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Abstract: Gout is characterized by monosodium urate (MSU]J crystal deposits in and within
joints. These deposits result from persistent hyperuricaemia and most typically lead to
recurrent acute inflammatory episodes (gout flares). Even though some aspects of gout

are well characterized, uncertainties remain; this upcoming decade should provide further
insights into many of these uncertainties. Synovial fluid analysis allows for the identification
of MSU crystals and unequivocal diagnosis. Non-invasive methods for diagnosis are being
explored, such as Raman spectroscopy and imaging modalities. Both ultrasound and dual-
energy computed tomography (DECT) allow the detection of MSU crystals; this not only
provides a mean of diagnosis, but also has furthered gout knowledge defining the presence
of a preclinical deposition in asymptomatic hyperuricaemia. Scientific consensus establishes
the beginning of gout as the beginning of symptoms (usually the first flare), but the concept is
currently under review. For effective long-term gout management, the main goal is to promote
crystal dissolution treatment by reducing serum urate below 6 mg/dL (or 5mg/dL if faster
crystal dissolution is required). Current urate-lowering therapies’ (ULTs) options are limited,
with allopurinol and febuxostat being widely available, and probenecid, benzbromarone,

and pegloticase available in some regions. New xanthine oxidase inhibitors and, especially,
uricosurics inhibiting urate transporter URAT1 are under development; it is probable that

the new decade will see a welcomed increase in the gout therapeutic armamentarium.
Cardiovascular and renal comorbidities are common in gout patients. Studies determining
whether optimal treatment of gout will positively impact these comorbidities are currently
lacking, but will hopefully be forthcoming. Overall, the single change that will most impact
gout management is greater uptake of international rheumatology society recommendations.
Innovative strategies, such as nurse-led interventions based on these recommendations have
recently demonstrated treatment success for people with gout.
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Where do we stand now?

Gout is the most common inflammatory arthritis
world-wide.! Gout in its most typical form is
characterized by recurring, self-limiting acute
inflammatory episodes known as gout flares.?
However, gout can also cause a variety of differ-
ent symptoms. Tophi, accumulations of urate
crystals surrounded by an inflammatory corona3
are common in patients with insufficiently treated
and advanced disease, but can occasionally be the
presenting symptom in the absence of flares;
this seems to be especially common in elderly
women under diuretic treatment.* Tophi can put

pressure on nearby structures, especially in space-
constrained areas, such as the spine® or the carpal
tunnel. Advanced disease can lead to persistent
joint inflammation, frequently polyarticular.®
Gout can also cause foot pain and disability in-
between flares,” perhaps even before the first
inflammatory flare occurs.® Gout also happens
more frequently in patients with some rheumato-
logical diseases, such as psoriatic arthritis or oste-
oarthritis. An association of gout with several
comorbidities, such as chronic kidney disease
(CKD), hypertension and cardiovascular events,
has also been clearly established; whether this
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association is causal or an epiphenomenon, is cur-
rently still under debate. Furthermore, the poten-
tial effect of urate-lowering therapy (ULT) on
these comorbidities remains uncertain.

Gout is the result of monosodium urate (MSU)
crystals’ deposition in and around joints and in
other tissues. Osteoarthritis can predispose to
MSU crystals’ deposition, especially in weight-
bearing joints of the lower extremities; thus, both
can coexist. Deposited MSU crystals can trigger
gout flares through activation of the NLRP3
inflammasome; in the absence of therapy, flares
tend to be recurrent.® MSU crystals can be found
in joints prior to the first gout attack for an unde-
fined, but likely extended, time period;® whether
gout starts with the first crystal deposition or with
the first gout attack is still under debate. What is
clear is that once crystals are found within a joint,
and in the absence of urate-lowering manage-
ment, the crystals will remain.!0

Gout prevalence has been estimated at 2-3% of
adult population. Wide variations occur between
world regions, with very high prevalence through-
out the Pacific area.! Data also suggest that there
has been an increase in gout incidence in the past
decades. Different studies in North America and
Scandinavia have reported a 1.5-2-fold increase
in gout incidence in recent decades.! The Global
Burden of Disease study has also shown a dou-
bling of gout incidence from 1990 to 2017, with
similar increases across all world regions.!! In
parallel, gout hospitalizations and inpatient medi-
cal costs have doubled in Canada from 2000 to
2011.12 Similar increases have been reported in
Aotearoa New Zealand, UK!3 and Spain.!* In
addition, the number of gout patients may be
even higher as a notable underreporting of gout
diagnosis in records has been detected.1%:16

To treat gout, the aim is to reduce serum urate
levels, thereby allowing deposited crystals to dis-
solve and, with time, disappear. Current guidelines
recommend achieving serum urate levels under
6 mg/dL.17-18 Given that the serum urate level will
determine the rate of crystal dissolution, a lower
serum urate target (i.e. <5mg/dL) may be indi-
cated in many patients. Even though gout is one of
the few rheumatic diseases, which can be ‘cured’
and that effective treatment is readily available,
successive audits and studies have demonstrated a
suboptimal treatment of gout.!® Studies report that
less than half of patients diagnosed with gout

receive ULT; in the UK database Clinical Practice
Research Datalink UK, only 40% of eligible
patients were on ULT 1year after diagnosis.?0
Even when prescribed, ULT is often not titrated to
achieve urate target.?! The use of ULT without
achieving urate target implies that crystal deposits
will continue to increase and the patient is at risk
for adverse events from the medication. With
regional variations, rheumatologists provide care
for severe or complex patients, while most of the
care for gout patients relies on primary care.
Unfortunately, poor management is seen in both
settings. Improving gout patient management to
comply with current recommendations is the sin-
gle change that, if achieved within the next decade,
could most positively impact gout patients.

When does gout start?

The central pathology of gout is MSU crystal
deposition.?2 MSU crystals form in the presence
of elevated urate above saturation concentration,
which is dependent on sodium ion concentration,
temperature and pH.23 The clinical symptoms of
gout result from the individual’s immune response
to deposited crystals.?* Hyperuricaemia is the
most important risk factor for development of
gout, with a concentration dependent relation-
ship between serum urate and incident gout.25:26
However, most people with hyperuricaemia do
not develop gout, even when observed over many
years.

Numerous synovial fluid and advanced imaging
studies have demonstrated that many people with
asymptomatic hyperuricaemia have evidence of
MSU crystal deposition; most studies estimate
this as 25-33% depending on the serum urate
threshold and method of detection of MSU crys-
tal deposition.%27-29 It is likely that asymptomatic
MSU crystal deposition is a precursor to develop-
ment of symptomatic disease. However, it is
unknown why some, but not all, people with
hyperuricaemia form MSU crystals, and why
some, but not all, people with hyperuricaemia
and asymptomatic MSU crystal deposition
develop symptomatic disease. Analysis of dual-
energy computed tomography (DECT) MSU
crystal volume has shown that MSU crystal
deposits occur more frequently and at higher vol-
umes in those with symptomatic gout than in
asymptomatic hyperuricaemia, suggesting that a
threshold of urate crystal volume may be required
before symptomatic disease occurs.?8
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Genetic studies comparing people with sympto-
matic gout to asymptomatic hyperuricaemia have
identified some genetic variants associated with
symptomatic gout. A Japanese genome-wide
association study (GWAS) identified three gout-
associated loci; CNTNS5, MIR302F and ZNF724.3°
In a study of Han Chinese participants, three
gout-associated loci were identified; at 17q23.2,
9p24.2 and 11p15.5.31 In an analysis of UK
Biobank, 13 gout-associated loci were identified
(ABCG2, SLC2A9, SLC22A11, GCKR, MEPE,
PPM1 K-DT, LOC105377323 and ADHI1B); all
variants in wurate transporters and metabolic
genes, but none in inflammatory genes.32 Variants
in ABCG2 have been consistently reported as
associated with gout compared with hyperuricae-
mic controls.32:33 It is noteworthy that many of
the genetic variants identified as risk variants
associated with gout when compared with asymp-
tomatic hyperuricaemia are also associated with
elevated serum urate concentrations. While it is
possible that some variants may have pleiotropic
effects, potentially on the inflammatory response
to deposited MSU crystals, it is also possible that
these variants increase the lifelong exposure to
elevated serum urate levels, and are thus associ-
ated with development of MSU crystal deposition
and symptomatic gout.

Traditionally, gout has been diagnosed when clin-
ical symptoms develop. This is most often at the
time of a gout flare, although tophaceous gout or
chronic gouty arthritis can occasionally be the ini-
tial presentation. An important conceptual ques-
tion, particularly given that MSU crystals can be
observed in those without clinical symptoms, is
when does gout start? Gout is a disorder of MSU
crystal deposition, and some have argued that evi-
dence of MSU crystal deposition is sufficient for
a definition of gout.3%35 This is even more uncer-
tain when imaging evidence of tophus is demon-
strated on ultrasound or DECT. In established
gout, MSU crystal burden, as measured by tophus
burden or DECT volume, predicts cardiovascular
disease and mortality.3638 In asymptomatic
hyperuricaemia, synovial fluid or imaging evi-
dence of MSU crystals has been associated with
increased joint inflammation and cardiovascular
disease,?7-39 suggesting that asymptomatic deposi-
tion might contribute to adverse outcomes, even
when symptomatic disease is not evident.

However, at present, there is no conclusive evi-
dence that treating MSU crystal deposition with-
out symptoms is beneficial, and treatment of

asymptomatic MSU crystal deposition is not rec-
ommended by major rheumatology society gout
management guidelines.!740 The 2015 American
College of Rheumatology and European League
Against Rheumatism Gout Classification Criteria
require ‘at least one episode of swelling, pain, or
tenderness in a peripheral joint or bursa’ as entry
criterion for classification of gout.*!¥2 Similarly,
in a recent consensus statement, the Gout and
Crystal Arthritis Network (G-CAN) has recently
defined gout as ‘a disease caused by monosodium
urate crystal deposition with any of the following
clinical presentations (current or prior): gout
flare, chronic gouty arthritis or subcutaneous
tophus’. Bursill ez al,? indicating that most
experts currently believe that both classification
and diagnosis of gout requires clinical features of
joint inflammation or tophus. Longitudinal stud-
ies are essential to understand whether imaging
evidence of MSU crystal deposition in asympto-
matic hyperuricaemia has prognostic implications
for development of future gout flares, or other
clinical features of gout, or development of associ-
ated comorbid conditions, such as cardiovascular
disease or CKD. Furthermore, clinical trials are
required to determine the benefits and harms of
ULT or anti-inflammatory medications for those
with asymptomatic MSU crystal deposition.

Will we still use crystal analysis for
diagnosis?

Synovial fluid analysis

Since discovering MSU and calcium pyrophos-
phate (CPP) crystals in the synovial fluid from
patients suffering from gout?2 or CPP crystal
arthritis,*3 their identification by compensated
polarized microscopy became the gold standard
diagnosis for crystal arthritis (Figure 1).4445> The
rationale behind this is that all the clinical mani-
festations come from the presence of crystals, so
that, these must be demonstrated. This approach
of proving the pathogenic factor is used in other
deposition diseases (i.e. amyloidosis) or infec-
tious diseases, and is highly specific, especially for
MSU crystals. When identified, MSU crystals are
considered responsible for the arthritis,*® how-
ever, CPP crystals are commonly found in
advanced osteoarthritic joints,*’ are doubtfully
pathogenic in some settings and are likely part of
the process of joint damage and repair.

Synovial fluid analysis for crystals under polarized
light microscopy is reliable,*® can be learnt after a
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Figure 1. MSU crystals in a synovial fluid sample seen under light microscopy (a) using ordinary light, (b)
polarized light, and (c] first-order red compensator. A shows the axis of the first-order red compensator.

short period,* provides an immediate diagnosis
(even in-between flares!?), prompts the therapeu-
tic plan and avoids subsequent investigations.
However, in the literature, concerns have been
raised about the procedure;° methodological
issues in the studies, such as the source of crys-
tals, the medium of storage, or the experience and
usual dedication of the observers, may explain the
suboptimal results that have been published.
Although the coexistence of MSU and calcium
pyrophosphate (CPP) crystals has received scant
attention, identification of both crystal types has
been reported in 1-8% of patient with confirmed
gout.’! Given that both can result in acute self-
limiting arthritis, symptom attribution can be
problematic. In addition, patients with psoriatic
arthritis have a higher risk of presenting with
gout®? potentially mediated by an increased risk
of hyperuricaemia. Interestingly, hyperuricaemic
subjects with psoriatic arthritis depicted more
erosions, higher disease activity and lesser

response to treatments.>3 The presence of MSU
crystals should be ruled out in cases with poor
evolution. These caveats highlight the need for
accurate diagnosis as an integral part of the man-
agement strategy.

However, before considering whether the syno-
vial fluid analysis will remain the principal diag-
nostic method for gout and other crystal arthritis
in the future, it is worth reviewing its current use
in clinical practice. Available data from some
European countries can be deemed poor. For
example, in the United Kingdom and Spain, crys-
tal-proven diagnoses in gout are limited to 18%5*
and 32%% of patients in rheumatology clinics,
respectively. These rates are presumably lower in
cases managed solely in a primary care setting.
Not having access to a polarized microscope or
the inconvenience of performing a joint aspiration
are common justifications, despite the risk of mis-
classification when relying solely on clinical data5%
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Figure 2. Ultrasound tophi in the first metatarsophalangeal (MTP) joint (left image, dorsal aspect; right image,
medial aspect] from two patients with gout. Identification of sonographic deposits in the medial scans of the
first MTP is quite common in gout. Note: in the left image, a positive power-Doppler signal inside the tophus,
despite the patient being in-between flares, indicating subclinical inflammation.

or the good performance and tolerability of thin-
ner needles, such as 29G.57 Moreover, efforts in
building diagnostic clinical approaches have not
achieved criteria accurate enough,>®>° though
they may have a place in settings with no access to
microscopy.

A potential option might be identifying MSU crys-
tals without polarized microscopy; some efforts
have been made in this regard.®%-6! Raman spec-
troscopy, a chemical technique used mainly by
geologists to detect the presence of crystals and
provide a specific identification based on their
chemical constituents. ILarge and expensive
machines limited the application in clinical prac-
tice, but a smaller device more suitable for hospitals
showed good agreement with the microscopic iden-
tification of MSU crystals (kappa=0.84), but mod-
erate for CPP crystals (kappa=0.61).0 A limitation
is that joint sampling for synovial fluid remains
indispensable. A pilot study showed good sensitiv-
ity in detecting MSU crystal deposits i vivo,52
although only studied in a superficial joint (the first
metatarsophalangeal joint). Thus, these devices
should not replace the microscope yet. Synovial
fluid analysis helps, not only in screening for micro-
crystals, but also permits an immediate leukocyte
count to differentiate mechanical and inflammatory
fluids, prompting further investigations.

Imaging for diagnosing crystal arthritis

Conventional radiography is not useful for gout
diagnosis,®3 although typical gout erosions are
a feature of 2015 ACR/EULAR classification cri-
teria.! However, in the last decade, imaging

techniques have experienced significant advances
in the field of crystal arthritis, especially ultra-
sound (Figure 2) and DECT (Figure 3), contrib-
uting to a better understanding of gout: the
existence of a significant crystal load at the time
of first flares;?8:%¢ the presence of a preclinical
deposition in asymptomatic hyperuricaemia;28.65
deposition of crystals following a symmetrical,
polyarticular fashion; the involvement of periar-
ticular structures not often clinically apparent®-67

Figure 3. Dual-energy CT of the right foot in a

patient with tophaceous gout. Three-dimensional
volume rendered images demonstrating MSU crystal
deposition (colour coded green), including at first
metatarsophalangeal joint, fifth metatarsophalangeal
joint and the Achilles tendon.
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or how tophi formation and growth lead to bone
erosions.®® Also, as will be discussed later in this
article, imaging can aid following the reduction of
crystal deposits during ULT?%%70 and may help
demonstrate the clearance of the disease.

Several studies have assessed imaging in gout
diagnosis compared with synovial fluid analysis
or other reference standards, with better diag-
nostic performances shown by ultrasound and
DECT. Studies assessing the sonographic dou-
ble-contour sign yielded a pooled sensitivity and
specificity of 74-83% and 76-88%, respec-
tively;7! sonographic tophi are less accurate (sen-
sitivity of 65 %, specificity of 80%), other features,
such as aggregates or hyperechoic clouds show a
poorer performance. Pooled results for DECT
showed a sensitivity of 74-90% and a specificity
of 80-88%.7! Ultrasound is cheaper, widespread
in rheumatology clinics, but operator-dependent,
while DECT is radiant, vastly more expensive
but highly reliable.”? Some experts support that
ultrasound is more useful to discriminate between
crystal and non-crystal arthritides, rather than
just for gout, as CPP crystal deposition disease
may sometimes form tophaceous-like accumula-
tions and show a double contour-like sign.”?
However, DECT can discriminate between urate
and calcium deposits. Thus, the choice will vary
according to the setting. In addition, DECT has
also demonstrated MSU deposition in the con-
text of other diseases when persistent hyperuri-
caemia is present. A fifth of patients with
established rheumatoid arthritis and persistent
hyperuricaemia showed MSU deposits on
DECT," especially in patients diagnosed with
seronegative rheumatoid arthritis. In these
instances, symptom attribution might be com-
plex and a ULT trial might be warranted.

A major issue in using imaging for gout diagno-
sis is the variable sensitivity regarding the disease
duration.”® Poor diagnostic performance at early
stages is a significant limitation for the tech-
nique, as it is at this stage that excluding other
forms of arthritis and initiating proper gout
management to avoid progression to advanced
tophaceous forms is crucial. In fact, the detec-
tion of subcutaneous tophi by physical exam has
high diagnostic utility in itself,%3 and the diagno-
sis is generally straightforward, but late. Thus,
improving the early detection of crystal deposits
is a crucial condition for a technique to be useful
for diagnosis.

What will we know about gout outside the
‘typical’ presentation?

The prototypical gout patient is a middle-aged
White male, obese, with comorbidities and,
according to popular depictions, indulging in die-
tary excesses.’”® However, this depiction is far
from accurate. Beer, liquor, fructose-rich soft
drinks and meat have been shown to associate
with increased urate levels. However, in the gen-
eral population, diet patterns explain less than
1% of urate level variation, while genome-wide
single-nucleotide variations explain almost a
quarter of this variation.”” Public perception of
gout as a result of self-indulgence should be chal-
lenged to increase the understanding of the dis-
ease and the uptake of ULT.76

Non-White populations experience, not only a
higher incidence and prevalence, but also a higher
disease burden and a greater risk of inappropriate
management.”’® In the United States, gout is esti-
mated to affect 4% of non-Hispanic Whites, but
5% of African Americans.”® In addition, African
Americans are at a three- to six-fold higher risk of
developing severe cutaneous adverse reactions to
allopurinol,8° probably reflecting the difference in
allele frequency of HLLA-B*5801. In Aotearoa
New Zealand, disparities are even more pro-
nounced: gout is present in 4.3% of people of NZ
European ethnicity, 8.3% in MKori and 13.6% in
Pacific peoples.®! MKori and Pacific peoples liv-
ing in Aotearoa have early age of onset, high flare
frequency, pain and activity limitation and high
prevalence of associated comorbidities.®2 Even in
the face of the greater disease burden, MKori and
Pacific peoples are less likely to receive regular
dispensing of ULT, compared with people of NZ
European ethnicity.83 Culturally, safe approaches
to gout management that focus on providing bet-
ter care to those with the greatest disease burden
should be a priority.

Overall, gout is more common in men, but little
specific data are available to characterize gout in
women. Under 65years, gout prevalence is
approximately four times higher in men. In later
decades, the prevalence of gout acquires a more
equal sex distribution due to the increase in inci-
dence in older women.! This is usually attributed
to the increase in serum urate levels after meno-
pause. However, most studies are performed in
predominantly male populations with only a
few studies examining gender differences. When
other predominantly male diseases, such as
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myocardial infarction or spondyloarthritis, have
been assessed from a gender perspective, findings
have been striking. Women with spondyloarthritis
have a longer diagnostic delay despite seeking
medical attention, resulting not only from a dif-
ference in symptoms presentation at onset, but
also to the preconceived concepts of the physi-
cians.®* In short, if you do not expect to find gout
in women, then you will never suspect it, nor
diagnose it.

Women tend to have later-onset gout, and more
commonly a polyarticular distribution. Women
also tend to have lower alcohol intake, a higher
body mass index,5 a higher intake of diuretics
and common gout-related comorbidities (such as
hypertension or CKD).86:87 Given that many of
the studies analyse gout patients in a rheumatol-
ogy setting, these may not be generalizable to the
general population. A greater identification and
physician awareness of any differences in disease
manifestations between genders could increase
the diagnostic suspicion and therefore the num-
ber of gout diagnosis in women.

Gender and ethnic inequalities in enrolment in
studies of ULT's have also recently become appar-
ent. Men and White participants have been over-
represented (when compared with estimated
prevalence) in trials testing most mainstream
drugs, such as xanthine oxidase inhibitors (XOIs)
or uricosurics.®82 Enrolment of non-White partici-
pants has always been limited, but has substan-
tially decreased in the past decade. Studies that
explore ethnic and gender differences in gout’s
natural history or treatment response are currently
unavailable. More data in diverse ethnicity and
gender groups will hopefully be forthcoming on
the next decade. Even more importantly, efforts to
address these inequities are urgently needed.

Will our treatment options develop/change?

Given that gout results from inflammation trig-
gered by MSU crystal deposition, the main aim in
gout treatment is to achieve the dissolution of
urate crystals. Saturation point for serum urate
levels is approximately 6.8 mg/dL in physiological
conditions. When urate is lowered below this sat-
uration point, crystals will slowly, but steadily,
dissolve. Achieving serum urate target is associ-
ated with improvement in patient-reported out-
comes, such as gout flares.88 To ensure serum
urate is below saturation point even with mild dif-
ferences in other crystal facilitators (temperature,

pH, etc.), recommendations suggest reducing
serum urate level in gout patients below 6 mg/dL.
Given that crystals dissolve quicker at lower
serum urate levels, urate levels below 5mg/dL are
recommended in patients with erosions, a high
urate burden, tophi and comorbidities. Some of
the patient profiles that would benefit from lower
urate targets are still to be defined; in essence,
lower targets should be considered in any patient
in which a quicker resolution is deemed benefi-
cial. Once all urate crystals have dissolved, gout
can be considered cured; continuing treatment
with ULT then aims at preventing the recurrence
of crystal deposition.8°

The key to adequate gout management is there-
fore the use of ULT. Available treatment options
are limited. Current ULT options work by
decreasing urate synthesis (allopurinol and febux-
ostat), increasing urate kidney excretion (benz-
bromarone and probenecid) or through urolytic
enzymes (pegloticase), which cleave urate into
more soluble, easily disposed of products.
Allopurinol and febuxostat are widely accessible,
but not all of uricosuric or urolytic therapies are
available in all countries or regions.%®

Lesinurad, another uricosuric drug, has recently
been removed from all markets following a poor
market penetration. This has probably resulted
from a combination of a need for use in conjunc-
tion with an XOI and concerns over renal adverse
effects. It is expected — and hoped — that the next
10years will bring an increase in the number of
treatment options available to gout patients.
When used appropriately, current ULT's achieve
target serum urate levels in most patients.®!
However, a small percentage of gout patients are
unable to achieve their target due to refractori-
ness or, more commonly, intolerance or contrain-
dication to current treatments.

Allopurinol and febuxostat inhibit xanthine oxi-
dase enzyme, key in urate synthesis. Advances in
research on the three-dimensional structure of
this enzyme could lead to the development of new
drugs.92 Topiroxostat is a non-purine XOI cur-
rently licenced only in Japan. It was reported to
be non-inferior to allopurinol in hyperuricaemic
patients with or without gout, even if the dose of
allopurinol to which it was compared was low
(200 mg daily).?3 The addition of topiroxostat to
the gout armamentarium could prove a useful
alternative. Tigulixostat, a non-purine selective
XOlI, reduced serum urate levels by around 50%
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and was well tolerated in a phase II study.®*
Another XOI (LLC350189), is currently finalizing
a phase II, dose-ranging, randomized controlled
trial (RCT); if the results are positive, it could be
developed within the next 10years. Even though
some positive results have been reported, alterna-
tive ways of decreasing purine synthesis produc-
tion, such as the inhibition of purine nucleoside
phosphorylase by ulodesine,?> do not seem to be
under current development.

Given that hyperuricaemia in most gout patients
is mediated by a decreased urate kidney excre-
tion, uricosuric drugs have always been patho-
genically appealing. Enhanced understanding of
the localization and mechanisms of the different
urate transporters, could lead to the development
of drugs targeting these transporters, especially
URAT1.92 Dotinurad, a selective URAT1 inhibi-
tor, has recently been approved for gout and
hyperuricaemia in Japan; this upcoming decade
might see its approval in other markets. In two
RCTs, dotinurad has been reported as non-infe-
rior to both febuxostat (up to 40mg daily)%® and
benzbromarone (50 mg daily);°7 as with topirox-
ostat, the ULT doses used in the control group
were low. Verinurad, another URAT1 inhibitor,
has been shown to be effective in lowering serum
urate both alone and when combined with febux-
ostat in a phase II trial.®8 As with lesinurad, an
increase in renal-related adverse events when
used in monotherapy was noted and will have to
be monitored.®® Arhalofenate, initially developed
as an insulin sensitizer for type 2 diabetes melli-
tus, has showed a moderate urate-lowering ability
through inhibition of URAT1.190 SHR4640 is
currently being assessed in a phase III RCT in
Chinese gout patients, which could lead at least
to regional market authorization in the future.
Other uricosuric drugs, mostly centred in inhibit-
ing URATI1, are at earlier stages of develop-
ment.!°! However, overall, only a few phase III
clinical trials are currently planned or registered
and some drugs with successful phase II trials
have not been developed further. Results from
well-conducted phase III trials are awaited to see
how new drugs fit into the, relatively small, exist-
ing gout therapy armamentarium.

Pegloticase treatment is restricted to patients with
tophaceous gout in which XOI have been ineffec-
tive, or the patient has shown intolerance or con-
traindication. Given that over 40% of patients
develop antibodies against pegloticase, which are
linked to inefficacy and adverse events, new

strategies for delivering pegloticase are being
assessed. The use of concomitant mycophenolate
mofetil halved the lack of efficacy and prevented
infusion reactions at 6 months.!%2 The use of
other immunomodulatory medication, such as
methotrexate is currently under study.!03
Alternatively, the co-administration of tolero-
genic particles at the time of uricase administra-
tion is also being explored. A proof-of-concept
study has shown that the production of anti-drug
antibodies is mitigated by the concomitant
administration of pegadricase with ImmTor,
which consists of rapamycin encapsulated in nan-
oparticles.!% ImmTor induces specific immune
tolerance, instead of the general immunosuppres-
sion produced by methotrexate or mycopheno-
late, which is an attractive approach.

Currently, most patients with gout are on con-
comitant flare prophylaxis on ULT initiation,
commonly with colchicine for a minimum of
6 months. However, the need for prophylaxis if
ULT is initiated at a low dose with a slow upwards
titration is under review.1%5 In a decade, further
information about whether colchicine is needed
will be available.

For gout flare treatment, anti-inflammatory drugs
— colchicine, non-steroidal anti-inflammatory
drugs (NSAIDs) or glucocorticoids — are the
mainstay treatment, with interleukin-1 (IL-1)
blocking therapy used in selected patients.
Canakinumab is currently licenced in Europe,
while anakinra, a cheaper IL-1 blocking drug, is
unlicensed; several publications report the use of
anakinra in off-label contexts and a phase II trial
has recently been published.!%® Given the central
role of NLRP3 inflammasome for crystal inflam-
mation, the development of NLRP3 inhibitors
could prove of additional benefit to gout patients.
Dapansutrile, an oral selective NLRP3 inflamma-
some inhibitor, has been shown to be safe in gout
flares!®? and is awaiting trials against current
mainstream therapies.

Will gout management entail benefits on
related diseases?
Cardiovascular disease.

Cumulative data have proven that gout is an
independent risk factor for the development of
atherosclerotic cardiovascular events, such as car-
diovascular death,!98 coronary heart disease,!%°
stroke!10 or peripheral artery disease,!!! on a level
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similar to diabetes for certain outcomes.!!? By
having gout, the increased risk of cardiovascular
and coronary mortality was estimated at 30% and
40%, respectively, compared with those without
gout,!13 while usual risk assessment tools, such
as Framingham or SCORE underestimate the
risk.114 In patients with established cardiovascular
disease, gout increased the possibility of new epi-
sodes after the first event, regardless of a manage-
ment adherent to cardiology guidelines.!15:116
Thus, it is clear that gout management should be
included in the primary and secondary cardiovas-
cular prevention strategies, especially as the
derived cardiovascular risk is believed to derive
from the hyperuricaemic state and the crystal-
driven persistent inflammation.117

However, whether gout management results in
cardiovascular benefits should be clarified in the
following years. We lack clinical trials on this issue,
as it would be unethical to randomize gout patients
to receive placebo or no therapy; therefore, we
must rely on observational data. Several studies
have analysed the cardiovascular impact of gout
management, with contradictory findings.!18-121
Differences in populations and ancestries, disease
stages, serum urate levels or type, dose or duration
of urate-lowering agents may account for the
inconclusive data. However, the principal limita-
tion is that gout management remains unsatisfac-
tory at both primary care!?2:123 and rheumatology
clinics;>%55 therefore, data extracted from these
needs to be taken with caution. Larger observa-
tional studies in which patients with gout are
treated according to standards are needed to prove
the expected cardiovascular benefit.

It is uncertain whether the choice of the urate-low-
ering agent — XOI, reversible (allopurinol) or not
reversible (febuxostat), uricosurics or recombinant
uricases — might carry a differential cardiovascular
profile. When the CARES trial was published, sig-
nificant concerns arose with febuxostat, as more
cardiovascular and all-cause deaths were detected
compared with allopurinol.'?¢ However, major
methodological issues, such as a 44% drop-out
rate and 85% of events registered after drug with-
drawal, limited the value of the data, and the simi-
lar profile between both agents reported in the
recent Febuxostat versus Allopurinol Streamlined
Trial (FAST)!?5> and Comparative Effectiveness in
Gout: Allopurinol versus Febuxostat (CSP594)126
trials is reassuring. Some observational studies
suggest better cardiovascular outcomes using uri-
cosurics (probenecid or benzbromarone) than

XOI.127:128 Preliminary data suggest effects also on
endothelial function and adipokines regulation,!2°
but more interventional studies are needed. No
studies have assessed the cardiovascular impact of
pegloticase yet.

Colchicine is an old drug, used for gout flare man-
agement or prevention when ULT is introduced.
When used for prevention, colchicine is com-
monly recommended for at least six months, as
this was the duration of the trials.!3? In our prac-
tice, patients with very recurrent gout flares, per-
sistent arthritis or tophaceous disease, may benefit
from longer colchicine schemes.!3! Moreover,
from the cardiovascular perspective, patients at
high risk or with an established disease might also
be candidates for this strategy, considering the
benefits of adding colchicine 0.5 mg once daily to
the standard cardiovascular care.!3? In the cardio-
vascular trials, patients with gout were poorly rep-
resented (only 8% of total), but nothing indicates
that benefits would not be translatable, consider-
ing some promising, observational data.133

Renal disease

Gout and the kidney are closely and bidirection-
ally related.!3%135 The MSU crystal deposition at
the renal medulla occurs with an undetermined
frequency in patients with gout, but is likely more
common in severe cases with larger crystal load.!3°
It is presumable that some patients with marked
hyperuricaemia, despite being asymptomatic,
also present renal deposits. The inflammation
associated with MSU crystal deposits favours
fibrosis and a progressive decline in renal function
that, in association with the hyperuricaemic state,
the coexistence of hypertension or diabetes, and
the use of non-steroidal anti-inflammatory agents
for flares, all suggest how gout could lead to
CKD!37 and its progression to final stages.!38139

An unsolved question is whether ULT would
reduce the incidence and progression of renal dis-
ease.!¥0 No clinical trials have formally assessed
this endpoint in the gout population. However,
studies in patients with CKD without gout, many
of whom had elevated serum urate levels, have
not demonstrated that ULT with allopurinol pre-
vents progression of CKD.!4L142  Allopurinol
(dosed to achieve target urate levels and not lim-
ited by creatinine clearance-based formulae) and
febuxostat are effective and safe in people with
gout and CKD,143:144 and recent data suggest that
lowering urate levels to achieve crystal dissolution
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may prevent renal function decline in people with
gout.!45:146 However, the combination of gout and
renal disease is full of uncertainties in multiple areas
(pathophysiology, prognosis, management, among
others) and merits focussed research.140

How can we manage gout better?

While effective urate-lowering medications, such
as allopurinol and probenecid, have been available
for gout management for more than half a century,
and newer agents, such as febuxostat, have been
available for more than a decade, major gaps
remain in gout management. A recent global meta-
analysis of gout management has shown that
approximately half of people with gout receive
ULT, half of those on ULT receive regular uninter-
rupted ULT, and only one-third on ULT achieve
serum urate target.2! Collectively, these gaps in
treatment lead to ongoing preventable pain, disa-
bility, and poor health-related quality of life.

In addition to the structural challenges of chronic
disease management, there are specific challenges
to gout that impact both health care practitioner
and patient behaviours. The benefits of ULT are
realized over months or years, rather than days.47
Indeed, when prescribed at high dose without
anti-inflammatory prophylaxis, gout flares are
common when initiating ULT,195 and severe gout
flares when starting ULT may lead to cessation of
treatment.148 The disease course, with symptom-
free inter-critical periods, can reinforce the per-
ception of gout as an intermittently flaring disease.
Physicians’ knowledge of gout and adherence to
relevant recommendations has been reported as
poor in a multitude of settings.!4%150 Patients may
choose to stop treatment to test treatment (“To
see if I can do without it’, “To see if I really need
it’) or to resist illness (‘Because I want to think of
myself as a healthy person again’, ‘Because I want
to lead a normal life again’).151 The perception of
gout as a humorous condition, reinforced by his-
torical cartoons of dietary excess, can trivialize the
impact of disease.”’® The persistent contemporary
cultural narratives about the role of dietary and
alcohol excess as the cause of disease lead to exces-
sive focus on dietary solutions as the primary
approach to manage gout and can create stigma
and embarrassment about the condition.!5%153

Health systems and health care professionals play an
important role in enabling adherence and improv-
ing gout care. Low-cost pharmacy interventions

have shown modest improvements.!5%155 Most
impressive has been the impact of nurse-led care,
with a large clinical trial demonstrating the clini-
cal benefits of a treat-to-target nurse-led care
approach within primary care.!>® The nurse-led
programme included addressing illness percep-
tions, building understanding, proving regular
follow-up with intermittent serum urate testing
and dose titration of ULT. At 2years, 95% of the
patient receiving nurse-led care achieved serum
urate levels under 6 mg/dL, compared with 30%
in the usual care group. Improvements in gout
flares, tophi, adherence and patient-reported out-
comes were also observed.!>” Nurse-led care was
cost-effective in the short term and potentially cost
saving in the long term.

Periodic serum urate testing provides a useful
approach to monitor adherence and reinforce the
role of persistent ULT once treatment is estab-
lished. Imaging may also provide important
opportunities to build understanding about gout
as a chronic disease of MSU crystal deposition
and the role of ULT, and monitor response to
treatment. Viewing images during gout education
improves understanding about the condition.!58
Viewing their own clinical images leads to greater
patient involvement in their care,!>® and people
with gout find personalized images more engag-
ing and interesting than generic images.!°° Serial
scanning with DECT or ultrasound can also
allow visualization of changes in MSU crystal
deposition, further reinforcing the benefits of
treatment.%9-70,161,162 \Yhile exposure to radiation
limits frequent DECT assessments in clinical
practice, point of care ultrasound allows serial
assessments over time as part of the clinical visit.
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