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Abstract

Serum urate (SU) is the most common primary efficacy outcome in trials of urate-lowering 

therapies for gout. Despite this, it is not formally considered a validated surrogate outcome. In this 

paper we will outline the definitions of biomarkers and surrogate outcome measures, respectively 

as well as the available frameworks and challenges in the assessment of the validity of serum urate 

as a surrogate in gout (i.e. a reasonable replacement for gout symptoms).
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Introduction

Surrogate endpoints are considered indispensable in clinical trials that establish a drug’s 

efficacy, particularly when the clinically important outcome of primary interest may take 

time to occur. Serum urate (SU) is the most common primary efficacy outcome in clinical 
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trials of urate-lowering therapies (ULT) for the treatment of gout. While the U.S. Food and 

Drug Administration (FDA) accepts serum urate as a surrogate endpoint in clinical trials 

for drug approval [1–4], other stakeholders have questioned whether serum urate is a valid 

replacement for clinical outcomes such as gout flares and skepticism of serum urate as a 

surrogate endpoint in gout has been raised [5].

Serum urate has previously been endorsed by Outcome Measures in Rheumatology 

(OMERACT) as a “Core Outcome Domain” mandatory to collect and report in chronic gout 

trials [6, 7]. For OMERACT, core domains are considered the “what to measure” and there 

is an expectation that these core outcome domains will be collected and reported to allow the 

outcome of trials and other studies to be compared and combined as appropriate in evidence-

based medicine [8]. The other core domains endorsed in chronic gout studies are flares, 

tophi burden/regression, health-related quality of life, activity limitation, pain, and patient 

global assessment [6]. Despite the deductively inferred argument that hyperuricemia is a 

critical component in the pathophysiology of gout, empirical validation of serum urate as an 

important biomarker (or as a potential surrogate outcome measure) has been challenging. In 

this paper, we outline some of the existing frameworks for biomarkers and the potential for 

these to qualify as surrogate outcomes, as well as the methods and challenges for confirming 

the validity of serum urate as a surrogate in gout trials (i.e., a reasonable replacement for 

gout flares to demonstrate therapeutic effectiveness).

Serum urate is on the causal pathway in gout

The clinical manifestations of gout, including flares and tophi occur because of the host 

inflammatory response to the presence of monosodium urate (MSU) crystals [9]. MSU 

crystals form in vitro at urate saturation concentrations (>0.41mmol/L, >6.8 mg/dL) at pH 

7.0 and a temperature of 37°C, and (>0.364mmol/L, >6.0 mg/dL) at pH 7.0 at a temperature 

of 35°C. Thus, hyperuricemia defined as serum urate >0.41mmol/L is necessary for the 

crystal deposition needed for the development of gout. MSU crystal dissolution occurs 

at concentrations below the point of saturation and the velocity of crystal dissolution is 

dependent on the serum urate concentration [10, 11].

Definitions of biomarkers and surrogates

A biomarker is defined as a characteristic that is measured as an indicator of health or 

diseases, or responses to an exposure or intervention, including drug intervention[12, 13]. 

Biomarkers – a measure of pathophysiological manifestations - may be used to assist in 

diagnosis or prognosis of disease severity or outcome.

In trials, clinical endpoints of patient importance are considered the most important and 

reliable outcome measures. Clinical outcomes measure what is most important to people 

with the condition being studied and include how they feel, function, or survive [14]. 

A surrogate endpoint is defined as a laboratory measurement or physical sign used as 

a substitute (or potential replacement) for a clinically important outcome[14]. Inferring 

from surrogate endpoints usually allows for smaller sample sizes and shorter duration 

and therefore less expensive more feasible clinical trials. Examples of currently validated 
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surrogate endpoints include systolic blood pressure for stroke, low density lipoprotein (LDL) 

cholesterol for myocardial infarction and HIV viral load for development of AIDS [15].

At the ‘Outcome Measures in Rheumatology’ (OMERACT) Serum Urate as a Clinically 

Valid Surrogate in Gout Working Group (https://omeract.org/working-groups/serum-urate/) 

virtual meeting (2020), which was attended by 2 patient research partners (PRPs) and 23 

other participants from three continents (America, Australasia, and Europe) (see Figure 

1), consideration was given to whether it was important to the OMERACT community, to 

distinguish biomarkers from surrogate endpoints with respect to serum urate in gout trials.

Discussion centered on two issues: firstly, the overall purpose of validating serum urate as a 

surrogate and secondly the challenges surrounding the measurement of the most important 

clinical outcomes. OMERACT stakeholders questioned the overall need for validating serum 

urate as a surrogate endpoint in gout clinical trials because the FDA already identifies 

serum urate as a valid surrogate endpoint by accepting it as a primary outcome in ULT 

clinical trials. However, the controversy around serum urate as a surrogate measure and the 

need to validate it was emphasized, given the perspectives expressed in the 2017 American 

College of Physicians (ACP) Gout Guideline[5]. In comparison to the EULAR and ACR 

gout guidelines, the ACP Gout Guidelines did not recommend a treat-to-target serum urate 

strategy for managing gout, considering clinical outcomes to be much more relevant for 

practitioners and patients than serum urate biomarkers. Thus participants considered that 

endorsing serum urate as a valid surrogate endpoint for clinically relevant outcomes in gout 

is essential. The PRPs expressed value in being able to follow their serum urate, as well as 

the connection between serum urate and clinically relevant outcomes (flares, tophi, quality 

of life).

(PRP 1) “I had my latest flare in 2018, I have no pain, no swelling of my foot or fingers, and 

my tophi has almost disappeared. I have a good quality of life, and I can do what I want and 

never worry about a flare. My serum urate is normal, and I think it is nice to know, and to 

follow and connect the serum urate to my wellbeing”

PRP 2) “the feedback with serum urate which has been measured repeatedly has been really 

useful, allopurinol is the first long term urate-lowering drug I have been on and it is really 

motivating to see my serum urate drop”.

After the discussion, 19/20 (95%) participants agreed that it would be important to 

distinguish biomarkers from surrogate markers with respect to serum urate.

Validation of Biomarkers and Surrogates

Validation of a surrogate requires presenting a strong, independent and consistent 

association between the biomarker (potential surrogate) and the patient-important clinical 

outcome of interest that the surrogate could replace as the indicator of successful treatment. 

This is accomplished by providing evidence that the change in the measurement of a 

surrogate will (with high certainty) predict a patient-important clinically relevant outcome. 

Ideally the surrogate lies on the therapeutic (causal) pathway between the drug and the 

clinical outcome [15].

Morillon et al. Page 4

Semin Arthritis Rheum. Author manuscript; available in PMC 2023 August 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://omeract.org/working-groups/serum-urate/


For gout, the questions remain as to how are we are able to establish a causal relationship 

and present an approach to critical appraisal of studies using a surrogate outcome (e.g., 

serum urate) substituting for the patient-important outcome (e.g., gout flares)? Since the 

results derived from any single trial will not enable us to inductively infer from “all trials”, 

we need to collect repeated study findings to assess the necessary consistency in order to 

evaluate it (based on evidence synthesis) to make the decision about the adequacy of a 

surrogate claim. Evaluation requires a comprehensive review of observational studies of the 

association between the biomarker (the potential surrogate outcome) and the target patient-

important outcome, followed by conclusive evidence synthesis focusing on well-designed 

randomized trials that have evaluated treatment impact on both the biomarker of interest 

(potential surrogate) and the target outcome (the patient-important end point).

Validation of serum urate as a biomarker and/or surrogate

At OMERACT 8 a schema for validation of biomarkers was developed. Four domains were 

identified; target outcome, study design, statistical strength and penalties due to lack or no 

evidence [14]. At OMERACT 9, this was further refined with both validation criteria for 

soluble biomarkers in rheumatoid arthritis, psoriatic arthritis and spondyloarthritis (Table 1) 

[16] and levels of evidence for validation proposed [13]. The validation criteria for soluble 

biomarkers were adapted for use with serum urate in gout (Table 1). A previous systematic 

literature review revealed that serum urate fulfilled the criteria for a soluble biomarker with 

the exception of its effects on outcome measures [17]. On the basis of that review only 34% 

of voters at OMERACT 10 agreed that serum urate fulfilled the soluble biomarker criteria 

[18].

Serum urate as a surrogate for gout flares – what data are available?

The OMERACT Serum Urate as a Clinically Valid Surrogate in Gout Working Group has 

been developing the evidence for the validation of serum urate as a surrogate endpoint, 

rather than a biomarker, by different approaches.

Evidence synthesis

In a systematic review and meta-regression of urate-lowering therapy randomized controlled 

trials (RCTs), the strength of the relationship between serum urate and gout flares was 

evaluated in order to consolidate any causal link between serum urate and gout flares. 

Importantly, studies with different urate-lowering therapies (i.e., allopurinol, febuxostat, or 

pegloticase) were included. The analysis of clinical trial data available from the trial reports 

did not confirm the association between serum urate and gout flares, however in post hoc 
analyses there was an association between proportion of individuals achieving serum urate 

<6 mg/dL and the rate of flares (Figure 2) [19].

There are a number of likely reasons why a relationship between serum urate and gout flares 

was not observed. Firstly, none of the trials were designed to determine the relationship 

between serum urate and flares per se. Secondly, there was variability in trial duration with 

many trials too short to determine the relationship between serum urate and flares. The time 

lag between achieving target serum urate (possible surrogate) and improving the patient 
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relevant outcomes such as flare, quality of life, or function is challenged by the inherent 

paradox, that when initiating ULT, serum urate will be lowered while the flares may occur 

more frequently before gradually declining after several months [20]. Mobilization of total 

body store of urate are assumed to be responsible for the initial increased flare frequency 

observed during initiation of effective ULT. Hence the duration of the RCTs of ULT is 

an important factor to be considered since the effect of the drug (or drug class) will need 

a certain time to be evident. In addition, a sustained reduction in serum urate is required 

before clinical benefit is realized. In short-term trials it can be difficult to evaluate whether 

the drug is beneficial or harmful if the clinical outcome (flares) and the surrogate endpoint 

move in opposite directions, related to acute fluctuations in serum urate that are sometimes 

associated with more gout flares in the initial treatment period. This challenge would be 

overcome if it is acknowledged that serum urate is a surrogate for gout flares only over the 

longer-term (say, beyond 12 months of successful urate lowering). In view of this delayed 

clinical response to urate lowering, presumably due to slow clearance of total body urate, 

long-term studies of ULTs (2 years) are required. It would be of value for ongoing and 

future trials to include long term extensions after the randomized period, not only for flare 

assessment but also for assessing other patient relevant outcome measures.

Finally, there is considerable variation in how flare and serum urate are measured and 

reported which affects the ability to perform the appropriate analysis [15]. In a current 

systematic review exploring whether clinical trials are collecting and reporting data in 

accordance with the core domain set for clinical outcomes in studies of gout [21], we found 

that in 35 studies of ULT use in gout, while serum urate was reported in all 35 studies it was 

measured in 10 different ways. Flares were reported in 28 of 35 studies with eight different 

measurement/reporting methods (Table 2). The wide heterogeneity in reporting of serum 

urate and flares in clinical trials of ULT creates challenges when data is used in systematic 

reviews and meta-analysis.

Flares are notoriously difficult to measure in clinical trials due to their inherent episodic 

nature, a case definition that is difficult to assess outside a clinical setting and the absence 

of well-tested and proven tools/software to quantitate flares onset, severity and offset. A 

gout flare definition has been developed and validated [22, 23]. However, to date, this 

definition has not been routinely used in clinical trials and the relevance of implementing 

the validated gout flare definition in clinical trials must be emphasized. Tools that have been 

developed to capture flares suffer from technical challenges of not all patients having similar 

familiarity/access with/to various electronics, challenges with recall bias associated with 

infrequent data entry versus response extinction due to excessive prompting for data input, 

and proprietary interests of tool developers leading to lack of standardization and limited 

head-to-head comparisons.

Individual patient level data analysis

In an effort to overcome the difficulties with trial design as outlined above, an analysis of 

individual patient level data from two randomized controlled trials was undertaken [24]. 

Both of the trials included in the analysis were two years in duration allowing a period 

for achieving target urate, with assessment of gout flares at later time (Figure 3). For the 
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purposes of this analysis we defined individuals who on average achieved target serum urate 

< 0.36mmol/L (6mg/dL) from the available serum urate data at 6, 9 and 12 months as 

“serum urate responders” and serum urate -non-responders were participants who had an 

average serum urate ≥0.36mmol/L (6mg/dL) at 6, 9 and 12 months (Figure 3).

Results of this analysis showed both a statistically and clinically significant relationship 

between serum urate responders and a reduced risk of gout flares between months 12 and 24 

(unadjusted OR 0.20; 95%CI 0.15 to 0.29) and also that serum urate responders had fewer 

gout flares between months 12 and 24 (mean difference −1.64; 95%CI −1.85 to −1.44) [24]. 

Using data from the Nottingham study only [25], there was no effect of randomization on 

the relationship between serum urate response group and the presence or absence of gout 

flares. In addition, when the serum urate response group was included together with original 

random allocation in the regression model, only the response group showed a significant 

association with the presence of gout flares. In other words, the effect of the intervention 

appeared to be mediated through reduction in serum urate. Both of these results suggest that 

the reduction in serum urate is directly responsible for the absence of flares.

These data were presented at the OMERACT 2020 gout special interest group virtual 

meeting and 17/21 (81%) attendees – clearly a selected sample of stakeholders - believed 

that these data provided sufficient evidence for serum urate to qualify as a surrogate for gout 

flares. The group agreed that the presented evidence may not formally be acceptable in any 

of the existing statistical frameworks, although it is apparently already considered sufficient 

for the FDA for regulatory purposes. It was considered important to emphasize that serum 

urate could be considered a surrogate outcome in the context of adherence to ULT, and that 

measuring a surrogate should never imply that the other mandatory core outcome domains in 

gout [6] can be omitted in the reporting of clinical trials.

Figure 4. 

Formal surrogate validation criteria – how does serum urate perform?

We have used two validation frameworks to assess serum urate as a surrogate. Neither of 

these frameworks were specifically developed for assessing serum urate as a surrogate.

The “Biomarker-Surrogate-Evaluation-Scheme-3” (BSES-3) framework includes four 

domains: study design; target outcome, statistical strength and generalizability [26]. Using 

this framework, serum urate did not fulfil the statistical strength domain and therefore did 

not fulfil the criteria for a biomarker/surrogate [19] (Table 3).

Bucher et al propose a framework for establishing a causal relationship. The authors note 

that surrogate outcomes will only be reliable if there is a causal relationship between a 

change in the surrogate and a change in the clinical outcome. Thus the surrogate must be on 
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the causal pathway of the disease process and the intervention’s entire effect on the clinical 

outcome should be fully explained by a change in the surrogate [15]. The authors propose 

three core criteria when examining the evidence with regards surrogate markers:

1. Is there a strong, independent, consistent association between the surrogate and 

the clinical patient-important outcome?

2. Is there evidence from randomized trials in the same drug class that improvement 

in the surrogate end point has consistently led to improvement in the target 

outcome?

3. Is there evidence from randomized trials in other drug classes that improvement 

in the surrogate end point has consistently led to improvement?

The authors note the answers to questions two and three should be “yes” for there to be 

sufficient evidence to guide clinical practice. Assessment of serum urate as a surrogate for 

gout flares against these criteria is outlined in Table 4.

Conclusion

Among gout-interested experts, it is axiomatic that serum urate is on the causal pathway 

for gout. Despite the reassuring deductive arguments, it has been challenging to provide 

unequivocal (empirical/inductive) evidence that serum urate is a surrogate for clinically 

important outcomes among patients with chronic gout. Our recent analysis of individual 

level patient data has for the first time confirmed that achieving target urate of <0.36mmol/L 

(<6mg/dL) appears to be causally linked with reduced risk and number of gout flares. 

Further analysis of urate-lowering therapies other than allopurinol, such as febuxostat, 

as well as drugs with a different mode of action for lowering urate lowering such as 

pegloticase, is required to definitively fulfil these criteria.
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Figure 1. 
Attendees at the OMERACT gout virtual special interest group meeting 2020.
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Figure 2. 
Association between SU and number of flares per patient year (Adapted from Stamp et 

al[19] with permission from Elsvier Inc License number 5130431327480).
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Figure 3. 
Study design [24]
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