NLRP3 inhibitor
development, successful clinical translation of oral candidates such as OLT1177 would introduce a mechanistically
distinct treatment option. Such an option would avoid the administration burden and immunogenicity concerns associated
with injectable biologics. Addressing the economic and access barriers that currently limit biologic use to a narrow subset
of eligible patients will ultimately determine whether the advances discussed in this review reach those who stand to
benefit from them.

Abbreviations

ASGARD, Anakinra for Synovial fluid analysis in Gout and Related Diseases; CANTOS, Canakinumab Anti-
inflammatory Thrombosis Outcomes Study; CAPS, cryopyrin-associated periodic syndromes; COMPARE,
Comparative Randomized Assessment of Pegloticase vs SEL-212; FDA, Food and Drug Administration; IL-1, inter-
leukin-1; IL-1a, interleukin-1 alpha; IL-1f, interleukin-1 beta; InmTOR, rapamycin-containing tolerogenic nanoparticle
proprietary formulation; MIRROR, Methotrexate to Increase Response Rates in Patients with Uncontrolled Gout
Receiving Pegloticase; NEK7, NIMA-related kinase 7; NLRP3, NLR family pyrin domain-containing protein 3;
NSAIDs, nonsteroidal anti-inflammatory drugs; PEG, polyethylene glycol; PEG-PHRU, PEGylated porcine-human
recombinant uricase; RA, rheumatoid arthritis; RECIPE, Reducing Immunogenicity of Pegloticase.
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