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Effect of Urate-Elevating Inosine on Early Parkinson Disease Progression

The SURE-PD3 Randomized Clinical Trial

The Parkinson Study Group SURE-PD3 Investigators

IMPORTANCE Urate elevation, despite associations with crystallopathic, cardiovascular, and
metabolic disorders, has been pursued as a potential disease-modifying strategy for
Parkinson disease (PD) based on convergent biological, epidemiological, and clinical data.

OBJECTIVE To determine whether sustained urate-elevating treatment with the urate
precursor inosine slows early PD progression.

DESIGN, PARTICIPANTS, AND SETTING Randomized, double-blind, placebo-controlled,

phase 3 trial of oral inosine treatment in early PD. A total of 587 individuals consented, and
298 with PD not yet requiring dopaminergic medication, striatal dopamine transporter
deficiency, and serum urate below the population median concentration (<5.8 mg/dL) were
randomized between August 2016 and December 2017 at 58 US sites, and were followed up
through June 2019.

INTERVENTIONS Inosine, dosed by blinded titration to increase serum urate concentrations
to 71-8.0 mg/dL (n = 149) or matching placebo (n = 149) for up to 2 years.

MAIN OUTCOMES AND MEASURES The primary outcome was rate of change in the Movement
Disorder Society Unified Parkinson Disease Rating Scale (MDS-UPDRS; parts I-1Il) total score
(range, 0-236; higher scores indicate greater disability; minimum clinically important
difference of 6.3 points) prior to dopaminergic drug therapy initiation. Secondary outcomes
included serum urate to measure target engagement, adverse events to measure safety,
and 29 efficacy measures of disability, quality of life, cognition, mood, autonomic function,
and striatal dopamine transporter binding as a biomarker of neuronal integrity.

RESULTS Based on a prespecified interim futility analysis, the study closed early, with 273
(92%) of the randomized participants (49% women; mean age, 63 years) completing the
study. Clinical progression rates were not significantly different between participants
randomized to inosine (MDS-UPDRS score, 111 [95% Cl, 9.7-12.6] points per year) and placebo
(MDS-UPDRS score, 9.9 [95% Cl, 8.4-11.3] points per year; difference, 1.26 [95% Cl, -0.59 to
3.11] points per year; P = .18). Sustained elevation of serum urate by 2.03 mg/dL (from a
baseline level of 4.6 mg/dL; 44% increase) occurred in the inosine group vs a 0.01-mg/dL
change in serum urate in the placebo group (difference, 2.02 mg/dL [95% Cl, 1.85-2.19
mg/dL]; P<.001). There were no significant differences for secondary efficacy outcomes
including dopamine transporter binding loss. Participants randomized to inosine, compared
with placebo, experienced fewer serious adverse events (7.4 vs 13.1 per 100 patient-years)
but more kidney stones (7.0 vs 1.4 stones per 100 patient-years).

CONCLUSIONS AND RELEVANCE Among patients recently diagnosed as having PD, treatment
with inosine, compared with placebo, did not result in a significant difference in the rate of
clinical disease progression. The findings do not support the use of inosine as a treatment
for early PD.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02642393

JAMA. 2021;326(10):926-939. doi:10.1001/jama.2021.10207

926

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User on 12/19/2021

Supplemental content
CME Quiz at

jamacmelookup.com

Group Information: The
authors/Parkinson Study Group
SURE-PD3 Investigators are listed at
the end of this article. The nonauthor
collaborators for the Parkinson Study
Group SURE-PD3 Investigators are
listed in Supplement 4.

Corresponding Author: Michael A.
Schwarzschild, MD, PhD, Department
of Neurology, Massachusetts General
Hospital, Mass General Institute for
Neurodegenerative Disease,

114.16th St, Boston, MA 02129
(michaels@helix.mgh.harvard.edu).

jama.com


https://clinicaltrials.gov/ct2/show/NCT02642393
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10207?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10207
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10207?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10207
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jama.2021.10207?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10207
mailto:michaels@helix.mgh.harvard.edu
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10207
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rate is the enzymatic end product of purine metabo-
lism in humans and other hominoids due to multiple
mutations of the urate oxidase gene unique to pri-
mate evolution.'? The resulting urate elevation may have
been advantageous as urate constitutes the main antioxidant
circulating in human plasma.?* Oxidative damage is thought
to play a role in the underlying dopaminergic neuron degen-
eration of Parkinson disease (PD), and urate protects dopa-
minergic neurons in cellular and animal models of PD.%*->
Clinically, concentrations of urate (or uric acid) that exceed
the limits of its solubility cause crystallopathic disorders of
gout and kidney stones, but elevated serum urate in healthy
individuals is a reduced-risk factor for PD.®® In early PD,
higher urate concentrations in serum and cerebrospinal fluid
are associated with subsequently slower progression of
motor and nonmotor disability and slower loss of striatal
dopamine transporter.®12
These findings prompted a phase 2 trial of oral inosine, a
metabolic precursor of urate and dietary supplement, in early
PD." Participants with a serum urate concentration below the
population median of 6 mg/dL (360 pmol/L) were random-
ized to receive placebo or inosine titrated to elevate serum urate
to either 6.1-7.0 mg/dL or 7.1-8.0 mg/dL for up to 2 years. Up
to 3 g/d of oral inosine demonstrated adequate safety and tol-
erability, elevated serum and cerebrospinal fluid urate con-
centrations, and dose-dependently increased plasma antioxi-
dant capacity and was associated with favorable clinical
outcomes.!>* A phase 3 trial of urate-elevating inosine in early
PD was designed based on these collective findings, and its re-
sults are reported herein.

Methods

The trial design is detailed in the study protocol (Supple-
ment 1), which was accepted under a noncommercial
investigational new drug application (No. 100 896) to the
US Food and Drug Administration and approved by institu-
tional review boards of the administrative and coordination
centers and all clinical sites. All participants provided writ-
ten informed consent. A data and safety monitoring board
provided independent oversight. Along with the study pro-
tocol in Supplement 1, the statistical analysis plan is avail-
able in Supplement 2. This study used the NINDS Common
Data Elements (http://www.commondataelements.ninds.
nih.gov/).®

Participants and Sites

Enrollment criteria for the Study of Urate Elevation in
Parkinson Disease (SURE-PD3) were modeled on observa-
tional studies®'° in which higher urate was predictive of
slower disease progression among people with untreated PD.
However, in SURE-PD3, only the subset of early PD partici-
pants whose serum urate concentration was below the
expected median (<5.8 mg/dL) were included (see diagram
on p 10 in the study protocol in Supplement 1), as this sub-
population is at risk of faster progression of disability and can
more safely accommodate increases in serum urate. Indi-
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Key Points

Question Does treatment with oral inosine for up to 2 years slow
progression of Parkinson disease?

Findings In this randomized clinical trial that included 298
participants with early Parkinson disease, the rate of clinical
disease progression as measured by the Movement Disorder
Society Unified Parkinson Disease Rating Scale (parts I-1) total
score prior to initiation of dopaminergic medication was 11.1 points
per year in the inosine group and 9.9 points per year in the placebo
group, a difference that was not statistically significant.

Meaning Urate-elevating inosine treatment was not clinically
beneficial in early Parkinson disease.

viduals at greater risk due to elevated urate (ie, those with a
history of gout or uric acid urolithiasis, urine pH <5.0 [a risk
factor for uric acid urolithiasis], established cardiovascular
disease, or estimated glomerular filtration rate [eGFR]
<60 mL/min/1.73 m?) were excluded. Eligibility criteria were
assessed during 2 screening visits at 61 credentialed US clini-
cal sites of the Parkinson Study Group (http://www.parkinson-
study-group.org). Eligibility required a PD diagnosis by a
movement disorders neurologist who judged the participant to
be unlikely to require dopaminergic drug therapy other than an
existing stable dose of a monoamine oxidase B inhibitor within
3 months of enrollment.’ Central adjudication of dopamine
transporter ligand (DaTscan; GE Healthcare) uptake into the
striatum excluded individuals lacking evidence of dopaminergic
deficit. In keeping with federal funding requirements and to
assess the effectiveness of efforts to improve participation of
underrepresented groups in PD trials, race and ethnicity
information was collected as self-determined by participants
based on fixed categories. Sex information was also collected
as self-identified by participants.

Randomization

Eligible participants were randomized 1:1 to inosine or pla-
cebo by a computer-generated randomization schedule, strati-
fied by site in permuted blocks of 4. Participants, all site staff,
and all central staff other than the unblinded statistician and
programmer and the central pharmacy were blinded to treat-
ment assignment.

Intervention, Dose Titration, and Follow-up

Active drug (inosine) or matching placebo (lactose) were
taken orally at dosages of up to two 500-mg capsules 3 times
daily for 24 months after enrollment (period 1). Inosine dos-
ing was titrated in a blinded manner (pp 37 and 51-52 in the
study protocol in Supplement 1) to elevate and maintain
serum urate and maintain concentrations between 7.1 and
8.0 mg/dL when measured prior to the first daily dose (when
concentrations are approximately 0.7 mg/dL below near-peak
concentrations'®). Placebo dosing was based on an algorithm
designed to match dose adjustments in the inosine group.
During the 3-month washout following study drug discon-
tinuation (period 2), participants were followed up monthly
by telephone and completed a second dopamine transporter
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brain scan (see diagram on p 10 in the study protocol in
Supplement 1). In January 2018, the maximum daily inosine
dosage was reduced to 2 g/d to limit kidney stone risk.

Outcomes

The primary outcome was the Movement Disorder Society
Unified Parkinson Disease Rating Scale (MDS-UPDRS) parts
I-I1I, a composite scale comprising patient- and clinician-
reported outcomes, with higher scores reflecting greater dis-
ability (summed total range, 0-236 points). Secondary out-
come variables addressed pharmacodynamics (via serum and
urine urate concentrations), efficacy, and adverse events.
Secondary efficacy outcomes were scores on the individual
MDS-UPDRS parts (I, I, and III) and 2 functionally organized
subsets of its component questions (ambulatory capacity and
the patient-reported outcome of parts Ib and II combined),
disability warranting initiation of dopaminergic therapy, 13
modules from the Quality of Life in Neurological Disorders
assessment, the 39-item Parkinson Disease Questionnaire,
the modified Schwab and England Activities of Daily Living
Scale, the Montreal Cognitive Assessment, and 4 measures of
orthostatic vital signs. Outcome scale descriptions (including
reference ranges, directionality, and minimum clinically
important differences when available) are detailed in eTable 1
in Supplement 3. Efficacy was also assessed by neuroimaging
of loss of striatal dopamine transporter binding signal.
Safety-related outcomes included adverse events, tolerability
as assessed after 12 weeks, 12 months, and 24 months (de-
fined as statistically significantly greater than 50% of partici-
pants continuing study drug treatment without more than 4
weeks of dose reduction), vital signs, and routine laboratory
tests including electrocardiograms and measurement of
blood lipids, glucose, electrolytes, cell counts, and spot and
24-hour urine. Secondary analyses were carried out stratified
by sex or restricted to an as-treated sample. Exploratory out-
comes included questionnaire responses on participants’
expectations (not reported herein) and probable rapid eye
movement sleep behavior disorder. The schedule of activities
(p 78 in the study protocol in Supplement 1) shows the timing
of all assessments.

Sample Size Determination

With 270 randomized participants, the study was designed to
have 80% power to detect a 20% reduction by inosine in the
expected rate of progression; ie, a reduction in the 2-year in-
crease in MDS-UPDRS parts I-1II by 6.3 points, which corre-
sponds with patient assessment of a minimum clinically im-
portant difference’® (Section 10.3.1 in the study protocol in
Supplement 1).

Statistical Analyses

The primary analysis included all randomized participants
classified according to their randomization group assign-
ment (as-randomized sample) to estimate the rate of change
of MDS-UPDRS (parts I-III) total scores during period 1 in
a random slopes model with shared baseline, censoring
observations made after initiation of dopaminergic therapy
(see details in the statistical analysis plan in Supplement 2).
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The model included fixed terms for time, treatment interac-
tion with time, and 3 covariates (sex, baseline monoamine
oxidase B inhibitor use, and baseline Schwab and England
Activities of Daily Living Scale score) and their interactions
with time. The model included random site- and participant-
specific intercepts and slopes, each with unstructured cova-
riance. The shared-baseline construction implicitly adjusted
for baseline MDS-UPDRS score in addition to adjustment for
the covariates. The random effects accommodated covari-
ance among participants from the same site and among
repeated observations from the same participant. The model
accommodated data missing due to censoring after initiation
of dopaminergic therapy and early termination or loss to
follow-up, with unbiased estimates and appropriate adjust-
ment in precision under a missing-at-random assumption
conditional on the observed data and the model structure.

Additional analyses applied the primary model to sec-
ondary end points in the as-randomized sample, assessed an
as-treated sample restricted to time receiving study drug,
and determined incidence of time-to-event outcomes and
rates of adverse events among a safety sample of participants
who initiated study drug. Kaplan-Meier product-limit esti-
mates were used to calculate the percentage of participants
needing dopaminergic therapy by 12 months. Because of the
potential for type I error due to multiple comparisons, find-
ings for analyses of secondary end points should be inter-
preted as exploratory. Two prespecified, blinded interim
analyses with early stopping rules for efficacy and nonbind-
ing futility were completed after approximately one-third
and three-quarters of total anticipated follow-up. Early stop-
ping for efficacy used a Haybittle-Peto boundary at a 1-sided
P < .001. Early stopping for futility used a B-spending rule
linear in information time. The significance threshold for the
primary analysis was a 2-tailed P < .046 to accommodate 2
interim analyses. All other safety and efficacy analyses were
considered exploratory and were evaluated using 2-sided
tests at a significance level of P < .05. All analyses were per-
formed using SAS version 9.4 (SAS Institute Inc).

Early Study Completion

In September 2018, the data and safety monitoring board
reviewed the second prespecified, nonbinding interim analy-
sis for early stopping due to efficacy or futility of inosine
treatment. Its results (87% of maximum information;
z =1.25; P = .21 in favor of placebo) met the prespecified cri-
terion for futility (3-spending quadratic in information time)
for the hypothesized beneficial effect on the primary out-
come. The data and safety monitoring board considered this
result along with cumulative safety data and on October 1,
2018, recommended an early, orderly completion of the
study while preserving the opportunity to collect a final set
of outcome data and biospecimens from patients still taking
study drug. Sites and participants were apprised in October
2018 of the modified early completion plan, which included
an option for participants to continue taking study drug
until their next scheduled study visit, up to 3 months later.
The last participant completed a final safety/washout visit
in June 2019.
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Figure 1. Participant Flow in the SURE-PD3 Trial

587 Adults with early Parkinson disease
consented and screened for eligibility

Ve

289 Excluded
186 Serum urate 25.8 mg/dL
30 Negative brain DaTscan
19 Low eGFR
7 Low urine pH
1 Uric acid crystalluria
25 Other reasons
21 Declined to participate

(298 Randomized®

149 Randomized to receive inosine
147 Received inosine as randomized
2 Did not receive inosine

v

149 Randomized to receive placebo
149 Received placebo as randomized

110 Had not discontinued study drug early

when sites were notified of futility result
99 Still active in study
11 Had completed study

39 Had discontinued study drug early when
sites were notified of futility result
18 Withdrew
17 Still active in study

4 Had completed study

132 Had not discontinued study drug early
when sites were notified of futility result
116 Still active in study
16 Had completed study
17 Had discontinued study drug early when
sites were notified of futility result
10 Still active in study
5 Withdrew
2 Had completed study®

}

|

149 Had final disposition
94 Completed study and took all
study drug
35 Completed study but stopped
study drug early©
20 Withdrew prematurely®

149 Had final disposition
116 Completed study and took all
study drug
28 Completed study but stopped
study drug earlyd
5 Withdrew prematurelyf
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DaT indicates dopamine transporter;
eGFR, estimated glomerular
filtration rate.

@ With stratification by clinical site.

b These participants had completed
participation but stopped study
drug early prior to early study
closure.

€ Among these participants,
18 experienced treatment-emergent
adverse events, including 11 who
had a kidney stone.

9 Among these participants,
9 experienced treatment-emergent
adverse events, including 1who had
akidney stone.

€ Among these participants,

10 experienced treatment-
emergent adverse events, including

2 who had a kidney stone.

!

|

144 Included in primary analysis

149 Included in primary analysis

f Among these participants,
2 experienced treatment-emergent

5 Excluded (no follow-up assessment)

adverse events (none had
akidney stone).

.|
Results

From July 12, 2016, to December 21, 2017, 587 participants con-
sented from 61 sites, 289 had screening failure (64% had a se-
rum urate concentration >5.8 mg/dL and 10% had a brain scan
without evidence of dopaminergic deficit ) and 298 were ran-
domized (149 to each group) (Figure 1). At baseline, random-
ized participants had demographic, clinical, and laboratory fea-
tures (Table 1; eTable 2 in Supplement 3) typical of early, largely
untreated PD, except for a higher proportion of women (equal
to that of men) that resulted from exclusion of participants with
serum urate levels equal to or greater than 5.8 mg/dL, only 16%
of whom were women.

Primary Outcome

In the primary outcome analysis, the rate of clinical progres-
sion in early PD as measured by rate of change in MDS-UPDRS
parts I-III prior to initiation of dopaminergic medication did
not significantly differ between participants randomized to ino-
sine vs placebo (11.1 vs 9.9 points per year, respectively; slope
difference, 1.26 [95% CI, -0.59 to 3.11] points per year; P = .18)
(Table 2). Early study completion, while shortening period 1
from the originally planned 24 months to 18.9 months, had little

jama.com

effect on the primary analysis because 85% of participants had
already initiated dopaminergic therapy prior to their acceler-
ated closeout and therefore were no longer contributing data
to the primary analysis, and greater than 90% of the possible
information for estimating rate of change in the primary out-
come was already incorporated.

Secondary Outcomes

Among secondary analyses, urate elevation was a pharmaco-
dynamic marker of target engagement by inosine. By design
and through titration (see diagram on p 10 in the study pro-
tocol in Supplement 1), serum urate in the inosine group in-
creased by 44% from a mean baseline of 4.6 mg/dL to tar-
geted trough concentrations of 7.1 to 8.0 mg/dL within 3
months with a mean titrated inosine dosage of 1.8 g/d and re-
mained at or near 7.0 mg/dL for up to 24 months (Figure 2A).
Eighty-one percent of participants (121/149) receiving inosine
achieved a measured trough serum urate of at least 7.1 mg/dL
(vs 4.7% [7/149] in the placebo group). Despite a reduction of
mean serum urate in the inosine group after early discontinu-
ations of study drug (Figure 1), urate concentrations re-
mained elevated in the as-randomized sample at more than
95%, on average, of that achieved among inosine group par-
ticipants who continued study drug. Similarly, 24-hour urinary
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Table 1. Baseline Participant Characteristics

Characteristics

Inosine (n = 149)

Placebo (n = 149)

Age, mean (SD), y
Sex, No. (%)

Female

Male
Race, No. (%)?

Asian

Black or African American

Multiracial

White
Ethnicity, No. (%)?

Hispanic or Latino

Non-Hispanic or non-Latino
Years of education, No. (%)
Years since first Parkinson disease symptom, median (IQR)
Years since Parkinson disease diagnosis, median (IQR)
Taking monoamine oxidase B inhibitor, No. (%)
Resting tremor at diagnosis, No. (%)

Probable REM sleep behavior disorder (appears to act out dreams), No./total
(%)

Modified Hoehn and Yahr scale score, mean (SD)"
Modified S&E ADL Scale score, mean (SD)“
MDS-UPDRS (parts I-111) total score, mean (SD)¢
Montreal Cognitive Assessment score, mean (SD)®
Neuro-QoL depression score, median (IQR)"9
Serum urate, mean (SD), mg/dL9"
Urine urate excretion, mean (SD), mg per 24 h'
Orthostatic systolic blood pressure change, mean (SD), mm Hg
Body mass index!
Median (IQR)
230, No. (%)
Estimated glomerular filtration rate, mean (SD), mL/min/1.73 m29:%

DaTscan striatal specific binding ratio, mean (SD)%*

63 (10)

64 (9)

80 (54) 67 (45)
69 (46) 82 (55)
n=148 n=147
2(1.4) 1(0.7)
2(1.4) 0

1(0.7) 1(0.7)
143 (97) 145 (99)
5(3.4) 4(2.7)
144 (97) 145 (97)
17.1(3.0) 16.0 (2.4)

1.90 (1.21-2.95)
0.52(0.19-1.01)

1.76 (1.03-2.77)
0.47 (0.19-0.97)

50 (34) 62 (42)

126 (85) 125 (84)
38/148 (26) 38/149 (26)
1.7 (0.5) 1.8(0.4)

94 (5) 94.(5)
32(12) 34(13)

28 (2) 27(2)
9.0(8.0-10.0) 8.0 (8.0-10.0)
4.6 (0.9) 4.7(0.8)
527 (177) 515 (190)
-3.3(11) -3.1(11)

25.8(23.0-28.2)

25.9(23.5-28.8)

26 (17) 26 (17)
83 (12) 83(11)
1.62 (0.48) 1.56 (0.44)

Abbreviations: DaT, dopamine transporter; IQR, interquartile range; REM, rapid
eye movement.

2 Demographic data on race and ethnicity were recorded (based on participant
self-identification in response to both fixed categories and open-ended
questions) to assess effectiveness of study strategies for increased enrollment
of underrepresented minorities (see Supplement 1).

bThe modified Hoehn and Yahr scale is an 8-level Parkinson disease staging
instrument, with the lowest stage (O) indicating “no signs of disease” and the
highest stage (5) indicating "wheelchair bound or bedridden unless aided.”

€ The modified Schwab and England Activities of Daily Living (S&E ADL) Scale is
a site investigator and participant assessment of a participant’s level of
independence, scored on a percentage scale reflective of the participant’s
ability to perform ADLs. Scores range from 100% to 0% in increments of 5%,
in which 100% represents full ability and complete independence and 0%
represents vegetative function and being bedridden.

9The Movement Disorders Society Unified Parkinson Disease Rating Scale
(MDS-UPDRS) (parts I-11) total score is a composite score comprising patient-
and clinician-reported outcomes focused on movement but addressing
nonmotor functions as well, with higher scores reflecting greater disability
(range, 0-236 points).

€ The Montreal Cognitive Assessment is a rapid screening instrument that
assesses short-term and working memory, visual-spatial abilities, executive
function, attention, concentration, language, and orientation. The total score
ranges from O (lowest function) to 30 (highest function).

f The Quality of Life in Neurological Disorders assessment (Neuro-QoL) is a set
of patient-reported outcome measures that assess health-related quality of

life of people with neurological disorders. The short form of its depression
domain comprises 8 questions with a summed response score ranging from 8
to 40, corresponding to no to maximum depression symptoms.

8 All data reported in this table are from the baseline assessment and were an
unchanging characteristic except for the following: (1) Neuro-QoL depression
score was assessed at screening visit 2; (2) DaT scan striatal specific binding
ratio was assessed at the time of DaTscan or up to 6 months prior to screening
visit 1; (3) serum urate is the mean of assessments at screening visit 1,
screening visit 2, and baseline visit; and (4) estimated glomerular filtration rate
is the mean of assessments at screening visit 2 and baseline visit.

" Serum urate values reflect the inclusion criterion of initial screening value
below the de novo Parkinson disease population median of 5.8 mg/dL and are
consistent with the study laboratory’s sex-specific reference ranges of 2.7 to
6.8 mg/dL for women and 3.9 to 9.0 mg/dL for men.

i Urinary urate excretion rate reference range of the study laboratory is 250 to
750 mg per 24 hours.

J Calculated as weight in kilograms divided by height in meters squared.

X The estimated glomerular filtration rate was consistent with the exclusionary
criterion of less than 60 mL/min/1.73 m? and with the study laboratory's
sex-specific reference ranges in a 60- to 69-year-old White subpopulation of
51to 120 mL/min/1.73 m? for women and 56 to 130 mL/min/1.73 m? for men.

' This neuroimaging (positron emission tomography) biomarker is a quantitative
measure of the DaT expressed on nerve terminals of dopaminergic
nigrostriatal neurons, and their substantial degeneration by the time of
diagnosis in Parkinson disease is reflected by a low striatal specific binding
ratio value.
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Table 2. Primary and Selected Secondary and Safety Outcomes for Target Engagement, Efficacy, and Physiology®

Model estimated rate of change or absolute change

Estimate (95% Cl)

Treatment difference

Outcomes Inosine (n = 149) Placebo (n = 149) Estimate (95% CI) P value

Primary outcome

MDS-UPDRS (parts I-11I) total score 11.1(9.7t012.6) 9.9(8.4t011.3) 1.26 (-0.59t03.11) .18

(until dopaminergic medication),

rate of change per year™©

Systemic target changes

Serum urate, absolute change from baseline 2.03(1.90t02.15) 0.01(-0.11t00.13) 2.02 (1.85t02.19) <.001

to post-week 6 visit, mg/dL¢

Urine urate output, absolute change from baseline 505 (441 to 568) -8.7 (-69.9t0 52.5) 514 (426 to 601) <.001

to month 12 visit, mg/d¢

Secondary outcomes: clinical efficacy

MDS-UPDRS (parts I-111) score

(until dopaminergic medication),

rate of change per year
| (nonmotor experiences of daily living)® 1.33(0.83t01.82) 0.83(0.33t01.33) 0.50(-0.19t01.18) .16
Il (motor experiences of daily living)® 2.69(2.17 t0 3.20) 2.59(2.08 t0 3.10) 0.10(-0.61 t0 0.81) .79
Ib-1I (patient-reported outcome)® 3.41(2.70t04.12) 2.95 (2.251t0 3.66) 0.46 (-0.54 to 1.45) .37
11l (motor examination)® 6.92 (5.86 t0 7.98) 6.40 (5.34t07.47) 0.51 (-0.76 t0 1.79) 43
Ambulatory capacity® 0.45(0.30t0 0.61) 0.52 (0.36t00.67) -0.06 (-0.28t0 0.15) .56
Fatigue® 0.17 (0.07 t0 0.27) 0.13(0.03t00.23) 0.04(-0.10t00.18) .59
Apathy® 0.15(0.06 to 0.24) 0.15(0.06 to 0.24) 0.00(-0.12t00.12) .98

Modified S&E ADL Scale score, -0.83 (-1.54t0-0.13) -0.88 (-1.55t0-0.21) 0.05 (-0.76 to 0.86) 91

rate of change per year®f

39-Item Parkinson Disease Questionnaire score,

rate of change per year®<
Quality-of-life summary index 0.69 (0.09 to 1.28) 0.76 (0.20to0 1.31) -0.07 (-0.83 t0 0.69) .86
Activities of daily living 1.71(0.37 t0 3.05) 2.33(1.04t03.61) -0.62 (-2.25t0 1.01) .45
Cognition 0.71 (-0.14 to 1.55) 0.87 (0.08 to 1.66) -0.16 (-1.28 t0 0.96) .78

Neuro-QoL score, rate of change,

raw points per year
Anxiety“9 -0.40 (-0.76 to -0.04) -0.47 (-0.82t0 -0.13) 0.08 (-0.37 t0 0.52) 74
Communication™" 0.05 (-0.11t0 0.22) -0.20 (-0.35 to -0.05) 0.26 (0.04 t0 0.47) .02
Depression®9 -0.02 (-0.23t00.19) 0.08 (-0.11t00.28) -0.11(-0.38t00.17) .45
Emotional/behavioral dyscontrol=9 -0.23 (-0.50t0 0.05) -0.32 (-0.59 to -0.06) 0.09 (-0.25 t0 0.43) .58
Lower extremity function™" -0.09 (-0.29 t0 0.10) -0.26 (-0.45 to -0.07) 0.17 (-0.10t0 0.44) 21
Upper extremity function™" -0.03(-0.24t00.19) -0.24 (-0.45 to -0.03) 0.21 (-0.06 to 0.49) 13

REM sleep behavior disorder frequency, 0.15 (0.05 t0 0.25) 0.02 (-0.07t0 0.11) 0.13(0.01to0.25) .03

rate of change,

points per year®'

Montreal Cognitive Assessment score, 0.19 (-0.01t0 0.38) 0.23(0.04 t0 0.41) -0.04 (-0.29t00.21) .76

rate of change per year®f

Secondary outcome: biomarker efficacy

DaTscan striatal specific binding ratio, -0.14(-0.17 to -0.11) -0.15(-0.18t0 -0.12) 0.01 (-0.03 t0 0.04) .61

rate of change per year™"

Secondary and safety outcomes: physiologic and laboratory

Body mass index, rate of change per year®’ -0.17 (-0.32to -0.01) -0.09 (-0.24 t0 0.06) -0.07 (-0.28 t0 0.14) .50

Blood pressure (supine), rate of change

per year, mm Hg®
Systolic 0.24 (-1.26 t0 1.75) 0.20(-1.24t0 1.64) 0.04 (-1.62t0 1.70) .96
Diastolic 0.35(-0.67 to 1.37) -0.18(-1.16t0 0.81) 0.52 (-0.53t0 1.58) .33

Orthostatic change in systolic blood pressure, -1.21(-2.57 t00.16) 0.20(-1.11to 1.51) -1.41(-2.93t00.12) .07

rate of change per year, mm Hg®

Electrocardiographic QTcF, rate of change -1.66 (-3.38t0 0.06) -0.67 (-2.31t00.96) -0.98 (-3.29t0 1.32) .40

b

per year, ms

Estimated glomerular filtration rate, -5.11 (-6.22 to -4.00) -1.40(-2.47 t0 -0.33) -3.71(-5.23t0-2.19) <.001

absolute change from baseline

to post-week 6 visit, mL/min/1.73 m?*

Glucose, absolute change from baseline 1.44 (-0.28 t0 3.16) 1.31(-0.34t0 2.96) 0.13(-2.18t0 2.45) 91

to post-week 6 visit, mg/dL*

(continued)
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Table 2. Primary and Selected Secondary and Safety Outcomes for Target Engagement, Efficacy, and Physiology® (continued)

Model estimated rate of change or absolute change

Estimate (95% Cl)

Treatment difference

Outcomes Inosine (n = 149) Placebo (n = 149) Estimate (95% CI) P value
Total cholesterol, absolute change -0.09 (-3.36t0 3.18) 0.45 (-2.69t0 3.59) -0.54 (-4.82t03.74) .80
from baseline to post-week 6 visit, mg/dL*

Low-density lipoprotein cholesterol, 1.92 (-1.04 to 4.89) 1.24 (-1.62 t0 4.09) 0.69 (-3.26 t0 4.63) 73
absolute change from baseline

to post-week 6 visit, mg/dL®

Triglycerides, absolute change from baseline -1.03(-8.34t06.27) 5.82(-1.25t012.9) -6.85(-16.4t0 2.70) .16

to post-week 6 visit, mg/dL®

Abbreviations: DaT, dopamine transporter; MAOBI, monoamine oxidase B
inhibitor; MDS-UPDRS, Movement Disorders Society Unified Parkinson Disease
Rating Scale; Neuro-QoL, Quality of Life in Neurological Disorders assessment;
QTCcF, Fridericia formula-corrected QT interval; REM, rapid eye movement;

S&E ADL, Schwab and England Activities of Daily Living.

Sl conversions: To convert to millimoles per liter, multiply glucose by 0.0555,
total cholesterol and low-density lipoprotein cholesterol by 0.0259, and
triglycerides by 0.0113.

2 Secondary and exploratory outcomes reported herein cover all serially
conducted clinical assessments and the subset of laboratory tests known to be
associated with serum urate. Explanations of assessment scales are provided
in footnotes to Table 1.

®Random slopes, period 1, adjusted (sex, MAOBI, S&E ADL Scale, baseline value
of the outcome being analyzed); positive values represent worsening.

€ Alower score on this scale or measure corresponds to a better outcome.

dRepeated measures, period 1, adjusted (sex, baseline value of the outcome
being analyzed).

€ Random slopes, period 1, adjusted (sex, MAOBI, S&E ADL Scale, baseline value
of the outcome being analyzed); negative values represent worsening.

f A higher score on this scale or measure corresponds to a better outcome.

&Random slopes, periods 1 + 2, adjusted (sex, MAOBI, S&E ADL Scale, baseline
value of the outcome being analyzed); positive values represent worsening.

" Random slopes, periods 1+ 2, adjusted (sex, MAOBI, S&E ADL Scale, baseline
value of the outcome being analyzed); negative values represent worsening.

' Random slopes, period 1, adjusted (sex, MAOBI, S&E ADL Scale, baseline value
of the outcome being analyzed); positive values represent increasing
frequency, assessed as points on a scale from O to 4; O = never, 1= not once in
the previous 3 months, 2 = 1to 3 times in the previous 3 months, 3 = 1to 2
times per week, and 4 = more than once a week. Inference confirmed by
mixed-model ordinal logistic regression.

) Calculated as weight in kilograms divided by height in meters squared.

X Change from baseline (including screening) to visit 3-visit 10, as randomized,
repeated measures, period 1, adjusted (sex, baseline value of the outcome
being analyzed).

urate output increased only in the inosine treatment group and
did so by 97% (Table 2).

Secondary analyses of clinical end points showed steady
disease progression. The inosine and placebo groups were not
significantly different in visit-specific increases in MDS-
UPDRS (parts I-III) total score during treatment (mean change
from baseline to 24 months, 15.9 points vs 14.1 points; differ-
ence, 1.85[95% CI, -4.9 to 8.6] points; P = .59) (Figure 2B) or
its patient-reported subscore (mean change from baseline to
24 months, 4.4 points vs 4.2 points; difference, 2.0 [95% CI,
-3.2 to 3.6] points; P = .91) (eFigure 1 in Supplement 3) or af-
ter the 3-month study washout (mean change in MDS-UPDRS
(parts I-III) total score from baseline to postwashout, 13.2 points
vs 13.8 points; difference, -0.54 [95% CI, -4.8 to 3.7] points;
P = .80; mean change in MDS-UPDRS patient-reported sub-
score from baseline to postwashout, 4.2 points vs 4.2 points;
difference, -0.01 [95% CI, -2.2 to 2.2] points; P = .99).

The proportion of participants who developed disability
warranting initiation of dopaminergic drug (symptomatic)
therapy also increased at each time point and was not signifi-
cantly different between groups (log-rank P = .50), with 59%
(95% CI, 51%-67%) and 56% (95% CI, 49%-64%) needing do-
paminergic drug therapy by 12 months in the inosine and pla-
cebo groups, respectively (Figure 2C). Worsening by these and
other clinical measures of motor and nonmotor function and
by composite quality-of-life scores did not significantly dif-
fer between those randomized to either treatment, except that
rapid eye movement sleep behavior disorder appeared to
worsen only with inosine in an exploratory analysis (mean
slope during period 1, 0.15 points per year vs 0.02 points per

JAMA September 14,2021 Volume 326, Number 10

year; difference, 0.13 [95% CI, 0.01-0.25] points per year;
P =.03) (Table 2).

Follow-up dopamine transporter imaging was completed
for 159 participants (53%) after discontinuation of study drug
(amean of 23 [SD, 4] months after baseline scan). The rate at
which dopamine transporter binding in the striatum was lost
did not significantly differ between inosine and placebo par-
ticipants with serial imaging (Figure 2D and Table 2).

The as-treated analyses limited to data obtained while par-
ticipants were taking study drug and thus maintaining higher
urate levels in the inosine group (Figure 2A) did not show a sig-
nificant between-group difference (eFigure 2 and eTable 3 in
Supplement 3). Similarly, stratification by sex did not iden-
tify a sex-specific effect of inosine on any clinical outcome
(eFigure 3 and eTable 4 in Supplement 3).

Adverse Events

For most measures, overall adverse events during treatment
with urate-elevating inosine appeared comparable with that
of placebo (Table 3). However, fewer participants random-
ized to inosine than to placebo experienced serious adverse
events (12% vs 17%), and these adverse events occurred at a
lower rate in the inosine group (7.4 per 100 patient-years) than
in the placebo group (13.1 per 100 patient-years), with a rate
difference of -5.8 per 100 patient-years (95% CI, -11 to -0.4
per 100 patient-years). This reflects the numerically lower rates
of cardiovascular and gastrointestinal serious adverse events
in the inosine group being only partially offset by its higher rates
of kidney/nephrolithiasis serious adverse events (Table 3). Par-
ticipants taking inosine developed kidney stones at a rate of
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Figure 2. Time Courses of Biochemical, Clinical, and Radiographic Outcomes in the SURE-PD3 Trial
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Serum urate (panel A), Movement Disorder Society Unified Parkinson Disease
Rating Scale (MDS-UPDRS) (parts I-111) total score (the primary outcome, which
comprises both clinician- and patient-reported outcomes and both motor and
nonmotor features) (panel B), need for dopaminergic therapy (panel C), and
radiographic striatal dopamine transporter (DaT) ligand binding (panel D) are
compared between participants randomized to inosine vs placebo. Model
estimates are plotted with 95% confidence intervals from analysis of the
as-randomized sample or as-treated sample, stratified by treatment assignment
to inosine or placebo. Estimates for serum urate (panel A) were adjusted for sex.
Estimates in panels B and D are adjusted for sex, monoamine oxidase B inhibitor
use at baseline, modified Schwab and England Activities of Daily Living Scale
scores at baseline, and each respective outcome measure at baseline. The
number of participants contributing to each data point is shown by treatment

group under each graph in panels A, B, and D; the number at risk of need for
dopaminergic therapy is shown in panel C. The safety visit, which followed
study drug discontinuation by 3 months, was intended to occur at month 27,
following 3-month washout, but could occur earlier (eg, in participants whose
planned 24-month follow-up was shortened due to early termination of the
study). Vertical tick marks on the curves of panel C indicate times when
individual participants were censored for this time-to-event analysis. The
indicated timing of the striatal DaT specific binding ratio estimate at 21 months
reflects the mean time after baseline at which follow-up DaTscan imaging
occurred, but all such imaging was performed at least 2 weeks into the 3-month
washout. The y-axis scales in panels A and D focus on relatively narrow ranges
to maximize comparison between groups.

7.0 per 100 patient-years vs 1.4 per 100 patient-years in the pla-
cebo group (in 17 vs 4 patients, respectively; rate difference,
5.6 per 100 patient-years [95% CI, 2.0-9.1 per 100 patient-
years]; P = .003). Uric acid stone prophylaxis by urine alka-
linization, typically with potassium citrate, was initiated based
on blinded monitoring for acidic urine and uric acid crystal-
luria in 71 participants (24%), in similar proportions in the ino-
sine group (25% [n = 37]) and the placebo group (23% [n = 34]).

Among the 21 participants who developed nephrolithia-
sis, 5 had their kidney stone composition determined. Four

jama.com

(all in the inosine group) had a uric acid component con-
firmed, and these participants had a significantly greater
increase in serum urate prior to the kidney stone adverse
event compared with others in the inosine group (by 3.4 vs
2.4 mg/dL; P = .02). There was increased likelihood in the
inosine group of amorphous and uric acid crystals in the
urine and a decreased risk of calcium oxalate crystalluria
(Table 3). Relative to placebo, eGFR was significantly reduced
(by 3.7 [95% CI, 2.2-5.2] mL/min/1.73 m?; P < .001) in partici-
pants in the inosine group (Table 2), who were also more
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which excluded 9% of otherwise eligible patients, allowed
testing of the primary hypothesis with approximately 20%
less participants (see pp 34-36 in the study protocol in
Supplement 1).

The study population was enriched not only for neurode-
generative parkinsonism but also for a subpopulation that was
more likely to benefit from the putatively protective interven-
tion. By enrolling only participants with serum urate concen-
trations below the population median, the study targeted a sub-
set of patients with PD for whom urate-elevating treatment was
expected to offer greater benefit. Patients with early PD with
lower urate levels decline more rapidly, both clinically and by
dopamine transporter imaging.® ™!

Another key feature of the trial was its demonstration that
the intended molecular target of oral inosine, urate eleva-
tion, was engaged. Inosine increased serum urate levels to
7-8 mg/dL (with parallel cerebrospinal fluid urate elevation ex-
pected based on the phase 2 trial*®), concentrations linked to
slower disease progression.®! In contrast to prior negative PD
trials of putative neuroprotectants, in which dosing was based
on preclinical studies or maximum tolerated dose, in this study
dosing of the active study drug (inosine) was based on and
achieved sustained engagement of the intended target (urate),
allowing for a clearer interpretation of the lack of hypoth-
esized benefit.

The results of this trial do not support a protective effect
of urate as the basis of the reproducible epidemiological link
between higher urate and reduced risk and progression of
PD,%¢ ! despite preclinical evidence in cellular and animal mod-
els of PD. Recent mendelian randomization studies also ar-
gue against a protective effect of higher urate on PD risk,2%:2!
although 1 such study supported a protective effect on pro-
gression in manifest PD.??

While urate-elevating inosine treatment did not provide
a demonstrable benefit, it did significantly increase the rate
of kidney stone adverse events. Consistent with increased uri-
nary urate excretion in the inosine group, most captured kid-
ney stones contained uric acid crystals. Thirty-three percent
of the kidney stone adverse events were classified as serious,
and all occurred despite intensive protocol-driven efforts to
prevent kidney stones, such as excluding participants with

Effect of Urate-Elevating Inosine on Early Parkinson Disease Progression

a history of kidney stones, increasing hydration, and alkalin-
izing acidic urine.

Limitations

This study has several limitations. First, the lack of evidence
for benefit of inosine treatment on PD progression for 1 to 2
years shortly after diagnosis, when most dopaminergic neu-
rons may have already degenerated, does not exclude a ben-
eficial effect of urate in PD with earlier (prediagnostic) or lon-
ger (years to decades) exposure.

Second, because the urate precursor inosine rather
than urate was administered, it may have produced urate-
independent deleterious effects offsetting benefits of urate
elevation. For example, enhanced enzymatic synthesis of
urate via xanthine oxidase generates reactive oxygen species
as a byproduct. However, the conversion of oral inosine to
urate takes place almost entirely peripherally such that the
increased central nervous system urate concentrations gen-
erated by oral inosine!® are unlikely accompanied by
increased purine metabolism locally. Oral inosine raises
venous serum urate concentrations rapidly (within 60 min-
utes and with a maximum at approximately 3 hours) without
a detectable increase in serum inosine.>?

Third, the lack of demonstrated efficacy also does not ex-
clude the possibility of benefit in a small subpopulation of pa-
tients with PD. The possibility of subpopulations possessing
alternative genetic variants that have offsetting interactions
with urate on PD progression has been suggested for INPPK5.2%
Whole genome sequencing of the cohort in this trial is cur-
rently underway.?® Prior evidence of benefit of inosine among
women but not men in the phase 2 trial?® was not replicated
in this larger phase 3 trial.

. |
Conclusions

Among patients recently diagnosed as having PD, treatment
with inosine, compared with placebo, did not result in a sig-
nificant difference in the rate of clinical disease progression.
The findings do not support the use of inosine as a treatment
for early PD.
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