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Methods

Multicentre ~ 200 sites
Target n = 725

eGFR: = 25 ml/min/1.73 m?
Urine albumin creatinine
ratio (UACR): 30-5000
mg/g (> 40% with UACR

> 300mg/g)

Serum uric acid (sUA):

> 6 mg/dL

Patients with ACEI, ARB
and concurrent
SGLT2i permitted

)
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Verinurad is a novel human uric acid transporter
(URAT1) inhibitor. It decreases serum uric acid
levels and may reduce albuminuria

Verinurad plus allopurinol in patients with CKD and
hyperuricaemia (Phase 2b) — the SAPPHIRE study

Interventions

8-week dose titration phase preceding the 12 month treatment
period. Allopurinol dose is fixed at 300 mg/day throughout study

Placebo

Placebo +
allopurinol

5 treatment
arms
1:1:1:1:1

Verinurad 3 mg
+ allopurinol

~ 50%" | Verinurad 24 mg
+ allopurinol

*At month 9, about 50%
of patients in the verinurad
3 mg + allopurinol arm will
transition to verinurad

24 mg to assess safety and
efficacy at a greater dose

Verinurad 7.5 mg
+ allopurinol

Verinurad 12 mg
+ allopurinol
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Follow-up

~12 months

Safety and efficacy of verinurad and
@ allopurinol on kidney function and albuminuria

in patients with CKD and hyperuricaemia

Outcomes

Primary efficacy

outcome:

¢ Change in UACR
at 6 months

Secondary efficacy

outcome:
¢ Change in UACR

at 12 months
¢ Change in sUA and
kidney function at
6 and 12 months
Safety and tolerability
endpoints
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KEY LEARNING POINTS

What is already known about this subject?

kidney disease and cardiovascular complications.

kidney protection during prolonged treatment.

compared with placebo at 12 weeks.

What this study adds?

hyperuricaemia and albuminuria.

renoprotection beyond standard-of-care.

What impact may this have on practice or policy?

* Despite guideline-recommended therapies, patients with chronic kidney disease (CKD) are at high risk of end-stage
* Therapies that reduce albuminuria and slow estimated glomerular filtration rate decline have been associated with
* Verinurad is a novel, potent and specific uric acid transporter (URATI1) inhibitor. In a Phase 2a study

(NCT03118739) among patients with Type 2 diabetes mellitus and hyperuricaemia, verinurad + the xanthine oxidase
inhibitor (XOI) febuxostat decreased the urine albumin-to-creatinine ratio by 39% (90% confidence interval 4-62%)

» The Phase 2b Study of verinurAd and alloPurinol in Patients with cHronic kldney disease and hyperuRicaEmia
(SAPPHIRE) will assess the clinical effect of verinurad + allopurinol on kidney function among patients with CKD,

* This study will establish whether an intensive uric acid lowering strategy with a URATI inhibitor plus XOI confers

* The findings from the SAPPHIRE study will confirm and expand our understanding of URAT1 inhibition with
verinurad in combination with XO inhibition using allopurinol as a treatment for CKD.

ABSTRACT

Background. Verinurad is a human uric acid (UA) transporter
(URAT1) inhibitor known to decrease serum UA (sUA) levels
and that may reduce albuminuria. In a Phase 2a study
(NCTO03118739), treatment with verinurad + febuxostat low-
ered urine albumin-to-creatinine ratio (UACR) at 12 weeks by
39% (90% confidence interval 4-62%) among patients with
Type 2 diabetes mellitus, hyperuricaemia and albuminuria. The
Phase 2b, randomized, placebo-controlled Study of verinurAd
and alloPurinol in Patients with cHronic kldney disease and
hyperuRicaEmia (SAPPHIRE; NCT03990363) will examine the
effect of verinurad + allopurinol on albuminuria and estimated
glomerular filtration rate (eGFR) slope among patients with
chronic kidney disease (CKD) and hyperuricaemia.

Methods. Adults (>18 years of age) with CKD, eGFR >25mL/
min/1.73 m* UACR 30-5000 mg/g and sUA >6.0 mg/dL will
be enrolled. Approximately 725 patients will be randomized
1:1:1:1:1 to 12, 7.5 or 3 mg verinurad + allopurinol, allopurinol
or placebo. An 8-week dose-titration period will precede a 12-
month treatment period; verinurad dose will be increased to
24 mg at Month 9 in a subset of patients in the 3 mg verinurad
+ allopurinol arm. The primary efficacy endpoint the is change
from baseline in UACR at 6 months. Secondary efficacy end-
points include changes in UACR, eGFR and sUA from baseline
at 6 and 12 months.
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Conclusions. This study will assess the combined clinical effect
of verinurad + allopurinol on kidney function in patients with
CKD, hyperuricaemia and albuminuria, and whether this com-
bination confers renoprotection beyond standard-of-care.

Keywords: chronic kidney disease, hyperuricaemia, random-
ized controlled clinical trial, URAT]1 inhibitor, verinurad

INTRODUCTION

Chronic kidney disease (CKD) is associated with substantial
cardiovascular morbidity and mortality as well as decreased
quality of life [1-4]. Kidney failure and progression to end-
stage kidney disease (ESKD) necessitating renal replacement
therapy are predicted to increase in the next decade [5].

Control of intraglomerular hypertension, reduction in inter-
stitial fibrosis and reduction in albuminuria are strategies to pre-
vent CKD progression through use of renin-angiotensin-
aldosterone system (RAAS) inhibitors [6, 7]. Recently, evidence
has emerged that sodium-glucose cotransporter 2 (SGLT2)
inhibitors reduce the risk of CKD progression and major kidney
and cardiovascular outcomes, and they are now recommended
for patients with Type 2 diabetes mellitus (T2DM) and CKD
[8-10]. However, a risk remains of CKD progression in patients

H.J.L. Heerspink et al.



receiving SGLT2 inhibitors combined with RAAS inhibitors
[11, 12]. Therefore, new treatment strategies are urgently
needed.

Verinurad is a novel, specific human uric acid (UA) trans-
porter (URAT1) inhibitor in development for the treatment of
CKD and heart failure [13]. In Phase 2 studies, verinurad signif-
icantly decreased serum UA (sUA) levels among patients with
gout and/or asymptomatic hyperuricaemia [14]. When veri-
nurad is combined with the xanthine oxidase inhibitors (XOIs)
febuxostat or allopurinol, sUA levels are decreased by up to
80% post-dose [15, 16]. A recent Phase 2a study
(NCT03118739) demonstrated that verinurad + febuxostat re-
duced sUA by 57% [95% confidence interval (CI) 48-64%] pre-
dose and urine albumin-to-creatinine ratio (UACR) by 39%
(90% CI 4-62%) after 12 weeks, compared with placebo, in
patients with hyperuricaemia and T2DM [17]. These findings
suggest that the UA-lowering effects of verinurad may also be
accompanied by kidney protection. These promising findings
have supported the design and conduct of a Phase 2b Study of

verinurAd and alloPurinol in Patients with cHronic kIdney dis-
ease and hyperuRicaEmia (SAPPHIRE; NCT03990363), to as-
sess the effects of verinurad on albuminuria and estimated
glomerular filtration rate (eGFR) among patients with CKD.

MATERIALS AND METHODS
Study design

SAPPHIRE is a global, multicentre, randomized, double-
blind, parallel-group, placebo- and active-controlled, dose-find-
ing Phase 2b study (Figure 1), designed to assess the efficacy
and safety of verinurad + allopurinol in patients with CKD and
hyperuricaemia. Approximately 725 patients will be recruited at
200 sites across 13 countries worldwide (Figure 2).

Participants

Key inclusion criteria are: age >18 years; eGFR of >25mL/
min/1.73 m* UACR of 30-5000 mg/g and sUA concentration
of >367 umol/L (>6mg/dL); receiving stable background

SAPPHIRE

A randomized, double-blind, placebo-controlled,
parallel-group, global, dose-finding, Phase 2b study

Patient population:

* Male and female adults (aged = 18 years)
« Documented CKD, as defined by KDIGO?
« Stable background treatment with ACEi or

ARB for 2 4 weeks before study entry

« Screen criteria for:
- sUA = 6 mg/dL
- eGFR 2 25 mL/min/1.73 m?
- UACR 30-5000 mg/g

Stratification by substudy participation:
* No substudy

* Only MRI substudy

* Only PK substudy

« Both MRI and PK substudies

|

1:1:1:1:1

Approximately 725 patients
(145 per arm) randomized

!

!

! !

Dose titration for
8 weeks at 4-week

High: Medium: Low: .
Verinurad 12 mg QD + ’ Verinurad 7.5 mg QD + Verinurad 3 mg QD + ’ Allopurinol Placebo
allopurinol 300 mg QD | | allopurinol 300 mg QD | | allopurinol 300 mg QD 300 mg QD
3/100 mg — 3/100 mg — 3/100 mg — 0/100 mg —
7.5/200 mg — 7.5/200 mg — 3/200 mg — 0/200 mg —
12/300 mg 7.5/300 mg 3/300 mg 0/300 mg

intervals to minimize
risk of AEsP

l

Month 6: change in UACR from baseline (primary analysis)

Target dose treatment
for 52 weeks

Month 9:
Dose increase to

verinurad 24 mg QD +
allopurinol 300 mg QD

End of treatment (

h 2

Month 12: change in UACR, sUA and eGFR from baseline (secondary analysis) J

Follow-up visit 4 weeks after end of treatment ]

FIGURE 1: SAPPHIRE study design. *“Occurrence >3 months before randomization of eGFR <60 mL/min/1.73 m*, UACR >30 mg/g

and/or >1 other marker(s) of kidney damage. "Patients unable to tolerate the dosage may be down-titrated only by reversing the assigned

steps within the treatment group.

Rationale and design of the SAPPHIRE study
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Participating countries:

Il Czech Republic Poland

M France M Romania

B Hungary Slovakia

M Israel South Africa
Italy Spain

M Mexico B Us

FIGURE 2: Countries participating in SAPPHIRE.

standard-of-care treatment for CKD and/or T2DM, including
an angiotensin-converting enzyme inhibitor (ACEi) or an an-
giotensin receptor blocker (ARB), unless contraindicated, for
>4 weeks; and a signed written informed consent (Table 1).
Concurrent SGLT2 inhibitor therapy is permitted.

At pre-screening, included to minimize burden for patients
and workload for study sites, potentially eligible patients meet-
ing eGFR, UACR and sUA criteria are invited for a screening
assessment. To account for day-to-day variability in laboratory
parameters, a single repeat test is permitted if initial results were
not within the eligible ranges, and patients can be pre-screened
twice. At screening, patients who did not qualify initially based
on inclusion or exclusion criteria can be re-screened once, fol-
lowing appropriate clinical management changes.

Randomization and stratification

Eligible patients are randomized on a 1:1:1:1:1 ratio to one of
five treatment arms: placebo, placebo + allopurinol 300 mg/
day, verinurad 3mg + allopurinol 300 mg/day, verinurad
7.5mg + allopurinol 300 mg/day or verinurad 12 mg + allopu-
rinol 300 mg/day. Study medication is up-titrated according to
the scheme in Table 2. These patients comprise the intention-
to-treat population. Following Visit 9 (9 months after the end of
the titration period), approximately half of patients in the veri-
nurad 3mg + allopurinol 300 mg/day arm will transition to
verinurad 24 mg + allopurinol 300 mg/day to assess the safety
and efficacy of verinurad at a greater dose. Patients not transi-
tioning to the 24 mg verinurad dose will continue treatment
according to their study arm. Randomization is performed cen-
trally through an interactive web response system, based on a
computer-generated randomization schedule prepared by
AstraZeneca.

Randomization is stratified by patient participation in two
pharmacokinetic (PK) or magnetic resonance imaging (MRI)
sub-studies, to ensure balance between treatment arms within
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each sub-study. Each patient is randomized into one of four levels
within this factor: no sub-study, only MRI, only PKs, or both MRI
and PKs. Recruitment is monitored to ensure >40% of patients
have severely increased albuminuria (UACR >300 mg/g).

Patients and all study personnel (except the Independent
Data Monitoring Committee) are blinded to treatment alloca-
tion. Study drugs are packaged in an identical manner, and with
the same labelling and administration schedule. Laboratory as-
sessment reports are masked regarding sUA and UACR
readings.

Double-blind treatment and study procedures

Verinurad doses were selected based on earlier Phase 2 stud-
ies [14-17]. Following the first preplanned interim analysis, and
the availability of data from a clinical study assessing the safety,
tolerability and PKs of verinurad and allopurinol in healthy
Asian subjects (NCT03836599), a protocol amendment intro-
duced at Month 9 permitted a blinded dose increase to 24 mg
verinurad in approximately half of patients randomized to 3 mg
verinurad. Study treatments are administered orally once daily
(QD) as a single capsule until Visit 9, with patients advised to
take them with breakfast. Following Visit 9, study treatments
are administered orally QD as two capsules to ensure blinding.

Following randomization, patients undergo an 8-week dose-
titration phase (visits at Weeks 4 and 8) to minimize risk of
gout flares and allopurinol hypersensitivity reactions (Figure 1),
followed by treatment at target dose for 52 weeks. Study visits
occur at Week 12 (after 4 weeks of treatment at target dose), fol-
lowed by visits at Weeks 20, 34, 47 and 60. Efficacy endpoints
will primarily be assessed at Week 34 (i.e. after 6 months of
treatment at target dose) and Week 60 (i.e. 12 months after the
end of the titration period). At Week 60, all patients will discon-
tinue therapy, followed by a post-treatment follow-up visit
4 weeks later to assess off-study drug effects. Each study visit
includes collection of blood and urine for laboratory

H.J.L. Heerspink et al.



Table 1. Key inclusion and exclusion criteria in SAPPHIRE

Inclusion

Criteria

Pre-screening sUA >6 mg/dL, and

eGFR >25 mL/min/1.73 m? and
UACR >30 mg/g and <5000 mg/g
Male or female

>18 years of age

Patient characteristics

Disease characteristics

Documented CKD, defined by KDIGO guidelines as abnormalities in kidney structure or function present for

>3 months: occurrence >3 months before randomization of either eGFR <60 mL/min/1.73 m?, UACR >30 mg/g and/
or >1 other markers of kidney damage (including abnormalities detected by histology or imaging, urine sediments,
urine protein dipstick >1+, positive urine albumin dipstick or urinary protein to creatinine ratio >84 mg/g)

Medication
appropriate

Background standard-of-care treatment for CKD and/or T2DM in accordance with locally recognized guidelines, as

Therapy should have been optimized and stable for >4 weeks before study entry and include an ACEi or an ARB, unless
contraindicated, not tolerated or in the opinion of the investigator not practically available or suitable
If treated with an SGLT2 inhibitor, the dose must have been stable for >4 weeks before randomization

Pregnancy

Negative pregnancy test at investigation site (urine or serum) for female patients of childbearing potential

Exclusion Criteria

Medical conditions
antibody-associated vasculitis

Autosomal dominant or autosomal recessive polycystic kidney disease, lupus nephritis, or anti-neutrophil cytoplasmic

Carrier of the Human Leukocyte Antigen-B *58:01 allele

History of kidney transplantation

History of stroke, myocardial infarction, percutaneous coronary intervention or coronary artery bypass graft in the past

6 months

Uncontrolled hypertension presenting with systolic blood pressure >180 mmHg and/or diastolic blood pressure

>100 mmHg
Evidence of significant liver disease®
Medication

Receiving cytotoxic therapy, immunosuppressive therapy or other immunotherapy for primary or secondary kidney dis-
ease within 6 months prior to enrolment

Treatment with any drug for hyperuricaemia in the past 6 months
Treated with strong or moderate OATP inhibitors

“For example, aspartate transaminase or alanine transaminase >3 x ULN; or total bilirubin >1.5x ULN.

OATP, organic anion transporting polypeptide; ULN, the upper limit of normal.

Table 2. Study medication titration schedule

Step 1 titration

Step 2 titration Step 3 titration

(verinurad/allopurinol)

High dose, mg 3/100
Intermediate dose, mg 3/100
Low dose, mg 3/100
Allopurinol alone, mg 0/100
Placebo, mg 0/0

(verinurad/allopurinol) (verinurad/allopurinol)

7.5/200 12/300
7.5/200 7.5/300
3/200 3/300°
0/200 0/300
0/0 0/0

“Following Visit 9 (9 months after the end of the titration period), approximately half of patients in the verinurad 3 mg + allopurinol 300 mg/day arm will transition to verinurad

24 mg + allopurinol 300 mg/day to assess the safety and efficacy of verinurad at a higher dose.

measurements (including UACR and eGFR), adverse events
(AEs), recording of vital signs, concomitant therapies and study
drug adherence.

Efforts will be made to maintain a stable optimum dose of
ACEi, ARB or SGLT2 inhibitors for each patient throughout
the study in order to minimize UACR fluctuations.
Management of blood pressure, lipids, glucose and use of other
essential therapies is left to investigator discretion, in accor-
dance with best clinical practice guidelines.

Reductions in eGFR and symptoms of kidney stones will be
monitored, as these are known AEs of verinurad monotherapy
[14]. Creatinine elevations >1.5x baseline in patients with
baseline eGFR >40mL/min/1.73m> or an eGFR decrease
>25% in patients with baseline eGFR <40 mL/min/1.73 m?,

Rationale and design of the SAPPHIRE study

will trigger further investigation, more intense monitoring, cor-
rective actions (most notably hydration) and, depending on
clinical situation, potentially treatment interruption or discon-
tinuation. Study drug discontinuation is required for patients
who become pregnant; develop kidney stones, confirmed acute
kidney injury, skin reactions or hypersensitivity to allopurinol;
or experience transaminase or bilirubin elevations. Patients
who discontinue study drug prematurely (but do not withdraw
consent) are encouraged to continue scheduled follow-up visits.

Sub-studies

The first of the two stratifying sub-studies involves collection
of kidney MRI data from ~30 patients, at baseline and 34 weeks
post-randomization, to examine structural changes in the
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kidney. The second sub-study among >95 patients will collect
post-dose PKs and sUA blood samples within 3-4, 4-5, 5-6
and 8-9h following study drug administration. A third study
will include assessment of vascular reactivity.

Endpoints and event adjudication

Efficacy endpoint. The primary efficacy endpoint is the
change from baseline in UACR at 6 months. Key secondary effi-
cacy endpoints include change from baseline in UACR at
12 months and change in sUA, creatinine, cystatin-C and eGFR
at 6 and 12 months, where eGFR is calculated using the CKD
Epidemiology Collaboration (CKD-EPI) formulae (Table 3)
[18, 19].

Key exploratory endpoints (Table 2) include plasma expo-
sure of verinurad, allopurinol and oxypurinol; kidney structural
and functional parameters; biomarkers; effects on UACR in
pre-specified patient subsets; PK and pharmacodynamic (PD)
analysis; gout parameters; and renal parameters (UACR, sUA,
eGFR and creatinine, cystatin-C) at Week 60 for patients who
received 24 mg verinurad.

Safety endpoints. Safety and tolerability endpoints include
AEs, vital signs, physical examination, electrocardiograms and
clinical laboratory parameters. An independent adjudication
committee will assess potential cardiovascular events using pre-
specified endpoint definitions. The independent adjudication
commiittee is responsible for adjudication of all potential clinical
events presented in Supplementary Appendix S1.

Statistical considerations

Sample size calculation. The estimated sample size of 145
patients randomized per group will yield 80% power to detect a
25% reduction in geometric mean UACR for the high dose of
verinurad + allopurinol compared with placebo (treatment dif-
ference of approximately —0.29 on the natural log scale) at the
two-sided alpha level of 0.1, assuming Type 1 error and a

Table 3. Key study endpoints in SAPPHIRE

standard deviation (SD) of 1.0 on the natural log scale. The SD
estimate is based on the results of a Phase 2a study [17]. A re-
duction in UACR of >25% has been shown to infer a high like-
lihood of clinical benefit on established kidney endpoints [20].

For the MRI sub-study, a sample size of 30 in each treatment
arm will have at least 80% power to detect a difference (high
dose verinurad + allopurinol versus placebo) in means of 0.05
in renal arterial resistive index assuming that the common SD is
0.05 with a two-sided significance level of 0.05. The SD of 0.05
is based on prior data [21].

Efficacy assessment. The primary efficacy analysis will be
based on the intention-to-treat population. The analysis of
change in UACR from baseline to Week 34 (ie. 26 weeks of
treatment at target dose) will be conducted on natural log-
transformed UACR values using a mixed model for repeated
measures, with fixed categorical effects of treatment, week, dia-
betes status, moderately or severely elevated albuminuria,
N-terminal pro B-type natriuretic peptide (NT-proBNP) <360
or >360 pg/mL, baseline SGLT2 inhibitor use and treatment-
by-week interaction. Continuous fixed covariates will be base-
line log(UACR) and baseline log(UACR)-by-week interaction.
We will provide estimates of the geometric mean percentage
change from baseline in UACR for each treatment group under
the mixed model (with 95% Cls), as well as the geometric mean
treatment ratio between the active treatment groups and the
placebo/comparator group (with 95% CI and P-value for a test
of no treatment effect). As in previous dose-finding studies in
patients with CKD, missing values will not be imputed, but all
available longitudinal ACR values will be analysed under the as-
sumption of missingness at random.

Secondary efficacy variables will be assessed in a similar
manner to the primary efficacy variable. The dose-response re-
lationship among the three doses of verinurad and allopurinol
will also be assessed.

Primary endpoint
Secondary endpoints

Change from baseline in UACR at 6 months
Change from baseline in UACR at 12 months

Change from baseline in UACR sUA at 6 and 12 months

Change from baseline in UACR and sUA at 6 months for dose-response assessment up to 12 mg verinurad dose
Change from baseline in eGFR at 6 and 12 months

Change from baseline in creatinine at 6 and 12 months

Change from baseline in cystatin-C at 6 and 12 months

Exploratory endpoints

Plasma exposure of verinurad, allopurinol and oxypurinol (active metabolite of allopurinol)

Change from baseline at 6 months in kidney oxygenation, blood flow parameters, cortical and kidney volume measure-
ments, MRI relaxation and diffusion measurements, pulse wave velocity

Change from baseline at 6 and 12 months and EOT in blood pressure, NT-proBNP, high sensitivity CRP, high sensitivity
troponin 1, flow-mediated dilation, emerging urine and serum biomarkers, AST, ALT

Change from baseline at 6 and 12 months in UACR in pre-specified subsets of patients

Change in renal function assessments at 6 and 12 months, and EOT

Plasma concentrations of verinurad, allopurinol and oxypurinol, sUA, UACR and other PD variables

Change in tophi from baseline at 6 months and at EOT

Incidence of gout flare during the first titration period, the overall titration period and the whole study

Safety endpoints

Rates of AEs and SAEs, including cardiovascular events

Change in vital signs, electrocardiograms and clinical laboratory parameters

ALT, alanine aminotransferase; AST, aspartate transaminase; CRP, C-reactive protein; EOS, end-of-study; EOT, end-of-treatment; SAE, serious AE.
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Safety assessment.  All safety analyses will be performed on
the safety population and summarized by treatment group,
based on randomized treatment.

Interim analyses. Two interim analyses will be conducted
by an independent team not involved in the study operations in
order to support sponsor decision-making regarding the clinical
programme. The first interim analysis, which already has oc-
curred (see above), was to be performed no later than when
90% of patients have completed 12 weeks’ treatment after titra-
tion (Visit 7). The second analysis (for the primary endpoint)
will be conducted when all patients have completed 26 weeks’
treatment after titration (Visit 8).

Study oversight

The trial was designed in collaboration with a scientific advi-
sory committee, consisting of academic members and sponsor
representatives. The scientific advisory committee will oversee
the study and supervise the analysis of data. The study is being
conducted by the contract research organization Covance, who
will maintain responsibility for the collection and analysis of
data in conjunction with the sponsor. Independent safety and
data monitoring committees will review, interpret and adjudi-
cate safety data and overall study conduct, respectively,
throughout the trial.

Current status

The study is currently ongoing and has enrolled 860 patients
from 12 countries. Demographics and baseline characteristics
for the enrolled patients, extracted from the study database on
16 March, are presented in Table 4. Of the 860 patients enrolled,
mean age was 65.3 years and 67.0% were male. Patients had a
mean (SD) eGFR of 47.8 (18) mL/min/1.73 m”. Patients had a
wide range of eGFR levels: 100 (11.6%) patients had an
eGFR <30mL/min/1.73m* and 179 (20.8%) had an
eGFR >60 mL/min/1.73 m>. Median UACR was 246 mg/g and
median serum urate was 7.7 mg/dL. The majority (66.0%) of
patients had a diagnosis of diabetic nephropathy as reported by
the treating physician. The second most common aetiology of
CKD was ischaemic/hypertensive nephropathy, diagnosed in
156 (18.1%) patients.

DISCUSSION

Despite advancements in pharmacotherapies and clinical care
programmes, the mortality and morbidity associated with CKD
are substantial, resulting in significant financial and societal
burden [1, 2, 22, 23]. Targeted therapies that reduce albumin-
uria and slow eGFR decline have been associated with kidney
protection following prolonged treatment [6, 8, 9, 24].

The Phase 2b SAPPHIRE study will assess the effect of
URAT]1 inhibition with verinurad combined with the XOI allo-
purinol on albuminuria and eGFR among patients with CKD
and hyperuricaemia. The primary pharmacological action of
the verinurad and allopurinol combination is lowering of sUA
by increasing renal UA excretion and lowering UA production.
The result is a consistent lowering of sUA by >70% [15, 16]. In
SAPPHIRE, the inclusion of allopurinol and placebo treatment

Rationale and design of the SAPPHIRE study

Table 4. Baseline demographic and disease characteristics

Characteristic Total (n = 860)
Age, years

Mean (SD) 65.3 (10.8)
Sex, n (%)

Male 576 (67.0)

Female 284 (33.0)
Race, n (%)

White 621 (72.2)

Black or African American 116 (13.5)

American Indian or Alaska Native 29 (3.4)

Asian 20 (2.3)

Other 70 (8.1)

Missing 2(0.2)
Region,” n (%)

North America 373 (43.4)

Europe 376 (43.7)

South Africa 111 (12.9)
Body mass index, kg/m”

Mean (SD) 32.0 (6.3)
Blood pressure, mmHg

Systolic 136.4 (16.6)

Diastolic 75.4 (10.3)
eGFR, mL/min/1.73 m*

Mean (SD) 47.8 (17.9)
eGEFR categories, mL/min/1.73 mz, n (%)

<30 100 (11.6)

30 to <60 581 (67.6)

60 to <90 149 (17.3)

>90 30 (3.5)

NT-proBNP, pg/mL
Median (range)
Serum urate, mg/dL

188 (25-46025)

Median (range) 7.7 (5.5-13.5)
UACR, mg/g

Median (range) 246 (10-5579)
HbAlc, %

Mean (SD) 7.5 (1.8)
Comorbidity, n (%)

Diabetes mellitus 706 (82.1)
Kidney disease aetiology, n (%)

Diabetic nephropathy 568 (66.0)

Ischaemic/hypertensive nephropathy 156 (18.1)

Chronic glomerulonephritis 25 (2.9)

Other/unknown 111 (12.9)

SGLT?2 inhibitor, n (%) 84 (9.8)

“Europe: Czech Republic, France, Hungary, Israel, Italy, Poland, Romania, Slovakia and
Spain; North America: USA and Mexico; South Africa: South Africa. Baseline data pre-
sented in the table are extracted from the study database on 16 March 2021 while the
trial was ongoing and before database lock. HbAlc, glycated haemoglobin; n, number of
patients.

arms, as well as three treatment arms comprising different veri-
nurad doses (which are expected to lower sUA by 50-75%), will
allow careful analysis of the relationship between the sUA-
lowering effect and the effect on albuminuria. This analysis may
allow conclusions to be drawn regarding the relative contribu-
tion of inhibition of XO and URAT1 on albuminuria.

The SAPPHIRE study was preceded by the Phase 2a
CITRINE study that enrolled 60 patients with T2DM and albu-
minuria to verinurad and febuxostat versus placebo for
24 weeks [17]. The primary endpoint was UACR at 12 weeks,
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FIGURE 3: LSM percentage change from baseline in UACR at
Weeks 12 and 24 in the CITRINE study. Error bars are 95% Cls.
Results are based on a mixed-effects model for repeated measures.
Baseline mean (SD) UACR was 459.1 (824.7) mg/g for verinurad

plus febuxostat and 411.6 (547.8) mg/g for placebo. LSM, least-
squares mean.

although treatment was continued for 24 weeks. Verinurad +
febuxostat, compared with placebo, decreased UACR by 39%
(90% CI 4-62%) at 12 weeks and by 49% (90% CI 19-68%) at
24 weeks (Figure 3). These data supported further development
of verinurad, as improvement in UACR of >25% after
6 months of treatment has been linked to clinically important
improvements in kidney outcomes in subsequent outcomes
studies [20]. However, owing to the broad CIs reported in the
CITRINE study and uncertainty in the dose-response relation-
ship between verinurad and UACR, it would be premature to
initiate a Phase 3 programme based on this study alone.
Therefore, the Phase 2b SAPPHIRE study is the next logical
step in the development of verinurad.

The rationale for combining verinurad with allopurinol is
derived from observations that have linked transient creatinine
elevations with potent URATI inhibitor monotherapy [25].
Observed elevations in serum creatinine levels are possibly at-
tributable to UA crystalluria but the precise mechanism is not
yet confirmed. The risk of UA crystalluria can be mitigated sub-
stantially by reducing UA production through combination of a
URATT1 inhibitor with an XOIL. Previous reports support the
notion that the combination of verinurad and an XOI is not as-
sociated with an increased rate of creatinine elevations [15, 16].
Previously, verinurad was investigated in combination with
febuxostat [15, 17], based on the lower risk of hypersensitivity
reactions compared with other XOIs [26]. However, the
CARES study suggested that febuxostat may be associated with
an increased risk of all-cause and cardiovascular mortality com-
pared with allopurinol [27]. Accordingly, SAPPHIRE is con-
ducted using allopurinol instead of febuxostat, in combination
with verinurad, and an event adjudication committee will en-
sure a robust assessment of cardiovascular events during the
trial. Following completion of recruitment for the SAPPHIRE
trial, results from the FAST study confirmed that febuxostat is
non-inferior to allopurinol [28].

Whether lowering sUA alone is sufficient to reduce the rate
of CKD progression is a topic of intense debate [29-31]. Key
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issues in this debate include the mechanism of action and extent
of sUA lowering required to achieve clinical benefit. Four recent
clinical trials have evaluated the efficacy of sUA-lowering strate-
gies for the treatment of hyperuricaemia. In PERL, 530 patients
with Type 1 diabetes with or without hyperuricaemia, who were
at high risk of CKD progression, were randomized to allopuri-
nol 200-400 mg or placebo for 3 years plus a 2-month washout
period [32]. The trial showed no benefit of sUA reduction with
allopurinol on iohexol-measured glomerular filtration rate or
albuminuria [32]. Similarly, in the CKD-FIX trial, which en-
rolled 369 patients with Stage 3/4 CKD to 24 months’ treatment
with allopurinol 100-300 mg, allopurinol did not slow the rate
of eGFR decline compared with placebo [33]. In the FEATHER
trial, 467 patients with Stage 3 CKD and asymptomatic hyper-
uricaemia were randomized to febuxostat or placebo for
108 weeks [34]. The study showed no difference in the rate of
eGFR after 108 weeks of treatment with febuxostat compared
with placebo [34]. Finally, FREED, a randomized, open-label,
blinded endpoint trial, compared the effect of 40 mg febuxostat
with physician’s choice of allopurinol 100 mg or no therapy on
the risk of major cardiovascular and renal events among 1070
elderly patients with hyperuricaemia (7-9 mg/dL) with adverse
cardiovascular profiles [35]. Febuxostat reduced both the pri-
mary composite outcome and the renal endpoint (i.e. develop-
ment of microalbuminuria/mild proteinuria, progression to
overt albuminuria/severe proteinuria or worsening of overt al-
buminuria, doubling of serum creatinine level, progression to
ESKD) by 25% versus the non-febuxostat group, driven primar-
ily by a lower rate of development of microalbuminuria, devel-
opment of overt albuminuria and worsening of overt
albuminuria [35]. However, there was no significant difference
between treatment groups for doubling of serum creatinine
[35]. The findings from these recent studies point to residual
uncertainty as to the benefit of urate-lowering therapy as a
treatment to prevent CKD progression. Limitations in the de-
sign and conduct of these studies, such as the relatively small
sample sizes and heterogeneity in the study populations, have
been reviewed elsewhere [36]. It remains to be seen whether the
conflicting results were a consequence of differences in study
populations, specific interventions tested, extent of sUA-
lowering, insufficient power due to small sample sizes, or the
appropriateness of study designs. The SAPPHIRE study will
contribute to our current understanding of sUA in kidney dis-
ease and the potential kidney protective effects of urate-lower-
ing therapies. First, it will explore the benefit of a new urate-
lowering drug with a novel mechanism of action (i.e. URAT1
inhibition) on albuminuria and eGFR decline. Secondly, it will
assess the impact of an intensive urate-lowering strategy (rang-
ing from 35% to 80% reduction in sUA) on these outcomes, in
order to elucidate a potential dose-response effect.

The conclusions from the analyses conducted for a joint
National ~Kidney Foundation/US Food and Drug
Administration/European Medicines Agency workshop in 2018
suggest that UACR at 6 months is a likely valid surrogate end-
point, and that eGER slope over 2 or 3 years is a valid surrogate
endpoint, for kidney failure in Phase 3 randomized controlled
trials [37]. The SAPPHIRE study focuses on UACR as the
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Table 5. Novelty of the SAPPHIRE study design

(i) Treatment extended beyond 6 months to collect longer-term safety
and eGFR data compared with traditional Phase 2 studies focused on
UACR in CKD

(ii) In the SAPPHIRE study, both UACR and eGFR are endpoints; hav-
ing results from both in the same study will improve the planning
and design of a subsequent renal outcomes study

(iii) The adaption of SAPPHIRE to include a 24 mg verinurad treat-
ment period from Month 9 in a subset of patients following an in-
terim analysis represents a step-wise approach to collect safety and
efficacy data for the full dose range of verinurad in response to
emerging PK, PD and safety results from SAPPHIRE and other tri-
als, without affecting the scientific integrity of SAPPHIRE

primary endpoint, owing to the smaller sample size and shorter
treatment duration required compared with assessment of
eGEFR slope. The SAPPHIRE study design has several novel fea-
tures to maximize assessment of the treatment effects on eGFR
(Table 5). Namely, the 60-week treatment duration allows pre-
liminary assessment of effects on eGFR, and analysing the
effects of verinurad on UACR and eGFR may provide an im-
proved estimate of the long-term treatment effects on clinical
endpoints. Moreover, implementation of interim analyses con-
ducted independently of the study team allowed the study to be
adapted, enabling the addition of a 24 mg verinurad dose to en-
sure adequate exploration of the full dose range.

The SAPPHIRE trial enrolled patients with a variety of
eGEFR levels, which allows exploration of the efficacy and safety
of verinurad in various stages of CKD. The majority of partici-
pants had diabetic nephropathy, followed by ischaemic/hyper-
tensive nephropathy and chronic glomerulonephritis.
Compared with the DAPA-CKD trial, which also enrolled
patients with CKD with and without T2DM, participants in the
SAPPHIRE trial were more likely to have a diagnosis of diabetic
nephropathy and less likely to be diagnosed with chronic glo-
merulonephritis [38]. The CKD-FIX and PERL trials previously
assessed the effects of allopurinol on kidney function in patients
with CKD [33, 39]. In contrast to the CKD-FIX trial, the
SAPPHIRE trial enrolled a somewhat older patient cohort with
a higher prevalence of T2DM, a higher eGFR and lower albu-
minuria and serum urate levels.[33] Comparing the SAPPHIRE
cohort with the PERL trial, our cohort had a lower eGFR and
higher albuminuria and serum urate levels [39].

Clinical practice guidelines recommend SGLT2 inhibitors
for the treatment of CKD in patients with Type 2 diabetes.
Recruitment of the SAPPHIRE trial started well before these
recommendations were issued. As a result, a relatively small
proportion of 10% of patients participating in the SAPPHIRE
trial was using an SGLT2 inhibitor at baseline. However, this
subgroup allows us to explore the efficacy of verinurad and allo-
purinol as adjunct to SGLT2 inhibitors and ACEi or ARB.
Establishing the safety of verinurad and allopurinol in this sub-
group is also important since there have been initial concerns
that the combination of verinurad with SGLT?2 inhibitors may
increase UA excretion, thereby theoretically increasing the risk

Rationale and design of the SAPPHIRE study

of UA nephrolithiasis. However, a dedicated drug-drug interac-
tion study with dapagliflozin and verinurad demonstrated that
adding dapagliflozin to a combination of verinurad plus
febuxostat did not increase urinary UA excretion rates but led
to a marked and significant lowering of sUA compared with
verinurad plus febuxostat alone [40]. These data indicate that
combining verinurad with dapagliflozin further reduces sUA
without adversely impacting UA excretion.

In conclusion, CKD remains an unmet medical need despite
recent advances in therapeutic interventions. Verinurad in
combination with an XOI may represent a novel therapy to
slow progression of CKD based on early clinical data. As such,
the Phase 2b SAPPHIRE study was designed to confirm the
clinical benefits of verinurad and expand our understanding
urate-lowering strategies in CKD.
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