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ABSTRACT

Gout is the most common form of inflam-
matory arthropathy, and is associated
with excruciating pain, major impair-
ment of quality of life, and increased
risk of comorbidities and mortality.
Although gout has somehow been ne-
glected by researchers and clinicians in
the past, in more recent times there has
been a renewed interest in this disease,
which has led to major improvements in
its management.

This article reviews the new clinical
and experimental evidence about gout
that emerged in 2017 and in the first
half of 2018.

Introduction

Gout is the most common form of in-
flammatory arthropathy, with an es-
timated prevalence of up to 4% in
Western countries (1). This condition is
caused by hyperuricaemia, which leads
to crystallisation, aggregation and dep-
osition, of monosodium urate (MSU)
crystals that accumulate in joints and
soft tissues over time (2, 3). These crys-
tals induce an acute inflammatory reac-
tion characterised by a massive leuco-
cyte recruitment and the local release of
cytokines, chemokines, reactive oxygen
species and proteolytic enzymes (3).
Once established, gout is associated
with excruciating pain, joint swelling
and redness, as well as with several
comorbidities related, in particular, to
kidney and cardiovascular conditions,
which lead to an increased risk of mor-
tality in these patients, especially in
those with tophi (1,4, 5).

Although gout has somehow been ne-
glected by researchers and clinicians
in the past (6, 7), in more recent times
there has been a renewed interest in
this disease, which has led to major im-
provements in its management. Indeed,
the number of publications on gout has
almost doubled from 2009 to the end of
2017 (Fig. 1).

In line with the editorial policy of this
journal to publish yearly updates on the
most relevant topics of rheumatology,
we will provide here an overview of
the recent literature on novel treatments
in gout (8-22). This article reviews the
new clinical and experimental evidence
about gout that emerged in 2017 and
in the first half of 2018. Relevant pa-
pers published from January 2017 were
identified by a PubMed search, last
update at the beginning of July 2018;
papers were then selected for inclusion
according to the authors’ judgement.

Genetics

A combination of inherited genetic
variants and environmental exposure is
known to influence serum urate levels
and the risk of developing gout.

GWAS

Over the past decade, several genome-
wide association studies (GWAS) have
systematically assessed the genome for
urate-associated loci (23). These loci are
dominated by proteins involved in urate
transportation (i.e. SLC family genes) or
they are associated with metabolic path-
ways (i.e. glucokinase regulatory gene
and members of aldehyde dehydroge-
nase gene family and apolipoproteins
gene family). Nakayama et al. (24) per-
formed a follow-up GWAS of gout and
subtypes in 1,396 cases, replicating loci
not reaching genome-wide significance
in the original 2015 Japanese GWAS
(25). At a genome-wide level, novel as-
sociations with gout at the urate trans-
porter genes (SLC22A12, SLCI7AI)
and HISTIH2BF-HIST1H4E gene were
reported. Two more loci (NIPALI and
FAM35A) were associated with renal
underexcretion gout subtype.

Another GWAS in 1,888 male Chinese
gout patients reported four novel loci
(PKC-¢, MARCKS, Pitx2 and MSX2)
strongly associated with tophi occur-
rence (26).
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Fig. 1. The number of publications on gout and
hyperuricaemia (PubMed) over the past 10 years
(2018 not included).

In the largest GWAS in gout com-
pleted to date, preliminary data from
7431 European patients with gout
presented as an abstract at the Ameri-
can College of Rheumatology (ACR)
meeting in 2017, which showed nine
loci (SLC2A9, ABCG2, GCKR, MLX-
IPL, SLCI17A1-SLC17A4, SLCI6A9,
SLC22A12, PDZKI and TRIM46) with
genome-wide significance with an as-
sociation with gout (27). All nine loci
were associated with serum uric acid
(sUA) levels in a previous European
GWAS (28).

Common and rare variants

This year great efforts have been made
in the attempt of elucidating genetic
factors contributing to positively pre-
dict the risk of gout.

Based on the above-mentioned path-
way analysis (29, 30), a novel gout-as-
sociated gene SLC17A2 was identified
and non-synonymous single nucleotide
polymorphisms (SNPs) loci of P2X7R
(an ATP receptor) regulate the occur-
rence and development of gout.

Since gout can be classified among
the autoinflammatory diseases (31),
some authors investigated autoinflam-
matory-related genes in gout patients.
It was observed that MEFV variations
affect the severity of gout (32). The
GG genotype of NLRP3 rs10754558
and the CGA haplotype of rs4612666,
rs10754558, rs1539019 are all inde-
pendent risk factors for gout.

Dong et al. (33) identified two novel
urate transporter genes (HNF4G and
SLC17A4) associated with gout. Other
novel variants, candidates for gout sus-
ceptibility, are rs889472 in the C-MAF

gene (34), four high-risk genotypes of
ALPKI gene combined with ABCG2,
SLC2A9 and ALC22A12 genes (35), and
rs4148500 in the ABCC4 gene (36). Yas-
ukochi eral. (37) instead add rs55975541
in the CDC42BPG gene at the suscepti-
bility locus for hyperuricaemia.

Clear evidence from Japanese and
Czech re-sequencing studies (38, 39)
indicate that genotyping the rare and
common variants of ABCG2, a secre-
tory transporter, is essential for evaluat-
ing the individual risk of gout. More-
over, non-synonymous allelic variants
of ABCG2, among which rs2231142,
were associated with an earlier onset of
gout and the presence of gout history
(38,39). In an Aotearoa New Zealand
study (40), ABCG2 SNPs (rs2231142
and rs10011796) were found to be as-
sociated with tophi in western Polyne-
sian individuals with gout, independent
of other risk factors as serum urate con-
centrations or disease duration.

Zambo et al. (41) discovered a relative
frequent, novel rs148475733 mutation
in ABCG2 that reduced erythrocyte
membrane protein expression, preserv-
ing transporter capability. Colchicine
and other small molecule correctors
were observed to restore ABCG2 surface
expression.

The common SNPs explained only
part of the hereditability of gout. Copy
number variants (CNVs), dosage im-
balances of large segments of DNA,
could play a role in genetic susceptibil-
ity to gout, as observed by Dong et al.
(42). The authors identified three novel
genes: ABCF1 and FCGR3A with high
copy number increased the risk of gout;
and ILI7REL with a low copy number
acted as a protective factor for gout.
Overall, these findings emphasise the
importance of SUA control in gout, and
point out to some genetic bases for this
disease.

Gene-environment interactions

Some recent studies have reported
gene-environment interactions in the
regulation of sUA levels or risk of gout.
Beydoun et al. (43) highlighted the im-
portant contributions of sex-gene and
gene-diet interactions in determining
sUA. Dietary factors, such as legumes
and alcohol intake, potentially interact

with urate transporters genes in manag-
ing the risk of hyperuricaemia and gout.
An interaction between alcohol and the
SNP rs671 at ALDH2 was described to
handle serum urate levels in a Chinese
Han male cohort (44). It was also ob-
served that an interaction between the
alcohol intake and the risk of gout in a
New Zealand European cohort present-
ing rs780094 at GCKR and rs10821905
at AICF, loci predominantly involved in
glycolysis and lipid homeostasis (45).

Mitochondrial dysgenesis in gout
Mitochondrial DNA (mtDNA) repre-
sents a relatively new chapter in the
genetics implied in gout pathogenesis.
The mtDNA is a double-stranded, cir-
cular molecule contains 37 genes cod-
ing for two rRNAs, 22 tRNAs and 13
subunits of enzyme complexes of the
oxidative phosphorylation system. Gos-
ling et al. (46) investigated the role of
mtDNA variation and copy number in
the risk of gout in New Zealand Maori
and Pacific people. The authors found
that both heteroplasmy and reduced
mtDNA copy number did associate
with gout. Mitochondrial conformation
differences, white blood cell population
differences or reduced mitochondrial
biogenesis and mitophagy could poten-
tially explain the reduced mtDNA copy
number.

Consistent with a role for mitochondrial
dysgenesis in gout, the SNP rs45520937
in PPARGCIB, an anti-inflammato-
ry mediator gene, is associated with
gout and increased MSU-stimulated
NLRP3 activation and IL-1f secretion
in Twainese Chinese gout patients (47).
A published abstract reported that this
allele is also associated with increased
risk of gout in people of Polynesian an-
cestry (48).

Epigenetics in gout

A growing body of evidence has impli-
cated epigenetic factors, in particular,
altered patterns of DNA methylation
and microRNA (miRNA), in the patho-
genesis of gout.

Given the important roles of miRNAs
as negative post-transcriptional gene
regulators in inflammatory diseases,
including gout, Zhou et al. (49) ana-
lysed the expression profiles of miR-
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NA regulating the pathogenesis of
acute gout. The authors observed that
miR-488 and miR-920 significantly
decreased in patients with gout and, if
overexpressed, could significantly in-
hibit the gene and protein expression
of pro-inflammatory cytokines. These
findings propose miRNAs as regulators
in the development of gout.

This year, primary insights have been
provided on changes in DNA methyla-
tion in gout patients. Hypomethylation
at the promoter region of the gout-risk
gene NRBP] can lead to enhanced gene
expression both in vitro and in vivo,
contributing to the development of gout
(50). Li et al. (51) marked in Chinese
Han population with gout a significant
association between CCL2 promoter hy-
pomethylation and the risk of the disease.
Hypermetilation of  uromodolin
(UMOD) observed in gout patients
might reduce the gene expression, lead-
ing to an augmented risk of gout (52).
These investigations on mitochondrial
dysgenesis and epigenetics pave the way
to new lines of research to improve the
knowledge of the genetic basis of gout.

Pathogenesis and natural history
The key aspect of the pathogenesis of
gout is the elevated sUA concentra-
tions, leading to the formation of MSU
crystals (53). Once crystals are depos-
ited into a joint, they can initiate an in-
flammatory cascade causing acute gout.
However, although hyperuricaemia is a
key risk factor for gout, not all people
with elevated sUA develop the disease.
Moreover, gout patients can have in-
termittent flares despite the persistence
of MSU crystals deposition. Therefore,
other factors may contribute to trigger
inflammation.

In recent years, a great attention has
been paid to the mechanisms involved
in the development of gout (Fig. 2). Us-
ing a pathway analysis strategy, Dong
et al. (54) found two transmembrane
transporter activity-related pathways
that regulated sUA level and the de-
velopment of gout, influenced by gen-
der and BMI. There is also indirect
evidence of a role for the ATP-P2X7R
signaling pathway in the pathogenesis
of gout. Tao et al. (30) indeed observed
an increased IL-1[3 secretion as a result

of MSU crystals and ATP interaction in
patients with non-synonymous poly-
morphisms in the ATP receptor gene
P2X7R.

Metabolic components could be addi-
tional factors that synergise with MSU
crystals to elicit inflammation. Zang et
al. (55) identified clear metabolic chang-
es in lipid, amino acids and energy met-
abolic pathways between patients with
hyperuricaemia and those with gout.
The combination of these alterations
may indicate a continuous development
from hyperuricaemia to gout.
Furthermore, genetic factors can be im-
plicated in the gout progression. Indeed,
the identification of two novel gout-as-
sociated loci (NIPALI and FAM35A) in
a 2017 GWAS suggested the involve-
ment of the distal nephron in gout pro-
gression (24). In addition, the carriers
of urate-associated genes not coding
for urate transporters (i.e. GCKR and
TRIM46) were found to influence the
development of gout, suggesting that
the differences in biological function of
these genes may be a reason for differ-
ent progression of hyperuricaemia into
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gout (33). Hyperuricaemia and gouty
inflammation can be further elicited by
ABCG2 gene via augmented IL-8 re-
lease in endothelial cells (56).

By performing proteomics analysis, a
member of the beta tubulin family (7B-
B4A gene) was found to be significantly
associated with primary gout and poten-
tially involved in gout pathogenesis (57).

Cell priming

IL-1B-mediated inflammation is a well-
known key aspect of gout, mediated by
MSU crystals triggering the NLRP3
inflammasome complex. Two steps
are necessary to engage the inflamma-
some: cells priming and inflammasome
activation (58). In the past year, differ-
ent factors were reported to mediate
initially the priming of monocytes and
mast cells, and then of neutrophils in
gout. Crisan et al. (59) have investigat-
ed how the uric acid-induced priming
of monocytes determined an augment-
ed IL-1 production. The Akt/PRAS40
autophagy pathway was proposed to
drive the monocytes activation. Us-
ing a zebrafish model, Hall et al. (60)
provided a novel metabolic mechanis-
tic insight into acute gout showing that
macrophage activation in response to
MSU crystals required mitochondrial
reactive oxygen species (ROS) gener-
ated through fatty acid oxidation.

Novel factors have been proposed instead
to affect neutrophils priming. Rousseau
et al. (61) suggested that the extracellu-
lar SI00A9 potentiated the neutrophils
priming in response to MSU crystals
and in a context of sterile inflammation.
In a similar sterile environment, TNF-a.
may also contribute to prime neutrophils
promoting uric acid-mediated IL-1p se-
cretion (62). In a mouse model, Khame-
neh et al. (63) identified the complement
component C5a produced by MSU crys-
tals as one of the key regulators of IL-1[3
secretion and neutrophil recruitment at
the site of inflammation. A possible ef-
fect on priming of neutrophils has been
suggested also for $-hydroxybutyrate, a
ketone body known to suppress inflam-
masome activation in response to MSU
crystals (64).

Neutrophil extracellular traps
The pathogenesis of gouty arthritis in-

volves initial activation of monocytes
and mast cells followed by neutrophils.
Interestingly, neutrophils have also a
major role in the resolution of acute
gout, through the formation of neu-
trophil extracellular traps (NETs), an
extracellular DNA network associated
with histones and PMN granule pro-
teins. In 2017, Sil et al. (65) proved a
new mechanism by which macrophag-
es and macrophage-derived IL-1f af-
fect neutrophils function enhancing
MSU-induced NET formation. This
could contribute to the inflammation in
gout. Further research provided insights
into the mechanisms of MSU-induced
NETs. MSU crystals induce NETs for-
mation through a distinctive pathway,
which resulted in a nuclease-resistant,
actin-enriched DNA coating of crystals
(66). This aggregation may contribute
to the persistence of tophi and explain
the spontaneous resolution of acute
flares of gout. Substances that inhibit
the purinergic P2Y receptor, such as
suramin, PPADS and MRS2578 can
limit MSU-induced NET formation
(67).

Adaptive immune cells

The pathological process of gout in-
volved not only innate immune re-
sponse but also adaptive immune
processes. Luo et al. (68) for the first
time reported that peripheral T-helper
(Th) 22 and Th17 cells were overex-
pressed in patients with acute gout and
decreased gradually during the disease
progression. Plasma IL-22, derived
from Th22 cells, were also upregulated
in acute gout, suggesting a possible role
in the gouty inflammation.

Overall, while deposition of sUA is
the established primum movens in the
pathogenesis of gout, current research
is investigating other factors surround-
ing sUA deposition and contributing to
inflammation.

Diagnosis

Early diagnosis is important in order
to control gout and prevent joint dam-
age. Several specific tools have been
developed to reveal deposits of MSU
crystals; however, many of these tech-
niques are often expensive and not
available easily, thus leaving the clini-

cian reliant on the patient history and
presentation.

Synovial fluid analysis

Even if different diagnostic strategies
have been proposed in last years, the
identification of MSU crystals in syno-
vial fluid (SF) or tophus by polarised
microscopy remains the gold standard
method with specificity of 100% (69).
The finding of needle-like shape crys-
tals with strong negative birefringence
allows the immediate diagnosis of
gout both in undiagnosed patients and
in those with other established joint
diseases (70). A recent study on the
evaluation of the current performance
of the crystal identification by profes-
sionals involved in examining SF in
routine care has revealed that MSU
are the best recognisable crystals, and
that they were correctly identified by
81% of all participants (71). Moreover,
experiments carried out in order to in-
crease the sensitivity of polarised light
microscopy have reported that, unlike
calcium pyrophosphate (CPP) crystals,
MSU are well recognised even without
SF centrifugation (72). Despite the high
reliability of the microscopic analysis,
results from the GEMA-2 transversal
study on practice have evidenced that
gout diagnosis based on the observation
of MSU crystals on the microscope has
made in only 31% of cases (73). The
relative invasiveness and difficulty of
small joint SF aspiration are considered
to be the mean reasons for the continu-
ous search of a replacement procedure
for gout diagnosis. To this purpose, im-
portant advances have been realised in
last decade in imaging methods.

Conventional radiography

X-ray is still considered a fast method to
evaluate joint damage in clinical prac-
tice, but it is of little help for diagnosis
in early stages of the disease. A gout-
modified Sharp/van der Heidje scoring
method (SvdH-mG) has been estab-
lished to assess radiographic joint dam-
age (74). A recent study that investigat-
ed the construct validity of radiographic
damage of the feet in gout, has shown
that erosions scored using the SvdH-mG
were associated with physical function,
but not with overall physical health (75).

Clinical and Experimental Rheumatology 2019
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Ultrasound

In 2015, the ACR and the European
League Against Rheumatism (EULAR)
recognised the value of ultrasound (US)
and dual-energy computed tomography
(DECT) as scoring items for gout clas-
sification (76). Musculoskeletal ultra-
sound (MSUS) has demonstrated good
sensitivity and specificity in diagnos-
ing crystal-related arthropathies (77-
80). Standardisation and validation of
MSUS in the diagnosis and monitoring
of gout is a current task of the Outcome
Measures in Rheumatology Clinical
Trials (OMERACT) MSUS group in
order to improve the use of this tech-
nique in clinical practice (81, 82).

A very interesting review by Naredo
and Tagnocco provides an overview of
the last year’s literature on validation
and diagnostic performance of MSUS in
crystal arthritis (16). More recently, fur-
ther studies have reported new insights
into this field.

The value of ultrasonographic features
of crystal deposition in the diagnosis
of gout have been confirmed in a study
carried out on 89 consecutively en-
rolled patients with acute arthritis. The
sensitivity and specificity of the double
contour sign were 42% and 92%, re-
spectively; those of the intra-articular
aggregates were 58% and 92%, respec-
tively; and those of tophi were 40% and
100%, respectively (83).

When considering the diagnostic per-
formance for all stages of gout, US has
demonstrated a good accuracy with
high specificity. A meta-analysis per-
formed by Lee and Song in 11 studies,
which included 938 patients and 788
controls, showed that the pooled sensi-
tivity and specificity of US were 65.1%
and 89%, respectively (84).

Although there are several published
studies that have shown the capability
of US to detect abnormalities in gouty
patients compared with controls, which
and how many sites should be investi-
gated for an optimal, short and easy to
perform US test in the diagnosis of gout
are still in debate. Recently, a screen-
ing of two sites (knee and first MTP)
for the same lesions has been recently
proposed (85).

US sensitivity is high in late gout,
but limited without tophi and in early

Clinical and Experimental Rheumatology 2019

stages of the disease (78). However, a
prospective controlled study in 60 pa-
tients with MSU crystal-proven gout
proposed a four-joint investigation as
a screening test for early gout classifi-
cation. The results showed that ultra-
sonographic signs for tophi in both first
metatarsophalangeal joints and double
contour in both ankles contributed to
the final model for early gout diagnosis.
Sensitivity and specificity were 84%
and 81%, respectively (86).

US seems able also to differentiate the
acute phase of gout from the intercriti-
cal periods using colour Doppler imag-
ing. Wang et al. demonstrated that the
colour Doppler signal grade in the acute
phase of gout was higher than that in
the intercritical phase. In addition, the
combination of colour Doppler US and
shear wave elastography (SWE) in-
creased the receiver operating charac-
teristic curve (AUROC), sensitivity and
accuracy significantly in comparison
with colour Doppler US alone (87).

Dual-energy computed tomography
Dual-energy computed tomography
(DECT) is a modified computed tomo-
graphy using two x-ray beams instead
of one, which allows differentiating
deposits in soft tissue on the basis of
on their relative absorption of x-rays
at different photon energy levels. Cur-
rently, the costs and the ionising radia-
tion exposure to the patients limit its
use in clinical practice.

Recent systematic literature review and
meta-analysis concluded that DECT
has relatively high diagnostic accu-
racy for gout, particularly for intra- or
extra-articular tophaceous gout. It can
be a second-line imaging modality of
choice in patients with uncertain diag-
nosis (88, 89). Analysis of eight stud-
ies by Lee and Song revealed a pooled
specificity of 93.7% and a pooled sen-
sitivity of 84.7% from a total 510 pa-
tients with gout and 268 controls (90).
A meta-analysis performed by Yu ef al.
including seven studies reported a low-
er specificity (90%) but a higher sensi-
tivity (88%) (91). Moreover, it has been
reported that DECT could be a useful
tool to identify MSU crystals deposits
also in patients with asymptomatic hy-
peruricaemia. A cross-sectional study

showed that 15% of asymptomatic pa-
tients with high sUA levels had subclin-
ical MSU crystal deposits on foot/ankle
DECT scans (92).

DECT is also able to evaluate changes in
urate deposition volume and bone dam-
age, demonstrating a high concordance
with anatomical pathology (93-95).
Some studies comparing findings of US
with DECT in patients with suspected
acute gout reported that the percentage
of gouty deposits detected by DECT
was significantly higher than that de-
tected by US, especially in the extraar-
ticular spaces (96, 97). However, it was
observed that DECT underestimated
the size of the tophi when compared
with US and the inability of DECT to
detect inflammation was confirmed (94,
98).

Finally, it has been demonstrated that
DECT has limited diagnostic sensitivity
for gout with a short disease duration,
especially in the first onset patients. A
study in 221 patients found that the sen-
sitivity was 35.71, 61.54, and 92.86%
in the first onset, less than a 24-month
period, and more than a 24-month pe-
riod, respectively (99).

Lifestyle and diet

Over the last decade, the role of diet in
gout has received a strong attention by
the scientific community. It has been
clear that diet is partially responsible
of sUA level fluctuations in the blood
(43), and patients with gout are recom-
mended to reduce foods that cause an
increase of sUA such as high purine-
rich foods, alcoholic and sweetened
beverages. In general, patients with
gout are encouraged to adopt a Medi-
terranean lifestyle. However, although
the EULAR 2016 guidelines state that
every individual with gout should re-
ceive advice regarding lifestyle, the
task force recognised that lifestyle and
dietary modification, at present, should
be considered to have little effect on
urate concentrations (100).

Despite this, research on lifestyle and
diet in the pathogenesis and prevention
of gout is active.

Experimental evidence
Growing evidence supports the anti-
inflammatory and anti-hyperuricaemic
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effects of plant-derived components in
crystal-induced inflammation. Among
these, polyphenols and fibres have been
the most studied in the last decade, and
interesting additional works have been
published during the last year.

One of these showed how short-chain
fatty acids (SCFAs), resulting from
the metabolism of fibres, are capable
to inhibit the inflammatory response
to MSU crystals in mice (101). In this
work the Authors observed that mice
fed a high fibre diet 2 weeks before in-
jection of MSU crystals into the knee
joint had a faster resolution of the in-
flammatory response with respect to
mice fed a low fibre diet. In particu-
lar, they showed that treatment with
the SCFA acetate reduced the levels of
chemokine CXCLI1 decreasing neutro-
phil accumulation at late stages after in-
jection of MSU crystals. Using a mouse
model of MSU crystal-induced inflam-
mation in the peritoneum, they also
demonstrated that acetate increased the
percentage of apoptotic neutrophils and
the levels in the knee tissue of two anti-
inflammatory cytokines (TGF-p and
IL-10), processes which are essential
for the resolution of inflammation.

The production of (-hydroxybutyrate
(BHB), a ketone body induced by fatty
acid oxidation or fibre fermentation,
has also been shown to exert some
promising effects (64). Using human
bone-marrow-derived macrophages, a
mouse model of peritonitis induced by
intraperitoneal injection of MSU crys-
tals and a gout model induced in rats by
intra-articular injection of MSU crystals
in the knee, Goldberg et colleagues re-
ported that BHB prevents IL- 1§ produc-
tion through the inhibition of the signals
that control both the priming and assem-
bly of NLRP3 inflammasome (64).

The beneficial effects of polyphenols in
gout has been recently reviewed (102,
103). These plant-derived natural com-
pounds have been shown to modulate
multiple inflammatory pathways. In
gout, polyphenols may exert a dual role.
They act whether on sUA levels by de-
creasing the activity of xantine oxidase
or diminishing inflammation through
the inhibition of NF-B transcriptional
factor and inflammasome activation.
To this regard, a flavonoid (hesperidin)

has been tested in articular inflamma-
tion induced by MSU crystals in mice
demonstrating some effects on hyper-
algesia, joint oedema, and recruitment
of leukocytes induced by crystals (104).
The inhibitory effect of polyphenols on
IL-1f production has been confirmed
in the animal model by intraperitoneal
administration of Artemisia Princeps
extract, a chlorogenic acid-rich medici-
nal herb used in Asian countries, before
injection of MSU crystals (105).

Clinical evidence

Several clinical studies have focused
on the detrimental effects of some di-
etary components on the risk of gout
and progression of disease.

Recent data evaluating the associations
of sUA with a genetic risk score, diet and
sex, showed that gene-diet interactions
are important in determining sUA levels.
Dietary factors which have been found
to interact with genetic risk to alter sUA
levels included legumes (in the overall
population), red meat (among women)
and vitamin C (among men) (43).

A national cohort study conducted on
gout patient profile, demonstrated that
patterns of dietary intake are markedly
different in men and woman, with a
striking difference in the intake of alco-
hol (men consume greater quantities of
alcohol as compared to women). Based
on this study, dietary triggers represent
more frequently risk factors for men
than for women (106).

Among food components that strongly
affect uricaemia and that are associ-
ated with higher risk to develop gout,
a particular attention has been focused
on fructose (107). High fructose in-
take, in fact, causes consumption and
degradation of adenosine nucleosides
(AMP/ATP hydrolysis) resulting in uric
acid accumulation in the circulation.
Furthermore, many fructose-induced
inflammatory effects have been associ-
ated to inflammasome activation (108).
With regards to alcohol consumption, a
recent nationwide population-based co-
hort study revealed a strong association
between alcohol-related diseases and
alcohol-dependence syndrome and gout
occurrence (109). Alcohol has been the
most frequent self-reported triggers of
acute gout attack by a survey of com-

munity-derived people with gout (110).
Accumulating clinical evidence sug-
gests that hyperuricaemia is strongly
associated with insulin resistance and
abnormal glucose metabolism. Fur-
thermore, higher levels of sUA have
been shown to be independently asso-
ciated with higher blood pressure and
hypertension prevalence (111).
Adherence to the DASH (dietary ap-
proaches to stop hypertension) diet
might contribute to decrease sUA lev-
els (112). This diet essentially promotes
the intake of vegetables, fruit, whole
grains, nuts, fish, low-fat products, and
recommend limiting foods that are high
in saturated fat and sugar-sweetened
beverages and sweets. In a recent-pub-
lished large prospective cohort study,
the DASH diet has been associated with
a lower risk of gout in men with respect
to the western diet (113).

The effect on the diminution of sUA
levels has been shown to arise within
30 days of diet initiation and is main-
tained at 90 days (114). The reduction
in sUA levels from the DASH diet has
been demonstrated to be greater among
participants with higher baseline sUA
(>6 mg/dL) (115).

As far as the relation between gout and
obesity is concerned, a recent study re-
viewed the effects of weight loss for
overweight gout patients in terms of
sUA, achieving sUA target and gout
attacks.

Although the moderate quality of evi-
dence, this study showed the beneficial
effects of weight loss on sUA and gout
attacks at medium-term/long-term fol-
low-up, while weight loss from bariat-
ric surgery has shown to increase tem-
porarily sUA levels and gout attacks at
short-term (116).

A retrospective study investigating the
role of sleeve gastrectomy in reducing
the frequency of acute attacks in patients
with gout, showed that a low-purine
diet had a greater effect on decreasing
the sUA levels with compared with a
normal-purine diet. Furthermore, the fre-
quency in gouty attacks and allopurinol
use were completely abolished after 12
months in the group of patients following
a low-purine diet (117). Indeed, reducing
protein intake has been shown to be asso-
ciated with a reduced risk of gout (118).
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Pharmacological treatment
Pharmacological treatment of gout is
possible: crystal formation may be pre-
vented and reversible, and therefore it
can be controlled by reducing sUA lev-
els below the limits of solubility, with
a safety threshold of 6 mg/dL (100).
However, compliance is crucial for a
correct management of gout in clini-
cal practice (100). The EULAR 2016
guidelines state that lowering therapy
(ULT) should be considered from the
first presentation of gout (the first acute
attack), as well as recommended in the
presence of recurrent acute attacks,
tophi, gouty arthropathy and/or kidney
stones and maintained over time (100).
At present, xanthine oxidase inhibitors
(XOI) — namely allopurinol as first line
of therapy and febuxostat as second line
of therapy — are recommended as ULTs
(29]). They act by inhibiting the pro-
duction of UA. More recently, Lesinu-
rad (Zurampic®) entered clinical prac-
tice (1). This urocosuric agent is an oral
selective inhibitor of URAT1 and OAT4
renal transporters, which increases renal
UA excretion and lowers sUA levels by
inhibiting UA reabsorption. Compared
with other uricosuric agents, lesinurad
exhibits minimal drug-drug interactions
and side effects (119). Current EULAR
guidelines recommend a second-line
combination therapy with a XOI and a
uricosuric agent in gouty patients who
do not achieve sUA target with XOI
monotherapy, given the complementary
mechanism of action of these molecules
(100).

Several pieces of evidence on the three
above-mentioned molecules have been
conducted and finalised in the last year.
We present here the most relevant stud-
ies on allopurinol, febuxostat and les-
inurad in 2017 and 2018.

Allopurinol

Three studies on allopurinol are, in our
opinion, particularly worth mentioning.
Stamp et al. conducted a randomised,
controlled trial to determine the effi-
cacy and safety of allopurinol dose es-
calation using a treat-to-target sUA ap-
proach (120). Patients with gout receiv-
ing creatinine clearance (CrCL)-based
allopurinol dose for =1 month and sUA
=6 mg/dL were randomly assigned to
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continue current dose (control; n=93)
or allopurinol dose escalation for 12
months (n=90): in this latter group, al-
lopurinol was increased monthly until
sUA was <6 mg/dL. Mean changes in
sUA at the final visit were -0.34 mg/dL
in controls and -1.5 mg/dL with dose
escalation (p<0.001); 32% of controls
and 69% in the dose escalation showed
sUA <6 mg/dL. These findings were
overall confirmed during the extension
phase of this study (121), thus suggest-
ing that about 70% of people with gout,
including those with kidney impair-
ment, may achieve and maintain target
sUA with allopurinol dose escalation in
clinical practice.

Remarkably, a large study by Lin et al.,
conducted on a Taiwanese National Da-
tabase (n=8047), showed that treatment
with >270 defined daily doses (DDDs)
of allopurinol over the follow-up pe-
riod was associated with a reduced
risk of coronary artery disease (CAD),
thus confirming the importance of sUA
reduction in the management of car-
diovascular (CV) risk in gouty patients
(122). Indeed, recent evidence further
confirms the high CV risk in gouty pa-
tients, and stresses the need for a proper
estimation of CV risk and the establish-
ment of prevention strategies (123).

Febuxostat

Febuxostat is a well-established sec-
ond-line therapy for gout. In 2017, a
randomised study by Dalbeth et al.
investigated febuxostat treatment ver-
sus placebo on joint damage in 314
hyperuricaemic subjects with early
gout (one or two gout flares) (124).
Overall, treatment with febuxostat did
not lead to any change in joint erosion
over a 2-year period. However, treat-
ment with febuxostat significantly im-
proved the synovitis score at month 24
compared with placebo, decreased the
overall incidence of gout flares (29.3%
vs. 41.4%; p<0.05), and improved sUA
control (62.8% vs. 5.7%; p<0.001).

In a landmark multicentre, randomised,
double-blind study, published in the
New England Journal of Medicine,
White et al. compared the CV outcomes
associated with febuxostat therapy with
those associated with allopurinol in
gouty patients with concomitant ma-

jor CV disease (125). The primary
endpoint was a composite of cardio-
vascular death, non-fatal myocardial
infarction, non-fatal stroke, or unstable
angina with urgent revascularisation.
At a median follow-up of 32 months, a
primary endpoint event occurred in 335
patients (10.8%) with febuxostat and in
321 patients (10.4%) in the allopurinol
group (hazard ratio: 1.03; upper limit
of the one-sided 98.5% confidence in-
terval [CI]: 1.23; p=0.002 for non-in-
feriority). However, all-cause and car-
diovascular mortality were higher with
febuxostat (hazard ratio for death from
any cause: 1.22 [95% CI: 1.01-1.47];
hazard ratio for CV death: 1.34 [95%
CI: 1.03-1.73]). The authors concluded
that in patients with gout and major
CV concomitant conditions, febuxostat
is non-inferior to allopurinol with re-
spect to rates of adverse cardiovascular
events; however, all-cause mortality
and cardiovascular mortality are higher
with febuxostat.

Last, an open-label, phase II trial tested
the combination of febuxostat and arh-
alofenate, an uricosuric agent with an-
ti-flare activity (126), showing that this
combination lowered sUA to a greater
extent when compared with either drug
alone, thus confirming the feasibility
of combination-based regimens in the
pharmacological treatment of gout.

Lesinurad

At the beginning of 2017, Saag et al.
published the results of the CLEAR 1
study, a 12-month, multicentre, ran-
domised, double-blind, placebo-con-
trolled phase III trial, conducted to
investigate lesinurad (200 or 400 mg/
day orally) added to allopurinol versus
allopurinol alone in patients with sUA
levels >6.0 mg/dl and previously treated
with allopurinol (127). In total, 603 pa-
tients were enrolled. Lesinurad at doses
of 200 mg or 400 mg added to allopuri-
nol increased the proportions of patients
who achieved serum UA target levels
by month 6 compared with subjects on
allopurinol alone (54.2%, 59.2%, and
27.9%, respectively, p<0.0001), with-
out any relevant safety warning. The
authors of that study concluded that
lesinurad added to allopurinol provided
greater benefit than allopurinol alone
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in reducing sUA levels and therefore
may represent a new treatment option
for patients needing additional urate-
lowering therapy. These findings were
overall replicated in the CLEAR 2
study, with the same design as the pre-
vious trial (128). In total, 610 patients
were enrolled. Lesinurad at both doses,
added to allopurinol, significantly in-
creased proportions of patients achiev-
ing sUA target versus allopurinol alone
by month 6 (55.4%, 66.5% and 23.3%,
respectively, p<0.0001). At present, les-
inurad is marketed at 200 mg/day dose.
Lesinurad has also been tested in com-
bination with febuxostat by a phase
IIT randomised clinical trial in patients
with tophaceous gout (129). In total,
324 patients with sUA 8.0 mg/dl (=6.0
mg/dl with urate-lowering therapy) and
>1 measurable target tophus received
febuxostat 80 mg/day for 3 weeks be-
fore being randomly assigned to ei-
ther lesinurad (200 or 400 mg/day) or
placebo in addition to febuxostat. The
primary endpoint was the proportion of
patients achieving a sUA level of <5.0
mg/dl by month 6. Overall, signifi-
cantly more patients achieved the sUA
target by month 6 with the addition of
lesinurad 400 mg (76.1%; p<0.0001),
but not 200 mg (56.6%; p=0.13), com-
pared with febuxostat monotherapy
(46.8%). However, lesinurad 200 mg
plus febuxostat was superior to fe-
buxostat alone at all other study visits
except month 6 (months 1, 2, 3,4, 5,
8, 10, and 12, p-values ranging from
0.0002 to 0.0281). Notably, in the sub-
group of patients with SUA levels >5.0
mg/dl at baseline, following 3 weeks of
febuxostat treatment, the proportion of
patients who achieved a sUA level <5.0
mg/dl was greater in lesinurad plus fe-
buxostat group than in the febuxostat
alone group at all time points assessed
(44% vs. 24% at 6 months). This result
is of particular importance as the sub-
group of non-responder patients repre-
sents the target population for lesinurad
combination therapy with febuxostat.
No safety concerns were identified.
On these bases, lesinurad in combina-
tion with XOI can be considered a very
promising option for the treatment of
gout in patients not controlled by XOI
therapy alone.

Lastly, a 6-month phase III clinical tri-
al followed by an extension phase has
investigated the efficacy and safety of
lesinurad monotherapy at a dose of 400
mg/day, higher than the one approved
for clinical practice in 214 gouty pa-
tients who were intolerant to XOI and
have sUA levels =6.5 mg/dl (130). The
primary endpoint was the proportion of
patients with sUA <6.0 mg/dl by month
6. Patients who completed the study
were eligible for an open-label exten-
sion study of lesinurad at the same
dosage. Overall, significantly more
patients achieved the primary endpoint
with lesinurad than placebo (29.9 vs.
1.9%; p<0.0001). However, treatment-
emergent adverse events were higher
with lesinurad (77.6 vs. 65.4%), par-
ticularly at the renal level. During the
extension phase, treatment with les-
inurad resulted in rapid and sustained
sUA lowering that persisted for up to
18 months. No new safety signals were
reported during the extension phase.

Conclusion

Although gout can be regarded as the
most easily treatable inflammatory
arthritis, it is often very poorly man-
aged in clinical practice. Therefore,
improved involvement of patients, in-
stitution of tailored management strat-
egies and the prompt establishment of
treatment — prolonged over the long-
term are crucial.

The last year and a half has documented
exciting news in the basic knowledge,
diagnostic tools, and treatment strate-
gies for gout. We hope that research
will further disclosed new pieces of
well-grounded evidence, making clini-
cians more and more capable to assist
patients in their long journey with gout.

Acknowledgements

Editorial assistance was provided by
Luca Giacomelli, PhD, and Aashni
Shah; this assistance was supported
both by Grunenthal and internal funds.

References
1. SCIRE CA,ROSSI C, PUNZI L, GENDERINI A,
BORGHI C, GRASSI W: Change gout: how to
deal with this “silently-developing killer”
in everyday clinical practice. Curr Med Res
Opin 2018; 34: 1411-17.
2. PASCUAL E, ADDADI L, ANDRES M et al.:

Mechanisms of crystal formation in gout.
Nat Rev Rheumatol 2015; 11: 725-30.

3. PUNZI L, SO A: Serum uric acid and gout:
from the past to molecular biology. Curr
Med Res Opin 2013; 29 (Suppl. 3): 3-8.

4. VINCENT ZL, GAMBLE G, HOUSE M et al.:
Predictors of mortality in people with re-
cent-onset gout: a prospective observational
study. J Rheumatol 2017; 44: 368-73.

5. PAIK JM, KIM SC, FESKANICH D, CHOI HK,
SOLOMON DH, CURHAN GC: Gout and risk
of fracture in women: a prospective cohort
study. Arthritis Rheumatol 2017; 69: 422-
28.

6. DOHERTY M, JANSEN TL, NUKI G et al.:
Gout: why is this curable disease so seldom
cured? Ann Rheum Dis 2012; 71: 1765-70.

7. SERLACHIUS A, GAMBLE G, HOUSE M et
al.: Illness perceptions and mortality in pa-
tients with gout: a prospective observational
study. Arthritis Care Res (Hoboken) 2017;
69: 1444-48.

8. BARSOTTI S, BRUNI C, COMETI L et al.
One year in review 2017: idiopathic inflam-
matory myopathies. Clin Exp Rheumatol
2017; 35: 875-84.

9. TERENZI R, MONTI S, TESEI G, CARLI L:
One year in review 2017: spondyloarthritis.
Clin Exp Rheumatol 2018; 36: 1-14.

10. BARSOTTI S, BRUNI C, ORLANDI M et al.:
One year in review 2017: systemic sclero-
sis. Clin Exp Rheumatol 2017; 35 (Suppl.
106): S3-20.

. HATEMI G, SEYAHI E, FRESKO I, TALARICO
R, HAMURYUDAN V: One year in review
2017: Behget’s syndrome. Clin Exp Rheu-
matol 2017; 35 (Suppl. 108): S3-15.

12. FERRO F, ELEFANTE E, LUCIANO N, TALA-
RICO R, TODOERTI M: One year in review
2017: novelties in the treatment of rheuma-
toid arthritis. Clin Exp Rheumatol 2017; 35:
721-34.

13. LAPAGLIA GMC,LEONE MC, LEPRI G et al.:
One year in review 2017: systemic lupus
erythematosus. Clin Exp Rheumatol 2017,
35:551-61.

14. TALOTTA R, BAZZICHI L, DI FRANCO M et
al.: One year in review 2017: fibromyalgia.
Clin Exp Rheumatol 2017; 35 (Suppl. 105):
S6-12.

15. ANGELOTTI F, PARMA A, CAFARO G,
CAPECCHI R, ALUNNO A, PUXEDDU I: One
year in review 2017: pathogenesis of rheu-
matoid arthritis. Clin Exp Rheumatol 2017,
35: 368-78.

16.NAREDO E, IAGNOCCO A: One year in re-
view 2017: ultrasound in crystal arthritis.
Clin Exp Rheumatol 2017; 35: 362-67.

17. ELEFANTE E, MONTI S, BOND M et al.:
One year in review 2017: systemic vascu-
litis. Clin Exp Rheumatol 2017; 35 (Suppl.
103): S5-26.

18. FERRO F, MARCUCCI E, ORLANDI M, BAL-
DINI C, BARTOLONI-BOCCI E: One year in
review 2017: primary Sjogren’s syndrome.
Clin Exp Rheumatol 2017; 35: 179-91.

19.PARMA A, COMETI L, LEONE MC, LEPRI
G, TALARICO R, GUIDUCCI S: One year in
review 2016: spondyloarthritis. Clin Exp
Rheumatol 2017; 35: 3-17.

20. ELEFANTE E, BOND M, MONTI S et al.: One
year in review 2018: systemic vasculitis.

Clinical and Experimental Rheumatology 2019



One year in review 2018: gout / L. Punzi et al.

2

—_

22.

23.

24.

25.

26.

217.

28.

29.

30.

3

—_

32.

33.

34.

3s.

36.

Clin Exp Rheumatol 2018; 36 (Suppl. 111):
S12-32.

.BORTOLUZZI A, FURINI F, GENERALI E,

SILVAGNI E, LUCIANO N, SCIRE CA: One
year in review 2018: novelties in the treat-
ment of rheuma toid arthritis. Clin Exp
Rheumatol 2018; 36: 347-361.

CALABRESI E, PETRELLI F, BONIFACIO AF,
PUXEDDU I, ALUNNO A: One year in review
2018: pathogenesis of rheumatoid arthritis.
Clin Exp Rheumatol 2018; 36: 175-84.
MAIJOR TJ, DALBETH N, STAHL EA, MERRI-
MAN TR: An update on the genetis of hyper-
uricaemia and gout. Nat Rev 2018; 14: 341-
53

NAKAYAMA A, NAKAOKA H, YAMAMOTO
K et al.: GWAS of clinically defined gout
and subtypes identifies multiple susceptibil-
ity loci that include urate transporter genes.
Ann Rheum Dis 2017; 76: 869-77.

LIC,LI Z,LIU S et al.: Genome-wide asso-
ciation analysis identifies three new risk loci
for gout arthritis in Han Chinese. Nat Com-
mun 2015; 6: 7041.

LI C, CHEN CJ, LIAO WT et al.: Genetic vari-
ants associated with tophi occurrence by a
genome wide association study of 1888 pa-
tients. Gout and Hyperuricemia 2017; 4: 12-
20.

MERRIMAN TR, CADZOW M, MERRIMAN
ME et al.: Genome- wide association study
of gout in people of European ancestry [ab-
stract]. Arthritis Rheumatol 2017; 69: S10.
KOTTGEN A, ALBRECHT E, TEUMER A et
al.: Genome-wide association analyses iden-
tify 18 new loci associated with serum urate
concentrations. Nat Genet 2013;45: 145-54.
DONG Z,ZHOU J, XU X et al.: Genetic vari-
ants in two pathways influence serum urate
levels and gout risk: a systematic pathway
analysis. Sci Rep 2018; 8: 3848.

TAO JH, CHENG M, TANG JP et al.: Single
nucleotide polymorphisms associated with
P2X7R function regulate the onset of gouty
arthritis. PLoS One 2017; 12: e0181685.

.PUNZI L, SCANU A,RAMONDA R, OLIVIERO

F: Gout as autoinflammatory disease: new
mechanisms for more appropriated treat-
ment targets. Autoimmun Rev 2012; 12: 66-
71.

BALKARLIA, TEPELI E, BALKARLI H, KAYA
A, COBANKARA V: A variant allele of the
Mediterranean-fever gene increases the se-
verity of gout. Int J Rheum Dis 2018; 21:
228-46.

DONG Z, ZHOU 1, JIANG S et al.: Effects of
multiple genetic loci on the pathogenesis
from serum urate to gout. Sci Rep 2017; 7:
43614.

HIGASHINO T, MATSUO H, OKADAY et al.:
A common variant of MAF/c MAF, tran-
scriptional factor gene in the kidney, is as-
sociated with gout susceptibility. Human
Cell 2018; 31: 10-3.

TU HP, MIN-SHAN KO A, LEE SS et al.:
Variants of ALPKI with ABCG2, SLC2A9,
and SLC22A12 increased the positive pre-
dictive value for gout. J Hum Genet 2018;
63: 63-70.

TANNER C, BOOCOCK J, STAHL EA et al.:
Population-specific resequencing associates
the Atp-binding cassette subfamily ¢ mem-

Clinical and Experimental Rheumatology 2019

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

ber 4 gene with gout in New Zealand Maori
and Pacific men. Arthritis Rheumatol 2017,
69: 1461-9.

YASUKOCHI Y, SAKUMA J, TAKEUCHI I et
al.: Identification of CDC42BPG as a novel
susceptibility locus for hyperuricemia in a
Japanese population. Mol Genet Genomics
2018;293: 371-9.

HIGASHINO T, TAKADA T, NAKAOKA H et
al.: Multiple common and rare variants of
ABCG?2 cause gout. RMD Open 2017; 3:
€000464.

STIBURKOVA B, PAVELCOVA K, ZAVADA ] et
al.: Functional non-synonymous variants of
ABCG?2 and gout risk. Rheumatology (Ox-
ford) 2017; 56: 1982-92.

HE W, PHIPPS-GREEN A, STAMP LK et al.:
Population-specific ~ association  between
ABCG?2 variants and tophaceous disease in
people with gout. Arthritis Res Ther 2017,
19: 43.

ZAMBO B, BARTOS Z, MOZNER O et al.:
Clinically relevant mutations in the ABCG2
transporter uncovered by genetic analysis
linked to erythrocyte membrane protein ex-
pression. Sci Rep 2018; 8: 7487.

DONG Z, L1Y, ZHOU J et al.: Copy number
variants of ABCF1,IL17REL, and FCGR3A
are associated with the risk of gout. Protein
Cell 2017, 8: 467-70.

BEYDOUN MA, CANAS JA, FANELLI-KUCZ-
MARSKI MT et al.: Genetic risk scores, sex
and dietary factors interact to alter serum uric
acid trajectory among African-American ur-
ban adults. Br J Nutr 2017; 117: 686-97.
ZHANG D, YANG M, ZHOU D et al.:. The
polymorphism rs671 at ALDH2 associated
with serum uric acid levels in Chinese Han
males: A genome-wide association study.
Gene 2018; 651: 62-9.

RASHEED H, STAMP LK, DALBETH N, MER-
RIMAN TR: Interaction of the GCKR and
AI1CF loci with alcohol consumption to in-
fluence the risk of gout. Arthritis Res Ther
2017; 19: 161.

GOSLING AL, BOOCOCK J, DALBETH N et
al.: Mitochondrial genetic variation and
gout in Maori and Pacific people living in
Aotearoa New Zealand. Ann Rheum Dis
2018;77: 571-8.

CHANG WC, JAN WU YJ, CHUNG WH et al.:
Genetic variants of ppAr-gamma coactivator
1B augment nLrp3-mediated inflammation
in gouty arthritis. Rheumatology (Oxford)
2017; 56: 457-66.).

SHAUKAT, A. JANSEN T, JANSSEN M et
al.: Replication of genetic association of
peroxisome proliferator- activated recep-
tor gamma-1B with gout in a New Zealand
Polynesian sample set [abstract]. Arthritis
Rheumatol 2017; 69: 1127.

ZHOU W, WANG Y, WU R, HE Y, SU Q, SHI
G: MicroRNA-488 and -920 regulate the
production of proinflammatory cytokines
in acute gouty arthritis. Arthritis Res Ther
2017; 19: 203.

ZHU Z, MENG W, LIU P, ZHU X, LIU Y, ZOU
H: DNA hypomethylation of a transcription
factor binding site within the promoter of a
gout risk gene NRBPI upregulates its ex-
pression by inhibition of TFAP2A binding.
Clin Epigenetics 2017; 9: 99.

51.

52.

53.

54.

55.

56.

57.

S8.

59.

60.

6

—

62.

63.

64.

65.

66.

67.

LI B, CHEN X, JIANG Y et al.. CCL2 pro-
moter hypomethylation is associated with
gout risk in Chinese Han male population.
Immunol Lett 2017; 190: 15-9.

YANG Y, CHEN X, HU H et al.: Elevated
UMOD methylation level in peripheral
blood is associated with gout risk. Sci Rep
2017;7: 11196.

DALBETH N, MERRIMAN TM, STAMP LK:
Gout. Lancet 2016; 388: 2039-52.

DONG Z,ZHOU J, XU X et al.: Genetic vari-
ants in two pathways influence serum urate
levels and gout risk: a systematic pathway
analysis. Sci Rep 2018; 8: 3848.

ZHANG Y, ZHANG H, CHANG D, GUO F, PAN
H, YANG Y: Metabolomics approach by 1H
NMR spectroscopy of serum reveals pro-
gression axes for asymptomatic hyperurice-
mia and gout. Arthritis Res Ther 2018; 20:
111.

CHEN CJ, TSENG CC, YEN JH et al.: ABCG2
contributes to the development of gout and
hyperuricemia in a genome-wide associa-
tion study. Sci Rep 2018; 8: 3137.

YING Y, CHEN Y, ZHANG S et al.: Investiga-
tion of serum biomarkers in primary gout
patients using iTRAQ-based screening. Clin
Exp Rheumatol 2018 [Epub ahead of print].
MARTINON F, PETRILLI V, MAYOR A, TAR-
DIVEL A, TSCHOPP J: Gout-associated uric
acid crystals activate the NALP3 inflamma-
some. Nature 2006; 440: 237-41.

CRISAN TO, CLEOPHAS MCP, NOVAKO-
VIC B et al.: Uric acid priming in human
monocytes is driven by the AKT-PRAS40
autophagy pathway. PNAS 2017; 114: 5485-
90.

HALL CJ, SANDERSON LE, LAWRENCE LM
et al.: Blocking fatty acid-fueled mROS
production within macrophages alleviates
acute gouty inflammation. J Clin Invest
2018; 128: 1752-71.

.ROUSSEAU LS, PARE G, LACHHAB A et al.:

S100A9 potentiates the activation of neutro-
phils by the etiological agent of gout, mono-
sodium urate crystals. J Leukoc Biol 2017;
102: 805-13.

YOKOSE K, SATO S,ASANO T et al.: TNF-a
potentiates uric acid-induced interleukin-
1B (IL-1P) secretion in human neutrophils.
Mod Rheumatol 2018; 28: 513-17.
KHAMENEH HJ, HO AW, LAUDISI F et al.:
C5a regulates IL-1f production and leuko-
cyte recruitment in a murine model of mon-
osodium urate crystal-induced peritonitis.
Front Pharmacol 2017; 8: 10.

GOLDBERG EL, ASHER JL, MOLONY RD et
al.: B-Hydroxybutyrate deactivates neutro-
phil NLRP3 inflammasome to relieve gout
flares. Cell Rep 2017, 18: 2077-87.

SIL P, WICKLUM H, SURELL C, RADA B:
Macrophage-derived IL-lbeta enhances
monosodium urate crystal-triggered NET
formation. Inflamm Res 2017; 66: 227-37.
CHATFIELD SM, GREBE K, WHITEHEAD LW
et al.: Monosodium urate crystals generate
nuclease-resistant neutrophil extracellu-
lar traps via a distinct molecular pathway.
J Immunol 2018; 200: 1802-16.

SIL P, HAYES CP, REAVES BJ et al.: P2Y6
receptor antagonist MRS2578 inhibits neu-
trophil activation and aggregated neutrophil



One year in review 2018: gout / L. Punzi et al.

68.

69.

70.

7

—_

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

10

extracellular trap formation induced by
gout-associated monosodium urate crystals.
J Immunol 2017; 198: 428-42.

LUO G, YI T, ZHANG G, GUO X, JIANG X:
Increased circulating Th22 cells in patients
with acute gouty arthritis: A CONSORT-
compliant article. Medicine (Baltimore).
2017; 96: e8329.

RAGAB G,ELSHAHALY M, BARDIN T: Gout:
An old disease in new perspective — a re-
view. J Adv Res 2017, 8: 495-511.
OLIVIERO F, SCANU A, GALOZZI P et al.:
Prevalence of calcium pyrophosphate and
monosodium urate crystals in synovial fluid
of patients with previously diagnosed joint
diseases. Joint Bone Spine 2013; 80: 287-90.

.BERENDSEN D, NEOGI T, TAYLOR WIJ, DAL-

BETH N, JANSEN TL: Crystal identification
of synovial fluid aspiration by polarized
light microscopy. An online test suggesting
that our traditional rheumatologic compe-
tence needs renewed attention and training.
Clin Rheumatol 2017; 36: 641-7.
BOUMANS D, HETTEMA ME, VONKEMAN
HE, MAATMAN RG, VAN DE LAAR MA: The
added value of synovial fluid centrifugation
for monosodium urate and calcium pyroph-
osphate crystal detection. Clin Rheumatol
2017; 36: 1599-1605.

PEREZ RUIZ F, SANCHEZ-PIEDRA CA,
SANCHEZ-COSTA JT et al.. Improvement
in diagnosis and treat-to-target manage-
ment of hyperuricemia in gout: results from
the GEMA-2 transversal study on practice.
Rheumatol Ther 2018; 5:243-53.

DALBETH N, CLARK B, MCQUEEN F,DOYLE
A, TAYLOR W: Validation of a radiographic
damage index in chronic gout. Arthritis
Rheum 2007; 57: 1067-73.

SPAETGENS B, VAN DURME C, WEBERS C,
TRAN-DUY A, SCHOONBROOD T, BOONEN
A: Construct validity of radiographs of the
feet to assess joint damage in patients with
gout. J Rheumatol 2017; 44: 91-4.

NEOGI T, JANSEN TL, DALBETH N et al.:
2015 Gout classification criteria: an Ameri-
can College of Rheumatology/European
League Against Rheumatism collaborative
initiative. Ann Rheum Dis 2015; 74: 1789-
98.

FILIPPUCCI E, DI GESO L, GIROLIMETTI R,
GRASSI W: Ultrasound in crystal-related ar-
thritis. Clin Exp Rheumatol 2014; 32 (Sup-
pl. 80): S42-7.

OGDIE A, TAYLOR WIJ, NEOGI T et al.
Performance of ultrasound in the diagnosis
of gout in a multicenter study: comparison
with monosodium urate monohydrate crys-
tal analysis as the gold standard. Arthritis
Rheumatol 2017; 69: 429-38.

DAS S, GHOSH A, GHOSH P, LAHIRI D, SIN-
HAMAHAPATRA P, BASU K: Sensitivity and
specificity of ultrasonographic features of
gout in intercritical and chronic phase. Int J
Rheum Dis 2017; 20: 887-93.

FILIPPOU G, ADINOLFI A, JAGNOCCO A et
al.: Ultrasound in the diagnosis of calcium
pyrophosphate dihydrate deposition disease.
A systematic literature review and a meta-
analysis. Osteoarthritis Cartilage 2016; 24:
973-81.

TERSLEV L, GUTIERREZ M, CHRISTENSEN

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

R et al.: Assessing elementary lesions in
gout by ultrasound: results of an OMERACT
patient-based agreement and reliability exer-
cise. J Rheumatol 2015; 42: 2149-54.
GUTIERREZ M, SCHMIDT WA, THIELE RG et
al.: International Consensus for ultrasound
lesions in gout: results of Delphi process
and web-reliability exercise. Rheumatology
(Oxford) 2015; 54: 1797-805.
PATTAMAPASPONG N, VUTHIWONG W,
KANTHAWANG T, LOUTHRENOO W: Value
of ultrasonography in the diagnosis of gout
in patients presenting with acute arthritis.
Skeletal Radiol 2017; 46: 759-67.

LEE YH, SONG GG: Diagnostic accuracy of
ultrasound in patients with gout: A meta-
analysis. Semin Arthritis Rheum 2018; 47:
703-9.

BHADU D, DAS SK, WAKHLU A, DHAKAD U,
SHARMA M: Ultrasonographic detection of
double contour sign and hyperechoic aggre-
gates for diagnosis of gout: two sites exami-
nation is as good as six sites examination.
Int J Rheum Dis 2018; 21: 523-31.
NORKUVIENE E, PETRAITIS M, APANA-
VICIENEI, VIRVICIUTED,BARANAUSKAITE
A: An optimal ultrasonographic diagnostic
test for early gout: A prospective controlled
study. J Int Med Res 2017, 45: 1417-29.
WANG Q, GUO LH, LI XL et al.: Differentiat-
ing the acute phase of gout from the inter-
critical phase with ultrasound and quantita-
tive shear wave elastography. Eur Radiol
2018; 28: 5316-27.

RAMON A, BOHM-SIGRAND A, POTTECHER
P et al.: Role of dual-energy CT in the di-
agnosis and follow-up of gout: systematic
analysis of the literature. Clin Rheumatol
2018; 37: 587-95.

GAMALA M, LINN-RASKER SP,NIX M et al.:
Gouty arthritis: decision-making following
dual-energy CT scan in clinical practice,
a retrospective analysis. Clin Rheumatol
2018;37: 1879-84.

LEE YH, SONG GG: Diagnostic accuracy
of dual-energy computed tomography in
patients with gout: A meta-analysis. Semin
Arthritis Rheum 2017, 47: 95-101.

YU Z,MAO T, XU Y et al.: Diagnostic accu-
racy of dual-energy CT in gout: a systematic
review and meta-analysis. Skeletal Radiol
2018;47: 1587-93.

WANG P, SMITH SE, GARG R et al.: Identifi-
cation of monosodium urate crystal deposits
in patients with asymptomatic hyperurice-
mia using dual-energy CT. RMD Open 2018;
4:e000593.

DALBETH N, DOYLE AJ: Imaging tools to
measure treatment response in gout. Rheu-
matology (Oxford) 2018; 57 (Suppl. 1): i27-
i34.

SAPSFORD M, GAMBLE GD, AATI O et al.:
Relationship of bone erosion with the urate
and soft tissue components of the tophus in
gout: a dual energy computed tomography
study. Rheumatology (Oxford) 2017; 56:
129-33.

CHHANA A, DOYLE A, SEVAO A et al.:
Advanced imaging assessment of gout: com-
parison of dual-energy CT and MRI with
anatomical pathology. Ann Rheum Dis 2018;
77: 629-30.

96.

97.

98.

99.

100.

10

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

KLAUSER AS, HALPERN EJ, STROBL S et al.:
Gout of hand and wrist: the value of US as
compared with DECT. Eur Radiol 2018; 28:
4174-81.

STROBL S, HALPERN EJ, ELLAH MA et al.:
Acute gouty knee arthritis: ultrasound find-
ings compared with dual-energy CT findings.
AJR Am J Roentgenol 2018; 210: 1323-9.
PASCART T, GRANDJEAN A, NORBERCIAK
L et al.: Ultrasonography and dual-energy
computed tomography provide different
quantification of urate burden in gout: re-
sults from a cross-sectional study. Arthritis
Res Ther 2017; 19: 171.

JIAE,ZHU J, HUANG W, CHEN X, L1 J: Dual-
energy computed tomography has limited
diagnostic sensitivity for short-term gout.
Clin Rheumatol 2018; 37: 773-7.
RICHETTE P, DOHERTY M, PASCUAL E et
al.: 2016 updated EULAR evidence-based
recommendations for the management of
gout. Ann Rheum Dis 2017; 76: 29-42.

. VIEIRA AT, GALVAO 1, MACIA LM ef al.:

Dietary fiber and the short-chain fatty acid
acetate promote resolution of neutrophilic
inflammation in a model of gout in mice.
J Leukoc Biol 2017; 101: 275-84.
OLIVIERO F, SCANU A, ZAMUDIO-CUEVAS
Y, PUNZI L, SPINELLA P: Anti-inflammato-
ry effects of polyphenols in arthritis. J Sci
Food Agric 2018; 98: 1653-59.

JHANG JJ, LIN JH, YEN GC: Beneficial prop-
erties of phytochemicals on NLRP3 inflam-
masome-mediated gout and complication.
J Agric Food Chem 2018; 66: 765-72.
RUIZ-MIYAZAWA KW, PINHO-RIBEIRO FA,
BORGHI SM et al.: Hesperidin methylchal-
cone suppresses experimental gout arthritis
in mice by inhibiting NF-xB activation.
J Agric Food Chem 2018; 66: 6269-80.
KWAK SB, KOPPULA S, IN EJ et al.: Arte-
misia extract suppresses NLRP3 and AIM2
inflammasome activation by inhibition of
ASC phosphorylation. Mediators Inflamm
2018; 2018: 6054069

HARROLD LR, ETZEL CJ, GIBOFSKY A et
al.: Sex differences in gout characteristics:
tailoring care for women and men. BMC
Musculoskelet Disord 2017; 18: 108.
YERLIKAYA A, DAGEL T, KING C et al.:
Dietary and commercialized fructose: sweet
or sour? Int Urol Nephrol 2017; 49: 1611-
20.

ZHANG DM, JIAO RQ, KONG LD: High di-
etary fructose: direct or indirect dangerous
factors disturbing tissue and organ func-
tions. Nutrients 2017; 9: pii: E335.

TU HP, TUNG YC, TSAI WC, LIN GT, KO YC,
LEE SS: Alcohol-related diseases and alco-
hol dependence syndrome is associated with
increased gout risk: A nationwide popula-
tion-based cohort study. Joint Bone Spine
2017; 84: 189-96.

ABHISHEK A, VALDES AM, JENKINS W,
ZHANG W, DOHERTY M: Triggers of acute
attacks of gout, does age of gout onset mat-
ter? A primary care based cross-sectional
study. PLoS One 2017; 12: e0186096.
KRUPP D, ESCHE J, MENSINK GB, NEU-
HAUSER HK, REMER T: Diet-independent
relevance of serum uric acid for blood pres-
sure in a representative population sample.

Clinical and Experimental Rheumatology 2019



One year in review 2018: gout / L. Punzi et al.

112.

113.

114.

115.

116.

117.

118.

J Clin Hypertens (Greenwich) 2017; 19:
1042-50.

JURASCHEK SP, GELBER AC, CHOI HK,
APPEL LJ, MILLER ER 3®": Effects of the
Dietary Approaches to Stop Hypertension
(DASH) diet and sodium intake on serum
uric acid. Arthritis Rheumatol 2016; 68:
3002-9.

RAISK,FUNG TT,LU N,KELLER SF, CURHAN
GC, CHOI HK: The Dietary Approaches to
Stop Hypertension (DASH) diet, Western
diet, and risk of gout in men: prospective co-
hort study. BMJ 2017; 357: j1794.

TANG O, MILLER ER 3®f°, GELBER AC, CHOI
HK, APPEL LJ, JURASCHEK SP: DASH diet
and change in serum uric acid over time.
Clin Rheumatol 2017; 36: 1413-17.
JURASCHEK SP, WHITE K, TANG O, YEH HC,
COOPER LA, MILLER ER 3RP: Effects of a
DASH diet intervention on serum uric acid
in African Americans with hypertension.
Arthritis Care Res (Hoboken) 2018; 70:
1509-16.

NIELSEN SM, BARTELS EM, HENRIKSEN M
et al.: Weight loss for overweight and obese
individuals with gout: a systematic review
of longitudinal studies. Ann Rheum Dis
2017; 76: 1870-82.

SCHIAVO L, FAVRE G, PILONE V et al.:
Low-purine diet is more effective than
normal-purine diet in reducing the risk of
gouty attacks after sleeve gastrectomy in
patients suffering of gout before surgery:
a retrospective study. Obes Surg 2018; 28:
1263-70.

TENG GG, PAN A, YUAN JM, KOH WP: Food

Clinical and Experimental Rheumatology 2019

119.

120.

12

122.

123.

124.

125.

sources of protein and risk of incident gout
in the Singapore Chinese health study.
Arthritis Rheumatol 2015; 67: 1933-42.
PEREZ RUIZ F, BARDIN T, SO A: Time to
control gout and make it crystal clear.
EMJ Rheumatol 2017; 5 (Suppl. 12): 2-10.
STAMP LK, CHAPMAN PT, BARCLAY ML et
al.: A randomised controlled trial of the ef-
ficacy and safety of allopurinol dose escala-
tion to achieve target serum urate in people
with gout. Ann Rheum Dis 2017; 76: 1522-
28.

.STAMP LK, CHAPMAN PT, BARCLAY M et

al.: Allopurinol dose escalation to achieve
serum urate below 6 mg/dL: an open-label
extension study. Ann Rheum Dis 2017; 76:
2065-70.

LIN HC, DAIMON M, WANG CH et al.
Allopurinol, benzbromarone and risk of
coronary heart disease in gout patients: A
population-based study. Int J Cardiol 2017,
233: 85-90.

ANDRES M, BERNAL JA, SIVERA F et al.:
Cardiovascular risk of patients with gout
seen at rheumatology clinics following
a structured assessment. Ann Rheum Dis
2017; 76: 1263-68.

DALBETH N, SAAG KG, PALMER WE et al.:
Effects of febuxostat in early gout: a rand-
omized, double-blind, placebo-controlled
study. Arthritis Rheumatol 2017; 69: 2386-
9s.

WHITE WB, SAAG KG, BECKER MA et al.;
CARES Investigators: Cardiovascular safety
of febuxostat or allopurinol in patients with
gout. N Engl J Med 2018; 378: 1200-10.

126.

127.

128.

129.

130.

131.

STEINBERG AS, VINCE BD, CHOI YJ, MAR-
TIN RL, MCWHERTER CA, BOUDES PF: The
pharmacodynamics, pharmacokinetics, and
safety of arhalofenate in combination with
febuxostat when treating hyperuricemia as-
sociated with gout. J Rheumatol 2017; 44:
374-79.

SAAG KG, FITZ-PATRICK D, KOPICKO J et
al.: Lesinurad combined with allopurinol:
a randomized, double-blind, placebo-con-
trolled study in gout patients with an inade-
quate response to standard-of-care allopuri-
nol (a US-based study). Arthritis Rheumatol
2017; 69: 203-12.

BARDIN T, KEENAN RT, KHANNA PP et al.:
Lesinurad in combination with allopuri-
nol: a randomised, double-blind, placebo-
controlled study in patients with gout with
inadequate response to standard of care (the
multinational CLEAR 2 study). Ann Rheum
Dis 2017; 76: 811-20.

DALBETH N, JONES G, TERKELTAUB R et
al.: Lesinurad, a selective uric acid reab-
sorption inhibitor, in combination with fe-
buxostat in patients with tophaceous gout:
findings of a phase III clinical trial. Arthritis
Rheumatol 2017; 69: 1903-13.

TAUSCHE AK, ALTEN R, DALBETH N ef al.:
Lesinurad monotherapy in gout patients in-
tolerant to a xanthine oxidase inhibitor: a 6
month phase 3 clinical trial and extension
study. Rheumatology (Oxford) 2017; 56:
2170-78.

CHOI HK, MOUNT DB, REGINATO AM:
Pathogenesis of gout. Ann Intern Med 2005;
143: 499-516.

11



