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Effective management of gout includes the following: appropriate control of gout flares;
lifestyle modifications; management of comorbidities; and long-term urate-lowering
therapy (ULT) to prevent subsequent gout flares, structural joint damage, and shortening
of life expectancy. In addition to traditional treatments for gout, novel therapies have
been introduced in recent years. Indeed, new recommendations for the management of
gout have been proposed by various international societies. Although effective and safe
medications to treat gout have been available, management of the disease has continued
to be suboptimal, with poor patient adherence to ULT and failure to reach serum urate
target. This review outlines recent progress in gout management, mainly based on the
latest published guidelines, and specifically provides an update on efficient strategies for
implementing treatment, efficacy and safety of specific medications for gout, and cardio-
vascular outcomes of ULT. In particular, we reviewed gout management approaches that
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can be applied to a Korean population.
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INTRODUCTION

Gout is the most common inflammatory arthritis, which is
induced by hyperuricemia and subsequent monosodium
urate (MSU) crystal deposition in joints and other tissues [1].
Gout has a negative impact on the quality of life of patients
due to extreme joint pain, and various comorbidities asso-
ciated with the disease can be life-threatening. The preva-
lence and incidence of gout are increasing not only in Korea,
but also in many other countries worldwide [2-4]. Despite its
increasing prevalence and incidence, and the availability of
effective and safe medications to treat gout, management
of the disease has continued to be suboptimal, with poor
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patient adherence to urate-lowering therapy (ULT) and fail-
ure to attain the therapeutic level of serum urate (SUA) [5,6].
The optimal management of gout requires a multifarious
approach, including mitigation of gout flare symptoms, life-
style modification, patient education, management of co-
morbidities, and particularly, long-term ULT to dissolve MSU
crystals and prevent future gout flares. Moreover, gout man-
agement should be individualized for each patient based on
their comorbid conditions or concomitant medications. In
this review, we provide an update on the treatment of gout
mainly based on recently published guidelines, including the
2020 American College of Rheumatology (ACR) guidelines
[7], the 2017 British Society for Rheumatology (BSR) guide-
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lines [8], the 2016 European League Against Rheumatism
(EULAR) recommendations for the management of gout [9],
and the 2021 Asia-Pacific League of Associations for Rheu-
matology (APLAR) guidelines for the treatment of gout [10].
In particular, we reviewed gout treatment approaches that
can be applied to Korean populations based on studies con-
ducted on Korean patients with gout.

GENERAL PRINCIPLES OF TREATMENT FOR
GouT

The treatment of gout mainly consists of non-pharmaco-
logical and pharmacological therapies. Non-pharmacologi-
cal therapy includes lifestyle modification, such as exercise,
weight control, diet, and patient education. Pharmacological
therapy includes adequate control of acute inflammation,
prophylaxis against gout flares, long-term ULT to reverse
hyperuricemia, and treatment of comorbidities. Table 1
summarizes the clinical guidelines for the management of
gout [7-10].

NONPHARMACOLOGIC TREATMENT FOR
GouT

Lifestyle modification and diet therapy

Results from a diet and genetics meta-analysis showed that
the effect of diet or individual food items on SUA levels was
small [11]. However, dietary factors may trigger gout flares,
and patients with gout frequently seek advice on the dietary
management of gout. Above all, a significant dose-response
relationship between alcohol consumption, regardless of al-
coholic beverage type, and the risk of recurrent gout flares
was observed in a case-crossover study [12]. Hence, it is rec-
ommended that patients with gout limit their alcohol intake
regardless of disease activity [7]. Regarding other dietary
factors, a purine diet was reportedly associated with an in-
creased risk of gout flares [13], and a high-fructose diet was
associated with a high risk of incident gout [14]. Indeed,
purine intake and a high-fructose diet should be limited in
patients with gout [7]. Although vitamin C supplementation
has been shown to lower SUA levels [15], vitamin C at a
modest dose (500 mg/day) was insufficient as monotherapy
or adjunct to standard ULT [16]; therefore, it is no longer
recommended in patients with gout [7]. Recently, APLAR
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suggested that the evidence of limiting purine-rich foods
to lower SUA levels or prevent gout flares in patients with
gout is insufficient [10]. Since excessive food restrictions
may reduce patients’ compliance with medical treatment, it
is better to focus on treatment using ULT and restrict mainly
alcohol and high-fructose intake [17,18]. Weight loss ap-
proaches are also conditionally recommended for obese or
overweight patients [7]. A large cohort study demonstrated
that obesity was associated with a higher risk of incident
gout and that changes in body mass index were associated
with the risk of recurrent gout flares in a dose-responsive
manner [19]. Similarly, weight loss through bariatric surgery
or diet also demonstrated clinically relevant reductions in
SUA levels and gout flare frequency [20,21].

Education for the patients and primary care
physicians

Drug adherence in patients with gout worldwide is very poor
[22,23]. Drug adherence rates of patients with gout were
the lowest when comparing drug adherence rates among
patients with gout, hypertension, hypercholesterolemia,
type 2 diabetes mellitus, hypothyroidism, osteoporosis, and
seizure disorders [24]. To overcome this problem, education
for primary care physicians is essential, in addition to edu-
cation for patients with gout. Therefore, patient education
is emphasized in almost all treatment guidelines [7,9,10].

Acute gout flares

The use of topical ice on inflamed joints has been shown to
reduce pain [25] and has been conditionally recommended
as an adjuvant treatment in patients experiencing a gout
flare [7]. Additional non-pharmacological care for gout
flares includes rest of acutely affected joints, mobility assis-
tance, and hydration [8].

PHARMACOLOGIC TREATMENT FOR GOUT

Asymptomatic hyperuricemia

There is no universally accepted definition of hyperuricemia;
however, it is typically defined as an SUA level > 7.0 mg/
dL [26]. Asymptomatic hyperuricemia is a condition charac-
terized by hyperuricemia without any symptoms or signs of
MSU crystal deposition disorders, such as gout, urolithiasis,
and urate nephropathy [27]. Although several epidemiolog-
ical studies have indicated that hyperuricemia is associated

https://doi.org/10.3904/kjim.2022.036


www.kjim.org

KJIM™

Park EH, et al. Updates on gout treatment

*JO}IgIYuI 3SEPIXO UYL

-UBX '|OX ‘9SeasIp ASUpIy DIUOIYD ‘@YD ‘PP dUN winIds ‘vNS ‘Adelayy Buamol-a1en ‘1N ‘upnapelul ) (Bnip Alojewweljul-iiue [epiotals-uou ‘qiysN ‘Abojorewnayy Joy
SUOIIBOSSY JO aNBRaT JI4IdRd-BISY Yy 1dV ‘WSHBWNayY 1suleby anbes] ueadoing 'Yy 1n3 ‘ABojorewinayy jo A18100S ysiig ‘¥sg ‘Abojorewinayy o 963(|0D) uedlawy "4dv

|OX 01 9suodsal 1enbspeul
10 suonedIpuleIuod

aAeY Oym syuanied uj

nob Alooeupsl

ur (journdojje + peinuisa|) |OX
ue yum Adessyy uoleuiquiod
papUSWIWOd3 Ajleuonipuod
ouepinb oN
(¥e350XNQR} 4o |ounndoje) |OX

Tp/bw 9 >

duepinb oN

nob
snos2eydoy dJ1uoiyd “Jp/bw 6
Z VNS pue 1nob jo sisoubelq

ouepinb oN

(puodss) sAIvSN

‘(3S41}) SUIDIYD|0D SOP-MOT]
duepinb oN
SPI0J91S0d11I0D

SQIVSN ‘audIy|0D

(suoneulquiod buipnpul siN
pJepURIS UM paydeal ag Jouued NS
19b1e1 3y woym ul ‘a4 Jo Ayjenb sood

pue 1nob snoadeydoy diuoayd buneyigap

3I9A3s 'uanold-je1sAn yum syuaned uj

(10X yum uoneuiquiod

ur Jo Adessyjrouow se) |OX O JueIS|OLUl
10 0} JuelSISal ale oym sjusiied U
18150XNQ24
|ouundoj|y

(spe11e Juanbauy ‘Ayredouyie

31uoJyd ‘iydoy) 1nob 219A3S Ul Jp/bw g >
p/bw 9 >

2duepinb oN

(2.n|iey 1ieay

'95e9SIp 14P3Y JIWAYDS! ‘UoIsuaLIadAY
“JusWIIedul [eual) SalHpICIOWod Jo/pue
“Tp/BW 8 < |9A3] YNS YIM O ‘(S1edk Of
>) 9be bunoA e 1e syusiied ul sisoubelp
1511} JO BWI} AU 0} ASOJD PAPUBLILIOIDY

S3UO)S [eUBM
‘Ayredolyiie a1edn ‘lydoy ‘sauej} JUSLINIRY

Syjuow 9

(puodas)

SQIVSN ‘(1S114) BUDIL|0D 3S0P-MOT]
jonquyur |-

SPI0JBISODID ‘S|WSN ‘@UIYD|0D

1ydoy snoauendgns
BulAjoSaJuOU JO Saiejy JuSNbaIY

UoIeUIqUIod Ul 10 ‘auoje  aAeY pue ‘vNS 19bJe) ayl ansiyde

17N PJEPUBLS UMM Pa|joJiuod aq Jouued

elwd1NISdAY woym ur Inob snosdeydoy

JnewoldwiAs a1anas yum syuaned uj

(I0X ysm uoneulquiod

ul Jo Adessyiouow se) |[OX O JueJ3|oIUIl
10 0] Jue)sISal ale oym sjusiied u
181S0XNQ2
jounndojy

Tp/Bw G >

pPapusuWodal 10N

abe bunoA e 1e buiiels 1nob Arewnd
'asn JnaInIp ‘siselyijoin jo Aioisiy e

‘Juswiliedwi [euas ‘sbewep juiol ‘siuye

Anob d1uouyd ‘lydoy ‘(1eak/z <) syoene
JU.INd3J Yum syuaned ul Aeniied
1nob jo sisoubeiqg

Syiuow 9

(puodas)

SQIVSN ‘(1S11}) BUDIY|0D 3SOP-MOT
jouguyut |-7]

SPI0J21S02I1I0D ‘SQ|YSN ‘2UIYD|0D

0} pajie} aARY SUOIIUIAISIUI
J3Y10 puUe ‘s21Nsod1N
‘JOX Woym Joj syusned u

PapPUSWWIODAI Aj[PUOIIPUOD
18150XNQ24
|ounndo||y

Tp/bwi 9 >
papUSLIWOI3 AjlrUORIPUOD

SIselyiloin

10 “Ip/BUI 6 < [9A3] YNS ‘ND
9J9Aa5-0]-9]kJapOouWl PIqIOWOd
pue aJe|} 15414 Yum spuaned

Ul PUSWWOI3J Aj|BUOIHIPUOD

1nob

0} anp sbewep diydeiboipes
‘lydoy snosuendgns | < ‘(Jeak
/2 %) SaJej4 1nob jusnbauy

slpuow 9-¢
Quojosiupaid/suosiupald
'SQIVSN ‘SUDIYD|0d 8S0p-MOT]
Jouqiyur 1|

SPI0J21S021110d

'SAIVSN ‘BunIy[0)

3sedno|bad

1ua6e dLNSodN
11N aull-puodas
11N augsiy

[2A3] VNS 196181
aley}

e buunp uonemut 110

sisoubelp 1541}
punoJe uoneniul 1n

JUBWSDUBWIWOD
L1n 10} uonesipu|
sixejAydoud
JO uoneing
sixejAydoud
Aiorewwepjur-nuy
Juabe sul-puodas

sjuabe aulf-1sii4
sale}
1n0b O 1uawieal|

dV1dV LZ0¢

dv1N3 910¢

dsd £10¢

4OV 0¢0¢

SaulPpING [ea1ulD

1n0b jo Juswabeuew sy} 1o} sauljapInb [edjui jo uosiiedwo) °| ajqer

721

www.kjim.org

https://doi.org/10.3904/kjim.2022.036


www.kjim.org

KJIM™

with an increased risk of hypertension, chronic kidney dis-
ease (CKD), and cardiovascular (CV) disease [28-32], hyper-
uricemia itself has not been established as a causal factor in
any of these diseases. Among patients with asymptomat-
ic hyperuricemia, ULT with febuxostat has been shown to
significantly reduce incident gout flares over a 3-year pe-
riod; however, the incidence of gout was low for both the
febuxostat and placebo groups (0.9% vs. 5.9%) [33], which
would correspond to a 3-year number needed to treat with
febuxostat of 24 patients to prevent a single gout flare.
In addition, among those with asymptomatic hyperurice-
mia with SUA levels > 9 mg/dL, only 22% developed gout
within 5 years [34]. Given that the benefits of ULT do not
outweigh the costs or risks associated with treatment for
most patients with asymptomatic hyperuricemia, including
those with comorbid CKD or CV disease, initiation of ULT is
recommended against in those with asymptomatic hyper-
uricemia [7]. However, when a patient’s SUA level is > 9
mg/dL, individualized ULT can be considered based on each
patient’s lifestyle or comorbidities.

Acute gout flares

Gout flares are induced by the activation of the NLR family
pyrin domain containing 3 (NLRP3) inflammasome by MSU
crystals with interleukin 1B (IL-1B8) production and a sub-
sequent cascade of other pro-inflammatory cytokines and
chemokines [35,36]. The major goals of treatment for gout
flares are pain control and rapid suppression of inflamma-
tion.

Early treatment with colchicine, non-steroidal anti-inflam-
matory drugs (NSAIDs), or glucocorticoids (oral or injectable)
is recommended as a first-line therapy for gout flares [7-9].
Head-to-head clinical trials comparing first-line anti-inflam-
matory agents with different mechanisms of action have
demonstrated similar efficacy between low-dose colchicine,
NSAIDs, and oral glucocorticoids for treating gout flares
[37-40]. Regarding safety issues, naproxen (750 mg/day for
7 days) caused fewer side effects than low-dose colchicine
(1.5 mg for 4 days) [37], while indomethacin (150 mg/day
for 2 days followed by 75 mg/day for 3 days) resulted in
more minor adverse events than prednisolone (30 mg/day
for 5 days) [38]. When colchicine is the chosen agent, low-
dose colchicine (1.0 to 1.2 mg immediately followed by 0.5
to 0.6 mg after an hour) is recommended instead of high-
dose colchicine (4.8 mg) due to their comparable efficacy
and a lower risk of adverse effects associated with low-dose
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colchicine [7,41].

While ACR, EULAR, and APLAR do not prioritize among
the three first-line therapies, the choice of anti-inflammatory
agent generally depends on comorbid conditions and con-
current medications for each patient [7,9,10]. For instance,
NSAIDs should be avoided in patients with renal impair-
ment, peptic ulcer disease, cardiac disease, and concomitant
anticoagulant use. Colchicine should not be administered
to patients with severe renal impairment or severe liver dis-
ease, or administered in combination with strong inhibitors
of cytochrome P450 3A4 and/or P-glycoprotein, such as
cyclosporin, ketoconazole, clarithromycin, and verapam-
il [9,42]. Moreover, high-dose glucocorticoids are avoided
in patients with active infection or uncontrolled diabetes.
In contrast, intravenous, intramuscular, or intra-articular in-
jections are preferred in patients who are unable to take
oral medications [7]. Intra-articular glucocorticoid injection
can also be considered for treatment of acute monoarticu-
lar gout [8,43]. For patients who have had recurrent flares,
treatment selection is typically driven by patient preference
based on past experiences of efficacy or adverse events as-
sociated with ULT [7]. In addition, for patients with severe
gout flares, for example, when multiple joints are involved,
combination therapy, such as colchicine and NSAID, or col-
chicine and glucocorticoids, may be considered [8,9,44].
Given that IL-1 has emerged as a crucial cytokine in gout
flares, IL-1 inhibitors, including canakinumab, anakinra, and
rilonacept, have been used to treat gout flares in Western
countries [45-47]. However, IL-1 inhibitors are not available
in Korea.

Dapansutrile (OLT1177) is a novel anti-inflammatory
agent, an orally active 3-sulfonyl nitrile molecule that se-
lectively inhibits the NLRP3 inflammasome in neutrophils
and human monocyte-derived macrophages and the subse-
guent activation of IL-1( [48]. Further studies are needed to
confirm the clinical potential of dapansurtrile in gout flares.

Prophylaxis against mobilization flares

The experience of gout flares that occur in the first few
months of ULT initiation is one reason for stopping ULT [49].
There are two main strategies for decreasing the risk of gout
flares during this period. First, concurrent anti-inflammato-
ry prophylaxis therapy is strongly recommended during the
first 3 to 6 months of ULT [7-9]. While the most indicated
is low-dose colchicine, and a low-dose NSAID as an alter-
native in cases of intolerance or contraindication to colchi-
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cine [8-10], the ACR guidelines also indicate prednisone/
prednisolone for prophylaxis therapy [7]. Previous studies
have shown that concomitant administration of naproxen
500 mg/day or colchicine 0.6 mg/day for 3 to 6 months ef-
fectively reduced gout flares [50-52]. Among gout patients
in Korea, colchicine (62.3%) was reported as the most
commonly prescribed initial prophylactic agent, followed
by NSAIDs (39.9%) in a multicenter retrospective cohort
study [53]. Regarding the duration of prophylaxis therapy,
the 2017 BSR and 2016 EULAR guidelines recommended to
continue prophylaxis during the first 6 months of ULT [8,9],
and the 2020 ACR for 3 to 6 months [7]. While there are no
currently available Korean guidelines on this issue, prophy-
laxis therapy more than 6 months from initiation of ULT, and
achieving target SUA at the time of stopping prophylaxis
was associated with fewer gout flares in Korean patients
with gout [53]. In terms of the colchicine dose for prophy-
laxis therapy, low-dose colchicine (0.6 mg/day) was shown
to prevent gout flare with fewer adverse events when com-
pared with regular dose (1.2 mg/day) of colchicine among
Korean gout patients [54,55]. Second, ULT should be initiat-
ed at a low-dose and gradually increased to reduce the risk
of flares. The current guidelines recommend starting doses
of allopurinol and febuxostat at < 100 and < 40 mg/day, re-
spectively, and lower allopurinol doses in patients with CKD
[7,9]. A randomized open-label trial (FORTUNE-1 study)
demonstrated that starting febuxostat at a low-dose with
stepwise dose increase, as well as concomitant low-dose
colchicine prophylaxis therapy, effectively prevented gout
flares compared to fixed-dose febuxostat alone; however,
there was no significant difference in the incidence of gout
flares between stepwise increases in febuxostat dose and
low-dose colchicine prophylaxis [51].

Long-term ULT

All patients with gout should be informed that gout is a
chronic disease with MSU crystal deposition and that long-
term ULT is required to suppress tophi and prevent subse-
guent gout flares and joint damage.

Indications for initiation of ULT

The 2020 ACR guidelines for gout management strongly
recommend ULT for all patients with frequent gout flares
(> 2 annually), subcutaneous tophi, and/or evidence of ra-
diographic damage due to gout [7]. Initiation of ULT was

https://doi.org/10.3904/kjim.2022.036

KJIM™

conditionally recommended for patients experiencing their
first flare with comorbid moderate-to-severe CKD (glomeru-
lar filtration rate [GFR] < 60 mL/min/1.73 m2), urolithiasis, or
a very high SUA level of > 9 mg/dL [7]. Similar recommenda-
tions for ULT indications have been made by the EULAR [9].
All patients with recurrent flares, tophi, urate arthropathy,
and/or renal stones were indicated for ULT, and initiation
of ULT was also recommended close to the time of the first
diagnosis in young patients (< 40 years), a very high SUA
level of > 8 mg/dL, and/or comorbidities [9].

There are some discrepancies among clinical guidelines
regarding whether ULT should be initiated during an acute
gout flare. While the EULAR does not provide guidance
with regard to this issue [9], the BSR guidelines discourage
the initiation of ULT during a gout flare and recommend
postponing the ULT until acute inflammation has resolved
[8]. Instead, ACR conditionally recommends ULT initiation
during a flare [7] based on two randomized controlled tri-
als (RCTs) that showed that ULT initiation during this period
did not significantly extend the duration or severity of the
flare [56,57], and also considering the conceptual benefits
of time efficiency and flare symptoms that serve as a power-
ful motivator for ULT initiation. If the patient’s inflammation
and pain are severe, we recommend starting anti-inflamma-
tory treatment first and ULT a week after the inflammation
subsides; if the patient’s inflammation is not severe and pain
is tolerable, simultaneous anti-inflammatory treatment and
ULT can be considered.

Treat-to-SUA target

Long-term ULT based on the treat-to-SUA target protocol
has been proven to suppress gout flares, reduce urate crys-
tal deposition, and prevent joint damage in gout [58,59].
The treat-to-SUA target approach, with a target SUA level of
6.0 mg/dL, was recommended by the ACR and EULAR [7,9].
A lower target SUA level of < 5.0 mg/dL is recommended
by the BSR for all patients with gout [8], and by the EULAR
for those with high urate burden, such as tophaceous gout
[9]. Following ULT initiation at a low-dose, the dose should
be progressively titrated using serial SUA measurements to
achieve and maintain the target SUA [7-9].

SUA-lowering agents

Currently available ULTs have three different mechanisms of
action: inhibition of urate production by xanthine oxidase
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(XO) inhibition (allopurinol and febuxostat), promotion of
renal urate excretion (probenecid and benzbromarone), and
catalysis of uric acid to water-soluble allantoin (pegloticase).
Table 2 summarizes each of these agents for the treatment
of gout.

1) Allopurinol
The first-line ULT recommended for patients with gout is

Table 2. Currently available serum urate-lowering agents

The Korean Journal of Internal Medicine Vol. 37, No. 4, July 2022

allopurinol, which is a purine-based inhibitor of XO that
was first used in 1966 [7-9]. Although rare, potentially
life-threatening allopurinol hypersensitivity syndrome (AHS)
typically develops within the first few months of treatment
with allopurinol [60]. In particular, AHS, which appears in
Koreans is unique and life-threatening [61]. Risk factors for
AHS include the presence of the HLA-B*5801 allele, CKD,
old age, concomitant diuretic use, and a high initial dose of

Xanthine oxidase inhibitors

Uricosuric agents Recombinant uricase

Dru
2 Allopurinol Febuxostat Benzbromarone Probenecid Pegloticase
Metabolism Metabolized to Hepatic metabolism;  Hepatic Hepatic Excreted through kidneys as
oxypurinol conjugation via UGT ~ metabolism, mainly metabolism, allantoin
Excreted mainly by  and oxidation via CYP  through CYP 2C9  excreted
kidneys 1A2,2C8,and 2C9  Excreted via kidneys  through
Excreted by kidneys kidneys
Initial dose 100 mg/day 40 mg/day 50 mg/day 500 mg/day 8 mg IV infusion q 2 week
50 mg/day in CKD
(GFR 30-60)
Maximal dose 900 mg/day 120 mg/day 200 mg/day 2,000 mg/day 8 mg IV infusion q 2 week
(FDA-approved (FDA-approved
maximal dose maximal dose
800 mg/day) 80 mg/day)
Contraindication ~ Severe Careful use is Ureterolithiasis Blood G-6PD deficiency (hemolysis
hypersensitivity recommended in dyscrasias risk)
reaction ischemic heart disease Ureterolithiasis  Extra caution is required in

heart failure

Maintenance contraindicated
if serum urate-lowering
efficacy is lost

Presence of
HLA-B*5801 allele

Adverse drug AHS, skin rash Hepatotoxicity Hepatotoxicity Ureterolithiasis  Immunogenicity
reactions Ureterolithiasis Infusion reactions (for
prevention, consider
concomitant use of
immunosuppressive agents)
Monitoring Serum urate, renal  Serum urate, renal and Serum urate, renal  Serum urate, G-6PD (before initiation)
and liver function liver function test and liver function  renal function  Serum urate
test test test
Drug interactions Diuretics Azathioprine/6-MP Aspirin Aspirin Concomitant use of
(1 AHS risk) (myelosuppression) Oral anticoagulants Methotrexate urate-lowering agents

Azathioprine/6-MP
(myelosuppression)
Vitamin K
antagonists

(1 bleeding risk)

(may blunt increases in serum
urate and thus increase risk of
infusion reactions)

UGT, uridine diphosphateglucuronosyltransferase; CYP, cytochrome P450; CKD, chronic kidney disease; GFR, glomerular filtration
rate; IV, intravenous; FDA, Food and Drug Administration; HLA, human leukocyte antigen; G-6PD, glucose-6-phosphate dehydro-
genase; AHS, allopurinol hypersensitivity syndrome; 6-MP, 6-mercaptopurine.
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allopurinol [62]. Therefore, in subgroups of Southeast Asian
and African ethnicities, with a relatively high prevalence of
HLA-B*5801, pre-testing for HLA-B*5801 is conditionally
recommended before starting allopurinol [7,62]. The posi-
tive rate of HLA-B5801 in Koreans is reportedly 12.2% [63]
while the positive rate in Caucasians is only 0.7% [63,64]. In
addition, HLA-B5801 genotyping prior to treatment with al-
lopurinol was less costly and more effective than treatment
without genotyping among gout patients with CKD in Ko-
rea over a time period of 12 months [65]. Hence, it is rec-
ommended that Korean patients with gout, especially those
with renal insufficiency, undergo the HLA-B58%01 test be-
fore starting allopurinol. Recently, Korean national health
insurance has begun to cover this test at a reasonable cost.
Although genetic factors (presence of HLA-B*5801) or re-
duced renal function are not modifiable, the initial allopuri-
nol dose can be adjusted. Hence, allopurinol should be start-
ed at a low-dose, such as 100 mg/day in general, or < 50
mg/day for those with CKD (GFR < 60 mL/min/1.73 m?) [7].
Once patients with gout are established on an initial low-
dose of allopurinol, the dose can be safely increased by 100
mg increments every month, or by 50 mg increments for
those with renal impairment, until the target SUA is reached
[66]. The average dose of allopurinol needed to achieve a
target SUA of < 6.0 mg/dL was reported to be approximate-
ly 400 mg/day [66]. Although the United States Food and
Drug Administration (FDA)-approved maximal dose of allo-
purinol is 800 mg/day [67], many patients with gout are not
treated with the maximum permitted doses of allopurinol in
real-world clinical settings [68,69]. A retrospective health-
care claims database study in Korea showed that the mean
maximal dose of allopurinol used was 248 mg/day, with
only 6.9% of allopurinol users receiving a maximal dose of
> 300 mg/day [69].

2) Febuxostat

Febuxostat is a non-purine XO inhibitor (XOI) that is more
selective and potent than allopurinol [70]. It is used as sec-
ond-line ULT for patients with gout [7-9], mainly due to CV
safety of febuxostat versus allopurinol in patients with gout
and CV comorbidities (the Cardiovascular Safety of Febux-
ostat and Allopurinol in Patients with Gout and Cardiovas-
cular Morbidities [CARES] trial) [71]. However, Koreans have
a much higher risk of AHS than Westerners; therefore, the
Korean FDA continues to maintain febuxostat as a first-line
ULT along with allopurinol, and it is the most commonly
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used ULT in Korea [72]. Moreover, febuxostat showed a
significantly higher persistence rate than allopurinol among
Korean patients with gout after adjusting for confounding
factors [73]. Dose adjustment of febuxostat is not neces-
sary for patients with mild or moderate renal impairment,
since its main route of elimination is the liver [70]. Among
Korean patients with gout, febuxostat demonstrated good
urate-lowering efficacy and renal safety even in cases of
stage 4-5 CKD (GFR < 30 mL/min/1.73 m?) not yet on di-
alysis [74], and was also efficacious and well tolerated in
those undergoing dialysis [75]. The initial dose of febuxostat
suggested for Korean gout patients on dialysis was 20 to
40 mg/day [75]. The maximal dose of febuxostat approved
by the FDA is 80 mg/day, and co-administration of azathi-
oprine or 6-mercaptopurine with febuxostat is contraindi-
cated [76]. Febuxostat at a dose of 80 or 120 mg/day has
shown better urate-lowering efficacy than allopurinol at a
dose of 300 mg/day in RCTs [77-79].

3) Comparative CV risk between allopurinol and febuxostat
The CARES trial showed comparable rates of adverse CV
events between febuxostat (up to 80 mg/day) and allopu-
rinol (up to 600 mg/day); however, all-cause mortality and
CV-related death were higher with febuxostat than with al-
lopurinol among gout patients with coexisting CV disease
[71]. This result led to the FDA black box warning that pa-
tients taking febuxostat should be monitored for signs and
symptoms of myocardial infarction (MI) and stroke [76].
However, limitations of the CARES trial should be consid-
ered when interpreting the results, including a high dropout
rate and the fact that most deaths (approximately 85%) oc-
curred after ULT cessation [71]. Moreover, the absolute CV
risk of febuxostat is uncertain due to the absence of a con-
trol group. In contrast, a large observational study, including
99,744 older medicare patients with gout, demonstrated no
difference in CV risk, including M, stroke, coronary revas-
cularization, heart failure, or all-cause mortality between
febuxostat and allopurinol initiators [80]. In addition, the
Febuxostat versus Allopurinol Streamlined Trial (FAST) trial
among 6,128 patients with gout aged 60 years or older,
with at least one additional CV risk factor, also showed a
comparable risk of adverse CV events or all-cause and CV
mortality between febuxostat and allopurinol [81].

4) Benzbromarone
Uricosuric agents, including probenecid and benzbroma-
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rone, can be used alone or in combination with an XOlI in
patients who are resistant or intolerant to XOls [8,9,82,83].
Uricosurics can induce urolithiasis due to their mechanism
of action and, therefore, should be avoided in patients with
a history of or who currently have urolithiasis. Furthermore,
all patients who are on uricosurics should receive adequate
hydration; however, neither checking urinary uric acid levels
nor receiving alkalinizing agents is recommended [7]. Benz-
bromarone has been shown to be effective and safe in gen-
eral, even for gout patients with CKD; however, it was not
approved in the USA and was withdrawn from several Euro-
pean countries due to hepatotoxicity associated with its use
[84]. Nevertheless, the estimated risk of hepatotoxicity of
benzbromarone in Europe is less than 1:17,000 [85]. Hence,
patients treated with benzbromarone should undergo liver
function tests. Benzbromarone is the only uricosuric agent
available in Korea. This drug can be used as a second-line
ULT in Korea.

Lesinurad, a urate transporter-1 inhibitor indicated in
combination with an XOI, was discontinued in the USA in
February 2019 by the marketing-authorization holder [86]
and was withdrawn in Europe in July 2020 [87]. Clinical
trials have been conducted to determine the efficacy and
safety of dotinurad, another novel drug with selective urate
reabsorption inhibitor property [88].

5) Comparative CV risk between uricosuric agents and al-
lopurinol

Unlike XOls, data on the CV safety of uricosuric agents are
limited. In a large medicare study, probenecid was associat-
ed with a reduced risk of CV events and all-cause mortality
compared with allopurinol [69]. Similarly, a large popula-
tion-based cohort study of Korean patients with gout re-
ported a decreased risk of composite CV events and all-
cause mortality associated with benzbromarone compared
with allopurinol [69]. However, these studies could not
prove causality, and further studies are required to confirm
whether uricosuric agents are favored over XOls in terms of
CV outcomes.

6) Recombinant uricase

Pegloticase is a recombinant uricase conjugated to mono-
methoxypolyethylene glycol, which is administered as an
intravenous infusion every 2 weeks [89]. RCTs of pegloti-
case over 6 months resulted in a reduced frequency of gout
flares, resolution of tophi, and improved patient-reported
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outcomes, including pain, physical function, and health-re-
lated quality of life, among chronic patients with gout who
were refractory or intolerant to conventional ULTs [90].
Overall, 41% of the patients treated with pegloticase de-
veloped anti-pegloticase antibodies with loss of SUA-low-
ering efficacy [91]. Moreover, pegloticase infusion reactions
were associated with anti-pegloticase antibodies and loss
of response [89]. Therefore, for patients treated with pe-
gloticase, SUA levels should be monitored prior to each in-
fusion of pegloticase, and treatment should be stopped if
the SUA level increases to > 6 mg/dL, specifically on two
consecutive measurements. Due to concerns of toxicity and
cost, pegloticase is recommended for patients with severe
symptomatic tophaceous gout in whom target SUA cannot
be reached with standard ULTs, including XOls and uricos-
uric agents, alone or in combination [7-9]. The concomitant
use of immunosuppressive agents, such as methotrexate,
azathioprine, and mycophenolate, has been attempted to
reduce the development of anti-drug antibodies and infu-
sion reactions [92]. However, pegloticase is not yet available
in Korea.

MANAGEMENT OF COMORBITIES AND CON-
COMITANT MEDICATIONS

Medications for associated metabolic conditions, including
losartan, fenofibrate, and SGLT2 inhibitors, have shown
modest urate-lowering efficacy and a lower risk of incident
gout [93-95]. Regarding the concurrent use of these medi-
cations for patients with gout, losartan was recommended
for the treatment of hypertension when feasible; however,
adding or switching cholesterol-lowering agents to fenofi-
brate was conditionally recommended against, despite its
urate-lowering effects, considering the side effects of the
medication [7]. Moreover, given that thiazide diuretics are
associated with increased SUA levels [96], it is recommend-
ed that hydrochlorothiazide be switched to an alternative
antihypertensive agent if such a change is feasible in pa-
tients with gout [7]. However, since there are few practical
alternatives to low-dose aspirin, discontinuing low-dose as-
pirin is not recommended among those receiving this med-
ication [71].
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CONCLUSIONS

Gout is a chronic disease characterized by MSU crystal depo-
sition, which requires long-term ULT. Patients with recurrent
gout flares, tophaceous gout, or structural joint damage
due to gout should undergo ULT to achieve and maintain a
target SUA level of < 6 mg/dL. Currently available SUA-low-
ering agents include XOls, uricosuric agents, and recombi-
nant uricase. To date, allopurinol has had a higher incidence
of life-threatening side effects than febuxostat in Koreans.
There is no direct evidence that febuxostat increases the
risk of CV disease in Korean patients with gout. Therefore,
febuxostat is used as first-line ULT along with allopurinol in
Korea. HLA-B58*01 tests should be performed to prevent
AHS in Korean patients with gout prior to ULT with allo-
purinol. Administration of concomitant anti-inflammatory
prophylaxis therapy is recommended during ULT to prevent
gout flares. The first-line anti-inflammatory agents used to
treat gout flares include low-dose colchicine, NSAIDs, and
glucocorticoids. Additionally, adequate management of life-
style factors and concomitant medications is recommended.
In particular, educating patients and primary care physicians
about gout should be emphasized to increase compliance
with long-term ULT. This review is not an official guideline
for the Korean College of Rheumatology (KCR), and the
KCR will publish the Korean guidelines for the early man-
agement of gout in 2022. Further studies are needed to
address the efficacy and safety of novel ULTs and anti-in-
flammatory agents in Korean patients with gout.
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