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Allopurinol versus usual care in UK patients with ischaemic
heart disease (ALL-HEART): a multicentre, prospective,
randomised, open-label, blinded-endpoint trial

Isla S Mackenzie, Christopher | Hawkey, lan Ford, Nicola Greenlaw, Filippo Pigazzani, Amy Rogers, Allan D Struthers, Alan G Begg, Li Wei,
Anthony J Avery, Jaspal S Taggar, Andrew Walker, Suzanne L Duce, Rebecca | Barr, Jennifer S Dumbleton, Evelien D Rooke, Jonathan N Townend,
Lewis D Ritchie, Thomas M MacDonald, on behalf of the ALL-HEART Study Group*

Summary

Background Allopurinol is a urate-lowering therapy used to treat patients with gout. Previous studies have shown that
allopurinol has positive effects on several cardiovascular parameters. The ALL-HEART study aimed to determine
whether allopurinol therapy improves major cardiovascular outcomes in patients with ischaemic heart disease.

Methods ALL-HEART was a multicentre, prospective, randomised, open-label, blinded-endpoint trial done in
18 regional centres in England and Scotland, with patients recruited from 424 primary care practices. Eligible patients
were aged 60 years or older, with ischaemic heart disease but no history of gout. Participants were randomly
assigned (1:1), using a central web-based randomisation system accessed via a web-based application or an interactive
voice response system, to receive oral allopurinol up-titrated to a dose of 600 mg daily (300 mg daily in participants
with moderate renal impairment at baseline) or to continue usual care. The primary outcome was the composite
cardiovascular endpoint of non-fatal myocardial infarction, non-fatal stroke, or cardiovascular death. The hazard ratio
(allopurinol vs usual care) in a Cox proportional hazards model was assessed for superiority in a modified intention-
to-treat analysis (excluding randomly assigned patients later found to have met one of the exclusion criteria). The
safety analysis population included all patients in the modified intention-to-treat usual care group and those who took
at least one dose of randomised medication in the allopurinol group. This study is registered with the EU Clinical
Trials Register, EudraCT 2013-003559-39, and ISRCTN, ISRCTN32017426.

Findings Between Feb 7, 2014, and Oct 2, 2017, 5937 participants were enrolled and then randomly assigned to receive
allopurinol or usual care. After exclusion of 216 patients after randomisation, 5721 participants (mean age 72-0 years
[SD 6-8], 4321 [75-5%] males, and 5676 [99-2%] white) were included in the modified intention-to-treat population,
with 2853 in the allopurinol group and 2868 in the usual care group. Mean follow-up time in the study was 4-8 years
(1-5). There was no evidence of a difference between the randomised treatment groups in the rates of the primary
endpoint. 314 (11-0%) participants in the allopurinol group (2-47 events per 100 patient-years) and 325 (11-3%) in the
usual care group (2-37 events per 100 patient-years) had a primary endpoint (hazard ratio [HR] 1-04 [95% CI
0-89-1-21], p=0-65). 288 (10-1%) participants in the allopurinol group and 303 (10-6%) participants in the usual care
group died from any cause (HR 1-02 [95% CI 0-87-1-20], p=0-77).

Interpretation In this large, randomised clinical trial in patients aged 60 years or older with ischaemic heart disease but
no history of gout, there was no difference in the primary outcome of non-fatal myocardial infarction, non-fatal stroke,
or cardiovascular death between participants randomised to allopurinol therapy and those randomised to usual care.
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Introduction
The xanthine oxidase inhibitor, allopurinol, is a urate-
lowering medication licensed for the prophylaxis of gout
or symptomatic hyperuricaemia and prophylaxis of
hyperuricaemia associated with cancer chemotherapy; its
chronic use reduces the likelihood of acute flares of gout.
Allopurinol is not currently indicated for the treatment of
people with asymptomatic hyperuricaemia or in patients
with ischaemic heart disease unless they also have gout.
High serum wuric acid concentrations have been
associated with adverse cardiovascular outcomes, and
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some observational studies have suggested that urate-
lowering therapy reduces cardiovascular risk,"” whereas
others have not found such benefits.” However, the risk
of confounding and bias within such observational
studies is significant, and the need for prospective
randomised trials in this area has been identified.*
Several previous small interventional studies have
reported benefits of allopurinol therapy on cardiovascular
parameters, including endothelial function,™ flow-
mediated dilatation," blood pressure,”™ left ventricular
mass,*** carotid intima-media thickness progression,
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Research in context

Evidence before this study

OnJuly 8, 2022, we searched PubMed, with no date or language
restriction, using the search terms “allopurinol” and
“cardiovascular disease” and “cardiovascular outcomes”, then
“allopurinol” and “ischaemic heart disease” and “cardiovascular
outcomes”. We searched for any randomised clinical trials with
more than 500 participants comparing allopurinol with placebo
or usual care in terms of cardiovascular outcomes. Apart from the
published protocol paper for the ALL-HEART study, we found no
other relevant results. We found no randomised clinical trials
comparing allopurinol with placebo or usual care for
cardiovascular outcomes with more than 100 participants.

Added value of this study

The ALL-HEART study was a large, multicentre, prospective,
randomised, open-label, blinded-endpoint study comparing
cardiovascular outcomes in patients aged 60 years or older with
ischaemic heart disease, but no history of gout, treated with
allopurinol therapy versus usual care. This is the first large
prospective outcome study of its kind. The doses of allopurinol
used in the ALL-HEART study are higher than those generally used
in the treatment of most patients with gout, but still within the
licensed dose range for treatment of gout (100-900 mg daily in
the UK). In the modified intention-to-treat population, only 5-8%
of participants withdrew from all follow-up, but 57-4% of
participants in the allopurinol group withdrew from randomised

and arterial stiffness.* However, other studies have
reported no benefit of allopurinol therapy on blood
pressure," left ventricular mass,”"* myocardial perfusion,”
and flow-mediated dilatation.” A clinical crossover study
that randomly assigned patients with angina and angio-
graphically documented coronary artery disease to
600 mg daily allopurinol versus placebo found that
allopurinol therapy increased exercise time and reduced
chest pain.”* Furthermore, a study in 100 patients with
acute coronary syndrome randomly assigned to
allopurinol or wusual care reported reduced angina,
improvements in markers of oxidative stress and
inflammatory response, and fewer cardiovascular events
after 2 years of follow-up in the allopurinol group
compared with the usual care group.”? The mechanistic
hypothesis for why allopurinol might be beneficial in
patients with ischaemic heart disease includes its effects
on reducing xanthine oxidase-mediated vascular oxidative
stress, potentially unrelated to its effects on lowering
serum uric acid concentrations.”” Until now, no large,
prospective, randomised outcome trial of allopurinol
therapy in patients with ischaemic heart disease had been
performed.

The ALL-HEART study aimed to determine whether
allopurinol therapy improved cardiovascular outcomes in
patients with ischaemic heart disease, but no history of
gout.”

treatment during the trial, most commonly due to adverse event
or participant preference. ALL-HEART used record linkage to
national health-care databases to complement other methods of
reporting for the detection of hospitalisations, cancers, and
deaths. We found no difference between the allopurinol and usual
care groups for the primary composite endpoint of non-fatal
myocardial infarction, non-fatal stroke, or cardiovascular death
during a mean follow-up period of 4-8 years. There was also no
significant difference in any of the secondary time-to-event
outcomes between the allopurinol and usual care groups. Results
for the primary endpoint were consistent across all prespecified
subgroups, including baseline serum uric acid. There were no
significant safety concerns in the allopurinol group. Incident
cancer rates in both treatment groups were similar.

Implications of all the available evidence

Although previous smaller studies have found cardiovascular
benefits of allopurinol therapy, this large, prospective,
randomised outcome trial found no benefit of allopurinol therapy
on the primary outcome of non-fatal myocardial infarction, non-
fatal stroke, or cardiovascular death in patients with ischaemic
heart disease, without a history of gout. The results of this study
do not support use of allopurinol for prevention of adverse
cardiovascular outcomes in patients with ischaemic heart disease
without symptomatic hyperuricaemia (gout), whatever their
baseline concentration of serum uric acid.

Methods

Study design and participants

A multicentre, prospective, randomised, open-label,
blinded-endpoint trial was done in 18 regional centres in
England and Scotland. Patients were primarily recruited
from 424 primary care practices in England and Scotland
(by search of primary care records for potentially eligible
patients), but a small number were also referred from
secondary care centres via the primary care practices.
Eligible patients were aged 60 years or older, with a history
of ischaemic heart disease (myocardial infarction, angina,
or other evidence of ischaemic heart disease, such as a
positive coronary angiogram). Patients with a history of
gout, known moderate or severe renal impairment
(estimated glomerular filtration rate [eGFR] of <60 mL/min
per 1-73 m2), moderate-to-severe heart failure, significant
hepatic disease, previous severe adverse skin reaction to
any drug, or significant malignancy within the past 5 years
were excluded. On April 4, 2016, an amendment to the
protocol was implemented allowing the inclusion of
patients with moderate renal impairment in the study. The
full list of inclusion and exclusion criteria is in the
appendix (p 13).

The study Clinical Co-ordination Centre was MEMO
Research at the University of Dundee (Dundee, UK), and
the study Data and Biostatistical Centre was at the
Robertson Centre for Biostatistics at the University of
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Glasgow (Glasgow, UK). Trial monitoring was carried out
or subcontracted by the University of Dundee and
NHS Tayside. The study protocol (appendix pp 20-59) was
approved by an ethics committee and regulatory authorities
in the UK. All participants gave written informed consent.

Randomisation and masking

Participants were randomly assigned (1:1) to receive
allopurinol or continue usual care using a central
web-based randomisation facility located at the Robertson
Centre for Biostatistics. The randomisation system could
be accessed via a web-based application or an interactive
voice response system. The randomisation list was created
by a statistician (who had no role in the final analysis) in
the Robertson Centre for Biostatistics based on randomised
permuted block sizes of four and six, stratified according
to primary care practice, history of myocardial infarction,
and history of stroke. Randomised therapy was not masked
to participants, site staff, and treating physicians but was
masked to the clinical endpoint adjudication committee.
Placebo was not given in this study because it was designed
to be a pragmatic, open-label clinical trial.

Procedures

At the screening visit, informed consent was obtained,
inclusion and exclusion criteria checked, and then
baseline demographics, medical history, cardiovascular
risk factors, medications, blood pressure, and height and
weight data were collected by the research nurse.
Baseline blood tests were taken, including serum uric
acid, urea, creatinine and electrolytes, and full blood
count, and participants were randomly assigned (before
screening blood results were available). When the
screening blood results were available, a nurse
telephoned the participant to advise them to start taking
their randomised therapy. If the screening visit eGFR
was below the exclusion criterion limit, the participant
did not receive any randomised medication and was
excluded from the modified intention-to-treat analysis
population, regardless of the group to which they had
been randomly assigned.

100 mg or 300 mg allopurinol tablets (various manu-
facturers and suppliers) were prescribed to participants by
their primary care physician. For participants with a
screening eGFR of 60 mL/min per 1-73 m2 or more,
allopurinol was prescribed at 100 mg for 2 weeks, then
300 mg for 2 weeks, and then 600 mg daily (given as
300 mg twice daily) thereafter if tolerated.

From April 4, 2016, when a protocol amendment was
implemented that allowed the inclusion of patients with
moderate renal impairment in the study, participants
with a screening eGFR of 30-59 mL/min per 1-73 m?2
were prescribed oral allopurinol at 100 mg for 2 weeks
and then 300 mg daily thereafter if tolerated (300 mg was
the maximum daily dose given to these participants).

Two different quality-of-life questionnaires were com-
pleted at the screening visit: the EQ-5D to assess general
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health outcomes and the Seattle Angina Questionnaire” to
assess coronary artery disease-specific quality of life.

Participants who took any allopurinol attended a week 6
visit at which blood samples were taken for serum uric
acid, urea, electrolytes and creatinine, and full blood count.
If there were tolerability issues at any time, participants
could continue in the study on a lower-than-maximal dose
of allopurinol at the discretion of their physician.
Allopurinol was stopped in patients with a rash that could
have been due to allopurinol, but they could continue in
the trial. Participants who stopped randomised therapy
were encouraged to complete study follow-up. If
allopurinol was later started for clinical reasons in
participants randomly assigned to the usual care group,
the start date and reason for therapy were recorded.

The remainder of study follow-up was remote, with
follow-up for events by electronic record linkage to records
of hospitalisations, cancers, and deaths. Participants also
completed annual questionnaires (by post, online, or by
telephone). Data on adverse events, skin rashes, gout
flares, and selfreported continuing adherence to
randomised therapy were collected at the 6-week visit and
then annually (but could also be reported at
any time by participants or health professionals). Clarifi-
cations of selfreported data could be obtained where
necessary by research nurses contacting the participant’s
primary care practice for details of events or confirmation
of continued prescribing of randomised medication and
dose. Participants completed the EQ-5D and Seattle
Angina Questionnaire after 1 year and at the end of the
trial.

Record linkage to centralised databases (Public Health
Scotland and NHS Digital) for records of hospitalisations,
deaths, and cancers was carried out at regular intervals.
Because recruitment took longer than predicted and the
primary event rates were lower than predicted, the trial
recruitment period was extended and the follow-up period
was also extended twice. Participants could choose to
discontinue their active involvement in the study after
S years (the original intended trial duration) or after
March 31, 2021, when these extensions were implemented.

During a temporary shortage of the 100 mg allopurinol
tablet supply in 2014, the protocol was amended
temporarily to allow participants to start on 100-150 mg
allopurinol for the first 2 weeks. The dose was then
up-titrated as described previously.

At the end of the follow-up period of the trial
(Sept 30, 2021), participants stopped allopurinol and
continued to receive usual care.

Outcomes

The primary outcome was the composite of non-fatal
myocardial infarction, non-fatal stroke, or cardiovascular
death. The secondary outcomes were non-fatal myo-
cardial infarction; non-fatal stroke; cardiovascular death;
all-cause mortality; hospitalisation for acute coronary
syndrome; coronary revascularisation; hospitalisation for

For Public Health Scotland see
publichealthscotland.scot

For NHS Digital see digital.nhs.uk

For the EQ-5D see www.eurogol.
org

1197


http://www.euroqol.org
http://www.euroqol.org
http://publichealthscotland.scot
http://digital.nhs.uk

Articles

1198

acute coronary syndrome or coronary revascularisation;
hospitalisation for heart failure; all cardiovascular hospi-
talisations; quality of life; and cost-effectiveness. The cost-
effectiveness analysis will be reported separately in the
NIHR Journals report for the ALL-HEART study.

Serious adverse events occurring during the study (until
Sept 30, 2021) were recorded and then summarised by
treatment group, system organ class, and preferred term as
classified by the Medical Dictionary for Regulatory Activities
(MEdDRA), and were followed up until 30 days after the
end of the study follow-up period, unless participants had
withdrawn consent. Gout flares, rashes, and any treatment-
related adverse events were also recorded. For serious
adverse events that were potential study endpoints, more
detailed information was collected from medical records
and death certificates. An anonymised endpoint package
was prepared for each potential endpoint for adjudication
by an independent clinical events adjudication committee
that was unaware of the trial group assignments. This
committee was led by JNT and assessed all the components
of the primary composite outcome, secondary cardio-
vascular outcomes, and deaths; these events are defined in
the clinical endpoint adjudication committee charter
(appendix pp 60-99).

Statistical analysis
It was originally calculated that 5215 participants would
need to be randomly assigned 1:1 to give 80% power to
detect a 20% reduction in the primary outcome for the
intervention (allowing for 4% dropout for withdrawal of
consent to follow-up and non-cardiovascular deaths). A
primary event rate of 14% over an average of 4 years of
follow-up was initially estimated from previous trials in
similar patient groups. The study would end when
631 adjudicated first primary events had occurred. Baseline
characteristics are shown according to treatment groups as
means (SD) or medians (IQR) for continuous variables
and as numbers and percentages for categorical variables.
We analysed clinical outcomes on a time-to-first-event
basis using Cox proportional hazards models. Treatment
effects (allopurinol vs usual care) were estimated in the
form of hazard ratios (HRs) and 95% ClIs for the Cox
models. Analyses were adjusted for the stratification
variables: history of myocardial infarction and history of
stroke. We calculated p values from Wald statistics.
The primary analysis was a modified intention-to-treat
analysis. Participants who were randomised but later found
to have met one of the exclusion criteria or not met an
inclusion criterion were not included in the modified
intention-to-treat analysis. The modified intention-to-treat
analysis censored follow-up after death from any cause not
included in the endpoint being considered, date of
withdrawal of all consent to participate further in the study,
or the end of the study, whichever occurred first. A
prespecified on-treatment analysis censored follow-up after
permanent discontinuation from randomised therapy,
death from any cause not included in the endpoint being

considered, date of withdrawal of all consent to participate
further in the study, or the end of the study, whichever
occurred first. We did similar prespecified analyses for
other time-to-event secondary endpoints. Prespecified
subgroup analyses (urate split by tertiles, eGFR, age, sex,
diabetes, myocardial infarction, heart failure, peripheral
arterial disease, stroke, and stroke or transient ischaemic
attack at baseline) were carried out for the primary
endpoint. We calculated p values for the test of interaction
between the variable defining the subgroup and
randomised treatment allocation.

We analysed quality-of-life outcomes at each timepoint
(1 year after randomisation and the final visit) using linear
regression models for the change in each quality-of-life
measure. Analyses were adjusted for the stratification vari-
ables as for the clinical outcomes and the baseline quality-
oflife value. Participants with a baseline value available
but missing follow-up had a value imputed with a zero if
the participant had died or using multiple imputation.

Time-to-event curves are presented as cumulative
incidence functions, adjusting for the competing risk of
deaths not included in the endpoint being plotted, for the
primary endpoint and secondary endpoints of non-fatal
myocardial infarction, non-fatal stroke, and cardiovascular
death. Kaplan-Meier curves are presented for all-cause
mortality. Time to discontinuation from the study and
time to discontinuation from allopurinol are described.

The type I error rate was set at 5% for two-sided
superiority analyses. Preplanned interim analyses
(requiring p<0-001 to make a recommendation for early
stopping) were carried out for the independent data
monitoring committee, but not shared with the study
team, after approximately 50% and 75% of the target
number of adjudicated study outcomes had been
observed. No adjustments were made for the multiplicity
of statistical comparisons. Hence, analyses other than for
the primary endpoint should be considered exploratory.

All validly randomly assigned participants who satisfied
the eGFR entry criterion based on their screening visit
blood results were included in the modified intention-to-
treat and on-treatment analyses. The safety analysis
population included all participants in the modified
intention-to-treat usual care group and those who took at
least one dose of randomised medication in the allopurinol
group. The number of serious adverse events and rates of
serious adverse events per 100 patient-years of follow-up
are summarised by treatment group. Comparisons (post
hoc) between treatment groups for the rates of any serious
adverse event and for each system organ class were made
assuming binomial distributions.

Estimates of the difference in rates between groups and
corresponding 95% Cls are presented. The numbers and
percentages of COVID-19 and COVID-19 pneumonia
deaths and serious adverse events (coded by preferred
term) are summarised by treatment group. The numbers
of patients at each annual visit with at least one event
within the previous 12 months (new skin rash and attack

www.thelancet.com Vol 400 October 8, 2022



Articles

of gout) are summarised by treatment group. These
analyses were compared using the 2 test (post hoc).

Analyses and graphical displays were done with SAS for
Windows (version 9.4) and R (version 3.6.1). The statistical
analysis plan is in the appendix (pp 112-124). All cardio-
vascular outcomes were adjudicated by an independent
clinical endpoint adjudication committee (appendix p 14),
except coronary revascularisations, which were reviewed
and confirmed by the chair of the committee, and
cardiovascular hospitalisations (other than those reviewed
by the committee), which were confirmed by the clinical
team at the University of Dundee.

Trial safety was overseen by an independent data
monitoring committee (appendix p 14). A trial steering
committee, including lay and patient members, was in
place throughout the trial (appendix p 14). This trial is
registered with the EU Clinical Trials Register, EudraCT
2013-003559-39, and ISRCTN, ISRCTN32017426.

Role of the funding source

The funder had no role in study design, data collection,
analysis, interpretation, writing of the manuscript, or
the decision to submit for publication.

Results
Between Feb 7, 2014, and Sept 29, 2017, 6134 patients
consented to be enrolled in the trial and were assessed for

eligibility (figure 1). Of the 5937 participants randomised,
216 were excluded after randomisation (184 due to not
meeting the eGFR entry criterion based on screening visit
eGFR blood results [which were only obtained after
randomisation since screening and randomisation were
usually carried out during the same single visit] and
32 were found to have not met other inclusion or exclusion
criteria), leaving 5721 (2853 in the allopurinol group and
2868 in the usual care group) in the modified intention-to-
treat population which forms the population for efficacy
analyses. 48 participants in the allopurinol group never
received  randomised  treatment, resulting in
2805 participants in the allopurinol group and 2868 in the
usual care group in the safety population (figure 1).

The final randomisation took place on Oct 2, 2017
Participants stopped randomised treatment at the final
end of follow-up on Sept 30, 2021. Time to receive final
record-linkage data and supporting information on
endpoints resulted in the trial completion date being
March 31, 2022. The mean duration of follow-up was
4-8 years (SD 1-5). 258 (9-0%) of 2853 participants in the
allopurinol group and 76 (2-6%) of 2868 in the usual care
group withdrew from all follow-up (appendix p 10).
Reasons for withdrawal from all follow-up (withdrawal of
consent) are given in the appendix (p 4). 1637 (57-4%)
participants in the allopurinol group withdrew from
randomised treatment (appendix p 11). Reasons for

for eligibility

6134 patients consented and assessed

197 excluded

A

167 ineligible pre-randomisation
30 not randomised*

5937 randomised

216 excluded post-randomisation
184 did not meet eGFR entry criterion based on

screening visit blood result
32 did not meet other inclusion or exclusion
criteria

| 5721 validly randomised |

v

2853 assigned to the allopurinol group
and included in the modified
intention-to-treat population

v

2868 assigned to the usual care group
and included in the modified
intention-to-treat population
and safety analyses

2805 started treatment
1637 discontinued treatment

48 did not receive any randomised 546 did not complete study 379 did not complete study
treatment 258 withdrew consent for all 76 withdrew consent for all
— g follow-up ™ follow-up
288 died 303 died
A 4 v v
2805 included in safety analyses 2307 completed the study 2489 completed the study

Figure 1: Trial profile

eGFR=estimated glomerular filtration rate. *Screening visit was not completed or participant withdrew consent before randomisation.
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Allopurinol group  Usual care group Allopurinol group  Usual care group
(n=2853) (n=2868) (n=2853) (n=2868)
Age, years 71.9 (67) 72:0 (6-8) (Continued from previous column)
Gender Other medical history
Male 2168 (76-0%) 2153 (75:1%) Chronic obstructive 244 (8-6%) 251 (8-8%)
Female 685 (24-0%) 713 (24-9%) pulmonary disease
Transgender 0 2(0-1%) Diabetes 618 (21.7%) 623 (21.7%)
Ethnicity Typel 24 (0-8%) 18 (0-6%)
White 2831(99-2%) 2845 (99-2%) Type2 594 (20-8%) 605 (211%)
Asian or Asian British 13 (0-5%) 14 (0-5%) No diabetes 2235 (78:3%) 2245 (78-3%)
Black, African, Caribbean, or 4(0-1%) 0 Concomitant medication ongoing at inclusion
Black British Statins 2583 (90-5%) 2558 (89-2%)
Mixed or multiple ethnic 2 (0-1%) 4(0-1%) Ezetimibe 93 (3:3%) 87 (3:0%)
groups Antiplatelet agents 2491 (87:3%) 2504 (87:3%)
Other 3(01%) 5(0-2%) Anticoagulants 253 (8:9%) 260 (9-1%)
smoking history B-blockers 1877(65:8%) 1835 (64:0%)
Current 253(8:9%) 291 (10-1%) ACE inhibitors 1356 (47-5%) 1365 (47-6%)
Former 1644 (57-6%) 1587 (55:3%) Angiotensin receptor 530 (18-6%) 543 (18-9%)
Never 956 (33-5%) 990 (34-5%) antagonists
Systolic blood pressure*, mmHg ~ 132:0 (17-8) 1332 (17:9) Calcium channel blockers 848 (29-7%) 806 (28-1%)
Diastolic blood pressure*, mm Hg 72:0 (10-5) 72:5(10-7) Other anti-anginal 1602 (56-2%) 1495 (52-1%)
Body-mass indext, kg/m’ 289 (4-9) 288 (4-9) medications
Baseline eGFR group Loop diuretics 273 (9:6%) 238 (8-3%)
30-44 mL/min per 1.73 m? 52 (1-8%) 56 (2-0%) Thiazide or thiazide-like 214 (7-5%) 201 (7-0%)
diureti
45-59 mL/min per 1.73 m? 201 (7-0%) 231(8-1%) orenes
) Diabetes medication: insulin 110 (3-9%) 80 (2:8%)
260 mL/min per1.73 m* 2600 (91-1%) 2581 (90-0%) b d 8
Diabet ication: - 15-7% 15-2%
Baseline serum uric acid, 0-35 (0-08) 0-34 (0-08) inlsauﬁnes medication: non 448 (157%) 435 (152%)
mmol/L
) . Non-steroidal anti- 118 (4-1%) 141 (4-9%)
Cardiovascular history .
inflammatory drugs
Myocardial infarction 1348 (47-2%) 1356 (47-3%) EQ-5DS§
Angina 1845(64.7%)  1824(636%) Health state score 0814(0197)  0-821(0186)
CCS anginagrade O 618 (21:7%) 646 (22-5%) Visual analogue score 78.9(16.7) 78.8 (16:2)
CCS angina grade | 755 (26:5%) 702 (24-5%) Seattle Angina Questionnaire
(CSangina grade I 403 (141%) 411 (14:3%) Physical limitation domaind] 87-8 (19-0) 88.0(18:5)
CCSanginagrade lll 61 (2-1%) 54 (1-9%) Angina stability domain 505 (97) 507(9-8)
(CSangina grade IV 8(03%) 11(0-4%) Angina frequency domain 90-8 (17-7) 917 (167)
No angina 1008 (35:3%) 1044 (36-4%) Treatment satisfaction 95-1(9-9) 95.0 (10.0)
Other evidence of ischaemic 1972 (69-1%) 2000 (69-7%) domain
heart disease Disease perception domain 84-8 (18-0) 84-4(18-2)
Duration of ischaemic heart 10-2 (5-0-16-3) 10-0 (5-1-16-0)
disease, years Data are mean (SD), n (%), or median (IQR). ACE=angiotensin-converting enzyme.
o 5 . CCS=Canadian Cardiovascular Society. eGFR=estimated glomerular filtration rate.
Coronary revascularisation 1612 (56:5%) 1626 (567%) *Based on 2867 patients with data in the usual care group. tBased on
Peripheral arterial 144 (5-0%) 159 (5:5%) 2841 patients with data in the allopurinol group and 2857 in the usual care group.
revascularisation +Based on 2807 patients with data in the allopurinol group and 2808 in the usual
Peripheral arterial disease 199 (7:0%) 228 (7:9%) care group. SBased on 2846 patients with data in the allopurinol group and 2857
5 5 in the usual care group. fBased on 2495 patients with data in the allopurinol
Stroke 122 (4:3%) 108 (3-8%) group and 2501 in the usual care group.
Transient ischaemic attack 188 (6:6%) 166 (5-8%)
Hypertension 1624 (56-9%) 1663 (58-0%) Table 1: Baseline characteristics of the modified intention-to-treat
analysis population
Heart failure 146 (5-1%) 149 (5-2%)
New York Heart Association 77 (2:7%) 83 (2:9%)
class | withdrawal from randomised treatment are given in the
New York Heart Association 69 (2-4%) 66 (2:3%) appendix (p 5). The most common reason for withdrawal
classi from treatment was an adverse event.
No heart failure 2707 (94-9%) 2719 (94-8%) Baseline characteristics are shown in table 1. The
Dyslipidaemia 1817 (63-7%) 1806 (63-0%) overall mean age at study entry was 72-0 years (SD 6-8).
(Table 1 continues in next column) 4321 (75-5%) participants were male, 5676 (99-2%) were

white, and 544 (9-5%) were current smokers.
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Allopurinol group (n=2853) Usual care group (n=2868) HR (95% CI) p value*
n (%) Rate per n (%) Rate per
100 patient- 100 patient-
years years

Primary outcome
Non-fatal myocardial infarction, non-fatal stroke, or cardiovascular death 314 (11-0%) 2:47 325 (11-3%) 237 1.04 (0-89-1-21) 0-65
Secondary time-to-event outcomes
Non-fatal myocardial infarction 156 (5-5%) 121 172 (6-0%) 124 0-97 (0:78-1-21) 0-81
Non-fatal stroke 96 (3-4%) 074 86 (3-0%) 0-61 1-20 (0-89-1-60) 023
Cardiovascular death 112 (3-9%) 0-85 109 (3-8%) 076 1-10 (0-85-1-43) 0-48
All-cause mortality 288(101%) 218 303(10-6%) 213 1.02(0-87-120) 077
Hospitalisation for acute coronary syndrome 205 (7-2%) 1.61 217 (7-6%) 1.59 1.01(0-84-1-23) 0-90
Coronary revascularisation 176 (6-2%) 138 207 (7-2%) 1.51 0-91(0-74-1-11) 0-35
Hospitalisation for acute coronary syndrome or coronary revascularisation 267 (9-4%) 213 299 (10-4%) 2:22 0-95 (0-81-1-13) 0-57
Hospitalisation for heart failure 74 (2-6%) 0-57 97 (3-4%) 0-69 0-81(0-60-1-10) 018
All cardiovascular hospitalisations 518 (18-2%) 432 556 (19-4%) 431 1-00 (0-88-1-12) 0-94
HR=hazard ratio. *Calculated with the Wald test.
Table 2: Primary and secondary time-to-event outcomes in the modified intention-to-treat population

2257 (39-5%) participants were recruited in Scotland and 100, — Allopurinol group

3464 (60- 5%) in England. % Usualcare group
The most commonly taken dose of allopurinol was 207

600 mg daily, with 1851 (84-8%) of 2184 participants still S

taking this dose at 6 weeks from randomisation, and 157

1199 (82:0%) of 1462 at 1 year, 1037 (80-4%) of 1290 at _;%

2 years, 925 (78-7%) of 1175 at 3 years, and 719 (82-5%) g 104

of 871at4years from randomisation. In the 2447 participants é

in the allopurinol group who had serum wuric acid g 5

measured_ at !)aseline and‘6 weeks after randomisation, = HR1.04 (95% 1 0.89-1.21): p-0.65

serum uric acid concentrations decreased from a mean of 0 . . ; . . . .

0-34 mmol/L (SD 0-08) to 0-18 mmol/L (SD 0-09). ¢t 2 3 4 5 6 7

45 participants randomly assigned to the usual care group Number at risk Time from randomisation (years)

started allopurinol treatment (for clinical reasons such as Aﬂ;’f;i’;’e'g:gzg ;ggg iggé ;Z;g ;‘S‘;g ;‘S b gg; s

gout) during follow-up.
There was no evidence of a difference between the  Figure2: Cumulative incidence functions for the primary composite endpoint

randomised treatment groups in the rates of the primary of non-fa?:al myocarfiiali?farctif)n, non-fatal stroke,.or cardiovascular death

. . analysed in the modified intention-to-treat population

endpoint or for any of the secondary time-to-event out- The figure was adjusted for the competing risk of deaths not included in the

comes (table 2; figures 2, 3). 314 (11-0%) of 2853 participants  endpoint. HR=hazard ratio.

in the allopurinol group (2-47 events per 100 patient-years)

and 325 (11-3%) of 2868 in the usual care group (2-37 events  score at the end of the first year (treatment difference 1-219

per 100 patient-years) had a primary endpoint (HR 1-04 [95% CI 0-027-2-410], p=0-045; table 3).

[95% CI 0-89-1-21], p=0-65; table 2; figure 2). 288 (10-1%) There was no evidence of a difference in the rates of

participants in the allopurinol group and 303 (10-6%) serious adverse events between treatment groups, with the

participants in the usual care group died from any cause exception of endocrine disorders, where there were no

(HR 1-02 [95% CI 0-87-1-20], p=0-77; table 2; figure 3). patients with events in the allopurinol group and 14 in the
Results for the primary endpoint were consistent across  usual care group (table 4). However, the endocrine

all subgroups (appendix p 12). In an on-treatment analysis, ~disorders were spread across several different types

results for the time-to-event analyses were broadly similar  (preferred terms; data not shown). 15 participants in the

to those by modified intention to treat (appendix p 6). allopurinol group had serious adverse events that were

There was limited evidence of any treatment effect on considered to be potentially treatment related. None of the

quality of life, with no differences in EQ-5D outcomes or 278 fatal serious adverse events in the allopurinol group

Seattle Angina Questionnaire outcomes at the end of the =~ were considered to be treatment related. There was no

first year (table 3) or at the final visit (appendix p 9), with ~ difference between treatment groups in the rates of

the exception of a nominally significant but only slightly incident cancers (appendix p 7). Adjudicated causes of

greater fall in the usual care group in the physical domain  death (appendix p 8) were also well balanced between the
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Figure 3: Cumulative incidence functions for non-fatal myocardial infarction (A), non-fatal stroke (B),
and cardiovascular death (C), and Kaplan-Meier curves for all-cause mortality (D) analysed in the modified

intention-to-treat population

Figures of non-fatal myocardial infarction, non-fatal stroke, and cardiovascular death were adjusted for the
competing risk of deaths not included in the endpoint. HR=hazard ratio.

domain

Mean (SD) change from baseline at Estimated difference p value
1year from randomisation (95% C1)
Allopurinol group  Usual care group
(n=2853) (n=2868)
Secondary EQ-5D outcomes at 1 year from randomisation*
Health state score -0-081 (0-205) -0-094 (0-202)  0-009 (-0-002 to 0-020)  0-11
Visual analogue score -4-67 (17-11) -4-98 (16:96) 0-114 (-0-839t0 1-:066)  0-81
Secondary Seattle Angina Questionnaire scores at 1 year from randomisation
Physical limitation -12.50 (18-85) -13-90 (18-84) 1219 (0-027t02:410)  0-045
domaint
Angina stability domain 0-81(15-90) 0-35 (15-67) 0194 (-0-669t0 1.057) 0-66
Angina frequency -0-45 (15-92) -1-48 (15-42) 0167 (-0-814t01-148) 074
domain
Treatment satisfaction -1.85 (12-27) -2:39(13:02) 0-064 (-0-760t0 0-888) 0-88
domain
Disease perception -4-16 (18-17) -5-16 (18-35) 0-622(-0371t0 1-:615)  0-22

*Based on 2846 patients with data in the allopurinol group and 2857 in the usual care group. tBased on 2495 patients
with data in the allopurinol group and 2501 in the usual care group.

Table 3: Secondary quality-of-life outcomes in the modified intention-to-treat population

two study groups. The number of deaths adjudicated as
being due to COVID-19 was nine (0-3%) in the allopurinol
group and 11 (0-4%) in the usual care group, and the

1202

number adjudicated as being due to COVID-19 pneumonia
was seven (0-2%) in the allopurinol group and
seven (0-2%) in the usual care group. There were also no
differences between the treatment groups in the numbers
of participants with serious adverse events related to
COVID-19 (30 [1-1%)] in the allopurinol group vs 31 [1-1%)]
in the usual care group) or COVID-19 pneumonia
(nine [0-3%] in the allopurinol group vs eight [0-3%] in the
usual care group).

At the end of their first year in the study, a similar
number of participants in the allopurinol group and in the
usual care group reported a new attack of gout occurring in
the previous 12 months (112 [5-0%)] of 2805 vs 114 [4-6%]
of 2868, p=0-55). At the end of the first year, a history of a
new skin rash during the previous 12 months was reported
more commonly by participants in the allopurinol group
than in the usual care group (291 [13-1%] vs 223 [9-1%)],
p<0-0001). Occurrences of gout and skin rash reported at
the end of the second year of the study were similar in both
groups. At the end of the third and fourth years of the
study, both skin rash and gout in the previous 12 months
were reported more commonly by participants in the usual
care group than in the allopurinol group of the study.

Discussion

The ALL-HEART study is the first large, prospective,
randomised outcome trial of allopurinol in patients with
ischaemic heart disease. In more than 5000 patients with
ischaemic heart disease, but no gout, it showed no benefit
of allopurinol on major cardiovascular outcomes. This was
shown in the primary modified intention-to-treat analysis,
and a similar result was found in the supporting on-
treatment analysis, although the on-treatment analysis is
likely to be considerably biased due to treatment discon-
tinuation effects. There was no evidence of increased
serious adverse events in participants in the allopurinol
group compared with the usual care group, and the
number of deaths in both groups of the study was also
similar. There was no difference in incident cancers
between participants in the allopurinol group and those in
the usual care group. Apart from a lower incidence of gout
reported in the participants in the allopurinol group after
the second year of the study, which might be subject to
some reporting bias and which might be expected with
chronic urate-lowering therapy in a population at higher
than average risk of gout, no other clinical or quality-of-life
benefits of allopurinol were demonstrated in this study. As
there was no significant effect of allopurinol on the
primary endpoint, cardiovascular hospitalisations, or
quality-of-life outcomes, no health economic benefit of
allopurinol in this study is plausible.

Previous smaller interventional and observational
studies exploring the effect of urate-lowering therapy on
cardiovascular outcomes in patients with gout and various
cardiovascular conditions have shown conflicting results,
hence the importance of this prospective randomised trial
in determining whether allopurinol provided benefits to
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patients with ischaemic heart disease. In recent years,
two large randomised trials, the North American Cardio-
vascular Safety of Febuxostat or Allopurinol in Patients
with Gout trial (CARES)® and the Febuxostat versus
Allopurinol Streamlined Trial (FAST),” reported on
cardiovascular outcomes in patients with gout randomly
assigned to treatment with allopurinol or the newer
xanthine oxidase inhibitor, febuxostat. The CARES trial
reported that, in patients with gout and established
cardiovascular disease, febuxostat was non-inferior to
allopurinol for the primary endpoint of the study
(composite of death from cardiovascular causes,
myocardial infarction, stroke, or unstable angina with
urgent revascularisation). However, rates of the secondary
outcomes of adverse cardiovascular outcomes, all-cause
death, and cardiovascular death were significantly higher
with febuxostat than with allopurinol. This finding led to
regulators issuing warnings against the use of febuxostat
in patients with pre-existing cardiovascular disease.
However, by contrast, the FAST trial, with better retention
in study follow-up and adherence to randomised treatment,
found no increased cardiovascular risk with febuxostat,
and reported a lower rate of all-cause deaths and
cardiovascular deaths in the febuxostat group than in the
allopurinol group. There were no placebo or usual care
groups in the CARES or FAST trials, and results of the
ALL-HEART study were eagerly awaited to assist with
better understanding of the findings of the CARES and
FAST trials. The ALL-HEART study results show that
treatment with allopurinol was not different to usual care
in patients with ischaemic heart disease but no gout
regarding major cardiovascular outcomes.

It would be interesting to understand whether febuxostat
might have given a different result to allopurinol if it had
been used instead in the ALL-HEART study. A randomised
trial of febuxostat therapy versus control in 1070 patients
aged 65 years or older in Japan with asymptomatic
hyperuricaemia and at risk of cerebral, cardiovascular, or
renal events, the Febuxostat for Cerebral and Cardio-
renovascular Events Prevention Study (FREED), found a
reduction in the primary composite cardiorenal endpoint
in the febuxostat group, but this was driven by reduced
progression of renal dysfunction rather than an effect on
other cardiovascular endpoints.” Another trial in Japan of
febuxostat therapy versus non-pharmacological lifestyle
modification as a control group in 483 patients with
asymptomatic hyperuricaemia found no effect on
progression of carotid atherosclerosis (carotid-intima
medial thickness) over a 2-year treatment period.”
Currently, there remains no clear place for urate-lowering
therapy in cardiovascular care, except in certain situations
in which it is already indicated, such as clinical gout.

The COVID-19 pandemic started during the late
follow-up period of the study and had a major effect in the
UK, where the study was based, during approximately the
last 18 months of the study follow-up period. Because
the ALL-HEART study had decentralised elements in its
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Allopurinol group  Usual care group  Difference in rates
(n=2805) (n=2868) (95%Cl)

Any serious adverse event 2036 (29:70) 2194 (30-32) -0-62 (-2:43t0 1-19)
Blood and lymphatic system 99 (0-77) 96 (0-69) 0-09 (-0-12 to 0-29)
Cardiac 577 (4-92) 671 (5-34) -0-42 (-0-99 to 0-15)
Congenital familial and genetic 24 (0-18) 18(0-13) 0-06 (-0-04 to 0-15)
Ear and labyrinth 10 (0-08) 21(0-15) -0-07 (-0-15to 0-01)
Endocrine 0(0-00) 14 (0-10)

Eye 357 (2:94) 383(290) 0-05 (-0-38 to 0-47)
Gastrointestinal 538 (4-61) 572 (4-51) 0-10 (-0-44 to 0-64)
General and administration site 288 (2:34) 281 (2:08) 0-26 (-0-10 to 0-63)
Hepatobiliary 79 (0-61) 65 (0-46) 0-15 (-0-02 to 0-33)
Immune system 6 (0-05) 8(0:06) -0-01 (-0-06 to 0-04)
Infections and infestations 414 (3-39) 491 (3-72) -0-33(-0-79 t0 0-13)
Injury poisoning and procedural 251 (2-01) 269 (1.97) 0-05 (-0-30 to 0-39)
Investigations 125 (0-98) 162 (1-17) -0-19 (-0-43to 0-06)
Metabolism and nutrition 110 (0-86) 104 (0-74) 0-12 (-0-10to 0-33)
Musculoskeletal and connective tissue 324 (2-66) 347 (2:62) 0-04 (-0-36 to 0-44)
Neoplasms (benign, malignant, and 485 (4-04) 561 (434) -0-30 (-0-81to 0-20)
unspecified)

Nervous system 295(2:39) 321(2:37) 0-02 (-0:36 to 0-39)
Product 1(0-01) 1(0-01) 0-00 (-0-02 to 0-02)
Psychiatric 41(0-32) 36 (0-25) 0-06 (-0-07 to 0-19)
Renal and urinary 143 (112) 161 (1-16) -0-04 (-0-29 to 0-22)
Reproductive system and breast 51(0-39) 64 (0-45) -0-06 (-0-22 to 0-09)
Respiratory thoracic and mediastinal 236 (1-88) 277 (2:04) -0-16 (-0-49 to 0-18)
Skin and subcutaneous tissue 40 (0-31) 51(0:36) -0-05 (-0-19 to 0-09)
Social circumstances 2(0-02) 8(0:06) -0-04 (-0-09 to 0-00)
Surgical and medical procedures 328 (2:69) 403 (3-07) -0-38 (-0-79 to 0-04)
Vascular 279 (2-25) 99 (2:21) 0-03 (-0-33 to 0-40)

Data are number (rate per 100 patient-years) unless otherwise stated.
Table 4: Serious adverse events during the study, by system organ class, in the safety population

design, including remote participant follow-up, the effect
of the COVID-19 pandemic on this study was not as large
as it might otherwise have been. There were no differences
in rates of COVID-19 or COVID-19 pneumonia serious
adverse events or deaths between the allopurinol and usual
care groups. Despite the use of record linkage to detect
potential endpoints, there might have been some under-
reporting of cardiovascular endpoints at the height of the
pandemic because fewer patients attended hospitals with
acute coronary syndromes and other cardiovascular
conditions during lockdown periods in early 2020.*

The dose of allopurinol chosen for the ALL-HEART
study (600 mg daily for most participants) was within the
licensed dose range for treatment of gout but higher than
the daily dose generally used in clinical practice in patients
with gout in the UK (most commonly 100-300 mg daily).”
The daily dose of 600 mg was chosen for the ALL-HEART
study on the basis of earlier studies that had suggested
higher doses of allopurinol might be needed to achieve
beneficial cardiovascular effects.*”* Serum wuric acid
concentrations were significantly reduced (halved) after
6 weeks of allopurinol, achieving concentrations well
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below normal laboratory ranges or treatment targets in
patients with gout. A limitation of the study is that
adherence to randomised therapy was self-reported at the
week 6 visit and annually, but in general any clarifications
and checks made with prescribing practices correlated
with patient reports of whether they were still taking
randomised therapy. The marked reduction in serum uric
acid concentrations from baseline at the 6-week visit also
suggests good adherence to allopurinol, at least initially.
Patients were included in the study whatever their baseline
concentration of serum uric acid, but were excluded if they
had a history of gout, which might have excluded the
people with ischaemic heart disease with the highest
concentrations of serum uric acid from the study. It is
possible that allopurinol might have shown more anti-
oxidative activity in patients with higher serum uric acid
concentrations and that, in the absence of hyperuricaemia,
allopurinol might have had pro-oxidant effects. However,
our prespecified subgroup analysis according to tertiles of
baseline serum wuric acid concentration showed no
significant effect on the primary outcome.

Allopurinol is known to cause rash in a proportion of
patients, especially soon after starting therapy. To avoid
the rare, but potentially serious, complication of severe
rashes such as Stevens-Johnson syndrome developing in
study participants, allopurinol was stopped immediately if
participants reported any rash that might be related to
allopurinol. This low threshold for stopping allopurinol
might have resulted in a higher withdrawal from therapy
rate than would have been ideal within the study, but it
also reflects real-life practice if allopurinol were to be used
in clinical care. Similar rates of withdrawal from
randomised treatment were seen within the CARES trial,
with 56-6% of participants in CARES discontinuing
randomised treatment before the end of the trial, and that
was in a population who had a clear clinical indication
(gout) for urate-lowering therapy. Most patients who
withdrew from allopurinol in ALL-HEART remained
within the study follow-up, so events occurring after their
withdrawal from allopurinol would have been detected.

There were more withdrawals of consent from the study
in the allopurinol group than in the usual care group. This
difference appeared early in the study and might have
been partly driven by the extra study visit for participants
in the allopurinol group at 6 weeks and by withdrawal of
consent accompanying early withdrawals from allopurinol.
Because of the high treatment discontinuation rate, the on-
treatment analysis is likely to be biased, although the
results were consistent with the primary modified
intention-to-treat analysis. Likewise, results for participant-
reported outcomes should be treated with caution due to
potential reporting bias in this open-label study. The
absence of a placebo, instead using a pragmatic usual care
group, might have led to more unbalanced withdrawal
from therapy and from the study, as well as more bias in
reporting of more subjective adverse events. However, the
components of the primary outcome are objective and

were detected from record-linkage hospitalisation data,
supported by information from medical records and
adjudicated by an endpoint committee masked to treat-
ment allocation. Serious adverse events were also detected
using record-linkage information in addition to participant
reports, so should be relatively unbiased.

The generalisability of the ALL-HEART study findings to
the population of patients with ischaemic heart disease is
likely to be high. Patients were recruited from, and treated
within, their usual primary care setting. It was designed as
a pragmatic study that could be delivered successfully
within the UK National Health Service primary care setting.
The final number of participants randomised (5937)
exceeded the target of 5215 randomised participants due to
a significant increase in the recruitment rate in the final
weeks of recruitment. Follow-up was entirely remote after
the first 6 weeks of the study, with a minimal effect on
participants’ usual care environment. Better ethnic diversity
in recruitment could have improved the generalisability to
non-white populations. 99-2% of participants within the
ALL-HEART study reported white ethnicity. No participants
suffered severe Stevens-Johnson syndrome within the
ALL-HEART study. If the study had been performed in a
more diverse ethnic group, the potential risk of Stevens-
Johnson syndrome would likely have been higher. Most of
the participants had long-term ischaemic heart disease,
with a median duration of ischaemic heart disease of
10-2 years at study entry, although patients with recent
coronary events were not excluded. It is possible that
different results might have been obtained if a more acute
patient population had been recruited.

In summary, we found that treatment with allopurinol
600 mg daily did not improve cardiovascular outcomes
compared with usual care in patients with ischaemic
heart disease. Based on the results of the ALL-HEART
study, allopurinol should not be recommended for
secondary prevention of cardiovascular events in patients
with ischaemic heart disease.
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