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Preface

Gout is a disease that has a long history and has been known since before the
Common Era.

When the uric acid level in blood rises and hyperuricemia persists for a while, urate
crystals precipitate in the joints. When these crystals are processed by leukocytes, a
gout attack occurs. If the hyperuricemia continues, lifestyle-related diseases such as
obesity, arteriosclerosis, and hypertension often develop. Therefore, it is important
to treat gouty arthritis, control hyperuricemia, and manage the complications to
improve the lifestyle.

This book is a compilation of chapters describing gout, management, ongoing
research, and new strategies for treating gout. All of these chapters are authoritative
and accomplished discussions that provide novel perspectives on gout topics.

Rie Kurose

Department of Orthopedic Surgery,
Hirosaki Memorial Hospital,
Hirosaki, Japan






Chapter1
Introductory Chapter: Gout

Rie Kurose

1. Introduction

Gout is a disease known since before the Common Era. There are reports of urate
crystal deposition in the big toe joints of an excavated mummy in ancient Egypt.
There are records of many figures throughout Western history who experienced
the painful suffering of gout, for example, Alexander the Great of Macedonia, King
Carlos V of Spain, Frederick the Great of Prussia, Louis XIV of France, Martin
Luther of the Reformation, Oliver Cromwell of the Puritan Revolution, the artist
Michelangelo, Leonardo da Vinci, the poets Dante and Milton, the physicist Isaac
Newton, and the biologist Charles Darwin, among others. In contrast, there is little
historical evidence of gout in Asia. Yet the disease has become common in modern
society [1-3]. The prevalence of gout in the past has generally been higher among
middle-aged men, but in recent years, the number of young people and women
with gout has been increasing.

2. Pathophysiology

Gout is a metabolic disorder caused by hyperuricemia [4, 5]. Uric acid is the final
metabolite of purine in humans. Uric acid is produced via hypoxanthine and xan-
thine by the action of xanthine oxidase on purine. Two-thirds of uric acid is excreted
in the urine and one-third in feces. The amount of serum uric acid is determined by
the amount produced and the amount excreted in the kidneys. Hyperuricemia occurs
when the level of serum uric acid rises. In hyperuricemia, when urate crystals pre-
cipitate in the joint cavity and are phagocytosed by leukocytes, crystal-induced gouty
arthritis develops. The symptoms of crystal-induced arthritis are similar to those of
rheumatoid arthritis, infectious arthritis, and many collagen diseases, among others.
Therefore, it is necessary to distinguish among these conditions. Gouty arthritis
develops as acute monoarthritis, with pain, swelling, redness, and fever, peaking in
12-24 h. The initial strong inflammation improves in about 2 weeks but can relapse
if hyperuricemia remains unchecked. If hyperuricemia continues, urate crystals are
deposited in the joints and connective tissues, activating monocytes or macrophages
via the Toll-like receptor pathway and innate immune response. Inflammatory
cytokines including interleukin-1p (IL-1f) and tumor necrosis factor-o (TNF-a) are
secreted, leading to endothelial activation and attraction of neutrophils to the site
of inflammation. Neutrophils secrete inflammatory mediators that create an acidic
environment, which causes further precipitation of urate crystals.

3. Classification

Causes of hyperuricemia are classified into primary and secondary hyperuri-
cemia. Primary hyperuricemia is idiopathic. Secondary hyperuricemia can involve
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hereditary metabolic diseases such as Lesch-Nyhan syndrome, phosphoribosyl-
pyrophosphate synthetase hypertrophy and congenital myogenic hyperuricemia,
malignant tumors such as malignant lymphoma and breast cancer, psoriasis
vulgaris, hemolytic anemia, rhabdomyolysis, hypothyroidism, and others. In addi-
tion, drug-induced hyperuricemia owing to anticancer agents, low-dose aspirin,
loop diuretics, ethambutol, theophylline, and others can be involved in secondary
hyperuricemia [6, 7].

4. Symptoms

In gouty arthritis, severe pain attacks may also occur in the hallux metatarso-
phalangeal joints, ankle joints, Achilles tendon, knee joints, wrist joints, and other
sites [8]. When urate crystals precipitate in the joints, acute inflammatory arthritis
is produced, which causes recurrent episodes of red, tender, swollen joints and leads
to bone and joint destruction. Gout nodules, or tophi, are most often found in the
auricle but also form on the elbow, forearm, hallux, Achilles tendon, patella, and so
on. Tophi are not painful, but if they progress, tophi can lead to joint deformation
and bone destruction, seriously affecting quality of life. Urate crystal accumulation
in the kidneys causes severe pain and deterioration of kidney function and renal
failure. Furthermore, hyperuricemia might be associated with hypertension and
ischemic heart diseases [9].

5. Management

For effective treatment of acute gout attacks, nonsteroidal anti-inflammatory
drugs (NSAIDs) or colchicine are administered as soon as possible, as first-line
treatment options [10]. For patients who do not respond to NSAIDs or colchi-
cine, systemic corticosteroids generally may be applied. In addition, for gouty
arthritis, joint injection of corticosteroids is often used. For the treatment of
chronic gout, drugs are used that either promote uric acid excretion, such as
probenecid, or prevent its synthesis via inhibition of enzyme xanthine oxidase,
such as allopurinol and febuxostat. If serum uric acid levels fluctuate during gout
treatment, arthritis may become exacerbated. In addition, if a gout attack occurs
during drug treatment, the level of serum uric acid should be maintained, that
is, the amount of uric acid-lowering drugs should not be increased. In such cases,
NSAIDs, colchicine, and corticosteroids are used for treatment of a gout attack.
Generally, renal function should be checked before drug treatment because
gout often occurs in patients with renal impairment. Furthermore, as nondrug
treatment, extracorporeal shock wave lithotripsy is used to break up kidney and
ureteral stones. Large gout nodules may be surgically resected. Thus, other treat-
ments for gout are often used in combination with drug therapy.

6. New treatment

Gout is classified within a group of autoinflammatory diseases that includes
hereditary periodic fever, Muckle-Wells syndrome, familial Mediterranean fever,
familial cold autoinflammatory syndrome, and pseudogout. In gout, innate immu-
nity is said to act, and acquired immunity is not involved; there is a difference
between gout and autoimmune diseases such as rheumatoid arthritis or juvenile
idiopathic arthritis. Recently, newer treatment options have been extensively
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studied, especially IL-1 inhibitors such as anakinra, canakimumab, and rilonacept.
Although IL-1 inhibitors are less effective than TNF inhibitors in rheumatoid arthri-
tis, they have become available as a treatment for gout in recent years. Although

the inflammatory effects of IL-1 are diverse, owing to their therapeutic effect, IL-1
inhibitors are expected to be widely used in future clinical applications [11]. When
combined with current traditional therapies, these new agents present more prom-
ising treatment options for clinicians and patients with gout that is difficult to treat.

7. Conclusion

Gout is not a life-threatening illness, but it is characterized by many lifestyle-
related diseases such as obesity, hyperlipidemia, hypertension, and glucose intoler-
ance [12]. All these diseases cause arteriosclerosis; therefore, it is necessary to treat
gout carefully. All physicians in clinical practice should know about the treatment
and prevention of gout. The treatment goal for gout is to provide effective methods
of treatment and prevention and to provide patients with good health-related
quality of life. However, long time is required to improve serum uric acid levels
and to manage gout attacks. In this book, each expert reports on gout based on the
evidence and their own research. It is my hope that this book will be helpful in your
clinical practice.
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Rie Kurose
Department of Orthopedic Surgery, Hirosaki Memorial Hospital, Hirosaki, Japan
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Chapter2

The Gout

Narottam Pal

Abstract

Gout is a form of arthritis in an individual accompanied with symptoms like
severe pain, stiffness, and swelling of one or more joints. Factors that influence
rates of gout are many like drinking alcohol, being overweight, drinking soda,
becoming dehydrated, the weather, poorly fitting shoes, medical treatments, and
many more. The root cause of this condition mainly we can say is the disorder of
purine metabolism. There are diagnostic options like synovial fluid test, blood
test for uric acid, and differential diagnosis. Preventive measures can include both
lifestyle changes and medications. In a recent trend, many treatment options are
available like the use of NSAIDs, colchicine, steroids, etc. Common drugs which
are on use are probenecid, allopurinol, febuxostat, and pegloticase. Our medical
fraternity and researchers are continuing to work on further development.

Keywords: gout, arthritis, purine, uric acid, metabolism

1. Introduction

Gout is a disease condition which often is considered as a form of inflammatory
arthritis [1-4]. Unlike arthritis, gout is not a degenerative process. It’s generally
characterized by frequent attacks of swelling [5, 6], redness, and a tender, warm,
and puffy expression of bone joint areas. Figures 1-3 represent a few gouty expres-
sions. The joints of limbs especially lower limbs, at the base part of the big toe and
at the first joint of forefingers of upper limbs, are affected. Some other complica-
tions associated are like tophus, urate nephropathy, or kidney stones.

Gout is the result of persistently increased levels of uric acid in the blood [7]. An
enzyme named xanthine oxidase is mainly responsible for the production of uric
acid in our body. Figure 4 explains the synthesis pathway of uric acid. As the uric
acid concentration becomes high, it undergoes crystallization, and the crystals get
deposited in joints. Thus, the surrounding tissues get affected which may lead to
redness, swelling, and inflammation, resulting in an attack of gout.

2. Cause

Gout is a result of a disorder in purine metabolism. When there is an increase
in the uric acid level in blood, there is a chance of crystallization of uric acid. Such
crystals are deposited in joints which start showing the symptoms of gout. The
predominant reason of increased level of blood urea is the reduced amount of
excretion of uric acid from the body. Synthesis of excessive amount of uric acid
may be another reason for increased level in blood, but the cases are more where
the first reason is predominant. The risk of developing the symptoms is more
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Figure 1.
Swelling in the knee.
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Figure 2.
Puffy wrist (ulna).
and faster as the concentration of uric acid increases. The normal uric acid level

in the human body is 2.4-6.0 mg/dL in the case of female and 3.4-7.0 mg/dL in
the case of male. When levels are between approximately 7 and 8.9 mg/dL, the
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Figure 3.
Swelling and stiff finger.
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approximate risk is 0.5% per year. The risk may extend up to 4.5% in those with a
level more than 9 mg/dL [8].

Uric acid, when it is in higher level in blood, crystallizes in the form of a salt,
monosodium urate, precipitating and making deposition in joints, on tendons,
and also in the surrounding tissues. These deposits may be walled off by the ring
of certain proteins, which can block the interaction of these crystals with cells and
therefore can avoid inflammation. Crystals may break and be displaced out due to
the minor physical stress-related damage to the joint like medical or surgical stress
or otherwise rapid changes in uric acid levels or so. When they disintegrate through
the tophi, they stimulate a local immune-mediated physical-chemical inflammatory
reaction in macrophages. This is initiated by an inflammation-mediating protein
complex named NLRP3. In the mechanism of inflammation, a protein named inter-
leukin 1p plays an important role which is obtained from pro-interleukin 1p with the
help of enzyme caspase 1. NLRP3 assists the enzyme in its function.

3. Diagnosis

Sign and symptoms of arthritis may motivate the physician to go for examina-
tion of the patient. It can be diagnosed by different investigational methods.
Patients with hyperuricemia can receive treatment based on the diagnosis and their
severity. Different types of diagnosis are mentioned as follows.

3.1 Blood tests

Since hyperuricemia is a cause for uric acid crystallization and deposition of
the same on joints, examination of blood sample is a common and initial process
observed in orthopedic clinics [9, 10]. But sometimes it’s observed that gout occurs
without hyperuricemia also and many people with increased uric acid levels did not
develop gout. Thus, the usefulness of the diagnosis of measuring uric acid levels in
many individuals is limited. The normal uric acid level in blood is ranging around or
less than 420 pmol/L (7.0 mg/dL) in males and 360 pmol/L (6.0 mg/dL) in females.
Therefore, above this margin of uric acid in blood may be considered as hyperuri-
cemia. Other blood sample investigations commonly performed are erythrocyte
sedimentation rate (ESR), white blood cell count, kidney function and electrolyte
tests.

3.2 Synovial fluid

A qualitative investigation of gout is based upon polarimetric analysis of crystals
of monosodium urate [11]. These crystals are deposited on the joints of a hyper-
uricemic patient. A synovial fluid sample is collected from undiagnosed inflamed
joints with the help of arthrocentesis. The fluid is sampled appropriately to exam-
ine these crystals. In a polarimeter the sample is studied to check the needle-like
morphology as well as strong negative birefringence.

3.3 Miscellaneous methods

There are certain investigations which may or may not be directly related
to arthritis but definitely prove beneficial most of the time [12]. Detection for
psoriatic arthritis is one of them. Since it can affect joints on either one side or
both sides of our body, the signs and symptoms of this often resemble those of
arthritis. The disease causes joints to become painful, swollen, puffy, and warm
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to the touch. Another important test is for septic arthritis. This may be accompa-
nied by joint infection. Naturally the disease results in joint inflammation. Other
symptoms typically include heat, redness, and pain in a single joint which may
be associated with a decreased ability in moving the joint. One more diagnosis
may be recommended, and that is to test for reactive arthritis. This can affect
the heels, fingers, toes, low back portion, and joints, especially of the ankles and
knees [13, 14].

4. Preventive measures

In mild to moderate cases of gout, lifestyle changes can decrease uric acid levels
in blood. These modifications may include selection of correct diet, regular and
appropriate exercise, and consultation with a physician. Physiotherapy also can help
in this regard.

4.1 Food habit

Appropriate diet is very important [15]. Overweight is a big factor causing joint
pain [16]. Food containing high amounts of purine such as seafood like shellfish,
anchovies, sardines, herring, codfish, mussels, scallops, trout haddock, etc.; some
meats, such as turkey, bacon, veal, venison, and organ meats like liver, etc. [17]; and
drinks and beverages like beer or all types of alcoholic beverages, containing high
amounts of purine, can increase blood urea level [18]. Soft drink contains either
fructose or sucrose in huge quantity which may enhance the precipitation of uric
acid crystals. Therefore, reducing or omitting such products from the diet list is
advisable.

4.2 Sleep apnea

As there is a chance of deficiency of oxygen in the cell due to improper breathing
or irregular breathing style during sleep, it may stimulate the release of purine from
those cells, and therefore a control on sleep apnea may help in the control of gout.

4.3 Dehydration

Becoming dehydrated may also be a reason of gout risk. Exact mechanism is not
clear, but it is believed that it may increase the concentration of uric acid in reduced
volume of blood and also in the joint fluid. Hence, consuming adequate amount of
water is advisable.

4.4 Obesity

Obesity, diabetes, and increased cholesterol are conditions quite commonly seen
together. If these two disorders become contemporary in a patient, he or she may
land up with a metabolic syndrome. Such patients frequently also have an elevated
level of uric acid in their blood. In certain time diuretics prescribed to control high
blood pressure also can cause higher levels of uric acid.

4.5 Drinking soda

Carbonated water for drinks or drinking soda has a high-fructose corn syrup
which is a culprit in elevating uric acid levels, thereby increasing gout risk.
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4.6 Kidney stones

In a certain time, kidney stone may get traces of uric acid. In such cases if dehy-
dration takes place in the patient’s body, then precipitation of uric acid becomes
more severe. To prevent dehydration, drinking sufficient amount of water a day is
very essential.

4.7 Poorly fitting shoes

Wearing the wrong shoes can become another gout-triggering factor. Any kind
of trauma or damage to an area can cause a gout pain and swelling in susceptible
people. If our shoes rub the toe or nearby area of our feet, then it can contribute to a
gout attack. So it is better to make sure that the toe area of our shoes is wide enough
so that it can accommodate our feet without pinching or rubbing.

4.8 Medical treatments

Toxic effect of some drug substances can contribute in hyperuricemia. These
drug substances are recommended for patients for certain disease conditions where
they are certainly beneficial but may result in elevated uric acid level. Diuretics can
decrease the removal of uric acid from our body and cause hyperuricemia, thereby
arisk factor to develop gout. In the treatment of carcinoma, chemotherapy may
lead to the breakdown and rapid turnover of tissue cells and can lead to increased
synthesis of uric acid. In case of surgery, a sudden severe physiological change that
causes reduced blood flowing to the area of peripheral joints can also be a risk factor
for gout. Therefore, adequate amounts of precautions are required while receiving
treatment.

5. Medications

Many drug substances are available for the treatment of hyperuricemia. Asa
first-line therapy along with these drugs, a compound is to be recommended which
can cause a symptomatic relief. One of the best choices is an anti-inflammatory
agent.

Available drugs recommended for reducing hyperuricemia are allopurinol,
febuxostat, probenecid, pegloticase, lesinurad, etc.

Allopurinol is a structural isomer of hypoxanthine (a naturally existing purine
in our body) and acts to inhibit an enzyme xanthine oxidase [19]. In the presence
of this enzyme, allopurinol will be converted to a compound named alloxanthine,
and thereby the formation of uric acid from hypoxanthine and xanthine will be
inhibited.

Febuxostat is not a purine-based compound but a selective inhibitor of enzyme
xanthine oxidase [20-24]. In contrast to allopurinol, this compound inhibits both
oxidized and reduced forms of enzyme xanthine oxidase and has minimal effects
on other enzymes of pyrimidine and purine metabolism. A study comparing
febuxostat to allopurinol revealed that more individuals receiving febuxostat had a
decreased uric acid level.

Therapeutically, probenecid is generally coadministered with other pharmaco-
logically active substances such as anti-inflammatory drugs or penicillins resulting
in a substantial diminished renal clearance of all these compounds [25-28]. In
higher doses than are actually required for the uricosuric effect, probenecid can
inhibit the transport system which removes acid substances from the cerebrospinal

10



The Gout
DOI: hitp://dx.doi.ovg/10.5772/intechopen.90540

fluid. Probenecid also increases the urinary excretion of uric acid and therefore has
a therapeutic value for the ailment of gout.

Pegloticase is a third-line treatment option for those in whom other treatment
options are not tolerated [29]. Generally it is an option for the treatment of chronic,
severe, treatment-refractory gout. Pegloticase, a PEGylated, recombinant uricase
enzyme, converts salt of uric acid into allantoin. Thus, it makes a wonderful job by
increasing the excretion of uric acid through kidney filtration.

Lesinurad is a drug of choice to be recommended together with either febuxostat
or allopurinol when these medications are not sufficient as monotherapy [30, 31].
It reduces urate transport by inhibiting a protein named URAT1 that is responsible
for much reabsorption of uric acid or urat in the kidneys. It also inhibits the OAT4
protein, which is associated with hyperuricemic condition caused by diuretic drugs.

A confirmation about a gout case is given by medical experts only after certain
tests are conducted and analyzed. Prior to the investigation, a physician can go
for a symptomatic relief for the suffering patients by providing a simple prescrip-
tion containing simple anti-inflammatory or analgesic drugs (NSAIDs) [32, 33].
Common compounds are like acetaminophen, ibuprofen, indomethacin, ketorolac,
piroxicam, mefenamic acid, etc. A selective COX-2 inhibitor can be a better choice
in case a physician looks for the therapy for beyond 1 week. These drugs include
meloxicam, celecoxib, rofecoxib, etoricoxib, etc. All the abovementioned drugs
come under nonsteroidal anti-inflammatory drugs. With similar efficacy cortico-
steroidal drugs also are also recommended as a co-prescription for symptomatic
control. Both glucocorticoids and mineralocorticoids can be prescribed depending
on the case demand. Some examples of synthetic corticosteroids are betametha-
sone, prednisone, prednisolone, triamcinolone, methylprednisolone, dexametha-
sone, and systemic (oral and injectable) steroids that are available for use including
hydrocortisone, cortisone ethamethasoneb, fludrocortisone, etc. For those patients
unable to tolerate NSAIDs, colchicine is an ideal alternative. Colchicine is a category
of substance which is effective at lower dose, and it is well tolerated [34]. It may
interact with some other commonly prescribed drug substances, such as erythro-
mycin and atorvastatin, simvastatin, etc.

6. Conclusion

Gout is a form of disease which may be acute or chronic, associated with symp-
toms like severe pain, stiffness, and swelling of one or more joints. It occurs due
to increased production of uric acid in our body or reduced excretion of the same
from our body. Such metabolic disorder may arise from poor lifestyle and improper
food habits. A number of diagnostic options are available and treatment too. But
it’s always advisable to adapt a healthy food habit, practice physical exercise, and
continue with physician’s consultation and medication to get rid of this disease
condition.
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Abstract

Gout is a metabolic disorder characterized by hyperuricemia. Asymptomatic
hyperuricemia ought not to be treated until arthritis; renal calculi or tophi
become evident. The cornerstone of therapy of acute attack is often nonste-
roidal anti-inflammatory drugs (NSAIDs), barring specific situations wherein
colchicine and corticosteroids do have a role. Usually NSAIDs with stronger
anti-inflammatory action are used in high and quickly repeated doses and have
a slower response response as compared to colchicine, they are better tolerated.
Colchicine has a unique mechanism action. Intra-articular corticosteroids provide
relief in acute attack and are given in patients having inability to tolerate NSAIDs
and colchicine. Chronic gout requires treatments with drugs that either promote
excretion (e.g., probenecid, lesinurad) or prevent its synthesis through inhibi-
tion of enzyme xanthine oxidase (allopurinol, febuxostat, etc.). Pegloticase and
rasburicase, being a recombinant uricase enzyme, oxidize uric acid to highly
soluble allantoin excreted in urine. In spite of these effective treatment modali-
ties, question arises on their safety profile. Newer treatment options are being
extensively studied especially interleukin-1 (IL-1) inhibitors but their approval
is still pending. The quest for an optimally designed drug with desirable efficacy
and acceptable safety profile is still on.

Keywords: gout, hyperuricemia, arthritis, uricosurics, uricase

1. Introduction

Gout is a metabolic disorder characterized by increased deposition of urate
crystals in the joints and connective tissue (tophi) and results in episodic acute
or chronic arthritis. It also leads to deposition of urate crystals within the renal
interstitium or nephrolithiasis [1]. Prevalence of gout has an uneven distribution
throughout the globe with a higher prevalence in the Pacific countries. Blacks have
been shown to have a decreased incidence/prevalence [2]. Gout affects 3% people
of the western population with majority cases seen in middle-aged and elderly men
and postmenopausal women [3]. Gout can be either a primary gout which is heredi-
tary or due to genetic anomaly in the genes responsible for excretion of uric acid.
Secondary gout is majorly due to acquired causes of hyperuricemia. Deposition of
urate crystal occurs when uric acid levels are >6.8 mg/dl.
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2. Causes

Gout can result from either increased production or due to decreased excretion
of uric acid from the kidney or both. The causes of hyperuricemia can be listed
separately into those for primary and secondary hyperuricemia.

1. Primary hyperuricemia
a.Increased production of purine
i. Idiopathic

ii. Enzyme defects (e.g., Lesch-Nyhan syndrome, glycogen storage
diseases)

b.Decreased renal clearance
i. Idiopathic
2.Secondary hyperuricemia
a.Increased catabolism and turnover of purine
i.Myeloproliferative disorders
ii. Lymphoproliferative disorders
iii. Carcinoma and sarcoma
iv. Chronic hemolytic anemia
v. Cytotoxic drugs
vi. Psoriasis
b.Decreased renal clearance
i. Intrinsic kidney disease

ii. Drug induced (thiazides, low dose aspirin, pyrazinamide, loop
diuretics, ethambutol, levodopa, ethanol cyclosporine, etc.)

iii. Hyperlactacidemia (lactic acidosis, alcoholism)
iv. Hyperketoacidemia (diabetic ketoacidosis, starvation)
v. Diabetes insipidus

vi. Bartter syndrome [4]

3. Pathophysiology

Following hyperuricemia, the urate crystals get deposited in the joints and
connective tissues and activate monocytes or macrophages via Toll-like receptor
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Figure 1.
Schematic illustration of pathophysiology of gout.

pathway mounting and innate immune response. This results in secretion of cyto-
kines including interleukin-1p (IL-1p) and tumor necrosis factor-a (TNF-a) leading
to endothelial activation and attraction of neutrophils to the site of inflammation.
Neutrophils secrete inflammatory mediators that create an acidic environment,
which further causes precipitation of urate crystals (Figure 1) [3].

4. Clinical presentation
Acute arthritis is the commonest early presentation of gout. It usually affects one

joint precisely the metatarsophalangeal joint of the great toe. However, the disease
can also have a polyarticular presentation and involve other joints like tarsal, ankle, or
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knee joints. In certain cases, it may also have a periarticular involvement involving the
soft tissues. The intensity of the pain increases with the duration of the attack. Joints
become swollen, tender with the overlying skin being warm, tense, and red in color.
These symptoms most likely are associated with hyperthermia, and with time tophi
start developing in the external ears, feet, olecranon, and prepatellar bursa [4, 5].

1. Laboratory investigations:

a.Serum uric acid levels: Used for diagnosing a patient of gout; however,
these could be false positives and false negatives as it may not be raised
at the time of the attack. It is also used as a reference while the patient is
receiving hypouricemic therapy.

b.Peripheral leukocyte count is usually elevated during attack.

c. Aspiration of joint fluid and demonstration of sodium urate crystals are
diagnostic. When observed under the microscope, these are needle-shaped
crystals present both extracellularly and intracellularly. Increase in the
number of crystals within the joint can lead to formation of a thick pasty,
chalky joint fluid. When observed under compensated polarized light,
the crystals appear to be brightly birefringent with negative elongations.

In addition, the leukocyte count of the aspirated fluid is also found to be
raised [1, 6].

2.Radiographic imaging:

a.X-ray: No changes seen in early stage of disease, later punched out erosions
with an overhanging rim of cortical bone develop. Presence of this erosion
adjacent to tophi is diagnostic.

b.Ultrasonography: Used when tophi are small and cannot be appreciated

physically [4, 5].

5. Management of gout

Treatment modality in gout is aimed at:
1. Reducing the symptoms during acute attack
2.Reducing the recurrent attacks

3. Lowering serum urate levels [3]
Treatment can be divided into non-pharmacological and pharmacological.
5.1 Non-pharmacological treatment

Patients upon being diagnosed with hyperuricemia should be advised diet with
less purine content (refined cereals, white bread, milk, peanut butter, fruits, nuts,
tomato, green vegetables, etc.). Alcohol consumption should be kept at minimum;
intake of whiskey and wine should be preferred rather than beer. Organ meats and
beverages sweetened with high fructose corn syrup should be avoided. In addition,
high intake of liquid diet should be advised to facilitate urine output of 2 L or more,
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which favors urate excretion. Patients with asymptomatic hyperuricemia ought not
to be given pharmacological treatment until arthritis or renal calculi develop.

5.2 Pharmacological treatment

Pharmacotherapy of gout is divided into:
1. For acute gout
a. Nonsteroidal anti-inflammatory drugs (NSAIDs)
b.Colchicine
c. Corticosteroids
2. For chronic gout
a. Uricosurics (probenecid, sulfinpyrazone, benzbromarone, lesinurad)
b.Uric acid synthesis inhibitors (allopurinol, febuxostat)

c. Uricase (rasburicase, pegloticase) [7]

5.2.1 For acute gout

19

1.NSAIDs: Oral agents are preferred and are effective of acute gout. The drugs
with a stronger anti-inflammatory action are used. They provide relief by
inhibiting cyclooxygenase-2(COX-2)-mediated prostaglandin synthesis at the
site of injury; however, there are certain additional mechanisms pertaining
to some drugs also. The NSAIDs provide symptomatic relief from pain and
inflammation. In addition, they are also used initially as a bridging therapy
along with uric acid synthesis inhibitors to prevent development of symptoms
of acute gouty arthritis due to mobilization of urate from the tissues. NSAIDs
are contraindicated in conditions like active peptic ulcer disease, impaired
kidney function, and history of allergic reactions. The drugs used more often
are naproxen, piroxicam, diclofenac, indomethacin, and etoricoxib [5, 8].

a.Naproxen: It is a nonselective COX inhibitor having a stronger anti-

inflammatory activity and potent in inhibiting leucocyte migration. Peak
anti-inflammatory effect starts after 2-4 weeks.

i. Pharmacokinetics: It is absorbed in fullest extent after oral administra-
tion and is absorbed slowly via rectal route. It is 99% plasma protein
bound with a variable t;,. With advancement of age, the renal function
declines, and the t/, increases. It is 30% metabolized in liver, and its
excretion occurs via urine. It crosses placenta and is also excreted in milk.

ii. Dosage: It is started in a dosage of 750 mg stat followed by 250 mg
twice or thrice daily.

iii. Adverse effects: These are mostly gastrointestinal in nature like
heartburn, nausea, dyspepsia, abdominal pain, constipation, diarrhea,
and stomatitis. CNS side effects like headache, drowsiness, headache,
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dizziness, and vertigo and other adverse effects like

pruritis, diaphoresis, loss of renal function, angioedema, and throm-
bocytopenia can also occur. Reports also suggest that it can also
increase the risk of myocardial infarction [8].

b.Piroxicam: Another nonselective COX inhibitor having a potent anti-

in

flammatory action and longer duration of action. In addition to inhibi-

tion of COX enzyme, it has also been proposed to inhibit neutrophil
activation and inhibition of proteoglycanase and collagenase in cartilage.

i

ii

i. Pharmacokinetics: Completely absorbed upon oral administration
and undergoes enterohepatic circulation. It is 99% protein bound and
is metabolized in the liver by CYP2C9. t1/2 is approximately between
15 and 20 hours. Steady state plasma concentrations are attained in
7-12 days and further excreted in urine and feces.

i. Dosage: It is given in a dose of 20 mg daily.

i. Adverse effects: Experienced by 20% of the patients and eventually
5% of the recipients discontinue the treatment. The adverse effects
are similar to those of naproxen though more in intensity. It is not a
first-line agent for treatment of pain and inflammation in gout among
all NSAIDs [9].

c.Indomethacin: A potent nonselective COX inhibitor. It also inhibits motil-
ity of polymorphonuclear lymphocytes, inhibits synthesis of mucopoly-
saccharides, and has a direct COX-independent vasoconstrictor effect.

i

ii

i. Pharmacokinetics: It has a good bioavailability after oral administra-
tion. Peak plasma concentrations are achieved within 1-2 hours. It is
99% plasma protein bound, and concentration within the synovial
fluid equals that of plasma concentration in 5 hours of oral administra-
tion. It also undergoes enterohepatic circulation due to which it has a
variable t1/2 and averages out to be about 2 hours.

—-

.Dosage: It is given in a dose of 25 mg twice of thrice daily or
75-100 mg at night.

—

. Adverse effects: Experienced by majority of patients but in particu-
lar elderly. The gastrointestinal adverse effects are similar as that
of naproxen though it can also cause ulcerations within the bowel.
Certain CNS adverse effects like headache, dizziness, vertigo, and
mental confusion can also occur. It should be prescribed cautiously to
patients with epilepsy, psychiatric disorders or Parkinson’s disease as
they are at more risk of eliciting serious CNS side effects. It can also
cause certain hematopoietic disorders like neutropenia, thrombocy-
topenia, and rarely aplastic anemia. Probenecid increases the plasma
concentration of indomethacin, so the dose should be lowered in
such case [10].

d.Etoricoxib: It is a newer selective COX-2 inhibitor having the highest
COX-2-selective activity. It is given only in patients with high risk of peptic

ul
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i. Pharmacokinetics: It is incompletely absorbed, has a longer t1/2
between 20 and 60 hours, metabolized in the liver, and excreted via
urine. Hepatic impairment promotes its accumulation in the body,
whereas renal impairment does not.

ii. Dosage: It is given in a dosage of 60-120 mg once daily.

iii. Adverse effects: Dyspepsia, abdominal pain, pedal edema, rise in
BP, dry mouth, aphthous ulcers, taste disturbance, and paresthesias.
It should not be used in patients with or at risk of cardiovascular or
cerebrovascular disease as it can cause prothrombotic events [9].

2. Colchicine: It is one of the oldest drugs available for treatment of acute gout.

An alkaloid obtained from Colchicum autumnale having no analgesic or anti-
inflammatory property nor having any effect on inhibiting synthesis or increas-
ing excretion of uric acid. It is not used as a first-line drug due to its narrow
therapeutic window and increased side effects. It suppress gouty inflammation
by various mechanisms: It (a) prevents granulocyte migration into the inflamed
joint, (b) inhibits release of glycoprotein which causes aggravates inflamma-
tion by forming lactic acid and by releasing lysosomal enzymes which lead to
joint destruction, and (c) binds to an intracellular protein called tubulin and
causes depolymerization and disappearance of microtubules in granulocytes.
Collectively, these prevent migration of granulocytes into the area of inflam-
mation and further prevent it. It also limits monosodium urate crystal-induced
NALP3 inflammasome activation and subsequent formation of IL-1f and IL-18.
It exerts various other actions also like lowering of body temperature, increased
sensitivity to central depressants, and depression of respiratory center.
Colchicine is also used in management of chronic gout as bridging therapy with
uric acid synthesis inhibitors to prevent development of symptoms of acute
gouty arthritis initially due to mobilization of urate from tissues.

a.Pharmacokinetics: It has a rapid but variable absorption via oral route
with no effect of food on its absorption. It achieves peak plasma con-
centrations within 0.5-2 hours. It is 39% plasma protein bound; larger
volume of distribution due to formation of colchicine-tubulin complexes
with different tissues and undergoes enterohepatic circulation account-
ing for its longer t1/2, i.e., 31 hours. It is metabolized mainly by oxidative
demethylation with the help of enzyme CYP3A4. Approximately 40-65%
of colchicine is excreted unchanged in urine, and the main organs with
high colchicine concentration are the kidney, spleen, and liver sparing
the heart, skeletal muscles, and brain. Colchicine acts as a substrate for
P-glycoprotein efflux and is contraindicated in patients with hepatic or
renal impairment already on CYP3A4 or P-glycoprotein inhibitor therapy.

b.Dosage: Individualization needs to be performed as per the age, renal/
hepatic function, and concomitant medications and is administered only
by oral route. A gap of 7-14 days should be present between courses of
gout treatment with colchicine therapy to avoid accumulation of drug
and further toxicity. Patients suffering from cardiac, hepatic, or renal
disease are better off with NSAIDs or glucocorticoids. For the treatment
of acute gout flare, two tablets 0.6 mg each should be taken first followed
by a single 0.6 mg tablet after 1 hour. Pain, swelling, and redness subside
within 12 hours and are resolved by 48-72 hours.
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For prophylaxis in patients with recurrent gout having less than one attack per
year, 0.6 mg tablet is to be taken 3 or 4 days per week; those having more than
1 attack per year, 0.6 mg tablet is to be taken daily; and those having severe
attacks, 0.6 mg tablets are to be taken twice daily. Caution is to be taken in
patients with hepatic or renal mutilation as the drug cannot be removed by
hemodialysis.

c. Adverse effects: The most common adverse effects are gastrointestinal
(nausea, vomiting, diarrhea, and abdominal pain) as the drug undergoes
enterohepatic circulation and is in constant state of contact with gastric
mucosa. It is advised to stop the drug on emergence of these symptoms.
Other adverse effects include myelosuppression, leucopenia, granulocyto-
penia, neutropenia, aplastic anemia, and rhabdomyolysis [3-5, 11].

3. Corticosteroids: They provide symptomatic relief to a patient of acute gout
during attacks and prevent further attacks by their anti-inflammatory action.
They are mostly indicated in patients who cannot be prescribed NSAIDs and
colchicine. Glucocorticoids provide their anti-inflammatory effect by various
mechanisms: (a) induce production of lipocortin which inhibits phospholi-
pase A2 and decreases production of arachidonic acid leading to decrease in
synthesis of inflammatory mediators like prostaglandins, leukotrienes, and
platelet-activating factor; (b) inhibit synthesis and release of cytokines (IL-1,
IL-4, IL-6, and TNF-a) with reduced activation of T cells and fibroblast prolif-
eration, thereby reducing process of chemotaxis; and (c) inhibit pro-inflam-
matory transcription factors like nuclear factor-«kB and activating protein
which leads to decreased enhancement of transcription of genes for COX-2,
cytokines, and nitric oxide synthase (iNOS). The drugs used are prednisolone,
methylprednisolone, and triamcinolone with the advantage of being given by
oral route, intravenous route, or intra-articular administration.

a.Pharmacokinetics: All these three have an intermediate duration of action
(12-36 hours). They are 90% plasma protein bound. They mainly bind to
corticosteroid-binding globulin. They are metabolized both at hepatic and
extrahepatic sites.

b.Dosage: Prednisolone is given in a dose of 40-60 mg per day orally or 40 mg
per day intravenously. They are given at the initial dose for 2-5 days and then
tapered over 7-10 days. Triamcinolone is given intra-articularly at a dose
of 10-40 mg depending on the size of the joint. They should be taken early
morning so as to have less effect of hypothalamic-pituitary axis suppression.

c. Adverse effects: They are an extension of their pharmacological actions
seen with extended therapy. The adverse effects include altered distribu-
tion of fat throughout the body, edema, hypokalemia, hypertension,
suppression of hypothalamic-pituitary axis, osteoporosis, hyperglycemia,
peptic ulcer, cataract formation, glaucoma, myopathy, muscle wast-
ing, susceptibility to infections, and central nervous system (CNS) side
effects like psychiatric disturbances, acne, weight gain, and hyperlipi-
demia [4, 12].

5.2.2 For chronic gout

1. Uricosurics: These are drugs which favor excretion of uric acid from the body.
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a.Probenecid: It is a highly lipid-soluble benzoic acid derivative. It mainly
acts by inhibiting transport of organic acids across the epithelial barrier.
Reabsorption of uric acid is inhibited by its action on the organic anion
transporters (OAT) mainly urate transporter-1 (URAT-1). In addition,
it also hampers pharmacokinetic properties of many other drugs also,
i.e., retards tubular secretion of methotrexate and active metabolite of
clofibrate, inhibits renal secretion of inactive glucuronide metabolites of
naproxen, ketoprofen, and indomethacin thereby increasing their plasma
concentration, hampers transport of drugs such as penicillin G, and raises
the plasma levels of p lactam.

i. Pharmacokinetics: Complete absorption occurs after oral adminis-
tration and attains peak plasma concentrations within 2-4 hours.
It has a dose-dependent t;/; and varies between less than 5 to more
than 8 hours. It is 85-95% bound to plasma albumin, and the
unbound part is excreted by glomerular filtration and active tubular
secretion.

—

ii. Dosage: Initially it is given in a dose of 250 mg twice daily and increased
over 1-2 weeks to 500-1000 mg twice daily. Patient should be advised
to increase the daily water intake to prevent formation of renal stones as
probenecid increases urinary urate levels. De-escalation is to be started

after 6 months of treatment if the uric acid levels are favorable.

iii. Adverse effects: Mild gastrointestinal irritation is mostly seen and
that too with higher doses. It should be avoided in patients with
creatinine clearance 50 ml/min and is also ineffective in these patients.
Overdosage leads to CNS stimulation, convulsions, and death due to
respiratory failure. It is contraindicated in patients with history of
renal stones [13, 14].

b.Sulfinpyrazone: It has neither analgesic nor neither anti-inflammatory
property. It inhibits tubular reabsorption of uric acid. Due to its higher
incidence of gastric irritation and other side effects, it is not used nowa-

days [15].

c. Benzbromarone: It is a reversible urate anion exchanger inhibitor present
in the proximal tubule. It has not been approved by the United States
(US) Food and Drug Administration (FDA) due to its risk of causing
severe hepatotoxicity; however, it is used as a potent uricosuric in certain
Southeast Asian countries [16].

d.Lesinurad: Another uricosuric which has been approved for use in combi-
nation therapy with a xanthine oxidase inhibitor. It acts by inhibiting the
transporters URAT-1 and OAT-4 and decreasing reabsorption of uric acid.

i.Pharmacokinetics: It has a fast oral absorption showing 100% avail-
ability and is largely plasma protein bound. It has a t1/2 of 5 hours,
metabolized by CYP2C9, and is excreted in urine and feces.

ii. Dosage: Given at a dosage of 200 mg per day along with a xanthine

oxidase inhibitor. It should not be used in patients with creatinine
clearance 45 ml/min.
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iii. Adverse effects: Black box warning has been issued by the US FDA
against its use as monotherapy due to risk of causing acute renal
failure. It has also propensity to cause an increase in serum creatinine
levels. Other adverse effects like headache and gastritis can also occur.
Interruption with xanthine oxidase inhibitor requires stoppage of
lesinurad also [14].

2. Uric acid synthesis inhibitors (Xanthine oxidase inhibitors)

a. Allopurinol: This compound was initially produced as an antineoplastic

agent and was later found to lack that property. Later it was found to have
xanthine oxidase enzyme-inhibiting property. Xanthine oxidase enzyme is
responsible for conversion of hypoxanthine and xanthine into urate, and by
inhibiting this enzyme, allopurinol prevents formation of urate. Allopurinol
in low concentrations acts as a competitive and as a noncompetitive inhibi-
tor at high concentrations of xanthine oxidase enzyme. The formation of
oxypurinol (alloxanthine), its primary metabolite, and its long persever-
ance in tissues is majorly responsible for its activity. Oxypurinol inhibits the
reduced form of xanthine oxidase enzyme. Conversion of hypoxanthine to
xanthine takes place in the presence of xanthine oxidase enzyme which is
also blocked by allopurinol (inhibition of de novo purine synthesis). The
purines are mainly excreted by the kidney. In the absence of allopurinol, the
major purine excreted is uric acid, whereas it is hypoxanthine, xanthine,
and uric acid in the presence of allopurinol. This treatment leads to excess
purine load in the kidney which might lead to a risk of xanthine stones
which can be minimized by increasing the fluid intake and alkalization

of urine. It also helps in dissolution of tophi and decreases the chances of
development and progression of chronic gouty arthritis. It also prevents
development of nephropathy by preventing formation of uric acid stones;
however, it cannot restore the renal function after injury to the renal tissue
has occurred, but it may retard the progression. Initially on starting the
therapy, chances of acute attack of gouty arthritis increase due to movement
of uric acid outside from the tissues, and this can be concealed by giving
NSAIDs and colchicine along with allopurinol. Allopurinol is also used

in patients undergoing chemotherapy for hematological malignancies to
prevent hyperuricemia and consequently gout.

i. Pharmacokinetics: It has a fast oral absorption with peak plasma concen-
trations achieved in 60-90 min. Plasma half-life of allopurinol is 1-2 hours
and that of oxypurinol is 18-30 hours which allows for once daily dos-
ing. It undergoes metabolism which leads to formation of its metabolite
oxypurinol. Around 20% of unabsorbed drug is excreted in feces within
48-72 hours, and other 10-30% of unabsorbed drug is excreted in urine.
It is not bound to any plasma protein and is distributed in total tissue water
except the brain. Oxypurinol is excreted via glomerular filtration.

—

ii. Dosage: It can be given both as an oral and intravenous preparation. The
main aim of treatment is to decrease the uric acid level to 6 mg/dl. The
drug is initially started at 100 mg/day for patients with glomerular filtra-
tion >40 mg/min and is increased by 100 mg weekly. It is usually given
in once daily dosing, but dosing above 300 mg should be divided accord-
ingly. Dosage in patients with reduced glomerular filtration (<40 mg/

min) should be less than that of a normal person (>60 mg/min).
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ii

i. Adverse effects: It is generally well tolerated. However, the most com-
mon adverse effects are hypersensitivity reactions which are seen after
months and years of treatment, and this can further precipitate into
serious reactions if the drug is not stopped. The cutaneous reactions
seen are mainly pruritic, erythematous, or maculopapular eruption.

It is contraindicated in patients who previously have experienced
serious reactions with it, in nursing mothers and in children except
those with malignancy and inborn errors of metabolism. It increases
half-life of probenecid and enhances its uricosuric effect; on the other
hand, probenecid increases clearance of oxypurinol, thereby increas-
ing the dose required. Allopurinol also inhibits enzymatic activation
of mercaptopurine and azathioprine by xanthine oxidase enzyme
which should be kept in mind in patients undergoing chemotherapy. It
also increases risk of bone marrow suppression if given with cytotoxic
drugs and interferes with metabolic inactivation of some drugs like
warfarin.

b.Febuxostat: Another xanthine oxidase inhibitor which has been approved

fo

r treatment of hyperuricemia in gout though it is not recommended for

treatment of asymptomatic hyperuricemia, having the advantage of being

m

ore potent, selective, no dose reduction in renal disease patients, and

less chances of causing allergic reactions. Febuxostat is used in conditions
when patient is intolerant to allopurinol or when it is contraindicated.

It
re

is a non-purine inhibitor of xanthine oxidase enzyme inhibiting both
duced and oxidized forms of the enzyme. It usually requires concurrent

treatment with NSAIDs or colchicine.

i

ii

i. Pharmacokinetics: It has a rapid absorption with peak plasma concen-
trations being achieved after 1-1.5 hours of drug intake. The half-life
is around 5-8 hours and is metabolized both by conjugation by UGT
enzymes (UGT1A1, UGT1A3, UGT1A9, and UGT2B7) and oxidized
by CYP enzymes (CYP1A2, CYP2C8, CYP2C9) and non-CYP enzymes
indicating possibility of drug-drug interactions. It is excreted by both
hepatic and renal routes. No dose reduction is required in case of mild
to moderate hepatic or renal impairment.

i.Dosage: It is initiated at 40 mg/day and is increased as per the patient’s
uric acid levels.

. Adverse effects: The most common adverse effect seen with it is
abnormality with liver function tests, nausea, joint pain, and rash,
so regular monitoring of liver function is required. It can also cause
an increase in gout flares as during the therapy there is mobiliza-
tion of urate crystals from the tissue deposits due to a decrease in
the uric acid levels. Patients should also be regularly checked for
any cardiovascular complications. Drug levels of theophylline,
mercaptopurine, and azathioprine, which are metabolized by xan-
thine oxidase enzyme, are increased if given with febuxostat and
febuxostat and are contraindicated in patients taking azathioprine or
mercaptopurine.

—

3. Uricase: It is an enzyme which is present in birds which converts uric acid into

solubl
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a.Rasburicase: A recombinant uricase which has been shown to lower
urate levels much efficiently than allopurinol. It has been indicated as the
initial management for elevated uric acid levels in children and adults
suffering from leukemia, lymphoma, and solid tumor malignancies
and undergoing chemotherapy leading to significant hyperuricemia.
However, there are certain limitations with it like formations of antibod-
ies against it.

i.Dosage: It is given as 0.2 mg/kg IV as infusion over 30 minutes every
day up to 5 days.

ii. Adverse effects: Certain adverse effects like nausea, headache, con-
stipation, diarrhea, hemolysis in glucose-6-phosphate dehydrogenase
(G6PD) deficient patients, methemoglobinemia, acute renal failure,
and anaphylaxis are seen with it.

b.Pegloticase: It is pegylated uricase converting uric acid into soluble allan-
toin. It is used for the treatment of severe, treatment refractory, chronic
gout or when other urate-lowering therapies are contraindicated. Problem
of development of antibodies against it is seen with pegloticase also.

i.Dosage: It is administered at 8 mg every 2 weeks as an infusion.

ii. Adverse effects: Vomiting, nausea, chest pain, constipation, diarrhea,
erythema, pruritis, urticaria, hemolysis in G6PD deficient patients,
and anaphylaxis are certain adverse effects seen with it. Black box
warning has been issued by US FDA against pegloticase which advises
that the drug should only be administered in health-care settings and
only by health-care professionals to manage anaphylactic reactions and
other serious reactions [11, 17].

6. Recent developments

26

a. Arhalofenate: It has been synthesized showing a dual mechanism of action but

is still pending in approval. It acts as a partial agonist to peroxisome prolifer-
ator-activated receptor-y (PPAR-y) and inhibits expression of IL-1, thereby
inhibiting renal absorption of uric acid in the kidney by URAT-1, OAT-4, and
OAT-10 transporters [18].It was initially synthesized as a drug for the manage-
ment of type 2 diabetes mellitus but was also found to have anti-flare and
uricosuric property. Its phase II study has been completed showing positive
results, and further results from ongoing studies are awaited [19].

b.Interleukin-1inhibitors (anakinra, canakinumab, rilonacept): These prevent

attraction of neutrophils at the joint site. The drugs in this class are anakinra, an
interleukin-1 receptor antagonist; canakinumab, a monoclonal antibody against
interleukin-1 beta; and rilonacept, a chimera constituting of IgG domains and
extracellular components of interleukin-1 receptor. All these have been shown to
have efficacy in acute gout but still have not been approved by the drug regula-
tory authorities [7]. However, these are approved for their use in other diseases
like rheumatoid arthritis and cryptoporphyrin-associated periodic syndrome.
They are contraindicated in patients with previous hypersensitivity reactions to
these drugs and any serious active infection. Further application concomitant
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live attenuated vaccine is to be avoided. Concern of immunosuppression with
their use has been an important reason for their disapproval [20].

c. Verinurad: It is also a uricosuric which inhibits the reabsorption of uric acid by
acting on the URAT-1. It has been shown to be 3 times more potent than ben-
zbromarone and 100 times more potent than probenecid and has completed
phase II clinical trial.

d. Tranilast: It is a moderately sedative H1 anihistaminic drug, which is used in
management of bronchial asthma and other allergic conditions in Japan. It has also
been shown to reduce serum uric acid levels by inhibition of URAT-1 transporter
and promoting excretion of urate. In addition, it has also been shown to decrease
the inflammation induced by monosodium crystals in vivo by reducing leukocyte
infiltration and plasma extravasation similar to colchicine and indomethacin,
thereby causing flare reduction. It has completed its phase II clinical trial.

e. Levotofisopam: It is an S-enantiomer of racemic tofisopam which is a ben-
zodiazepine derivative which has been approved in the United States for the
management of anxiety. Phase I clinical trial has been completed, phase I
studies are underway, and results are awaited.

f. Topiroxostat: It is a selective xanthine oxidase inhibitor. Its mechanism of
action is different from that of febuxostat such that it acts as a hybrid inhibi-
tor. It not only acts as a chemical structure based xanthine oxidase enzyme
inhibition but also covalently binds to molybdenum in the active center
during the hydroxylation process of the enzyme. The pharmacokinetics of
topiroxostat is unaltered by mild to moderate renal impairment. It hasa
half-life of around 20 hours, and enzyme activity takes time to recover even
after the drug has been metabolized. In patients with concurrent moderate
renal impairment and hyperuricemia, a fall in serum urate and albumin levels
has been reported. It has been approved by the Pharmaceuticals and Medical
Devices Agency, in Japan in the year 2013, in a dose of 20-80 mg twice daily.

g.Ulodesine: It acts by inhibiting purine nucleotide phosphorylase (PNP) which
is an enzyme that acts one-step before xanthine oxidase in production of urate.
Initial concerns were shown due to inhibition of PNP enzyme due to its absence
in immunodeficient patients and in patients suffering from immunologic disor-
ders, but nothing has been reported in studies until date. Phase II studies have
been completed, and further studies are awaited [19].

We all authors share the opinion that therapy of the chronic tophaceous gout is
still far from optimal. Despite availability of several agents, none has been consid-
ered as ideal due either to their undesirable adverse effects profile, limited utility
in patients of renal impairment, inadequate response or failure to reverse existing
osseous lesions, and dissolution of tophi from the tissues. We anticipate that newer
drugs that are being developed with different mechanism of actions might address
these issues, but only time will prove their worth.

7. Conclusions

Gout is a metabolic disorder due to the rise in uric acid levels in the body leading
to development of gouty arthritis. Its management requires both pharmacological
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and non-pharmacological intervention. Newer drugs targeting various inflamma-
tory mediators, enzymes, or transporters are in different phases of clinical develop-
ment. Until date, none has reached to phase III and yet to get an approval from
regulatory bodies. The quest for an optimally designed drug with desirable efficacy
and acceptable safety profile is still on.
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Chapter 4

Personalized Medicine of
Urate-Lowering Therapy for Gout

Dewen Yan and Youming Zhang

Abstract

Gout is a common and complex form of arthritis that is characterized with
hyperuricaemia. It is required urate-lowering therapy (ULT) for lifelong manage-
ment. ULT includes decreasing uric acid product in serum, increasing renal urate
excretion and promoting uric acid to allantoin for excretion. Whole genome
association studies in gout identified more than 40 genetic loci that influenced
the serum uric acid levels. Most associated genes were found to affect renal urate
excretion. Pharmacogenetics and pharmacogenomics approaches on ULT had
revealed several genes that underlined the effectiveness and the adverse events of
medications for gout. Together with the researches on epigenetic factors such as
DNA methylations, miRNAs; and the discovery of environmental factors such as
microbiota and metabolites, the current progress provides the opportunities for
personalized management of ULT for treating hyperuricaemia and gout.

Keywords: gout, hyperuricaemia, pharmacogenetics, pharmacogenomics,
urate-lowering therapy

1. Introduction

The term “gout” was firstly used around 1200 AD. It means “a drop” of liquid
from the Latin word gutta [1]. The first description of gout as a disease was from
Egypt in 2600 BC as arthritis of the big toe. Gout is now referred as a form of
inflammatory arthritis characterized by recurrent attacks of a red, tender, hot, and
swollen joint [2]. It is one of the most common forms of arthritis and the prevalence
is increasing worldwide. The prevalence is various in different regions across the
world and is about 1-4%. In westernized countries, the prevalence is about 3-6% in
men and about 1-2% in women. Prevalence can increase up to 10% in some coun-
tries. For people aged more than 80 years old, it could rise up to 10% in men and
6% in women [3, 4]. In the USA, the prevalence of gout in adults was estimated to
be approximately 3.9% [5]. From 1990 to 2015, the number of prevalent gout cases
rose by 30% in Nordic region [6]. In China, the pooled prevalence of gout was 1.1%
between 2000 and 2016 [7].

Hyperuricaemia is the key biochemical abnormality in gout. Uric acid isa
CsH4N,0;5 (7,9-dihydro-1H-purine-2,6,8 (3H)-trione) heterocyclic organic com-
pound with a molecular weight of 168 Da. Uric acid is the product from the conver-
sion of the two purine nucleic acids, adenine and guanine [8]. Hyperuricaemia
is defined as serum urate level more than 0.42 mmol/l. It results in the formation
of monosodium urate (MSU) crystals. MSU crystals precipitate within joints and
soft tissues to cause an inflammatory response. The prominent clinical features
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of gout are attacks of tendonitis, formatting collections of MSU crystals as tophi,
joint destruction and chronic gouty arthritis. MSU crystals can also deposit in the
interstitium of the kidneys to form renal stones. Hyperuricaemia was associated
with hypertension and ischemic heart diseases [9, 10]. The causes of hyperuricae-
mia are either under excretion of uric acid in the kidneys or increase of produc-

tion of uric acid in serum [11]. Two key enzymes regulate the production of uric
acid. One is xanthine oxidase that makes xanthine to uric acid; the other is urate
oxidase that transfers uric acid to allantoin. Allantoin is the end product of purine
catabolism in all mammals except humans, great apes, and one breed of dog, the
Dalmatian. An animal model of hyperuricaemia from Dalmatian dog revealed the
importance of SLC2A9 gene for uric acid transport in mammals [12]. Together with
renal excretion of uric acid, these are three clinical management paths of uric acid
to maintain the lower level of uric acid in serum. These include to decrease uric acid
production (xanthine oxidase inhibitors—allopurinol, febuxostat), increase renal
urate excretion (uricosurics—benzbromarone, probenecid, lesinurad), or promote
uric acid to allantoin which is more water soluble and readily excreted (recombinant
uricases—pegloticase) [11]. Environmental factors and genetic factors are the major
causes to influence the drugs’ efficiencies and side effects for gout.

2. Clinical managements of gout

Effective treatment of acute gout attacks and long-term urate lowering therapy
are clinical managements of gout. An acute attack should be treated as soon as
possible with non-steroidal anti-inflammatory drugs (NSAIDs) or colchicine as
first line treatment options. For patients who do not respond NSAIDs or colchicine,
systemic corticosteroids generally are applied [13]. Long-term management of gout
with ULT is required for patients who are confirmed as diagnosis of gout and tophi.
The diagnosis includes more than two times gout attacks per year, renal stones or
stage 2 or worse chronic kidney disease. A sustained reduction of serum urate to less
than 0.36 mmol/I (6 mg/dl) is generally recommended and a lower target of less than
0.30 mmol/l (5 mg/dl) is recommended in patients with tophi [14, 15]. A xanthine
oxidase inhibitor is the recommended as first-line choice for ULT. A uricosuric can
be serviced as second-line medication for ULT. It is for patients who do not response
xanthine oxidase inhibitors well. Uricases are the third-line treatments for patients
who have refractory disease and are intolerant to oral ULTs. Optimizing therapy for
improving the outcomes with affordable drugs such as allopurinol, as well as ratio-
nalizing the use of new, more expensive agents is an important clinical goal. The roles
of pharmacogenetics and pharmacogenomics are becoming more and more impor-
tant to predict drug response and adverse events of medications. Rationalization and
combination of common medications with genetic screening and other environmen-
tal factors will revolutionize gout managements in near future.

3. Pharmacogenetics and pharmacogenomics in ULT

“Pharmacogenetics” was a term originally to describe clinical observations of
inherited differences in drug effects in 1950s [16]. It is now defined as the study of
individual DNA variants that are related to drug responses [17, 18]. Genetic variants
also underlie the differential susceptibility to diseases and the sensitivity to drug
adverse events. Most drug effects are determined by the interplay of several pro-
teins that influence the pharmacokinetics and pharmacodynamics of medications,
including inherited differences in drug targets such as receptors, drug disposition
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such as metabolizing enzymes and transporters, drug metabolism, and drug adverse
reaction. In human, about 20-95% of variability in drug disposition and effects are
determined by genetic polymorphisms in the genome [18]. For all practical purpose,
the terms pharmacogenetics and pharmacogenomics may be synonymous, but phar-
macogenomics normally refers genome-wide approaches to investigate all genes in
the genome that influence drug responses while pharmacogenetics implies the study
of a single gene’s interactions with drugs. The pharmacogenomics approach tends to
be applied to identify genes in the search for novel drug targets. This is in contrast to
traditional drug design that depends on a prior knowledge of the target and is based
on high-throughput screening to identify small-molecule antagonists or agonists.

3.1 Genetic and genomic approaches of hyperuricaemia and gout

Genetic approaches for complicated diseases and associated traits such as
gout and hyperuricaemia are to identify genetic variants in genome that underlie
the diseases and syndromes. There are many kinds of genetic variants in human
genome. Single nuclear polymorphisms (SNPs) are the most frequent variants
found in the genome, accounting for 90% of human genetic variation. Total 84.7
million SNPs were found in 26 human populations [19]. SNPs can be found within
coding sequences and noncoding regions of genes, as well as within intergenic
regions. Insertion and deletion of short segments of DNA (INDEL) is another type
of common polymorphism. More than 3.6 million short insertions/deletions are
distributed throughout the human genome, with approximately 36% of them being
located within promoters, introns, and exons of known genes [19, 20]. They can
have a significant impact on gene function not only when present in exonic cod-
ing sequence but also when within a gene intron [21]. Variable number of tandem
repeats (VNTRs) polymorphisms is widespread in the genome and contain variable
numbers of repeated nucleotide sequences that result in alleles of varying lengths.
VNTR loci typically have high levels of heterozygosity that make them very infor-
mative for genetics research. There are about 60,000 structural variants around
human genome [19]. Inversions may involve larger regions of the genome in which
a segment of a chromosome is reversed end to end and occur when a chromosome
breaks in two places. A copy number variant (CNV) is a segment of DNA for which
there are more than two copies in the genome. The genetic segment involved may
range from one kilobase to several megabases in size [22]. Many techniques can
allow the detection and discovery of CNVs including cytogenetic techniques such as
fluorescent in situ hybridization, comparative genomic hybridization, array com-
parative genomic hybridization, and by large-scale SNP genotyping.

The genetic approaches to hyperuricaemia and gout include candidate gene
studies, positional cloning studies and genome-wide association studies (GWASs).
Candidate gene study needs to have relatively big case and control groups to
increase the power for statistical analysis. Positional cloning is another genetic
approach that identifies disease genes by progressive dissection of linkage regions
that are consistently co-inherited with the disease. Nowadays, GWASs have been
rapidly changing the landscape of the search of the genes that underlie complicated
diseases such as hyperuricaemia and gout. It is a powerful approach to overcome
the limitations of candidate gene and positional cloning studies. It examines the
relationships between allele frequencies and disease status or associated traits with
a large number of genetic polymorphism markers covering of whole genome [23].
GWASs provide the opportunity to identify novel mechanisms of disease pathogen-
esis that are caused by previously unsuspected genes or regulatory regions. About
10,000 strong associations have been reported between genetic variants and one or
more complex traits [24].
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3.2 GWAS:s for hyperuricaemia and gout

More than 30 GWASs papers on hyperuricaemia and gout have been published
so far. The first GWAS study identified the associations of three genetic loci with
uric acid concentration and risk of gout [25]. The three loci were SLC2A9, ABCG2
and SLC17A3. Since then, many GWSs papers have been published across the world
and discovered more than 40 genes that showed the associations with hyperuri-
caemia or gout. Many genes identified by GWASs encode urate transporters and
interacting proteins. The identified genetic variation can only explain less than 10%
level of variance for serum uric acid levels [26]. The rest could be explained by envi-
ronmental factors and the interactions of genetic factors and environmental factors.
We listed 10 genes that were frequently identified in GWASs studies worldwide in
Table 1 and also discussed the genes’ potential function roles in regulating uric acid
metabolism in serum.

3.2.1SLC2A9

SLC2A9 was a gene that was identified in almost every GWAS across the world.
The gene is located on human chromosome 4p16 and encodes a member of the

Genes Encoded protein Chr. Ref. Populations Possible function
roles
SLC2A9 Solute carrier family 2 4pl6 [25,27-37] African, Regulating renal
member 9: GLUT9 Asian, and gut excretion of
European uric acid
ABCG2 ATP binding cassette 4q22 [25,29, 30, Asian, Regulating extra-
subfamily G member 2 33, 35, 36, European renal uric acid
45] under-excretion
SLC17A Sodium phosphate 6p22 [25, 33, 35, Asian, Regulating renal
cluster transporters 45] European and excretion of
uric acid
GCKR SIS (Sugar ISomerase) 2p23 [33, 35, 45] Asian, Regulating
family protein European glucokinase in cells
SLC22A Integral membrane 11q12 [28-30, 33, African, Preventing
cluster proteins 35, 45] Asian, potentially harmful
European organic anions
PDZK1 PDZ domain- 1q21 [33, 35, 36] Asian, Regulating the
containing scaffolding European high-density
protein lipoproteins
INHBC TGF-beta superfamily 12q13 [33, 45] Asian, Regulating
and of proteins European numerous cellular
INHBE processes
AICF APOBEC1 10q11 [33, 35] Asian, Regulating RNA-
complementation European binding subunit
factor
MAF Leucine zipper- 16923 [30, 33] Asian, Regulating several
containing European cellular processes
transcription factor
SLC16A9 Solute carrier family 10q21 [33, 35] Asian, Regulating
16 member 9 European monocarboxylic
acid transporter

Chr: chromosome; Ref: reference.

Table 1.
The 10 most veplicated genes in GWAS studies for hyperruricemia and gout.
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SLC2A facilitative glucose transporter family GLUT-9. The associations with
hyperuricaemia and gout were found in populations from Africa American, Asia,
Europe and the United States [25, 27-37], but not found in Hispanic American [38].
Variation in SLC2A9 was the most statistically significant genetic determinant

of serum urate; accounting for 3.4-8.8% of the variance in women and 0.5-2.0%
of the variance in men [25, 31, 34, 37, 39, 40]. The encoded protein is involved in
p21-activated protein kinase (PAK) pathway for transport of glucose, bile salts,
organic acids, metal ions and amine compounds. Recent studies showed that
GLUT-9 was participated in renal and gut excretion of uric acid and was impli-
cated in antioxidant defense [41-43]. There are two distinct N-terminal isoforms
of human GLUT-9: GLUT-9a (540 residues) and GLUT-9b (511 residues) [44].
These isoforms are generated by alternative splicing of 5" ends and differ in mem-
brane trafficking. GLUT-9b has a more substantial role in urate homeostasis than
GLUT-9a. GLUT-9a is likely to function as the exit site for urate from proximal
tubule cells, whereas GLUT-9b might transport urate into the proximal tubule cells
across the apical membrane [26].

3.2.2 ABCG2

ABCG?2 gene is located in human chromosome 4q22. It encodes ATP binding
cassette subfamily G member 2. ABC proteins transport various molecules across
extra- and intra-cellular membranes. The gene was also found to have associa-
tions with hyperuricaemia and gout in Asian, European and the United States
[25, 29, 30, 33, 35, 36, 45]. The gene product is involved primarily in extra-renal
uric acid under-excretion. Multiple transcript variants encoding different iso-
forms had been found for this gene [46]. ABCG2 is expressed in the brush border
membrane of the proximal tubules of the kidney and has a role in the apical [47].
The ABCG2 Q141 K variant is highly likely to be causal and results in internaliza-
tion of ABCG2, which can be rescued by drugs [48]. The SNP rs2231142 in ABCG2
gene had significant associations between gout and controls, between gout and
hyperuricaemia, and between hyperuricaemia and controls, respectively. In a cell
model investigation it showed significantly higher IL-8 release from endothelial
cell (EC) combined with ABCG2 knockdown [49]. The Glul41Lys polymorphism
was accounted for 0.57% of the variation in serum urate from a meta-analysis of
GWAS data [35]. The polymorphism had a significantly larger effect on serum
urate levels in men than in women. The Glul41Lys substitution was shown that it
caused a 53% reduction in the rate of ABCG2-assocaited urate transport [35]. The
polymorphism of the gene could also affect the response to allopurinol [50].

3.2.3 SCL17A gene cluster

SCL17A gene cluster is located on human chromosome 6p21 containing three
members of the SLC17 gene family (SLC17A3, SLC17A1 and SLC17A4). The
polymorphisms of the genes were identified as a significant predictor of uric acid
levels and gout in many GWASs [25, 33, 35, 45]. The strongest association was with
SNP rs1165205 within intron 1 of SLC17A3. The SLC17A3 gene encodes a sodium
phosphate transporter (NPT4) which is expressed at the apical membrane of renal
proximal tubule cells. The SLC17A1 gene lies immediately downstream of SLC17A3
and encodes sodium phosphate transporter NPT1, which is expressed in the human
kidney and can transport uric acid in vitro [51]. SNP rs1183201 within SLC17A1 was
identified as the strongest predictor of serum urate in a meta-analysis of GWAS
[35]. Further investigations will be required to identify the causal SNPs in the gene
cluster that regulate uric acid levels and susceptibility to gout [52].
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3.2.4 GCKR

GCKR gene is located on human chromosome 2p23. The gene encodes a protein
belonging to the glucokinase regulator (GCKR) subfamily. It inhibits glucokinase
in liver and pancreatic islet cells by binding non-covalently to form an inactive
complex. This gene is also considered a susceptibility candidate gene for a form
of maturity-onset diabetes of the young (MODY) and it has been found to have
association with gout or hyperuricaemia in many populations [25, 33, 35, 45].

3.2.5 SLC22A cluster

SLC22A cluster is located on human chromosome 11q13. The cluster contains
SLC22A11 and SLC22A12. The encoded proteins are involved in the sodium-inde-
pendent transport and excretion of organic anions. They are integral membrane
proteins and are found mainly in the kidney and in the placenta, where they may act
to prevent potentially harmful organic anions from reaching the foetus. The cluster
was found to have associations to hyperuricaemia and gout in many populations
[28-30, 33, 35, 45]. Selected rare variants in SLC22A12 were validated in transport
studies, confirming three as loss-of-function (R325W, R405C, and T467M) and
providing the therapeutic potential of the new URAT1-blocker lesinurad [53].

3.2.6 PDZK1

PDZK1 gene is located on human chromosome 1q21. This gene encodes a protein
containing a PDZ domain. It mediates the subcellular localization of target proteins.
PDZK1 mediates the localization of cell surface proteins and plays an important role
in cholesterol metabolism by regulating the high-density lipoproteins (HDL) recep-
tor. Alternatively spliced transcript variants encoding multiple isoforms have been
observed for this gene. The gene was showed to have associations with gout and
hyperuricaemia in many populations [33, 35, 36]. The maximally associated genetic
variant SNP rs1967017 at the PDZK1 locus was found to elevated PDZK1 expression.
Transcriptional factor hepatocyte nuclear factor 4 alpha (HNF4A) physically binds
the rs1967017 region. The urate-raising T allele of rs1967017 enhances HNF4A bind-
ing to the PDZK1 promoter to increase PDZK1 expression [54].

3.2.7 INHBC and INHBE

The INHBC and INHBE genes are located on human chromosome 12q13. The
genes encode members of the TGF-beta (transforming growth factor-beta) super-
family of proteins. These proteins were implicated in regulating numerous cellular
processes including cell proliferation, apoptosis, immune response and hormone
secretion. They may be upregulated under conditions of endoplasmic reticulum
stress, and may inhibit cellular proliferation and growth in pancreas and liver. The
GWAS investigation found the genes had associations with gout and hyperuricae-
mia in some populations [33, 45].

3.2.8 AICF

The AICF gene is located on human chromosome 10q11. The encoded protein
has three non-identical RNA recognition motifs and belongs to the heterogeneous
ribonucleoproteins (hnRNP) family of RNA-binding proteins. It has been proposed
that this complementation factor functions as an RNA-binding subunit and docks
APOBEC-1 to deaminate the upstream cytidine. Studies suggest that the protein may
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also be involved in other RNA editing or RNA processing events. Several transcript
variants encoding a few different isoforms have been found for. This gene was showed
to have associations with gout and hyperuricaemia in some populations [33, 35].

3.2.9 MAF

The MAF gene is located on human chromosome 16q23. The encoded protein is a
DNA-binding, leucine zipper-containing transcription factor and acts as a homodimer
or as a heterodimer. It plays a role in the regulation of cellular processes, development,
apoptosis and chondrocyte differentiation. Two transcript variants encoding different
isoforms have been found for this gene. The polymorphisms of the gene were showed
to have associations with gout and hyperuricaemia in some populations [30, 33].

3.2.10 SLC16A9

The SLC16A9 gene is located on human chromosome 10q21. The encoded
protein has importer activity and monocarboxylic acid transmembrane transporter
activity. GWAS studies found gene to have associations with gout and hyperuricae-
mia in some populations [33, 35].

GWASs also discovered other genes in some populations. These genes were
TRIM46, ACVR2A, LRP2, CNTN4, MUSTN1, SFMBT1, FAM134B, TMEM]171,
RREB1, VEGFA, SGK1, MLXIPL, PRKAG2, STC1, HNF4G, AICF, DIP2C, SLC16A9,
OVOL1, HNF1A, ACVR1B, ACVRL1, USP2, ATXN2, TSHR, IGF1R, NFAT5, HLF,
BCAS3, PRPSAP1, ALDH16A1, ZNF160 [55]. It is likely these genes contribute small
portion of risks in the development of hyperuricaemia and gout. Other genes that
are responsible for some Mendelian syndromes are also associated with hyperuri-
caemia and gout. These genes are HPRT1, PRPS1, G6PC, SLC37A4, AGL, PYGM,
PFKM, AMPD1, CPT2, AMPD1, ACADS, ALDOB, UMOD. These are responsible
for the diseases caused congenital errors of purine metabolism, excessive cell death
and urate generation and reduced renal excretion of uric acid [26].

3.3 Pharmacogenetics and pharmacogenomics of LUT for gout

The current pharmacogenetics and pharmacogenomics majorly focus on the
medications on the three paths that balance the uric acid levels in the serum.
Together with treating acute gout, there are about 10 genetic loci that modify the
common medications’ effectiveness or adverse events in gout management.

3.3.1 The genes that influence xanthine oxidase inhibitors (XOls)

XOIs are the first line medications in the long-term treatment of hyperuricae-
mia and gout. Allopurinol and febuxostat are two important XOIs. Allopurinol is
transformed into its active metabolite oxypurinol that reversibly blocks xanthine
oxidase while febuxostat is a non-purine-selective inhibitor of xanthine oxidase
[56]. Allopurinol is a common efficacious ULT but it associates with rare serious
adverse drug reactions of Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) [57]. The human leukocyte antigen B allele HLA-B*5801 was
reported to be a genetic marker for allopurinol-induced side effects [58, 59]. Strong
associations between HLA-B*5801 and allopurinol-induced TEN/SJS were found in
Hong Kong [60], Korea [61] and Thailand [62]. Genome-wide association study of
Stevens-Johnson syndrome and toxic epidermal necrolysis also confirmed that the
HLA-B*5801 allele was associated with allopurinol-induced symptoms in Europe
[63]. Patients who are HLA-B*5801 carriers can be alternatively given febuxostat.
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The clinical consideration is the cost of febuxosat as it is much higher than the
administration of allopurinol. There is a paucity of evidence about economic value
of such testing as allopurinol is an affordable medication. Testing HLA-B*5801 prior
to allopurinol management is cost-effective for Asians and African American, but
not for Caucasians or Hispanic in the United States [64]. In Thailand it was also
shown highly potential cost-effective intervention [65]. Chinese Han population is
a high risk group of the side-effects of allopurinol [14]. In our previous retrospec-
tive investigation of HLA-B*5801 in hyperuricaemia patients in a Han population

of China, we found 30 carriers of HLA-B*5801 allele in 253 cases of hyperuricaemia
or gout patients in Chinese Han population (11.9%). Most importantly allopurinol
was prescribed in both HLA-B*5801 positive and negative groups. We also assessed
four models with or without genetic screening and management of allopurinol or
febuxostat, the results indicated the HLA-B*5801 screening had significant cost
benefit for clinical management for gout patients. The other alleles of HLA locus
(for example HLA-B*1502) are also responsible for SJS/TEN induced by other

drugs [66]. The prevalence of HLA-B*5801 in hyperuricaemia patients in a Han
population of China indicated the importance of genotyping the allele to prevent
the severe side-effects induced by allopurinol. HLA-B*5801 should be screened in
all allopurinol-induced TEN patients no matter what their races are. To all SJS/TEN
patients, if allopurinol was not administrated, other HLA allele screening should

be considered [67, 68]. HLA-DR9 and HLA-DR14 were also found to have associa-
tions with the allopurinol induced hypersensitivity in hematologic malignancy [69].
Genetic variation in aldehyde oxidase (AOX1), encoding the enzyme responsible for
the conversion of allopurinol to oxypurinol, also was reported to be associated with
allopurinol dose and change in serum urate [70]. ABCG2, encoding an efflux pump,
was associated with SUA reduction and a missense allele (rs2231142) was associated
with a reduced response to allopurinol [50].

3.3.2 The genes that influence uricosurics

Uricosurics are the second line of choice to treat hyperuricaemia and gout clini-
cally. Currently three medications are working as uricosurics for renal excretion
of uric acid. They are probenecid, benzbromarone (BBR) and lesinurad. BBR and
its metabolite 6-hydroxybenzbromarone block the renal reabsorption of uric acid
by inhibiting URAT1 in proximal renal tubular cells [11]. BBR undergoes hepatic
hydroxylation to 1'-hydroxy BBR and 6-hydroxy BBR. The BBR elimination in serum
was affected by genetic polymorphism in drug metabolism [71]. It was demonstrated
that CYP2C9 was the main enzyme responsible for the 6-hydroxylation of BBR
[72,73]. CYP2C9 is highly polymorphic gene and it has around 57 variant alleles [11].
SNP rs1799853 (Cys144Arg) and SNP rs1057910 (Ile359Leu) were the most common
poor metabolizer polymorphisms, existing in about 15-22% of Caucasians and 1-9%
of Africans. SNP rs1799853 was rare in Asians, while rs1057910 frequencies range
from 2 to 11% [74]. rs1799853 could typically results in a 20-30% reduction in maxi-
mum velocity (Vmax) for drug substrates whereas rs1057910 can reduce Vmax by as
much as 70% [75]. The 144Arg substitution could affect the interaction of CYP2C9
with CYP450 reductase [76], whereas the 359Leu substitution can alters substrate
recognition [77]. CYP2C9*3 homozygotes have significantly reduced clearance of
BBR and therefore may be at increased risk of hepatotoxicity [78].

3.3.3 The genes that influence uricase

Rasburicase is an urate oxidase. It is a peroxisomal liver enzyme to catalyze the
oxidation of uric acid into the more water-soluble substrates. Urate oxidase is an
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endogenous enzyme can be found in most mammals but not in humans. The inacti-
vation of the hominoid urate oxidase gene was caused by independent nonsense or
frame-shift mutations during evolution [79] . Two nonsense mutations were found
in the human urate oxidase gene that makes it non-functional in human [80, 81].
Pegloticase is a recombinant uricase for the treatment of severe, treatment-refractory,
chronic gout. It is a third-line treatment for patients who do not tolerate to other treat-
ments [56, 82]. Pegloticase also catalyze uric acid to allantoin which is 5-10 times more
soluble than uric acid. Pegloticase is in pegylated form so it can increase its elimination
half-life from about 8 hours to 10 or 12 days, and this can decrease the immunogenic-
ity of the foreign uricase protein. Among patients with chronic gout, the use of

pegloticase 8 mg either every 2 weeks or every 4 weeks for 6 months resulted in lower
uric acid levels compared with placebo [56]. A case of pegloticase-related methemo-
globinemia and haemolytic anaemia was reported as it was cause by two mutations in
glucose-6-phosphate dehydrogenase (G6PD) gene known to confer G6PD deficiency
[83]. It was recommended that avoiding the use of rasburicase in patient’s homo/

hemizygous for G6PD variants that confer deficiency [84].

Loci Chr Affecting drug Uric acid path or Key Pharmaceutical
gout reference effects
HLA-B5801 6p21 Allopurinol Uric acid [58] Adverse effect:
formation, XO drug allergic
inhibitors response
HLA-DR9 6p21 Allopurinol Uric acid [69] Adverse effect:
formation, XO inducing
inhibitors hematologic
malignancy
HLA-DR14 6p21 Allopurinol Uric acid [69] Adverse effect:
formation, XO inducing
inhibitors hematologic
malignancy
AOX1 2433 Allopurinol Uric acid [70] Dose and change
formation, XO in serum urate
inhibitors
ABCG2 4922 Allopurinol Uric acid [50] Reducing dose
formation, XO response
inhibitors
CYP2C9 10923 Benzbromarone Uric acid renal [71] Reducing drug
excretion clearance and
hepatic failure
G6PD Xq28 Pelgoticase Uric acid [83] Adverse effects:
transforming inducing
haemolytic
anaemia
PTGS2 1g31 NSAID Acute gout [86] Drug response:
Aspirin
insensitivity
ITGA2 5ql1 NSAID Acute gout [88] Drug response:
Aspirin
insensitivity
ABCB1 7q21 Colchicine Acute gout [90] Drug response
Table 2.

The pharmacogenetic loci that vegulating ULT.
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3.4 The genes that influence medications for acute gout

Nonsteroidal anti-inflammatory drugs (NSAIDs) are frequently used to
quickly relieve the pain and swelling of an acute gout episode and can shorten the
attack, but NSAIDs may not be suitable for patients with other comorbidities. A
proton pump inhibitor should be offered to people at high risk of NSAID-related
gastrointestinal complications [85]. Cyclooxygenase-2 (COX-2) is encoded by
prostaglandin-endoperoxide synthase 2 (PTGS2). COX-2 catalyzes arachidonic
acid to prostaglandin (PG) G2 and H2. A promoter SNP variant of PTGS2-765G>C
(rs20417) was shown evidence of association with NSAID response [86, 87]. A
recent meta-analysis reported a significant association of the variant with aspirin
insensitivity in Chinese population [88]. The variant rs1126643 of integrin subunit
alpha 2 gene (ITGA2) genetic defects might also increase the risk of having aspirin
insensitivity [88]. Colchicine works by decreasing swelling and lessening the
build-up of uric acid crystals that cause pain in the affected joint (s). ATP binding
cassette subfamily B member 1 (ABCBI) gene is highly polymorphic and codes
for the drug efflux pump MDR1, and as such is considered an important gene that
influences drug metabolisms [89]. The occurrence of colchicine unresponsiveness
was significantly higher in patients who were homozygous or heterozygous for the
major allele (ABCB1 3435C) than in minor allele homozygotes [90]. To date, there is
no information on whether these polymorphisms are associated with nonresponse
in patients with gout.

The potential pharmacological loci for hyperuricaemia and gout were listed in
Table 2.

4. Epigenetic factors and environmental factors for hyperuricaemia
and gout

4.1 DNA methylation

GAWs have identified dozens of loci associated with gout, but for most cases,
the risk genes and the underlying molecular mechanisms contributing to these
associations are unknown. Epigenetics studies investigate heritable change in
gene expression caused by molecules that bind to DNA without change the actual
DNA sequence. There are three main classes of epigenetic marks as DNA methyla-
tion, modification of histone tails and noncoding RNAs. DNA methylation has
been found to associate with many complicated diseases. Hypomethylation at the
promoter region of the gout-risk gene NRBP1 can lead to enhanced gene expression
both in vitro and in vivo, contributing to the development of gout [91]. Chinese
Han population with gout had a significant association between CCL2 promoter
hypomethylation and the risk of the disease [92]. Hypermethylation of uromodolin
(UMOD) observed in gout patients might reduce the gene expression, leading to an
augmented risk of gout [93]. A research on genetic variations in the DNA methyl-
transferases (DNMTs) gene identified DNMT1 SNP rs2228611 polymorphism may
be involved in the pathogenesis of gout [94].

4.2 miRNA
MicroRNAs (miRNAs) are non-coding RNA species that are highly evolution-
arily conserved in human. Up to 5000 miRNAs were identified in human cells.

miRNAs are key regulators of the expression of numerous targets at the post-
transcriptional level [95]. They are implicated in various cell processes including
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cell differentiation, metabolism, and inflammation. Experimental evidence
suggests that metabolic deregulation is a commonality between these different
pathological entities, and that miRNAs are key players in the modulation of
metabolic routes [96]. Recent studies have shown that interleukin (IL)-1p is a key
inflammatory mediator in acute gouty arthritis (GA), and its level is regulated by
miRNAs. Five miRNAs (hsa-miR-30c-1-3p, hsa-miR-488-3p, hsa-miR-550a-3p,
hsa-miR-663a, and hsa-miR-920) were found to possibly target IL-1p. MSU
crystals in GA patient could inhibit expression of miR-488 and miR-920 and the
two miRNAs could directly target the 3’'-UTR of IL-1f [97]. MSU crystal-induced
IL-1 secretion can be targeted for the new therapeutic strategies in the treatment
of acute gout [98].

4.3 Exosomes

Exosomes are best defined as extracellular vesicles that are released from
cells upon fusion of an intermediate endocytic compartment, the multivesicular
body (MVB), with the plasma membrane. Exosomes can be produced by most
cell types. Exosomes derived from immunosuppressive dendritic cells (DCs)
have been found to confer potent and lasting immunosuppressive effects, similar
to their parental DC [99, 100]. Their protein content largely reflects that of the
parental cells and is enriched in certain molecules including adhesion molecules,
membrane trafficking molecules, cytoskeleton molecules, heat-shock proteins,
cytoplasmic enzymes, signal transduction proteins, and cell-specific antigens
[101-103]. Exosomes also contain functional mRNA and microRNAs molecules
[104]. Certain types of exosomes have been shown to confer immunosuppres-
sive effects in different disease models including RA and gout. It is likely that
exosomes represent a novel effective and safe therapeutic approach for treating
arthritis [105]. In a neutrophil-derived microvesicles (PMN-Ecto) studied for a
murine model of MSU-induced. PMN-Ecto from joint aspirates of patients with
gouty arthritis had similar anti-inflammatory properties [106]. In a study for
investigating the effects of MSU on synovial fibroblasts to elucidate the process
of MSU-mediated synovial inflammation, human synovial fibroblasts were
stimulated with MSU in the presence or absence of serum amyloid A [107]. MSU
stimulation resulted in the activation of caspase-1 and production of active IL-1p
and IL-1a. These findings provide insight into the molecular processes underlying
the synovial inflammatory condition of gout [108].

4.4 Microbiota

The human microbiota consists of the 10-100 trillion symbiotic microbial
cells in each person including primarily bacteria in the gut. The human microbi-
ome refers the genes these cells harbor [109]. Microbiota was found to play the
important roles for the development of personalized medicine. Whole microbial
genome sequencing revealed the extraordinary diversity of microorganisms
and their vast genetic and metabolic repertoire [110]. In a cohort study with 33
healthy and 35 gout patients, the intestinal microbiota of patients were highly
distinct from healthy individuals in both organismal and functional structures.
In gout, there were more Bacteroides caccae and Bacteroides xylanisolvens, there
were less or absence Faecalibacterium prausnitzii and Bifidobacterium pseu-
docatenulatum. Intestinal microbiota of gout is more similar to those of type-2
diabetes than to liver cirrhosis, whereas depletion of Faecalibacterium praus-
nitzii and reduced butyrate biosynthesis were shared in each of the metabolic
syndromes [111].
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4.5 Metabolites

Metabolites are the intermediate products of metabolic reactions catalyzed by
various enzymes that naturally occur within cells and play vital roles in cell growth,
differentials and proliferations. In a study analyzing 355 metabolites in 1764 indi-
viduals and constructed a metabolite network around serum urate. The effect of sex
and urate lowering medication on all 38 metabolites assigned to the three network.
The three network included the well-known pathway of purine metabolism, as
well as several dipeptides, a group of essential amino acids, and a group of steroids.
Of the 38 assigned metabolites, 25 showed strong differences between sexes. The
findings highlight pathways that are important in the regulation of serum urate and
suggest that dipeptides, amino acids, and steroid hormones are playing a role in its
regulation [112].

4.6 The relationships between genetic factors and environmental factors for
hyperuricaemia and gout

The genetic influence and environmental factors should be considered equally
importance for hyperuricaemia and gout. Determining the extent to which envi-
ronmental versus genetic factors are responsible for particular phenotypes such as
gout or hyperuricaemia is a central question in gout or hyperuricaemia research.
Elucidating associations between genotype and phenotype has been a central goal
in human health research for some time [113]. The complications in cellular process
of hyperuricaemia mean many genes may have interactions with each other for the
regulation of the products of uric acid in cells; they may not be identifiable even in
approaches with GWASs. The environmental factors can also interact with genetic
factors that make the process even more complicated. For clinicians, it is important
to understand the etiological causes for complicate diseases and always consider
both genetic and environmental factors play important roles in hyperuricaemia
and gout.

5. Personalized medicine for ULT and gout

The personalized medicine aims to provide the right treatments in the right
time for individual patients with hyperuricaemia and gout. The genetics variants
that underlie diseases and influence the medications will play great roles for the
management of gout in near future. Therapeutics best suited for an individual’s
genotype genetic origins of disease and drug response for LUT including adverse
events. Precision medicine has made great progress due to the rapid development
of pharmacogenomics research. Clinically, patients’ age, race, and gender are all
associated with epigenetic status [114]. Together with the developments of miRNA
profiling, epigenetics investigation, metabolites screening and microbiota research
it will make personalized medicine possible for gout management.

5.1 Intrinsic factor assessment

For intrinsic factor assessment, patients age, gender, geographic residence, social
economic status and other conditions for heart, kidney and liver, allergic status are
all important factors to be considered for clinical managements of hyperuricaemia
and gout. These factors should be considered to decide the medication choice, the
dosage of medications. The decision should be managed to benefit for individual
patients with hyperuricaemia and gout.
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5.2 The life style assessment

In clinical practice, lifestyle changes are frequently urged for prevention and
management of gout [115]. It is advocated to promote healthy eating and drinking
for gout patients, such as reducing intake of beer, sugar-sweetened drinks, and
purine-rich foods such as meat, offal and seafood. Increased intake of cherries,
omega-3 fatty acids, low fat milk and coffee are also advocated [116]. There was
evidence for a non-additive interaction of sugar-sweetened drinks consumption
with a urate-associated variant of SLC2A9 for the risk of gout [117] . Alcohol intake
with T allele of lipoprotein receptor-related protein 2 gene (LRP2) rs2544390 was
reported in determining the risk of hyperuricaemia and gout [118, 119].

5.3 The genetic inheritance and epigenetic affect

The studies of genetic inheritance of gout and hyperuricaemia provide a lot
useful information. More than 40 genetic loci only can explain less than 10% of high
uric acid levels in serum. We also need to consider the genetic background in differ-
ent ethnical populations. The further efforts will be to understand the functional
roles of the novel genes in the pathways of uric acid metabolism. The investigation
can identify the new pharmacological target for gout and bring new therapeutic tools
from preventing to treating gout patients [55]. miRNAs and epigenetic screening are
also helpful to identify the regulator elements for potential gout gene’s expression.

5.4 Microbiome and metabolite factors

Microbiome and metabolite factors are also need to be considered when manag-
ing gout patients clinically. At the present times, not enough reports have been
published in the field. It can be useful to exam the intestinal levels of Bacteroides
caccae, Bacteroides xylanisolvens, Faecalibacterium prausnitzii, Bifidobacterium
pseudocatenulatum in gout patients. Screening key metabolites in serum may also
helpful in clinical management of gout and hyperuricaemia patients.

5.5 The pharmacogenetic consideration

Total about 10 genetic loci were identified to influence the medications of
gout. These loci can be used to predict the drug’s response and adverse effects. For

Assessments Considering factors

Intrinsic factor Age; gender; geographic residence; other conditions for heart, kidney and

assessment liver, allergic history etc

Life style assessment Diet and activities; the in-taking of food with rich purines—such as meat,
poultry, and seafood; alcohol consumption etc

Genetic inheritance Suspected gene screening such as SLC2A9, ABCG2, GCKR, PDZK1 and other
SLC loci etc.

Epigenetic factors miRNA; methylation screening for suspected loci; histone methylation etc

Environmental factors Microbiota; metabolites screening

Pharmacogenetics For NSAIDs, screening PTGS2, ABCG2; for colchicine, screening ABCBI;

consideration for XO inhibitor allopurinol, screening HLA-B5801, HLA-DRY, HLA-DR14,
AOX1 and ABCG2; for Benzbromarone, screening CYP2C9; for Pelgoticase,
screening G6PD

Table 3.

Personalized medicine approaches for management of LUT for gout.
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treating acute gout with NSAIDs, PTGS2, ABCG2 should be screened as the vari-
ants affect aspirin sensitivity. For colchicine treatment, ABCBI should be screened
as the variant affect drug’s response; For XO inhibitor allopurinol, HLA-B5801,
HLA-DR9, HLA-DR14, AOXIand ABCG2 should be screened as the variants may
induce adverse events or response changes. For benzbromarone, CYP2C9 should
be screened as the variant may affect drug clearance and cause side effects. For
pegloticase, G6PD should be screened as the variant may have adverse effects to
induce haemolytic anaemia.

The personalized factors have been summarized in Table 3.

6. Summary

Personalized medicine has made great progress due to the development of the
technology in genetic and genomic approaches. The ultimate goal for personal
medicine of gout management is to provide the best medical advice and best medi-
cal treatment according to conditions of individual patients. The patient conditions
including age, gender, ethnic group, life styles, genetic variations for common gout
associated genes are important factors for clinical managements. Most importantly
the pharmacogenetic loci for the common medications for gout provide useful guid-
ance for individual patients. The developments of miRNA profiling, epigenetics
investigation, metabolites screening and microbiota research will make personal-
ized medicine even more in great details for management. It will revolutionize
medical cares for gout patients in near future.
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ADRB3 adrenergic receptor beta-3

AHS allopurinol hypersensitivity syndrome
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CCA4 congenital cerulean cataract 4

COX2 cyclooxygenase-2

CNV copy number variant

DCs dendritic cells

DNMTs DNA methyltransferases

EC endothelial cell

GA gouty arthritis

GCKR glucokinase regulator

GWAS genome-wide association study

G6PD glucose-6-phosphate dehydrogenase

HDL high-density lipoproteins
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HNF4G hepatocyte nuclear factor 4 gamma

46



Personalized Medicine of Urate-Lowering Therapy for Gout
DOI: http://dx.doi.org/10.5772/intechopen.85030

HNF4A hepatocyte nuclear factor 4 alpha
HLA human leukocyte antigen

INDEL insertion and deletion of short segments of DNA
ITGA2 integrin subunit alpha 2

LRP2 lipoprotein receptor-related protein 2
miRNA micro RNA

MODY maturity-onset diabetes of the young
MSU monosodium urate

MVB multivesicular body

NSAIDs nonsteroid anti-inflammatory drugs
PAK p21-activated protein kinase

PTGS2 prostaglandin-endoperoxide synthase 2
SAA serum amyloid A

SCAR serious cutaneous adverse reactions
SNPs single nuclear polymorphisms

siRNA small interfering RNA

SJS Stevens-Johnson syndrome

SU serum urate

SUA serum uric acid

TEN toxic epidermal necrolysis

TGF transforming growth factor

ULT urate-lowering therapy

UMOD uromodolin

Vmax maximum velocity

VNTRs variable number of tandem repeats
XOI xanthine oxidase inhibitor
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Chapter 5

Prophylaxis of Acute Arthritis
at Initiation of Urate-Lowering
Therapy in Gout Patients

Maxim Eliseev, Maria Chikina and Evgeny Nasonov

Abstract

During the first months after the initiation of urate-lowering therapy in gout
patients, the risk of exacerbation of arthritis considerably rises, which often results
in discontinuation of the prescribed therapy by patients. The main way to avoid this
risk is preventive prescription of colchicine, NSAIDs or glucocorticoids. Such pro-
phylaxis of acute arthritis has been specified in a large number of the latest editions
of various national and international guidelines; however, this tactics is rarely used
in practice. The chapter includes the most significant studies on this problem.

Keywords: gout, prophylaxis, urate-lowering therapy, NSAID, colchicine, GC,
canakinumab, acute attack

1. Introduction

It is known that the frequency of gout attacks increases at initiation of any
medications (allopurinol, febuxostat, PEG-uricase, and benzbromarone) that
lower serum uric acid level, irrespectively of their mechanism of action [1, 2].

The most promising method to reduce the risk of acute arthritis in gout patients
is to initiate preventive anti-inflammatory drug therapy (NSAIDs, colchicine, or
glucocorticoids).

The need for preventive therapy of gout flares is also stated in the current
guidelines [3, 4]. Thus, according to the guidelines by the European League against
Rheumatism (EULAR), the need for prophylaxis of future gout flares should
be explained to every patient and discussed with them. As the first-line therapy
drug, it is recommended to use 0.5-1.0 mg colchicine daily and the dose should be
lowered if the patient was diagnosed with renal insufficiency. Besides, the authors
of the guidelines emphasize the need for observing the patients with renal insuf-
ficiency who receive HMG-CoA reductase inhibitors (statins) at the initiation
of colchicine, considering the potential risks of neuro- and/or muscle toxicity.
According to the guidelines, simultaneous prescription of colchicine and strong
P-glycoprotein inhibitors and/or CYP3A4 should be avoided. In cases of intolerance
to colchicine or contraindications for thereof, it is advised to consider prophylaxis
with NSAID (also in the minimum effective anti-inflammatory dose, with the use
of gastroprotective therapy if needed) [3]. The guidelines by the American College
of Rheumatology (ACR) are similar to those by EULAR, however, according to the
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Source Type of Drug Period of Number Results
(study) study/trial observation of
patients

Paulusetal., Double- Colchicine 6 months 38 * The patients who received probenecid

1974 [9] blind 0.5mg 3 times with colchicine had on average 0.19 gout
placebo- daily flares per month, whereas in the patients
controlled who received probenecid and placebo,

the frequency of attacks was on average
0.48 per month.

Borstad Double- Colchicine 6 months 43 * The patients who had colchicine ther-

etal., 2004 blind 0.6 mg twice apy reported of acute arthritis much

[1] placebo- per day less often (0.52 vs. 2.91, p = 0.008),
controlled and in the case of development of acute

arthritis, the intensity of pain at VAS
was lower (3.64 vs. 5.08, p = 0.018).

Karimzadeh Randomized Colchicine 1year 229 * Basing on the received data, the

etal.,, 2006  without 1 mg daily researchers came to the conclusion

[10] placebo that the optimal length of colchicine
control therapy for prophylaxis of acute

arthritis is 7-9 months from the start
of urate-lowering therapy.

Wortmann Randomized Colchicine 6 months 4101 * Inthe groups where patients received

etal, 2010 placebo- 0.6 mg daily colchicine or NSAIDs, they reported of

[38] controlled or naproxen reduction of the frequency of acute arthri-

250 mg twice tis during the entire period of therapy,
aday irrespectively of the selected medication.

* Immediately after discontinuation of
the 8-week prophylactic therapy, the
frequency of acute arthritis increased
by three times, irrespectively of the
drug used for prophylaxis.

Jinquan Comparative Colchicine 6 months 273 * Gout flares were noted more often

etal.,, 2018  retrospective 0.53 + 0.15mg in the patients who received therapy

[45] placebo- daily or with prednisolone.
controlled  prednisolone * However, the intensity of pain during

7'5_5 +13mg the acute arthritis was higher in the
daily patients who received colchicine.

Schlesinger Double- Canakinumab 8 weeks 200 * The reduction in pain on the

etal., 2011  blind 10, 25, 50, canakinumab therapy was more

[47] randomized 90, 150 mg, marked than on TA in 25, 48 and
active- one-time or 72 hours.
controlled triamc%nolone * The period between gout flares on

acetonide canakinumab was longer than on TA.
(TA) 40 mg,
one-time

Schlesinger Double- Canakinumab 24 weeks 465 * Reduction of the risk of gouty arthritis

etal., 2012  blind 150 mg, attacks by 66% in 12 weeks.

(48] randc.)mized or}e-tir'rle or * Reduction of the average number of
multicenter trlamc?nolone new gouty arthritis attacks by 63% in
controlled acetonide 12 weeks.

(TA) 40 mg,
one-time

Solomon Randomized Canakinumab 3.7 years 10,061 * Quarterly reception of canakinumab

etal.,2018  placebo- 50 mg, 150 or allowed to significantly reduce the risk

[49] controlled 300 mg oncein of acute arthritis, irrespectively of the

3 months serum uric acid level.
Table 1.

Efficacy of prophylactic anti-inflammatory therapy at initiation of urate-lowering drugs in gout patients.
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latter, in cases of contraindications for NSAID and colchicine, it is possible to initi-
ate low-dose glucocorticoids [4].

Such prophylaxis is recommended to be given for 6 months from the start of
urate-lowering therapy. This exact tactic allows to not only minimize the risk of
acute arthritis, but also to reduce probability of self-discontinuation of the urate-
lowering therapy by the patient.

However, the evidence basis for these recommendations is not ample and there
have been no randomized controlled comparative trials of certain medications.

The most considerable studies on preventive anti-inflammatory therapy at the
start of urate-lowering drug therapy are presented in Table 1.

2. Colchicine

Colchicine, an alkaloid received from Colchicum autumnale, is the most well-
studied medication used for prophylaxis of acute arthritis at the initiation of
urate-lowering therapy [5].

The mechanisms by which colchicine has its anti-inflammatory action are
manifold. Probably the most valuable of these mechanisms is the effect on tubulin
molecule, which conditions its cytotoxic and anti-inflammatory action due to the
inhibition of migration, chemotaxis, neutrophil adhesion, as well as the suppression
of superoxide anion synthesis [5].

The modern data suggest the possibility of the direct anti-inflammatory action
of colchicine associated with IL-1-stimulated neutrophil adhesion inhibition. It has
been recently shown that colchicine reducing pro-caspase-1 mRNA and secreted
caspase-1 protein, an enzymatic component of NLR of the NOD-like receptor
Pirin-3 (NLRP3) which regulates conversion of pro-interleukin-1f (IL-1f) into
active IL-1p [6].

In 1961, Yu and Gutman first performed a study to estimate the possibility to use
low-dose colchicine for exacerbation prophylaxis, which resulted in reduction of
the frequency of acute arthritis both in the patients who received colchicine mono-
therapy and in those who received colchicine with concurrent probenecid. The
duration of the therapy was 2-10 years, the patients received 0.5-2.0 mg colchicine
daily, which was less than the colchicine dose typically used for rapid relief from
acute arthritis at that time. As a result, the frequency and severity of acute arthritis
considerably reduced in 74% patients; there were no differences in the frequency in
the groups of patients who received probenecid and of those who did not, and the
discontinuation of colchicine caused arthritis exacerbation within several weeks or
months in 20 out of 25 patients who had not had acute arthritis for several years [7].

In 1965, Gutman published the findings of a retrospective analysis of 734 gout
patients in which it was stated that reception of colchicine significantly reduced
frequency of acute arthritis, irrespectively of the chosen urate-lowering therapy [8].

The first placebo-controlled study to show the efficacy of colchicine prophylaxis
in acute gout arthritis was the study by Paulus et al. [9]. The study involved 51
gout patients with typical gout flares and serum uric acid level of >7.5 mg/dl. The
patients were randomized and divided into two groups: probenecid 500 mg and
colchicine 0.5 mg three times daily, or probenecid 500 mg and a placebo three times
daily. The analysis included 38 patients who showed significant reduction in their
average serum uric acid level. During the study, the patients reported about gout
attacks which were classified as light, moderate and severe, and only those classified
as moderate and severe were included in the analysis. As a result, during the study
period, the patients from the probenecid/colchicine group had on average 0.19 gout
attacks per month, while the patients from the probenecid/placebo group reported
about on average 0.48 attacks per month.
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In 2004, Borstad et al. [1] carried out the first study to evaluate the efficacy of
low-dose colchicine at initiation of urate-lowering therapy (allopurinol). The study
included 43 patients with established gout who began allopurinol therapy. As a gout
flare prophylaxis, the patients took either colchicine 0.6 mg twice a day or a pla-
cebo, depending on their randomization. Both groups were analogous in their basic
characteristics and in the doses of allopurinol necessary to reach the target uric
acid level. The observation period was 6 months. The patients who took colchicine
reported about gout flares much less often (0.52 vs. 2.91, p = 0.008), and in the
cases of development of gout flares, the intensity of pain according to VAS was
lower (3.64 vs. 5.08, p = 0.018). The tolerance of colchicine was good, however, the
frequency of diarrhea was higher in the patients who took colchicine (38.0% in the
colchicine patients vs. 4.5% in the placebo patients), and the reduction of the dose
of colchicine to 0.6 mg once a day leveled those differences almost completely.

The study by Karimzadeh et al. [10] estimated the optimal length of colchicine
therapy for prophylaxis of acute arthritis in gout patients. 229 patients using the
allopurinol and colchicine 1 mg daily therapy were randomized into three groups:
group 1 took colchicine for 3-6 months, group 2 for 7-9 months and group 3 for
10-12 months. After a one-year observation period, 54% of the patients in group 1,
27.5% of the patients in group 2, and 23% of the patients in group 3 had at least one
gout flare. Basing on the received data, it was concluded that the optimal length of
colchicine treatment for prophylaxis is 7-9 months. However, that study had a num-
ber of limitations as it was not placebo-controlled, the patients only informed about
the time interval until the flare, not about the number of flares. Besides, the study
did not provide any information on which criteria had been used to diagnose gout.
Another important limitation of this study, just like of many others, was absence
of a clear definition of gout flare for self-assessment by the patient. Recently the
results of a multicenter work have been published which compared several simple
ways of self-assessment which, as is expected, can reduce the possibility of making
mistakes in investigation findings [11].

It is proved that bioavailability of colchicine is the same for elderly and young
people. However, the distribution volume of colchicine can go down, which leads
to its higher concentration in plasma and a significantly higher risk of toxicity. To
counteract this effect, some experts recommend reducing the dose of colchicine by
two times in the patients over 70 years old [12].

Critics of long reception of colchicine for gout flare prophylaxis at the start
of urate-lowering therapy discuss how safe this tactics of therapy is. The doses
of colchicine of 0.5-0.8 mg/kg are highly toxic and the doses over 0.8 mg/kg are
usually fatal; in order to reduce the risk of irreversible overdose, the US Food and
Drug Administration called off the permission to use colchicine intravenously [13].
Acute overdose of colchicine usually appears as gastrointestinal symptoms within
24 hours after taking, multiple organ failure (renal insufficiency, circulatory defi-
ciency, bone marrow destruction, muscle weakness, rhabdomyolysis, and respira-
tory failure) within 7 days, and finally ends up with either resolution of symptoms
or progression of dysfunction of organs and eventual death [14-17].

Chronic overdose of colchicine can arise when daily doses of colchicine are not
adjusted for renal insufficiency or simultaneous reception of certain medications;
colchicine neuromyopathy and cytopenia are classical characteristics of chronic
overdose [14].

Colchicine predominantly binds three proteins: tubulin, Cytochrome P3A4
(CYP3A4) and P-glycoprotein (Pgp) [18].

CYP3A4 is contained in hepatocytes and enterocytes and metabolizes colchicine
to 2.3 dimethyl colchicine. P-glycoprotein, which is contained in enterocytes,
hepatocytes, renal and other cells, limits gastrointestinal absorption of colchicine.
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Along with renal excretion, these systems determine general level of colchicine

in blood serum. Individual content of CYP3A4 and P-glycoprotein conditions
absence of adequate response to colchicine in some patients, which can be associ-
ated with excessive expression of one or both of these proteins [19]. CYP3A4 and
P-glycoprotein are also responsible for interaction between colchicine and other
medications. Because of its interaction with CYP3A4, colchicine can have harmful
effect if simultaneously taken with clarithromycin, fluoxetine, paroxetine and other
inhibitors of proteases, which are metabolized with the aid of this ferment [20].

Several descriptions of clinical cases and one retrospective review show that
combination of colchicine and inhibitors of HMG-CoA reductase, which also
interact with CYP3A4, can sometimes increase the risk of acute myopathy [21-23].

Kuritzky and Panchal debate about advisability and safety of prophylactic
reception of anti-inflammatory medications at the start of urate-lowering therapy,
referring to a large number of adverse drug reactions in such a therapy [24]. Under
discussion is the possibility for the patient to choose between constant therapy dur-
ing average 6 months or rapid relief of flares as required. Also, the authors came to
the conclusion that long use of colchicine is safer than that of NSAIDs. It was noted
that myopathy and rhabdomyolysis are registered more often in the cases of high
doses and simultaneous use with not only HMG-CoA reductase inhibitors (statins)
but also with fibrates, verapamil, diltiazem, cyclosporine and others, which presup-
poses the need for serious control in case of their simultaneous use.

Kuncl et al. [14] presented a description of 12 new cases of typical syndromes of
myopathy and neuropathy amid use of colchicine by gout patients. Myopathy usu-
ally appears as proximal weakness and is always accompanied by higher serum level
of creatine kinase; both appearances remain for at least 3 or 4 weeks after discon-
tinuation of the medication. Accompanying axonal polyneuropathy is usually mild,
but resolves slowly after discontinuation. Electromyography of proximal muscles
usually reveals myopathy which is characterized by abnormal spontaneous activity.
Due to these peculiarities, c-induced myopathy is often diagnosed incorrectly, either
as probable polymyositis or uremic neuropathy. C-induced myopathy is character-
ized by accumulation of lysosomes and autophagosomes unrelated to necrosis or
moderate denervation in distal muscles. Morphological changes in muscles indicate
that pathogenesis relates to damage of microtubular cytoskeletal network which
interacts with lysosomes. Correct diagnosis can save patients with such a disorder
from a wrong therapy. Myotoxicity most often arises in people over 50-70 years
old who take 1.2 mg colchicine daily. Thus, prescription of a long-term colchicine
therapy for patients over 50 years old should be carried out with maximal caution.

Tolerance to colchicine is dose-dependent and the recommended dose for
prophylaxis of arthritis (0.6 mg once or twice a day), as a rule, is better tolerable
than higher doses used earlier to treat acute gout arthritis (1.2 mg at acute flare with
subsequent increase by 0.6 mg hourly) [25]. The most common colchicine-induced
adverse drug reactions occur with the gastrointestinal tract, namely nausea and
diarrhea, which are reported by 5-10% of the patients, even in cases of low-dose
colchicine [26]. Gastrotoxicity is highly likely to depend on the dose and can be
reduced by decreasing the dose of colchicine.

Among other adverse drug reactions related to the toxicity of colchicine, we
should note neuropathy [24], cytopenia (thrombo-, leuko-, pancytopenia, and aplas-
tic anemia), disseminated intravascular coagulation and metabolic acidosis [27, 28].

Fortunately, probability of adverse drug reactions is low, nevertheless in cases
of long-term treatment with colchicine it is necessary to perform regular analysis of
clinical blood test, level of creatine phosphokinase, transaminases, which is par-
ticularly important in elderly patients, especially in cases of simultaneous reception
of some of the abovementioned medications.
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Besides the possibility of prophylaxis of acute gout flares at the initiation of
urate-lowering medications and titration of their dose, there have been discus-
sions about the favorable effect of colchicine on the cardiovascular system [29].
Retrospective cohort studies in patients with gout report a lower incidence of
combined cardiovascular outcomes in those treated with colchicine [30].

Thus, in the retrospective crossover study Crittenden et al. [31] investigated
whether use of colchicine relates to reduction of risk of myocardial infarction (MI)
in gout patients. The primary outcome was diagnostication of MI, the second-
ary outcomes included all-cause mortality and C-reactive protein (CRP) level.
Altogether 1288 patients were diagnosed with gout. The groups of patients who
received colchicine (n = 576) and of those who did not (n = 712) were comparable
in demographic criteria and their serum uric acid level. Prevalence of MI was 1.2%
in the group who received colchicine, as against 2.6% in the group who did not
(p = 0.03).

In the next study it was proved that reception of 0.5 mg of colchicine daily in
addition to the therapy with statins and other medications used for secondary
prevention of cardiovascular catastrophes, led to reduction of cases of development
of acute coronary syndrome, out-of-hospital cardiac arrest and ischemic stroke
[hazard ratio (HR) 0.33; 95% confidence interval (CI) 0.18-0.59; p < 0.001] [32].

Meta-analysis of trials of colchicine in multiple cardiovascular diseases revealed
a decrease in myocardial infarction with varying levels of evidence [30].

Currently the randomized controlled CONVINCE trial is enrolling stroke
patients to evaluate the effect of a daily low-dose of colchicine in reducing the rate
of recurrent stroke and major vascular events [33].

3. NSAIDs

Along with colchicine, NSAIDs are used as the first line drug therapy for acute
arthritis prophylaxis in gout patients. Just like with colchicine, the history of using
NSAIDs for gout is centuries old. Thus, among the ancestors of the modern anti-
inflammatory drugs there were vegetable foods containing salicylic acid, such as
willow bark, meadowsweet, dried raspberries and others [34-36].

At present, there are no works which could determine the optimal dose or dura-
tion of NSAIDs treatment for prophylaxis of acute gout arthritis [37].

Within the frameworks of phase 3 trial on comparison of efficacy of inhibitors
of xanthine oxidase of allopurinol and febuxostat, the effect of low-dose colchicine
therapy on the frequency of acute arthritis during the first weeks of urate-lowering
therapy was assessed. Selection of a certain drug for prophylaxis of acute arthritis
was performed directly by the doctor. In 79.6% cases they chose colchicine in the
dose of 0.6 mg daily, in 15.2% cases—NSAIDs (naproxen 250 mg twice a day), and
the remaining 5.1% patients did not receive prophylactic treatment. In the groups
where the patients took colchicine or NSAIDs, the frequency of gout attacks dur-
ing the entire period of treatment reduced, irrespectively of the medication. It is
interesting that immediately after the discontinuation of the 8-week prophylactic
therapy, the frequency of gout attacked increased by three times irrespectively of
which medication was used for prophylaxis and remained higher than the original
during several months of treatment with both xanthine oxidase inhibitors. The
frequency of unfavorable effects of colchicine treatment (55.1%) was higher than
that of naproxen (44.3%) (p < 0.001), however, colchicine was used more often
(selection of the medication was carried out by the researcher, without randomiza-
tion), and in the case of decrease of creatinine clearance <50 ml/min naproxen was
not prescribed [38].
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These facts explains limitation of long-term use of NSAIDs. Firstly, it relates
to the increase in the frequency of NSAIDs-related adverse drug reactions from
the gastrointestinal tract [39]. Secondly, to the need of a considerable part of gout
patients for acetylsalicylic acid medications.

Besides, NSAIDs should be used with caution in gout patients with lower
glomerular filtration rate (long use of NSAIDs by such patients is contraindicated)
because they can lead to acute and chronic renal insufficiency, nephrotic syndrome
with interstitial nephritis, papillary necrosis, lower clearance of potassium and
sodium [40].

In 2010, a study was carried out to assess efficacy of urate-lowering therapy with
allopurinol and febuxostat. During the period from February 2010 to December
2010, 516 out of 679 respondents were randomly (1:1:1) prescribed febuxostat
40, 80 mg or allopurinol 300 mg. As prophylactic anti-inflammatory therapy, the
patients, during the first 8 weeks, received 0.5 mg of colchicine daily or 7.5 mg of
meloxicam daily. As a result, the number of patients who needed treatment of acute
gout attacks from the 9th to the 28th week was extremely low: 4.07% (7/172) in the
group on 80 mg febuxostat, 5.23% (9/172) in the group on 40 mg febuxostat and
9.3% (16/172) in the group on allopurinol. Besides the considerable reduction of the
number of acute attacks during the urate-lowering therapy in all groups, the study
revealed high adherence of patients and low percentage of patients who discontin-
ued urate-lowering therapy (on average 5%), which often related to development of
unfavorable reactions [41].

Use of NSAIDs also related to increased risk of cardiovascular pathology, which
makes it even harder to choose a certain medication because every other gout
patient has a high risk of cardiovascular complications [42].

4. Glucocorticoids

In case of impossibility to prescribe NSAIDs or colchicine and/or their inefficacy
for prophylaxis of acute arthritis in gout patients, it is proposed to prescribe low-
dose glucocorticoids, however, there is little data on their long-term therapy in gout
patients [43].

It is thought that prescription of low-dose prednisolone can be efficient and
safer than NSAIDs for treatment of acute arthritis in gout patients. However, there
have been no randomized controlled trials aimed at investigating comparative
efficacy of glucocorticoids and NSAIDs [44].

So far, the first and only comparative study of efficacy of colchicine and glucocor-
ticoids at the initiation of urate-lowering therapy, namely febuxostat therapy, is the
study by Yu et al. [45]. The study included 273 patients, where 152 patients received
colchicine as acute arthritis prophylactic therapy, 49 received prednisolone, and the
remaining 72 patients did not receive any anti-inflammatory medications. The mean
daily dosage of febuxostat in the groups of patients receiving colchicine, glucocor-
ticoids and in the control group was 41.97 + 10.74, 40.82 + 9.09, and 41.67 + 9.93 mg
daily respectively. The mean daily dosage of colchicine was 0.53 + 0.15 mg daily,
the duration of therapy 6.13 + 1.14 months. The mean daily dosage of prednisolone
was 7.55 + 1.30 mg daily, the duration of therapy was 6.20 + 1.36 months. The target
serum uric acid level of <360 pmol/l was achieved in each group. No severe ADRs
were noted. The analysis of the data showed that acute arthritis attacks were reported
271 times altogether, where 46 attacks (21.7%) in the colchicine group, 47 (44.9%)
in the glucocorticoids group and 178 (91.7%) in the control group. However, at high
frequency of recurrent gouty arthritis, the intensity of pain during acute arthritis
was lower in the patients who received glucocorticoids therapy.
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5. Canakinumab

A considerable part of gout patients have contraindications for NSAID, colchicine
and glucocorticoids, and often such therapy can be ineffective, especially in patients
with severe tophaseous gout, which implies the need for using other methods of
therapy. For such patients, it is advisable to consider the use of IL-1 inhibitors, at
least the use of long half-life medications (in particular IL-1p: canakinumab).

Among possible methods of prophylaxis, use of IL-1 inhibitors can be discussed,
at least use of medications with long half-life (in particular IL-1p: canakinumab).
Use of the medication in gout patients is limited to solely rapid relief of arthritis
resistant to any other anti-inflammatory therapy or in case of its impossibility.
However, the steady anti-inflammatory effect of the medication, which surpasses
that of both colchicine and glucocorticoids, allows to initiate therapy with urate-
lowering drugs and perform titration of the dose of allopurinol with minimal risk
of development of acute arthritis [46, 47].

Within the framework of a 24-week phase 2 trial, the efficacy of different doses
of canakinumab and colchicine was compared in 432 gout patients [46]. The plans
of therapy determined by randomization included subcutaneous injections of 25,

50, 100, 200 or 300 mg of canakinumab on the first day or four injections with
four-week intervals (50 mg on the first day and in the fourth week and 25 mg on the
eighth and twelfth weeks) or daily reception of colchicine 0.5 mg per os daily during
16 weeks. It was established that the average number of gout attacks was lower with
any dose of canakinumab, with maximal of 100-300 mg. In the cases of the use of
canakinumab doses of >50 mg, the average number of attacks was lower by 62-72%
than in the case of colchicine, and the risk of at least one attack was lower by 64-72%.

The two following 12-week double-blind multicenter controlled trials of
phase 3 carried out with the same design and united for analysis (B-RELIEVED
and B-RELIEVED II) compared the efficacy of 150 mg canakinumab and 40 mg
triamcinolone acetonide (TA) as a means of prophylaxis of acute arthritis [48].
Canakinumab significantly increased the period between attacks and reduced the
risk of recurrent gouty arthritis (by 63% in 12 weeks and by 56% in 24 weeks).
Moreover, the median time period between attacks for canakinumab was 168 days,
which exceeded the duration of the trial (24 weeks).

In their study Solomon et al. [49] compared the frequency of gout attacks at
the initiation of urate-lowering therapy in patients with different original serum
uric acid levels (<404.5, 404.6-535.3, and > 535.4 pmol/l). As prophylaxis of gout
flares they used canakinumab in different doses (50, 150, and 300 mg), which
was injected subcutaneously every 3 months. The observation period was almost
4 years and after analyzing the received data it was found that quarterly injection
of canakinumab was associated with a significantly lower risk of acute arthritis,
irrespectively of the serum uric acid level.

Canakinumab therapy is generally well-tolerated, although all the studies associ-
ated the use of canakinumab with the increase in infectious adverse drug reactions
(ADR), including severe ones. The probability of ADR was comparable for any of
the used doses of canakinumab (51.9-58.5%) and colchicine (53.7%) [46]. Most
of the ADR were light or moderate, and severe ADR were registered in 14 (4.3%)
patients receiving canakinumab and six (5.6%) patients receiving colchicine. All
six cases of severe ADR in four patients were registered in the canakinumab group.
In another phase 2 trial, the total frequency of ADR was also comparable (41.3% in
the canakinumab group and 42.1% in the TA group) with the frequency of severe
ADR (2.8 and 1.8% respectively) [50]. The only case of infectious bronchitis was
registered in the canakinumab group, but, from the researchers’ point of view, it was
unlikely to be associated with the reception of the drug. Finally, in the phase 3 trials
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united for the analysis, where the dose of canakinumab was one-time 150 mg, the
differences in the frequency of ADR (66.2% in the canakinumab group and 52.8% in
the TA group) were conditioned by infectious ADR, mainly non-severe infections of
upper airways (20.4% in the canakinumab group and 12.2% in the TA group) [48].
None of the studies registered fatal cases associated with infectious diseases. Although
the use of canakinumab was accompanied by moderate reduction of the levels of throm-
bocytes, leucocytes and neutrophils in the blood, it did not have clinical relevance.
Canakinumab therapy should be carried out by a rheumatologist experienced in
gout treatment and genetically biological disease modifying antirheumatic drugs
(bDMARD:s). Before the start of the therapy, it is important to exclude active and
latent tuberculosis infections. The recommended dose of canakinumab is 150 mg
(subcutaneously). If there is need for a repeated injection, the interval between
the two should be over 12 weeks. In case of no effect after the first injection, it is
inadvisable to give repeated injections.

6. Conclusion

To summarize, it should be noted that neglect of recommendations on prophy-
laxis of acute arthritis during the first months of urate-lowering therapy, despite the
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*There are no rec dations for use of canakinumab for prophylaxis of scste artheitis, however, i can
be effectize at imRtiation of urate-lowering therapy s patients with severe tophaceous gout and frequent
gout flares [48-40).

Figure 1.

Acute arthritis prophylaxis algorithm at initiation of urate-lowering therapy in gout patients. *There are no
recommendations for use of canakinumab for prophylaxis of acute arthritis, however, it can be effective at
initiation of urate-lowering therapy in patients with severe tophaceous gout and frequent gout flares [48, 49].
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firm guidelines of its necessity, is one of the most common mistakes in treatment
of gout [51]. For example, according to the analysis of the database of 643 gout
patients who were first prescribed allopurinol, only 26% were also prescribed pro-
phylactic anti-inflammatory therapy (16% received NSAIDs and 10%—colchicine)
[52]. At that, besides the burden of pain and poorer working ability which result
from acute arthritis, this exact mistake can be the main cause of patient’s discon-
tinuation of urate-lowering medications and patient’s low adherence to treatment.
As a result—development of chronic arthritis, formation of tophi, as well as gouty
arthropathy and bone tissue destruction. One of the ways to avoid the above said is
to adhere to the recommendations on gout treatment whose integral part is prophy-
laxis of acute arthritis at the initiation of urate-lowering medications. The suggested
algorithm of the drug prophylaxis of acute arthritis during the first months of
urate-lowering therapy presupposes sequential selection of the anti-inflammatory
medication (see Figure 1). As the first-line medication, it is advised to use colchi-
cine, in cases of contraindications for or poor tolerance to thereof—NSAID, and

if NSAID therapy is not possible either—glucocorticoids. Finally, for the patients
with chronic arthritis and the need for regular use of anti-inflammatory drugs, it is
possible to consider IL-1 inhibitors (canakinumab).
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