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Abstract

The HLA-B*58:01 allele was identified as a genetic marker for allopurinol-induced severe
cutaneous adverse drug reactions (SCARs) in gout patients. Malaysia has a high frequency of
10.4% of the HLA-B*58:01 allele in allopurinol-induced SCARs patients. However, the
strength of association of the HLA-B*58:01 allele to allopurinol-induced SCARs still need to
be further validated in Malaysian pharmacogenetics studies. This project aims to develop a
new, cost-effective, user-friendly and rapid method of screening for this allele by using the
High Resolution Melt (HRM) method. The HRM method was used for its ability of reference
curve-based targeted genotyping, where a positive control’s melt curve is used as a
reference for screening of unknown samples. A gout cohort (n=145) and a healthy
volunteers cohort (n=145), matched for age, gender and ethnicity, were used for the HRM
screening. The HRM method showed a sensitivity of 0%, specificity of 57%, positive
predictive value of 0% and negative predictive value of 57%, due to the presence of
significant limiting factors. Several significant limitations were met in this study, starting
with the slow sample collection, low number of SCARs samples, positive control’s
heterozygosity, low primer specificity and the high level of polymorphism in the HLA-
B*58:01 allele. Moreover, the Sanger sequencing and NGS methods were used to validate
the HRM method and delve into the complexity of the HLA-B alleles’ role in Malaysians. The
newer theory of the presence of numerous HLA-B alleles as pharmacogenetic markers in
populations was also investigated. HLA-B*58:01 was seen as a strong genetic marker in mild
allopurinol-induced hypersensitivities and SCARs by Sanger sequencing. HLA-B*58:01
positive samples identified by Sanger sequencing had high frequencies of 32.1% for two
different alleles; HLA-B*58:01:01 and HLA-B*35:01:01. Moreover, healthy volunteer
samples showed high frequencies of 28.5% for HLA-B*58:01:01 and HLA-B*35:01:01 alleles.
Hence, all these aforementioned HLA-B alleles are identified as potential pharmacogenetic
markers in Malaysia. Next Generation Sequencing (NGS) was performed on 6 gout samples
and 3 Malaysian specific SNPs (rs11423052, rs151341211 and rs9279154) were identified for
the HLA-B*58:01 allele. Future studies need to focus on SNPs amplification in order to fully

exploit the HRM method’s strengths as a screening method.
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1.1 Research rationale

Gout is a purine metabolism disorder caused by depositions of urate crystals in joints, which
is in turn brought about by long-lasting hyperuricemia (Richette & Bardin, 2010). The
worldwide prevalence of gout is 0.1-10%, with an annual incidence of 0.3-6 cases per 1000
persons-years and has an incidence of 2-6 fold more in men, when compared to women.
Gout’s incidence in Malaysia was at 1% in 2016, totalling up to around 31,000 patients
affected (Kuo et al., 2015). Allopurinol is the first-line, urate-decreasing therapy commonly
used in gout patients due to its rapid lowering effect on serum urate levels and affordable
cost over other drugs. Allopurinol and its metabolite oxypurinol inhibits xanthine
oxidoreductase and leads to a decreased urate production and de novo purine synthesis

(Day et al., 2017: Kwok & Kwong, 2013).

However, allopurinol use may lead to occurrences of adverse drug reactions (ADRs) in
patients which may lead to mortality. This type of ADR is classified as Type B ADRs, also
known as idiosyncratic ADRs, which are either immune-mediated or non-immune related.
These ADRs can manifest as mild maculopapular eruptions (MPE), the life-threatening
severe cutaneous adverse reactions (SCARs) which includes Stevens-Johnson
syndrome/toxic epidermal necrolysis (SIJS/TEN), drug reaction with eosinophilia and
systemic symptoms (DRESS), as well as allopurinol hypersensitivity syndrome (AHS) (Stamp
et al., 2016). Allopurinol is one of the highest causes of SCARs, accounting for around 5% of
total SCARs cases. DRESS syndrome is characterized by skin rashes, eosinophilia,
lymphadenopathy, fever and multi-organ dysfunction, with a 10% mortality rate in patients
(Tsai & Yeh, 2010). SIS and TEN are characterized by cellular apoptosis, mucous membrane
erosion, severe detachment of the epidermis and constitutional symptoms. SIS has a
mortality rate of 5-10% with body surface area (BSA) detachment of less than 10%, while
TEN has a mortality rate of 30-40% with BSA detachment of more than 30% (Bharadwaj et

al., 2012; Roujeau et al., 1995).

The pathogenesis of all these hypersensitivity reactions are mediated by the immune
system, more specifically by the Major histocompatibility complex class | (MHCI) molecules

which consists of the Human Leukocyte Antigen B (HLA-B) alleles (Bharadwaj et al., 2012;
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Chung et al., 2008). Hence, the pharmacogenomics (PGx) field was born, linking drugs’ ADRs
to HLA-B alleles and specific populations. PGx and its implications in medical science
skyrocketed in the 2000s, along with the Human Genome Project’s completion (Collins &
McKusick, 2001). Several pharmacogenetic markers have been identified, starting with HLA-
B*57:01 in abacavir (ABC)-induced SCARs in HIV patients (Mallal et al., 2008) and followed
by HLA-B*15:02 in carbamazepine (CBZ)-induced SCARs in epileptic patients (Chung et al.,
2004).

The HLA-B*58:01 allele is the most well-established genetic link to allopurinol-induced
hypersensitivity reactions (Jung et al.,, 2011). The mechanisms behind this genetic
association follows the HLA-dependent T cell activation by the drug, whereby CD8+ T cells
activation will be accompanied by cytotoxic effects on keratinocytes which ultimately results
in the characteristic epidermal aggression and necrolysis seen in SCARs (Bidwell, 1994;
McDonagh et al., 2014). Gout patients risk SCARs development 80-97 times more in the
presence of the HLA-B*58:01 allele (Choo et al., 2014). The genetic association between
HLA-B*58:01 and AH has been validated in numerous countries, including Taiwan (Hung et
al., 2005), Thailand (Tassaneeyakul et al., 2009; Jantararoungtoung et al., 2014; Sukasem et
al., 2016), China (Cao et al., 2012; Chiu et al., 2012), Hong Kong (Cheng et al., 2015), Japan
(Kaniwa et al., 2008; Tohkin et al., 2013; Niihara et al., 2013), Korea (Jung et al., 2011; Kang
et al., 2011), and Europe (Christallo et al., 2011; Lonjou et al. 2008). Malaysia was shown to
have a high frequency of 10.4% for the HLA-B*58:01 allele in SCARs, as recorded in the
Allele Frequency Net Database (AFND) (Gonzdlez-Galarza et al.,, 2015). Therefore, it has
been proposed that HLA-B*58:01 screening prior to allopurinol prescription may effectively
reduce incidences of allopurinol-induced ADRs and minimize morbidity and mortality (Jung

etal.,, 2011).
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1.2 Research approaches

The screening of HLA alleles started with serological testing, followed by Restriction
Fragment Length Polymorphism (RFLP), Polymerase Chain Reaction (PCR), Sequence specific
priming (SSP), Sequence Specific Oligonucleotide Typing (SSO) and loop-mediated
isothermal amplification (LAMP). However, these methods had several disadvantages,
namely, being time-consuming, inefficient, using large amounts of reagents and low
specificity due to high HLA polymorphisms (Choo, 2007; Pozzi et al., 1999). The gold
standard for HLA typing is DNA sequencing, but it is too time consuming, especially when

immediate results are needed in hospitals for subsequent prescriptions (Bidwell, 1994).

This study introduces the use of the High Resolution Melt method (HRM) as a rapid and
cost-effective screening method for the HLA-B*58:01 allele, which overcomes the
shortcomings of previous screening methods used. The HRM method has been extensively
used for genotyping, single nucleotide polymorphism (SNP) scanning and HLA donor
matching in organ transplantation (Reed, 2007). The HRM method can accurately
differentiate between different DNA sequences based on their GC composition, melting
point, DNA length and complementarity by using special DNA binding dyes. During the HRM
method, temperature is increased in short increments of 0.008-0.2°C allowing detailed
melting curve generation and analysis where single base changes are detected in otherwise
identical DNA sequences (Reed, 2007). The HRM method can detect the slightest change in
one DNA base, which will then be reflected in a change of the HRM melt curve shape. This
theory is called the reference curve-based targeted genotyping, and it has been used in a
few HLA studies only (Rani et al., 2018; Imperiali et al., 2015; Cui et al., 2013; Lundgren et
al.,, 2012; Zhou et al., 2004). HRM also provides the advantages of a quick, qualitative
screening method, with lower costs, high accuracy, sensitivity and specificity (Zhou et al.,
2004). By using the unique features of the HRM method, a screening method for the HLA-
B*58:01 allele will be designed and optimised in this study, in order to decrease allopurinol-
induced ADRs. Sanger sequencing, the gold standard for HLA typing, will be used to validate
the HRM method developed and to confirm the presence of the HLA-B*58:01 allele in

positive samples identified.
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Owing to the HLA alleles’ high number of polymorphisms, even Sanger sequencing has its
limits in HLA typing and in uncovering their full potential. Here, the Next Generation
Sequencing (NGS) method comes into play to decipher the ambiguities and gaps left in the
understanding of the HLA-B alleles’ role in drug-induced SCARs in diseases and infections.
The high resolution and high-throughput capability of NGS will allow us to significantly
resolve the current HLA-B sequence coverage gap and fully characterize the multifaceted
HLA-B genes (Wang et al., 2012). Moreover, NGS will also be used as the ultimate validation
for both the HRM and Sanger sequencing methods. One of the biggest hurdles of the PGx

community is the translation of research into clinical application (Chang et al., 2020).
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1.3 Significance of study

Malaysia was shown to have a high frequency of 10.4% for the HLA-B*58:01 allele in SCARs,
as recorded in the AFND (Gonzalez-Galarza et al., 2015). However, studies on the AFND
were only anthropology and transplantation studies, without one single PGx study. Recently,
a study was published, proving the role of the HLA-B*58:01 allele in allopurinol-induced
SCARs in Malaysia (Low et al., 2020).

HLA typing methods, sequencing and commercial kits are too expensive for Malaysians,
showing the need for development of a low cost and effective screening method, thus
allowing anyone to predict their reactions to drugs based on their unique genetic makeup.
This project aims to develop a new screening procedure by exploiting the HRM method
which offers numerous advantages over all existing HLA screening methods. Moreover the
NGS method will be used to decode the HLA-B*58:01 allele into depth to give us an insight
of its complexity and involvement in allopurinol-induced SCARs in Malaysia. The possible
presence of other HLA-B pharmacogenetic markers and SNPs will be investigated too and

give us a deeper understanding about their mechanisms of action.

1.4 Hypothesis of research

The hypothesis of this research states that the HLA-B*58:01 allele is strongly linked to
allopurinol-induced SCARs in Malaysian gout patients. Moreover, the HRM method is
hypothesized to be an accurate screening method to use in order to detect the HLA-B*58:01
allele. Another hypothesis states that other HLA-B alleles might be linked to SCARs and
other milder forms of ADRs in Malaysians. These hypotheses will be thoroughly investigated

in this research.
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1.5 Aims and Objectives

1) Design specific primers for amplification of exon 2 and 3 of the HLA-B*58:01 allele and
validate it by Sanger sequencing.

2) Optimize a standard and a multiplex Polymerase Chain Reaction (PCR) for amplification
of the HLA-B*58:01 allele and validate this by Sanger sequencing.

3) Develop and optimize the HRM method with the designed primer sets and the cloned
positive control as reference genotype. Validate the HRM screening method with Sanger
sequencing.

4) Evaluate the sensitivity, specificity, positive and negative predictive value of the HRM
method.

5) Use NGS to further validate HRM and Sanger sequencing findings.
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CHAPTER 2: LITERATURE REVIEW
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2.1 Gout

2.1.1 Discovery of gout and monosodium urate (MSU) crystals

Gout is a disease of antiquity, found in the skeletal remains of pharaohs in Egypt (2620 BC to
2480 BC and even in the fossil of dinosaurs such as the Tyrannosaurus rex (Hartung, 1957). It
was also known as the ‘disease of kings’ with its long history dating back to around 3000
B.C. Gout is a purine metabolism disorder caused by depositions of urate crystals in joints
which is in turn brought about by long-lasting hyperuricaemia. The prevalence of gout is
constantly increasing and may be attributable to changes in diets, lifestyle and increased
ageing population. Gout affects millions of people worldwide, and understanding the
disease is key to prevention and cure (Richette & Bardin, 2010). Gout is nowadays
extensively understood and properly treated as a true crystal deposition disease which
results from the formation of monosodium urate (MSU) crystals. Uric acid (UA) was first
discovered by Karl Wilhelm Scheele in 1776 (Scheele & Beddoes, 1786), followed by the
discovery of W. H. Woolaston three years later which demonstrated the presence of sodium
urate in his own tophus (Fraser, 1992). Sir Alfred Garrod first postulated uric acid as the
cause of joint inflammation and he also devised the first qualitative test for uric acid, known
as the “thread test” (Mellen et al, 2006). In 1897, MSU crystals were thought to be the
cause of inflammation by Gustave Riehl and this was later proven by Wilhelm His Jr. MSU
crystals were later linked to both inflammation and necrosis by Freudweiler who performed
the histological study on rabbits and chickens injected with MSU crystals (Wortmann et al,
2006). The same experiment was repeated on a human volunteer in the early 1960s and
showed an intense inflammatory response in the injected joint (Buchanan et al, 1965).
Hence, following this series of experiments over time, MSU crystals were identified
unequivocally as the pathogenic agent in gout. Gout’s concept has been elusive for
centuries and was only cemented after the aforementioned experiments by numerous
scientists. This disease now has distinct phenotypic characteristics, such as, high serum
urate concentration (hyperuricaemia), recurrent acute arthritis attacks, MSU crystals
accumulation around joints, possible renal disease and uric acid urolithiasis (Firestein,

2009).
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2.1.2 Epidemiology of gout

Measuring a disease’s occurrence comprises of the prevalence and incidence, where
definitions are the number of cases per population at a given time and the number of the
new cases per population at a period of time, respectively. The worldwide prevalence of
gout is 0.1-10%, with an annual incidence of 0.3-6 cases per 1000 persons-years. The
incidence of gout in men is 2-6 fold more than in women. The worldwide incidence is
increasing gradually due to poor dietary habits, sedentary lifestyle, increased obesity and
metabolic syndrome. Western countries have a prevalence of 3-6% in men and 1-2% in
women, and may even go up to 10% in some. Prevalence increases to 10% in elderly men

and 6% in elderly women of more than 80 years old (Kuo et al, 2015).

Different country in the Asia-Pacific regions have varied prevalence, with Taiwan (upto
10.42%) being amongst the top countries worldwide with the highest prevalence of gout.
China (6.10%) and Malaysia (1%) were found to have higher gout levels compared to Japan
(0.51%), Thailand patients (<0.50%) and other Asian populations (Podr & Mituszova, 2003)
as shown in Table 2.1. In 2016, 34 million cases of gout for people older than 15 years old
were recorded worldwide and an approximate forecast for the year 2025 is of 37.9 million
cases. Gout’s incidence in Malaysia was at 1% in 2016, totalling up to around 31,000

patients affected (Kuo et al, 2015).
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2.1.2.1 Prevalence

Global prevalence cannot be captured in one single estimate, as it varies from country to
country and data is lacking in many regions. The highest prevalence (>10%) was recorded in
Oceanian countries, specifically in Taiwanese aboriginals (Chang et al., 1997; Chou et al.,
1998) and Maori people (Rose and Prior, 1963; Pascart et al., 2014). North America and
Western Europe have a prevalence of around 1-4% as detailed in Table 2.1, while other
countries are reported to have an even smaller prevalence, such as Guatemala, Iran, Turkey,
etc (Obregdn-Ponce et al, 2012; Davatchi et al., 2008; Cakir et al., 2012). Factors influencing
the estimates of the prevalence of gout vary according to differences in sample number,
age, gender distribution, geographic locations, sampling methods, gout definition used and
ethnicities of study patients (Wijnands et al., 2015). Figure 2.1 shows two graphs with
prevalence data recorded for seven main countries, against age (part a) and gender (part b).
Figure 2.1 (a) shows that age-specific prevalence of gout is similar in the UK, USA and New
Zealand, whereas Taiwan has the highest gout prevalence across all ages. However,
irrespective of prevalence in different countries, the latter always increases with age and
plateaus around 70 years old. Figure 2.1 (b) shows the higher gout prevalence in men
compared to women in all the seven countries, in a ratio of around 4:1 (male: female) (Kuo

et al, 2015).
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Table 2-1 Gout prevalence estimates in developed and developing countries. GP stands for

general population (Kuo et al, 2015).

0.30-0.40

0.30-0.40 67
0.30-0.40 68
0.01 20
0.80 69

3.00 37

38
39
40
41
42
43
44
45
46

48
49
49
49

0.51 50

0.40 51
5.10-6.10 52
1.14 78
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4.10
4.92
10.42
1.70
1.00
0.80
<0.50
<0.50
0.82
<0.50
<0.50
<0.50
<0.50
<0.50

53
54
14
70
26
70
71
74
82
21
75
27
76
77
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Figure 2-1 Prevalence of gout worldwide in seven representative countries, shown against
patients’ age (part a) and gender (part b). Part a shows a linear increase in gout prevalence
with age and part b shows than gout patients are mostly male in all countries (Kuo et al,

2015)
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2.1.2.2 Incidence

Studies on the incidence of gout are fewer compared to the global prevalence studies. An
estimate for the general gout incidence is 2-6 fold higher in men than in women. Incidence
is also known to increase with age and reaches a plateau around 70 years, similar to gout
prevalence. Numerous studies have reported the incidence of gout in the USA, namely the
Framingham study with 0.84 cases per 1000 person years (Abbott et al., 1988) and another
study in Sudbury with 1.0 cases per 1000 persons, as shown in Table 2.2 (O'Sullivan et al.,
1972).

However, with different studies there are different case definitions, age limits, sampling
strategies and location, thus making it difficult to set a proper trend for incidence.
Interestingly, when the Rochester Epidemiology Project used a case-definition of physician-
diagnosed gout, along with an age and sex adjusted factor, the incidence decreased to half
compared to the other three aforementioned studies. Moreover, an increase in incidence
was also observed in the second part of the study done until 1996, as shown in Table 2.2
(Maynard et al., 2014). This increase in incidence with time was also seen in three other
studies, namely the “USA Rochester Epidemiology Project, the UK Second and Third National
Studies of Morbidity and the UK Clinical Practice Datalink (CPRD). The highest gout incidence
recorded from Table 2.2 is from the Maori people of New Zealand (6.45), followed by
Taiwan (2.74) and a UK Health Improvement Network study (2.68). The Singapore Chinese
health cohort study reported an incidence rate of as 0.5 per 1000 person-years in men and
0.294 per 1000 person-years in women. However, there is no incidence yet reported for
Malaysia and it is assumed to be the same as Singapore, due to their similar population
demographics Hence, incidence rate will also vary from country to country and based on
numerous other factors like gout definitions used, patients’ age, sampling techniques used,

length of study, etc.
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Table 2-2 Incidence recorded for seven main countries worldwide, along with different
studies and their specific duration. Three entries have multiple incidence recorded in this

table, recorded at different time frames in the same study (Kuo et al, 2015).

Framingham study 0.84 1948-1980

New England town study (Sudbury) 1.00 1964 (1 year)
Atherosclerosis Risk Communities 0.84 1987-2012

(ARIC) study

Rochester Epidemiology Project 0.45 1977-1978
0.62 1995-1996
Second and Third National Studies of 1.00 1971-1975
Morbidity in General Practice 1.40 1981-1982
Clinical Practice Research Datalink 1.19-1.80 1990-1999
(CPRD) 1.36-1.77 1997-2012

2.26 2012 (1 year)
Royal College of General Practitioners 1.12-1.35 1994-2007

Weekly Returns Service (WRS)

The Health Improvement Network 2.68 2000-2007
(THIN)
New England town study (Sudbury) 0.06 1974 (1 year)
Longitudinal Patient Database 0.95 2005-2009
Ceske Budejovice and Cheb 0.41 2002-2003
Maori individuals 6.45 1962-1974
National Health Insurance Research 2.74 2010 (1 year)

Database (NHIRD)
The Singapore Chinese health cohort 0.294-0.5 1993-1998
study




2.1.3 Pathogenesis of hyperuricaemia

2.1.3.1 Introduction

The last metabolite of the endogenous and dietary purine metabolism is uric acid. The latter
is a weak acid (pH of 5.8) which is ionised to urate at physiological pH of 7.4. Urate crystals
will start to deposit in joints when the serum uric acid (SUA) level increases above the
normal threshold, as shown in Figure 2.2 below. The pathological threshold of
hyperuricaemia is set at 6.8mg/dL (Dalbeth et al., 2019; McCarty and Hollander, 1961).
Urate is mostly present as monosodium urate due to high sodium levels in the extracellular
compartment. Monosodium urate crystals will form and precipitate when the urate levels
exceed 380 umol/L. Urate is mostly produced in the liver, followed by the small intestines.
Urate production depends on purine synthesis, salvage and degradation pathways, as
depicted in Figure 2.3. Hyperuricaemia can be caused by an increased turnover of nucleic
acid or an increase in ATP breakdown to AMP. The enzyme uricase mutated and absent in
humans, thus preventing the degradation of uric acid to soluble allantoin and leaving urate
close to its solubility limit (Richette & Bardin, 2010). Genetic polymorphisms in crucial urate
transporters, such as human URAT1 transporter and the fructose SCL2A9 transporter, will
decrease urate excretion (Tausche et al, 2009). Hyperuricaemia is caused in 90% of cases by
the faulty renal excretion of uric acid and the rest of the 10% constitutes people who

overproduce uric acid, as shown in Figure 2.3 (Richette & Bardin, 2010).
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Figure 2-2 Flow diagram showing the conversion of purines to serum urate and ultimately to
an excess leading to crystal formation and chronic tophaceous gout (Richette & Bardin,

2010).
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Figure 2-3 Pathogenesis of hyperuricaemia is depicted, along with the risk factors affecting

this whole process (Ragab et al., 2017)
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Monosodium urate crystals will initiate, increase and maintain a strong inflammatory
response as shown in Figure 2.4. Patients with intra-articular depositions of MSU crystals
develop an acute inflammatory response which leads to acute gout flares. The latter is
caused by MSU crystals’ interaction with resident macrophages, which in turn causes the
formation and activation of the NLRP3 inflammasome (as shown in Figure 2.4) (Martinon et
al., 2006). This process is enhanced by a microtubule-driven spatial co-localisation with
mitochondria and involves a-tubulin acetylation (Misawa et al., 2013). Caspase 1 (blue oval
in Figure 2.4) is recruited by the inflammasome and processes pro-interleukin 1B into
mature interleukin 1B (Martinon et al., 2006). Production of interleukin 1B also necessitates
the presence of another signal besides the presence of MSU crystals, such as long-chain free

fatty acids (Joosten et al., 2010).

This inflammatory response is enhanced by the activation of neutrophils and mast cells,
causing the release of a host pro-inflammatory cytokine, chemokines, reactive oxygen
species, prostaglandin E2 and lysosomal enzymes (Cronstein and Sunkureddi, 2013). The
resolution phase of acute gouty inflammation is mediated by the introduction of anti-
inflammatory cytokines, lipid mediators and aggregated neutrophil extracellular trap
structures (bottom left of Figure 2.4) (Schauer et al., 2014). The tophi formed in gout is an
organized chronic inflammatory granulomatous response to MSU crystals with the
involvement of the innate and adaptive immune cells (Dalbeth et al., 2010). Aggregated
neutrophil extracellular traps might also have a role in tophus formation by organizing MSU
crystals in a non-inflammatory state and developing the crystals’ core (Schauer et al., 2014).
Infiltration of tophi in bones and joint then cause bone erosion and joint damage in gout
(Dalbeth et al., 2009). Urate concentrations vary according to inheritance and
environmental factors (Richette & Bardin, 2010). Deposition of crystals will be seen in joints,
soft tissues and kidneys which ultimately manifests as arthritis, tophi, urate nephropathy
and nephrolithiasis. Numerous factors contribute to deposition of crystals such as decreased
body temperatures, variations in pH level and the degree of articular dehydration (Tausche

et al, 2009).

Factors affecting the solubility of uric acid in joints are the synovial fluid pH, synovial

components such as proteoglycans and collagen, water concentration and electrolytes level.
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A level of SUA is achieved by the balance between its production and its excretion by the
kidneys and gastrointestinal tract (GIT). SUA production comprises of diet purine intake and
endogenous production by cellullar turnover. 10% of gout cases can be attributed to
increased SUA, while 90% of cases are caused by its renal under-excretion (Mandal &
Mount, 2015). Serum uric acid (SUA) level is affected by age and gender. SUA is normally
low in children, starts to increase and reaches normal levels during puberty. Men usually
show higher SUA levels compared to women, but post-menopausal women can reach men’s
SUA level too. This shows the reason behind gout being a disease for middle-aged, elderly
patients and post-menopausal women. Gout occurring in children and young adults are due
to rare inborn errors in their purine metabolism. Enzymatic defects in the latter cause an
increase in SUA levels, followed by consequent UA crystals production in kidneys and joints

(Kamei et al, 2014).
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Figure 2-4 Pathway for the progression of hyperuricaemia to tophaceous gout, along with its

depicted inflammation response (Dalbeth et al., 2016).
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2.1.3.2 Overproduction of uric acid

Overproduction of UA in the purine metabolism is usually caused by a deficiency in
enzymes. Lesch-Nyhan syndrome is caused by a lack of a specific enzyme in UA metabolism,
known as hypoxanthine—guanine phosphoribosyltransferase. The latter is an inborn error of
metabolism and a genetic X-linked recessive disorder, which can vary in severity based on
specific mutations. Neurological abnormalities are seen in this disease, such as chorea, self-
mutilation, dystonia, cognitive dysfunction, articular manifestations and compulsive
injurious behavior. In absence of any treatment, patients may develop tophi, renal stones
and renal failure (Torres & Puig, 2007). In youngsters, the enzyme phosphoribosyl
pyrophosphate synthetase is known to be superactive and thus causes gout. The latter is an
X-linked dominant inherited disorder with two clinical forms, namely, a severe early onset
form in children and an early adult onset form. Neurological abnormalities are seen again,
with hypotonia, sensorineural hearing loss and severe ataxia. A mild form of this disease
presents itself as arthritis and UA renal stones. The two enzymatic disorders listed above
make up less than 10% of UA overproduction cases (Reginato & Olsen, 2007).
Overproduction of UA is often related to a patient's diet or dietary purine, as shown in
Figure 2.3. The easiest way of increasing UA precursors in the body is the ingestion of purine
rich food, be it cooked or processed, from animal or seafood origin. Another important risk
factor for gout is alcohol consumption, especially beer intake. Detailed explanation for
specific dietary intakes linked to a higher risk of gout will be given in the following section

(Kanbara & Seyama, 2011; Towiwat & Li, 2015).
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2.1.3.3 Endogenous urate production

An increase in endogenous UA production is seen in cases of accelerated cellular turnover,
such as in malignancies, inflammatory and heamatological diseases, as depicted in Figure
2.4. Chemotherapy and tissue damage are other instances of increased purine production.
UA production is enhanced by an increase in weight, obesity and leptin, which all contribute
in elevating the risk of hyperuricaemia. Thus patients can exercise and lose weight in order
to reduce SUA levels and gout risk (Bedir et al, 2003; Dessein et al, 2000; Emmerson, 1998;
Mahmoud et al, 1998).

2.1.3.4 Declined uric acid excretion

The kidneys are responsible for the bulk of urate excretion, while the GIT excretes one third
of the remaining urate in our bodies. In cases where the transporter ABCG2 has a lower
secretory function, the amount of UA excreted through the GIT decreases, thus leading to a
rise in body SUA levels and a boost in urate renal elimination (Ichida et al., 2012; Mandal &
Mount, 2015). Specific membrane transporters are needed to carry the insoluble UA crystals
through cell membranes. The main type of transporters are, the urate transporter/channel
(mainly URAT1) and the organic anion transporters (OAT1 and OAT3) (Enomoto & Endou,
2005; Mandal & Mount, 2015). URAT1 activity can be decreased by using uricosuric drugs,
such as probenecid, benzbromarone and sulfinpyrazone, which in turn causes a decrease in
UA reabsorption in the proximal tubules. Other drugs such as pyrazinamide, lactate and
nicotinate, work by increasing urate reabsorption via URAT1 and increasing glomerular
filtration and tubular reabsorption of UA, thus preventing any loss of UA in urine( Cho et al.,
2015; Tan et al., 2016). A dose-based response is also seen on URAT1's activity with other
substances, where it can be inhibited or potentiated. Aspirin is one example, where a high
dose has a uricosuric and cis-inhibition effect by blocking URAT1's action. The opposite
occurs with a low aspirin dose having an anti-uricosuric and trans-stimulation effect on
URAT1 (Tan et al.,, 2016). Some autosomal dominant disorders are also associated with a
reduction in UA renal excretion. One example is mutations in the gene uromodulin, which

usually expressed in the loop of henle and regulates water permeability. Mutations in the
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latter results in a reduction in fractional excretion of UA and a following increase in SUA

level (Han et al., 2013).

2.1.3.5 Genes governing uric acid regulation

The SLC22A12 gene, encoding URAT1 transporters on the renal tubules, is involved in UA
excretion regulation. SLC2A9 encodes for a specific transporter protein present on renal
tubules and regulates UA excretion. Both genes can have polymorphisms and reduce the
level of UA excretion, thus increasing SUA levels. Other genes identified are the ABCG2
transporter gene in the kidney and GIT, two membrane transporters in the kidney (SLC17A1
& SLC17A3), SLC22A11, Carmil (LRRC16A), the glucokinase regulatory protein (GCKR) and
PDZ domain containing 1 (PDZK1) genes (Kolz et al, 2009; Phipps-Green et al, 2016).
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2.1.4 Clinical manifestation of gout

2.1.4.1 Introduction

Gout can manifest itself at varying degrees and stages. It is imperative to understand the
different types of gout for proper clinical diagnosis and subsequent treatment. It usually
starts with asymptomatic hyperuricaemia, followed by acute gout, an intercritical stage and
chronic gout. Figure 2.5 below shows an overall picture of the parallel clinical manifestation
stages of gout, along with the disease progression and risk factors linked to the disease's
deterioration. On the appearance of hyperuricaemia, deposits of MSU crystal manifest in
joints and the consequent gout flares, along with chronic and tophaceous gout are seen in
patients. The main determining stages for this disease are the start of hyperuricaemia and
MSU crystal deposits, which are unfortunately asymptomatic and can be exacerbated by
numerous risk factors. The key element in gout treatment and management is the proper
and timely detection of these two aforementioned stages. The different stages of disease
progression are broken down and explained, followed by detection and diagnosis in

following sections (Campion et al, 1987; Dalbeth et al, 2019).
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Figure 2-5 Clinical manifestations of gout are shown, along with the different stages of the

disease and the risk factors involved. Normouricaemia progresses to hyperuricaemia,

followed by MSU crystal deposition, which in turn leads to gout flares, chronic gouty

arthritis and tophaceous gout (Dalbeth et al, 2019).
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2.1.4.2 Types of gout

2.1.4.2.1 Asymptomatic hyperuricaemia

Asymptomatic hyperuricaemia is the first disease stage to occur, out of the four different
stages of gout. This stage is usually suddenly discovered while checking a patient's SUA level
as no other signs or symptoms are present. In some cases, hyperuricaemia alone can cause

a sudden, acute gouty attack.

2.1.4.2.2 Acute gouty attack

An acute attack is often monoarthritic and peaks after a few hours and goes to inflame
joints with numerous signs of inflammation (Roddy, 2011). A maximum level of
inflammation will be reached within 4 to 12 hours after the onset of the gout attack and this
response will decrease and fade, even in the absence of treatment. The Ministry of Health in
Malaysia (MOH) gathers data regularly in order to improve the management of gout in
patients. Studies across hospitals show that gout attacks last an average of 2-3 weeks, with
a complete resolution of inflammation. 60% of patients experience a second attack in the
first year and 78% have a second attack in the second year. A small number of patients do
not have any recurrence in around 10 years, amounting to around 7% (Malaysia Ministry of

Health, 2008).

The first attack of gouty arthritis usually occurs in the small joints of the lower limb,
particularly the metatarsophalangeal (MTP) joint, also known as podagra, shown in Figure
2.6 A. The affected joints will experience pain, hotness, tenderness, swelling, redness and
loss of function. The knees and ankles are categorized as larger joints and usually do not
show any skin signs and symptoms, but swelling and pain in those locations are very intense.
Other wusually affected areas are the tarsal and metatarsal joints, wrists,
metacarpophalangeal joints (MCP) and the interphalangeal joints in the hands (shown in
Figure 2.6 B), while the rarely involved areas are the hip, shoulder and spinal cord. Soft
tissue inflammation is also possible and includes olecranon bursitis and Achilles tendonitis

(Roddy, 2011). Untreated gout and postmenopausal women commonly experience the
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involvement of more than one joint simultaneously. In cases where constitutional symptoms
are present, such as malaise, fever and headache, it is treated and managed as septic

arthritis, until proven otherwise (Perez-Ruiz et al, 2014).

Figure A-Tophi in MTP (podagra)

Gout Irflamed jont
(Gouty Arthritis)

Figure 2-6 Figure A depicts the deposition of uric acid crystal in the metatarsophalangeal
(MTP) joint, also called podagra. Figure B shows the tophi formed in the right big toe and
the finger interphalangeal joints in a gout patient (Roddy, 2011).
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2.1.4.2.3 Intercritical period

An acute gout attack will usually settle down and enter a remission phase within hours or
days after use of drugs, such as NSAIDs or colchicine. This stage usually does not show any
symptoms, but can be interrupted by new attacks in the absence of proper treatment and
management of hyperuricaemia. The intercritical period can be lengthened successfully
after the first attack but in the opposite case, attacks will become more frequent and severe

(Pascual et al, 1999).

2.1.4.2.4 Chronic tophaceous gout

Untreated cases leads to joints' destruction, along with formation of palpable tophi.
Accumulated uric acid will crystalize and accumulate in large amounts in joints to form a
tophus in chronic untreated gout. Tophi appear like white chalky deposit macroscopically
and may cause bony erosions when it reaches the bone. These tophi can be located even in
the joints of ears and subcutaneous tissue and skin. The apparition of tophi themselves is a
sign of uncontrolled and chronic gout. Tophi need to be differentiated from other nodules
seen in rheumatoid arthritis, Bouchard's, lipomas and osteoarthritic Heberden's nodes.
(Chhana & Dalbeth, 2015)

Tophaceous gout is more likely to appear in patients with polyarticular presentation, SUA
levels more than 9 mg/d and in younger patients at 40 years or less. More severe cases of
gout may show presence of chronic joint symptoms linked to joint damage or with apparent
tophi.The clinical diagnosis of gout depends on the confirmation by a patient’s medical

history, a physical examination, laboratory tests and other tests. (Zhang et al, 2006)
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2.1.4.2.5 Gout presentation in elderly patients

The average age of onset for gout in elderly patients is more than 65 years, compared to a
disease peak around mid forties for the younger population. A larger number of men are
affected compared to women in the younger population, but this distribution changes for
the elderly. Older men and women are equally affected by gout but women above 80 years
old have a higher frequency of the disease. Gout presents itself as acute monoarthritis in
younger patients, with the lower extremities affected and 60% of those cases affecting
podagra. However, with age, this changes to more polyarticular involvement, with the upper
and smaller extremities' involvement, specially the fingers. Polyarticular gout mimics
rheumatoid arthritis where symmetrical small joints are involved and tophi show up on
extensor tendon surfaces. Differentiating these two diseases gets more confusing due to
low rheumatoid factors in both. Thus, synovial fluid analysis is imperative to remove any any
confusion. Older patients develop tophi faster during the early stages of gout and in atypical
locations, whereas tophi only show up after years of attacks in younger patients, especially
in the elbows. Moreover, a higher association of gout to renal diseases, renal insufficiency
and diuretic use is observed in the elderly. Youngsters show a greater association to obesity,

hyperlipidaemia, hypertension and heavy alcohol use (Malaysia Ministry of Health, 2008).
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2.1.5 Diagnosis of gout

2.1.5.1 Clinical diagnosis

Clinical diagnosis of gout is a key factor in treatment and prevention. This comprises of
correctly identifying the type of gout a patient has via the different steps and stages of
diagnosis methods available. Clinical diagnosis includes the physical examination by doctors
and other more specific and sensitive methods like microscopic diagnosis of crystals,
radiography and blood tests (Malik et al, 2009). In certain cases of atypical presentation of
gout, for example in unconventional joint distribution and when multiple joints are affected,
monosodium urate crystals (MSU) crystal identification is crucial for correct differentiation.
The standard resulting diagnosis for gout is usually elevated SUA levels and common joints
involved, such as podagra (Zhang et al, 2006). Formation of tophi, present more in late gout
stages, are definitive gout indicators, especially when other types of nodules have been

ruled out of the diagnosis (Atdjian & Fernandez-Madrid, 1981).

The European League Against Rheumatism (EULAR) put together an updated set of 8
recommendations for diagnosis of gout, which was honed and improved after several
decades, shown in Figure 2.7 (Richette et al, 2020). EULAR states that the first key factor in
identifying gout is to show the presence of MSU crystals in the synovial fluid or tophus
aspirates and that hyperuricaemia alone isn’t enough for diagnosis. In cases of acute
arthritis or undiagnosed inflammatory arthritis, gout should not be ruled out as the cause
and further investigations to prove the latter must be done. Imaging techniques are
recommended in the absence of any other MSU crystal identification techniques as shown
in recommendation five and six in Figure 2.6. The last two recommendations emphasizes on
the importance of thoroughly investigating the numerous risk factors and comorbidities
linked to gout. Physicians can use these recommendations to guide them for a proper and

efficient gout diagnosis in patients (Richette et al, 2020).
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~

e Demonstration of MSU crystals, in synovial fluid or tophus aspirates,
allows a definitive diagnosis of gout.

¢ Gout should be considered in the diagnosis of any acute arthritis in an
adult. When synovial fluid analysis is not feasible, a clinical diagnosis of
gout must be supported by other known suggestive features of gout.

~

e Any undiagnosed inflammatory arthritis case must undergo synovial fluid
aspiration and examination for MSU crystals.

_J
~
¢ The diagnosis of gout should not be made on the presence of
hyperuricaemia alone.
_J

~
¢ Imaging techniques must be used for confirmation of MSU crystal deposits
in the absence of clear gout clinical diagnosis and other crystal
identification methods.

J

¢ Ultrasound scanning can be used to detect tophi or a double contour sign
on cartilage. Plain radiographs are useful in identifying MSU crystal
deposits.

¢ Risk factors for chronic hyperuricaemia should be searched in all gout
patients, specifically: chronic kidney disease; overweight, medications;
consumption of excess alcohol, non-diet sodas, meat and shellfish

e Comorbidities in gout patients must be assessed, including obesity, renal
impairment, hypertension, ischaemic heart disease, heart failure, diabetes
and dyslipidaemia. )

V
V
V
V
V
v
V

Figure 2-7 Flowchart depicting the right main recommendations for diagnosis of gout.

Adapted from EULAR 2019 recommendations (Dincer et al, 2002; Richette et al, 2020).
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2.1.5.2 Types of diagnosis

2.1.5.2.1 Laboratory diagnosis

Non-rheumatologists have a common misconception of diagnosing gout based on
hyperuricaemia alone. However the latter is asymptomatic and does not give a definitive
gout diagnosis. Only 0.09% patients with SUA levels in between 7-7.9 mg/dL wil develop
gout yearly, further supporting this claim. Patients with SUA levels of 8-8.9 mg/dL may have
a 0.4% chance of developing gout, while those with SUA level above 9 mg/dL have a 0.5%
chance of probably getting gout (Dincer et al, 2002). Even though hyperuricaemia is a
hallmark of gout, SUA levels are known to drop to normal levels during a gouty attack,
hence further showing how hyperurceamia is a weak marker for diagnosis (Badulescu et al,

2014).

The gold standard for gout diagnosis is MSU crystal identification in synovial fluid aspirate by
using the polarized light microscopy method, with better yields by using a compensator. A
standard light microscope can also be used to single out MSU crystals and differentiate
them from calcium pyrophosphate dehydrate (CPPD) crystals, as shown in Figure 2.8 below.
MSU crystals are conveniently found in all different stages of gout, be it in gout attacks, the
intercritical period or in the chronic stage (Underwood, 2006). Baseline investigations
commonly done in Malaysian hospitals are a full differential blood count, serum creatinine
level, blood glucose level, serum urate level, fasting lipid profile, urinalysis and in certain
cases a 24 hour urinary excretion investigation (Malaysia Ministry of Health, 2008). Samples
need to be analysed within 6 hours or within 24 hours when kept refrigerated, in order to
prevent cellular dissolution and crystal disappearance (Pascual et al, 1989). Synovial fluid
analysis also includes leukocyte count, culture, chemistry and sensitivity (Strasinger & Di
Lorenzo, 2014). The uric acid level analysis in urine helps to assess the etiology of
hyperuricaemia. Uric acid levels more than 800 mg/24 hour shows an increased UA

production and a higher excretion level of UA (Kramer & Curhan, 2002).
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Figure 2-8 Detection of MSU crystals in the synovial fluid of a gout patient, by using light
microscopy (polarized light) and a first-order compensating filter. Black arrows show the
presence of large, bright needle-shaped MSU crystals, while white arrows show presence of

brick-shaped calcium pyrophosphate dihydrate crystals. (Dalbeth et al, 2019)

2.1.5.2.2 Imaging for diagnosis and assessment (G5)

Ultrasonography (US) and Dual-Energy CT (DECT) are used to detect MSU crystals, evaluate
symptoms and check atypical clinical manifestations (Filippucci et al, 2013; Reuss-Borst et al,
2014). Ultrasonography shows a double-contour sign, indicating MSU crystal deposition in
hyaline cartilage, and tophi presence as shown in Figure 2.9 below (Taylor et al, 2015). US
can detect crystal deposition, joint effusion, synovitis, differentiate between active and
inactive synovitis, study cartilage, tendons, bony erosions and monitor disease evolution

(shown in Figure 2.9 below)(Nestorova & Fodor, 2015).
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Figure 2-9 The three examples of ultrasonography shown are (a) Intra-articular tophus in
MTP joint, (b) double contour sign in the hyaline cartilage and (c) synovial
effusion/hyperthrophy and crystal formation (indicated by 2 red arrows) in the tendon

(Ragab et al, 2017).

DECT, a new imaging technique, allows the differentiation of deposits based on their
different X-ray spectra, as shown in Figure 2.10 below. Here, attenuation of tissues depends
on their atomic number, density and photon beam energy. It is better than all other
available imaging techniques in its ability to identify urate deposition in imaged areas
(Omoumi et al, 2015b). DECT provides a rapid, non-invasive method to visualize MSU

crystals, change in soft tissue and early onset erosions. DECT has a high accuracy for MSU
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crystal detection in joints, ligaments, tendons and soft tissues, with an added high specificity
of sub-clinical gout identification (McQueen et al, 2011). However DECT cannot detect
crystal deposit on cartilage surfaces, a feat which US can detect (Huppertz et al, 2014).
Moreover, US is more sensitive and has a high positive predictive value for early disease
diagnosis, when the crystal deposition level is low (Wang et al, 2018). Both methods are
used to monitor the MSU deposit level and the response to urate lowering therapy. Plain
radiographs cannot show erosions, bone and joint changes until late stages of gout (Taylor

et al, 2015).

Figure 2-10 DECT showing two view points for MSU deposits (red deposits) in the tendon of

a gout patient. (Ragab et al, 2017)
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MRI and CT can mostly identify tophi presence and are used to assess soft tissue and bone
involvement in gout and it's comorbidities. Conventional CT (CCT) has good resolution and
high contrast and is the best technique for identifying crystal arthropathies (Omoumi et al,
2016). However, CCT is not appropriate for use in acute gout diagnosis as it cannot detect
synovitis, inflammation, tenosynovitis and osteitis. In chronic gout, CCT detects erosions
better than Magnetic Resonance Imaging (MRI) and it detects tophi better than both US and
MRI (Dalbeth et al, 2009; Gerster et al, 2002; McQueen et al, 2011). CCT can monitor
disease burden and response seen to specific therapies, but with an added disadvantage of
radiation exposure (Dalbeth et al, 2007; Omoumi et al, 2015a; Omoumi et al, 2015c). MRI
shows numerous features of arthritis, such as synovial thickening, effusion, erosion,
nonspecific inflammation and tophi presence. However, it has a limited use due to its high

cost and limited availability (Chowalloor et al, 2014).

2.1.6 Risk factors for gout

2.1.6.1 Hyperuricaemia

The main hallmark of MSU formation is hyperuricaemia, which can in turn be heightened by
several factors and ultimately increase the risk of getting gout. These factors are needed in
conjunction with hyperuricaemia in order to induce MSU deposition in joints and these are
called risk factors. Risk factors include hyperuricaemia itself, followed by genetics, age,
gender, diet, alcohol consumption and lead exposure, which are further detailed below.
Hyperuricaemia is the most important risk factor for gout. A clear dose response
relationship was proven between the serum uric acid (SUA) levels and the incidence of gout.
The Normative Aging study showed that hyperuricaemia alone rendered other risk factors

null in a Cox regression model (Campion et al, 1987).

A study in Taiwan, showed a high 5-year cummulative incidence of 18.83% for new gout
cases in a cohort of asymptomatic hyperuricemic patients. A 32-fold increase in gout risk

was found in hyperuricemic patients, compared to people with normal SUA levels in
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Germany. Another 5-year study in France showed an increase in the prevalence of gout
from 1.3%, 3.2% to 17.6% in patients with SUA levels of <6.0 mg/dl, 6.0-7.9 mg/dl and >8.0
mg/dl respectively. This linear relationship between hyperuriceamia and risk of gout was

also seen in the Framingham study (Kuo et al, 2015)

2.1.6.2 Age, gender and socioeconomic factors

Age and gender have always been the first identified risk factors to any type of disease.
Epidemiological studies have confirmed male patients and older age as risk factors for both
hyperuricaemia and gout (Arromdee et al, 2002; Mikuls & Saag, 2006). Recent studies found
a two-fold increase in incidence of gout in men and a positive linear relationship between
the incidence of gout and age in both genders (Soriano et al, 2011). Women are known to
have a lower prevalence compared to men at all ages, but this increases exponentially after
menopause, due to oestrogen's uricosuric action. In a Nurses' Health Study, the risk of gout
was increased by menopause, but was decreased by using hormone replacement therapy.
Other socioeconomic factors linked to a higher gout risk are urban locations and less-
privileged and wealthy areas. Two European studies and one Taiwanese study also
confirmed this lower gout risk in rural residents. A recent CPRD study challenged the notion
that gout is usually linked to wealth and debauchery and proved higher levels of gout in
Wales and Northeast England, two lesser-privileged areas (Kuo et al., 2015). Another factor
linked to the gout risk is the type of occupations of patients, where non-manual jobs had a

higher risk, compared to professionals (Kuo et al., 2015).
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2.1.6.3 Genetics

Genetics also play a role in the development of gout, where a distinct prevalence variation
of gout in different populations and countries point towards a racial and genetic difference.
This is further demonstrated by the varying prevalence of gout in different populations,
which can range from 2.6% to 47.2%. SUA levels also attest to this, where levels are similar
in North American Caucasians and UK population, but has higher prevalence in African
Americans compared to Caucasian Americans. Other populations with high gout prevalence
are Pacific Islanders (including Maoris, Cook Islanders and Micronesians) and aboriginal
Taiwanese. A Taiwanese nationwide study showed familial aggregation of gout and the
importance of genetics, with a reported heritability of 35.1% and 17.0% in men and women.
The interaction between genes and the environment was demonstrated in a study with a
nine-fold increase in gout risk in migrants in New Zealand, compared to locals (Kuo et al.,

2015).

Rare monogenic disorders were found to cause hyperuricaemia and premature gout, such
as a deficiency of hypoxanthine-guanine phosphoribosyl transferase called Lesch-Nyan
syndrome, over-activity of phosphoribosyl-1-pyrophosphate synthetase, and hereditary
renal diseases such as familial hyperuricaemia nephropathy and medullary cystic kidney
disease. Polymorphism of a gene responsible for urate renal clearance, by the urate
transporter 1 (URAT-1), was identified as a cause of hereditary, common gout. Limited
information and case studies are available on the familial aggregation of gout and needs
further research (Choi et al., 2010). A 2013 Genome Wide Association Study (GWAS) on
Europeans identified and replicated 28 loci linked to SUA levels. Only 7% out of the loci were
known associations for the variance in SUA levels, emphasizing on how much is left
unresolved in the heritability of hyperuricaemia by scientists. 'Missing heritability' is often
seen in complex disorders and is based on those unidentified risk factors, rare penetrating
risk variants and unknown non additive interactions between other genes and

environmental factors (Kuo et al., 2015).
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2.1.6.4 Alcohol consumption

Alcohol intake and gout has been linked by metabolic studies showing that alcohol has a
hyperuricaemic effect and eventually contributes to the manifestation of the disease. This
relationship can be seen clearly in men who drink an excessive amount of beer, a beverage
known to have a higher purine content compared to other alcoholic beverages. 50 g of
alcohol a day was enough to increase the gout risk by 2.5 times. Moreover, higher levels of
alcohol consumption were linked with hypertension, diuretic use and an increased meat

consumption, which in turn, further increase the risk of gout (Choi et al., 2004).

2.1.6.5 Dietary factors

Dietary factors’ restriction and maintenance is one of the key factors to prevent further
worsening in the life of gout patients. Gout patients are usually advised by doctors to limit
their daily intake purine-rich foods such as seafood, high purine content vegetables, meat
and proteins. However, the extent to which these dietary products must be limited or
included in a gout patient’s diet is not well defined. By unnecessarily limiting or eradicating
some of those crucial dietary products, the patient’s health may suffer in other ways
unrelated to gout. It is vital to define the specific effect of all those dietary factors in gout
patients. The confounding effect of protein-rich diets on gout is a prime example, where
even in the presence of high purine levels, excretion of uric acid is promoted and thus

ultimately decreases the serum uric acid level (Choi et al, 2004).

Choi et al. concluded a direct relationship between higher seafood and meat consumption
and an inverse relationship with increased protein and purine-rich vegetables with gout. In
terms of numbers, an additional daily serving of meat causes a 21% increase in risk of gout,
whereas an additional weekly serving of seafood caused an increase of 7%. This increase in
gout risk was seen to be higher in gout patients compared to healthy individuals, as gout
patients already have a compromised renal urate clearance level where the uric acid level
cannot be regulated properly. Dairy products, especially low-fat products, demonstrated a

strong inverse relation with gout incidence. All these associations were independent of any
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other dietary factors or other gout risk factors such as age, alcohol consumption,

hypertension or chronic renal failure (Choi et al, 2004).

A higher intake of vegetable or animal protein is not linked to an increased incidence of
gout. Choi et al. showed that vegetable protein can have a protective effect in gout, though
this effect is smaller when compared to dairy proteins. Moreover, uric acid excretion can be
raised in the presence of high-protein diets, thus contributing to a reduction in uric acid
level. One study increased the intake of protein in patients and this caused a decrease in the
number of recurring gout attacks. As such, intake of protein does not increase, but decrease

gout incidence and cannot be directly linked to their purine levels (Choi et al, 2004).

2.1.7 Treatment of gout

2.1.7.1 Introduction

Several drugs are available for treatment of acute gout attacks, such as colchicine, non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids and intramuscular adrenal
corticotrophin hormone (ACTH). The aim of long-term management is to reduce SUA levels
below the saturation point of crystals, in order to prevent further MSU crystal accumulation
and cause existing crystals to dissolve. The general principles of gout management are seen
in Figure 2.11 below, based on the 2012 American College of Rheumatology (ACR) guidelines
and the 2016 European League Against Rheumatism (EULAR) guidelines (Dalbeth et al.,
2019).
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» Treatment of gout flares: NSAIDs, corticosteroids/colchicine, IL-1 inhibitors

¢ Urate lowering therapy: Proper gout diagnosis required, set a target SUA
concentration of <0.36 mmol/L (6 mg/dl) and montly SUA level monitoring

~
e Anti-inflammatory prophylaxis: low dose colchicine/NSAIDs (1st line) and
low dose corticosteroid (2nd line) )
~
e Comorbidity screening: Type 2 DM, cardiovascular disease, hypertension,
hyperlipidaemia, CKD, obesity and obstructive sleep apnea. )
~
* Patient and doctors/nurses education on therapy: risk of flares during
initiation of therapy, action plan for flare management and advice on healthy

lifestyle. J

Figure 2-11 General principles of gout management with pharmacological and non-

pharmacological guidelines based on EULAR recommendations (Zhang et al., 2006).

Urate lowering therapies (ULT) are divided into two categories, namely xanthine oxidase
inhibitors and uricosuric drugs. Allopurinol and febuxostat are mainly used as xanthine
oxidase inhibitors, while probenecid, benzbromarone and sulphinpyrazone are three
commonly used uricosuric agents. Initiation of ULT causes frequent acute attacks, due to the
dissolving of MSU crystals in cartilage which is then redirected towards joint cavities. The
latter can be decreased in 85% of cases by designing a prophylactic therapy with initial
regular, low doses of colchicine or NSAIDs. However, with all the possible drug
combinations and therapies available, less than 25% of gout patients become free of gout
attacks (Dalbeth et al.,, 2019). This suggests that using drugs for gout treatment is not
enough and that other factors play a big role in gout management. Factors to be limited
during gout treatment are the intake of alcohol, beverages with fructose, seafood intake,

etc, as previously mentioned. Other measures to take include, a careful monitoring of body
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weight, adequate exercise, liberal water intake and proper treatment of any other
comorbidities, such as hypertension, DM and dyslipidaemia. EULAR proposed a set of 12
recommendations for treatment of gout, which includes pharmacologic and non-
pharmacologic means, as summarized in Figure 2.12 (Zhang et al., 2006). Patient education,
lifestyle advice and management of comorbidities were the first recommendations set.
Allopurinol was labelled as the best first-line urate-lowering treatment, followed by all other
alternative uricosuric. Effective acute treatment consisted of colchicine/NSAID use and joint
aspiration with corticosteroid injection. The most crucial aim was to maintain SUA levels
below 360umol/L. Colchicine and NSAIDs were used as prophylaxis and losartan should

replace diuretics’ use in hypertension cases. (Zhang et al., 2006).

Figure 2.12 below shows a flowchart of the EULAR recommendations with all the possible
case scenarios and decisions to be made by doctors. The first step consists of determining
SUA level, followed by educating patients about gout, the lifestyle they should have and
other comorbidities present. Once a proper medical history has been established,
prophylatic treatment starts with allopurinol use or febuxostat in case of allopurinol allergy.
In cases where those two drugs are not useful to achieve target SUA, combined therapy and

pegloticase are used as a last option (Zhang et al., 2006; Ragab et al., 2017).
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* Allergy to allopurinol

Figure 2-12 Simplified flowchart from the EULAR recommendations for management of

hyperuricaemia in gout patients (Ragab et al., 2017).
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2.1.7.2 Urate lowering therapies (ULT)

2.1.7.2.1 Allopurinol

Allopurinol is the first-line, inexpensive urate-decreasing therapy commonly used in gout
patients. 70 tonnes of allopurinol amounting to 240 million doses were used only in the
1980s (Lee et al., 2008). Allopurinol is used to treat gout, high levels of uric acid in the body
caused by certain cancer medications and kidney stones. It is in a class of medications called
xanthine oxidase inhibitors. It comes as a tablet to take by mouth, usually taken once or
twice a day, preferably after a meal. The usual treatment plan starts with low dose
allopurinol and it is gradually increased. The full benefit of allopurinol is usually felt after
several months, but it may increase the number of gout attacks during the first few months.
Allopurinol may be given with other medications like colchicine, to prevent gout attacks for
the first few months. Mild side effects of allopurinol are; upset stomach, diarrhea and
drowsiness. Some side effects are more serious, such as skin rashes, painful urination, blood
in urine, irritation of the eyes, swelling of the lips or mouth, fever, sore throat, chills, loss of

appetite, unexpected weight loss and itching (Lee et al., 2008).

Allopurinol inhibits xanthine oxidoreductase by its product oxypurinol, thus lowering plasma
urate levels and increasing levels of substrates hypoxanthine and xanthine. Conversion of
hypoxanthine to inosine, inosine monophosphate, adenosine and guanine monophosphates
follows, which in turn leads to feedback inhibition of amidophosphoribosyl transferase and
ultimately limits purine biosynthesis. The combined effect of allopurinol and oxypurinol is
decreased urate production which ultimately decreases de novo purine synthesis. The first,
‘pseudo irreversible’ mechanism of xanthine oxidoreductase inhibition occurs when
allopurinol acts as the substrate along with a stable reduced enzyme-oxypurinol complex.
This complex slowly breaks down to release oxypurinol. Oxypurinol itself binds strongly to
the reduced enzyme in the major and second type of inhibition. Oxypurinol has a longer
half-life and higher plasma levels than allopurinol, contributing majorly to the latter’s
hypouricaemic effect (Lee et al., 2008). The full mechanism of allopurinol’s action can be

seen in Figure 2.13.

60



Excretion of oxypurinol occurs mainly through the kidney and this decreases in cases of
renal failure and increases by uricosurics. Dose requirements are increased by a rise in body
weight and diuretic use. Allopurinol is prescribed at a dose of 300mg/d or less in around 90-
95% gout patients worldwide. However, due to an increase in uricemia and weight in
patients nowadays, the recommended dose is not enough to reduce the SUA level to its
target. The maximum dose for this drug is 800-900 mg/d in certain countries and in patients
with normal renal function (Lee et al., 2008). Xanthine oxidase inhibitors are used for
patients with joint damage, tophi or more than two gout cases per annum, after the acute
gout phase is over. Patients with renal insufficiency are given allopurinol doses based on
their creatinine clearance level (Lee et al., 2008). Allopurinol is the most commonly available
drug in Malaysia, with superior efficacy compared to all other drugs (Ministry of Health,
Malaysia, 2008). Allopurinol shows attractive advantages such as rapid lowering of serum
urate levels and affordable cost over other drugs such as probenecid and febuxostat.
However, 2-5% of patients taking allopurinol will show Severe Cutaneous Adverse Reactions
(SCARs) which is the main factor limiting allopurinol’s efficacious use in such cases. Patients
should be warned that SCARs may manifest suddenly, in the first few weeks of treatment
and that they should immediately stop taking the drug and visit their doctor as soon as

possible (Lee et al., 2008).

61



Purine catabolism

Il

Hypoxanthine
ll Allopurinol

|

Xa nthin‘j/ Xanthine oxidase

Urate D.’?ﬂd&SE‘ .
rasburicase

Allantoin
urinary excretion

Barred lines=inhibition. Arrows=activation or consequences

Figure 2-13 The mechanism of action of allopurinol is depicted here, where it inhibits
xanthine oxidase action as seen by the back T symbol. Barred lines shows where inhibition is
taking place and arrows shows activation or consequences. Adapted from American Society

of Haematology, 2015.

2.1.7.2.2 Febuxostat

Febuxostat, a xanthine oxidase inhibitor, is usually given orally, once a day, and proves to be
more potent at a dose of 80-120 mg/d compared to 300 mg/d allopurinol. With its mixed
renal and hepatic metabolism, it can be prescribed even in patients with moderate renal
failure and creatinine clearance below 30 mL/min. This drug undergoes hepatic metabolism,
where conjugation happens by uridine diphosphate-glucuronosyltransferase enzymes.

Oxidation is carried out by CYP1A2, CYP2C8 and CYP2C9 to form active metabolites and

62



finally excretion happens via the kidneys (Lee et al., 2008). Febuxostat is usually used as an
alternative drug in Malaysian hospitals, for patients who cannot tolerate allopurinol and
probenecid. These two drugs have always been used as first-line treatment for gout
treatment and febuxostat was only introduced in 2009 as an alternative (Ministry of Health,
Malaysia, 2009). The American College of Rheumatology (ACR) recommendes febuxostat as
a first line ULD , while EULAR recommends it only for patients intolerant or refractory to
allopurinol. Dose titration is again recommended here for ULD-induced flares, but without
any proper evidence that tolerance to febuxostat increases subsequently (Zhang et al.,

2006).

2.1.7.2.3 Uricosurics

This set of drugs lower the SUA level by increasing the uric acid excreted in urine, but has a
disadvantage of increasing the risk of uric acid stone at the start of treatment. Uricosurics
include probenecid, sulfinpyrazone, benzbromarone, lesinurad and fenofibrate. These drugs
are not administered as monotherapy in patients with previous history of UA stones or

hyperuricuria.

2.1.7.2.4 Colchicine

Colchicine is used as an alternative drug for patients who cannot take NSAIDs and COX-2
inhibitors. This drug works by inhibiting numerous pro-inflammatory mechanisms and also
elevates the level of anti-inflammatory mediators. 1.8 mg of colchicine is taken within 12
hours after flare onset and shows effectiveness as good as the initial higher doses
recommended. However, this drug is not so efficient when administered long after the flare
onset. Thus colchicine is only used within 12-24 hours of flare onset, according to the EULAR
and ACR. Moreover, this drug has a narrow toxicity window, with several side effects such as
gastrointestinal intolerance, neutropenia, multi-organ failure and eventual death. Colchicine
is contra-indicated in patients with renal failure, renal insufficiency, hepatic failure, CKD

stage 5 patients and is poorly tolerated in elderly patients (Ragaab et al., 2017).
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2.1.7.2.5 NSAIDs

Potent NSAIDs are the first-line treatment of for acute gouty arthritis and the underlying
inflammation and pain. This group of drugs can rapidly decrease pain and inflammation in
acute gout cases, specially when the drugs are taken right after the attack starts and in
proper, full doses. NSAIDs are used frequently at their maximum dose, together with proton
inhibitors. Examples of NSAIDs used are diclofenac, indomethacin and ketoprofen, while

aspirin is avoided as it causes urate retention (Ragaab et al., 2017).

2.1.7.2.6 Steroids

This set of drugs are best used when patients cannot use NSAIDs or colchicine, for example,
in CKD patients. Steroids work by suppressing the immune system and decreasing
inflammation in gout patients. Intra-articular steroid injections are very effective for the
management of mono or pauci-articular flares, as recommended by the ACR and EULAR.
However, steroids are contra-indicated in patients with hypertension and diabetes as it can
worsen these conditions. Prednisone, considered as first-line therapy for flares, is effective
when administered orally, at a dose of 30 mg/d for 7 days. Prednisone is metabolized in the
liver to its active form, prednisolone, a glucocorticoid agonist corticosteroid (Ragaab et al.,

2017).

2.1.7.2.7 IL-1 blockers

The ACR and EULAR recommended IL-1 blockers in patients with frequent flares and who
are contraindicated for NSAIDs, colchicine and steroids. This set of drugs will regulate the
immune system and inflammation in patients. MSU crystals can directly activate the NLRP3
inflammasome, a key regulator of the pro-inflammatory cytokine interleukin-1B, thus this
set of drug focuses on IL-1 blockade. Anakinra, an IL-1 receptor anatagonist, and
canakinumab, a long-lasting antibody to IL-1 beta are two examples of drugs tested in trials,

both with different mechanism of action. (Ragaab et al., 2017).
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2.2 Severe Cutaneous Adverse Reactions (SCARs)

2.2.1 Introduction

Adverse drug reactions (ADRs) are the leading causes of morbidity and mortality worldwide.
According to the World Health Organization (WHO), “an ADR is a response to a drug which is
noxious and unintended, and which occurs at doses normally used or tested in man for the
prophylaxis, diagnosis, or therapy of disease, or for the modification of physiological
function”. ADRs causes millions of deaths yearly and has a medical cost of billions of dollars.
Populations (Bharadwaj et al., 2012). ADRs was classified into 2 types, Type A ADRs and the
idiosyncratic, Type B ADRs. Type A reactions account for more than 80% of all ADR cases
and are caused by overdosage the drug’s pharmacological action. Type B consist of 20% of
the unpredictable ADR reactions, which are either immune-mediated or non-immune
related. Immune-mediated reactions were classified into 4 different subtypes as shown in

Figure 2.16 below (Bharadwaj et al., 2012).

IgE-mediated and delayed hypersensitivities are the most common out of the 4 different
subtypes. One-fifth of all ADRs are cutaneous ADRs, making upto 2-3% of hospitalized cases.
SCARs form part of Type 4 delayed T-cell mediated reactions, as shown in Figure 2.16 below,
and accounts for around 2% of all cutaneous reactions ADRs. Stevens-Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN) and drug rash with eosinophillia and systemic
symptoms (DRESS) all form part of SCARs' clinical spectrum. Life-threatening SCARs develops
in 0.1-0.4% of patients taking allopurinol, but results into a great disease burden worldwide
(McDonagh et al., 2014). SCARs are known to have a high mortality rate (10-50%), high
morbidity rate (60%), along with numerous complications and high global economic burden.
Numerous risk factors are related to SCARs and can be summarized into two groups, namely
drug user-related or drug-related. Drug user-related factors include age, sex, genetics,
comorbidity and previous exposure, while drug-related factors only are the nature of the
drug, cross-reactivity, exposure degree and route of administration. Out of all those factors,
genetic factors are the most important, as shown in carbamazepine, abacavir and

allopurinol-induced SCARs (McDonagh et al., 2014).
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Anaphylaxis Penicillin-induced Serum sickness Tuberculin reactions
Urticaria thrombocytopenia Arthus reactions SJS/TEN
Angioedema HSS/DRESS

AGEP

Typel Immediate Type HlI: Immune Type IV: Delayed

Immune-mediated reactions ]

- Predictable

- Pharmacologic side-effect Adverse
Type A (80%) - Overdose drug

- Secondary side-effect reactions

- Drug interaction

[ Non-immune-mediated reactions ]

Pseudo allergy Idiosyncratic reactions

NSAIDs-induced reactions ] [ Drug-induced anaemia in }

Contrast medium reactions patients with G6PD deficiency dose-induced tinnitus

Small aspirin }

Figure 2-14 Classification of ADRs into Type A and Type B and further into immune-mediated and non-immune-
mediated reactions. SCARs such as SJS/TEN, HSS/DRESS and AGEP are found in the Type 4: Delayed T-cell-
mediated reaction box on the top right corner (Bharadwaj et al., 2012).




2.2.2 Classification of SCARs

SCARs have some overlapping characteristics which makes it difficult to distinguish them
apart properly. Key features that need to be taken into consideration are systemic and
cutaneous involvement, latency periods, histological and laboratory characteristics and
differential diagnosis generated. The different SCARs will be discussed and presented in the

following subsections (Bharadwaj et al., 2012).

2.2.2.1 Exanthematous drug eruption

The most common type of drug hypersensitivity reaction is exanthematous drug eruption,
also called morbilliform or maculopapular drug eruption. The latter are characterized by
symmetrical erythematous macules and papules, which can be generalized and confluent
and appear within a week on the initiation of drug treatment. In severe forms, the mucosae
(oral, conjunctival, nasal, or anogenital) and skin appendages (hair and nails) may be
involved. Other features of exanthematous drug eruptions are pruritus, mild eosinophilia
and mild fever. All of these features are usually self-limiting, but without proper care, these

may also progress to cause SIS/TEN and DRESS (Bharadwaj et al., 2012).

2.2.2.2 Stevens Johnsons Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN)

SIS and TEN are severe systemic disorders whereby cellular apoptosis causes mucous
membrane erosions and severe detachment of the epidermis, accompanied by
constitutional symptoms. SJS and TEN are the 2 most fatal cutaneous ADRs in the hospital,
accounting for 10-50% mortality rate. SIS and TEN have a high mortality rate of 5-10% and
30-40% respectively (Bharadwaj et al., 2012). Age, degree of skin involvement and serum
urate concentration determines the prognosis of SJS and TEN. TEN is characterized by
extensive, drug-related, skin damage of more than 30%, mortality rates of 30-40% and an

incidence of 0.4-2.0 cases/million person-years. SIS is the result of drug action, infections
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and a combination of both of those factors, with an incidence of 1-6 cases/million person-
years. These figures might seem infrequent and small, but these conditions kill and disable
healthy patients rapidly and is accompanied by an increasing economic and medical impact
nowadays (Bharadwaj et al., 2012). More than hundreds of drugs have been linked to SJS
and TEN, where the most dangerous are sulphonamides, allopurinol and anticonvulsant
drugs. Large case studies have shown that allopurinol is a worrying frequent cause of SJS
and TEN due to its long administration periods and its strong genetic association. A better
knowledge on the causes of these fatal disease will pave the way for better medical therapy
and decisions which will ultimately lead to decreased morbidity and mortality worldwide

(Bharadwaj et al., 2012).

SJS and TEN are characterised by significant keratinocyte apoptosis in the dermis which
detaches from the epidermis, followed by epidermal necrosis and mucocutaneous shedding.
SJS and TEN are also accompanied by myocardial infarction, fever, gastrointestinal
problems, hepatitis, respiratory and renal failure (Chung et al., 2008). The first symptoms of
SJS/TEN appear after a few days and within 4 weeks of exposure to a specific drug. Early
symptoms include fever (above 38°C), sore throat and ocular problems. This progresses to
mucous membrane involvement and appearance of skin lesions, which gradually spreads
everywhere. Lesions in the mucous membrane are known as blisters, erosions and erythema
which target the eyes, oropharynx, nasopharynx, anus and genitalia (shown in Figure 2.17

below) (Chung et al., 2008).
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Figure 2-15(a) Patient with dusky red confluent macular lesions, along with tense bullae and
large areas of dermoepidermal detachment (shown by asterisk). Figure 1 (b) shows the
typical distribution of skin and mucous membrane lesions in SJIS/TEN. Figure 1 (c) shows
overt mucous membrane involvement and moderate skin detachment with crusts in an SJS

case (Chung et al., 2008).

SJS is a minor form of TEN, where detachment of body surface area (BSA) is less than 10%,
while in TEN, BSA detachment is more than 30%. An overlapping phenotype of SJS and TEN
is defined by BSA detachment in between 10-30%, as shown in Table 2.3 below. The acute
phase of SIS/TEN involves failure of internal organs and results into hepatic injury, epithelial
necrosis of the digestive/respiratory tract and kidney impairment. Internal organ failure is
caused by loss of the skin barrier, infection due to leukopenia and disturbances of
electrolytes and fluids linked to blisters (Chung et al., 2008). It is imperative to classify and
distinguish all the specific clinical features for SIS, SIS/TEN overlap and TEN, to properly
administer required treatment and care. The latter can be distinguished by their primary
lesions, distribution on the body, mucosal involvement, systemic symptoms and their

percentage of body surface area detached, as shown in Table 2.3 below.
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Table 2-3 Detailed clinical features to distinguish SIS, SJS/TEN overlap and TEN. Plus (+) sign

indicates strength of confluence, where + is lower than ++ (Chung et al., 2008).

Dusky red lesions
Flat atypical

targets

Isolated lesions
Confluence (+) on
the face and trunk

Yes

Usually

<10%

Dusky red lesions

Flat atypical targets

Isolated lesions
Confluence (++) on the
face and trunk

Yes

Always

10%-30%

Poorly delineated
erythematous plaques
Epidermal detachment
Dusky red lesions

Flat atypical targets
Isolated lesions (rare)
Confluence (+++) on the
face, trunk and elsewhere

Yes

Always

>30%
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The SCORE of Toxic Epidermal Necrosis scale (SCORTEN scale) (Bastuji-Garin et al., 2000) is
used universally to classify and determine the severity of SIS/TEN by using 7 independent
risk factors, as shown in Table 2.4 below, and estimating the possible mortality rate for a
patient, shown in Table 2.5 below. This method of classification should be applied in all the

hospitals for a standardized and accurate SCAR diagnosis nationwide.

Table 2-4 Seven independent risk factors used to classify SIS/TEN as part of SCORTEN scale.
The scale of 0 or 1 shown in the last two columns are attributed according to the risk factors

they fall in (Bastuji-Garin et al., 2000).

<40 years > 40 years
no yes

<120 >120

<28 >28

<10% >10%

>20 <20

<252 >252

Table 2-5 Second part of SCORTEN estimation by using Table 1’s initial calculated scores and
linking it to an estimate of the possible mortality rate in terms of percentage (Bastuji-Garin

et al., 2000).
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Long term complications, even after recovery, further complicate matters and sometimes
even require surgery. Adhesion of mucous membranes and narrowing of the digestive and
respiratory tracts are the most common. Severe ocular problems are also commonly seen,
such as severe dry eye, symblepharon, trichiasis, corneal conjunctival invasion and vision
disturbance. The available treatments for SIS/TEN focuses mostly on withdrawing the
suspected drugs first, then deals with symptomatic and supportive treatment. The crucial
part lies in identification and withdrawal of the culprit drug and in cases where this is
delayed, mortality and morbidity rates increase. Symptomatic and supportive care includes
decreasing pain, skin care methods, restoring fluid balance, giving nutrients and avoiding

severe complications (Nguyen et al., 2019).

Immunosuppression is currently being used as the main therapy for SIS-TEN, but often fails
as secondary infections and complications comes about. Another debatable th