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ABSTRACT

BACKGROUND
Cardiovascular risk is increased in patients with gout. We compared cardiovascular
outcomes associated with febuxostat, a nonpurine xanthine oxidase inhibitor, with
those associated with allopurinol, a purine base analogue xanthine oxidase in-
hibitor, in patients with gout and cardiovascular disease.

METHODS

We conducted a multicenter, double-blind, noninferiority trial involving patients
with gout and cardiovascular disease; patients were randomly assigned to receive
febuxostat or allopurinol and were stratified according to kidney function. The trial
had a prespecified noninferiority margin of 1.3 for the hazard ratio for the primary
end point (a composite of cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke, or unstable angina with urgent revascularization).

RESULTS

In total, 6190 patients underwent randomization, received febuxostat or allopurinol,
and were followed for a median of 32 months (maximum, 85 months). The trial
regimen was discontinued in 56.6% of patients, and 45.0% discontinued follow-up.
In the modified intention-to-treat analysis, a primary end-point event occurred in
335 patients (10.8%) in the febuxostat group and in 321 patients (10.4%) in the
allopurinol group (hazard ratio, 1.03; upper limit of the one-sided 98.5% confi-
dence interval [CI], 1.23; P=0.002 for noninferiority). All-cause and cardiovascular
mortality were higher in the febuxostat group than in the allopurinol group (haz-
ard ratio for death from any cause, 1.22 [95% CI, 1.01 to 1.47]; hazard ratio for
cardiovascular death, 1.34 [95% CI, 1.03 to 1.73]). The results with regard to the
primary end point and all-cause and cardiovascular mortality in the analysis of
events that occurred while patients were being treated were similar to the results
in the modified intention-to-treat analysis.

CONCLUSIONS
In patients with gout and major cardiovascular coexisting conditions, febuxostat was
noninferior to allopurinol with respect to rates of adverse cardiovascular events. All-
cause mortality and cardiovascular mortality were higher with febuxostat than with
allopurinol. (Funded by Takeda Development Center Americas; CARES ClinicalTrials
.gov number, NCT01101035.)
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OUT IS A CHRONIC ILLNESS CHARACTER-

ized by hyperuricemia, arthropathy, to-

phus development, and urolithiasis and
is associated with an increased risk of cardiovas-
cular and chronic kidney disease.! The risk of car-
diovascular events, including death, is substan-
tially higher in people with gout than in those
without gout.>* When the Food and Drug Admin-
istration (FDA) released a guidance document
outlining specific requirements for the cardio-
vascular safety assessment of antidiabetic thera-
pies,* investigators in other therapeutic areas, in-
cluding those studying gout therapies, began to
explore cardiovascular safety with similarly de-
signed trials.

Febuxostat, a nonpurine inhibitor of xanthine
oxidase that is used for the management of hyper-
uricemia in patients with gout, inhibits both the
oxidized and reduced forms of xanthine oxidase
and decreases the formation of uric acid.> Febuxo-
stat provides highly selective and potent inhibi-
tion of xanthine oxidase and greater hypouricemic
activity than do commonly used doses of allopu-
rinol.® During its development, febuxostat was
compared with placebo and allopurinol in clini-
cal trials involving more than 5000 patients with
gout®’; these trials suggested a modestly higher
rate of cardiovascular events with febuxostat. The
Cardiovascular Safety of Febuxostat and Allopu-
rinol in Patients with Gout and Cardiovascular
Morbidities (CARES) trial was therefore conduct-
ed as an FDA requirement to determine whether
febuxostat was noninferior to allopurinol with
regard to major cardiovascular events in patients
with gout and cardiovascular disease.

METHODS

TRIAL DESIGN

We conducted a multicenter, randomized, double-
blind noninferiority trial; details of the design of
the trial have been published previously.® The
funder (Takeda Pharmaceuticals) participated in
the trial design, conduct, and monitoring and in
data collection, storage, and analyses. An indepen-
dent data and safety monitoring committee moni-
tored the trial and had access to the unblinded
data. Statistical analyses were performed for the
data and safety monitoring committee by an in-
dependent statistical group (WebbWrites).

The academic authors of the present article
drafted the manuscript, had full access to the fi-
nal trial data, and vouch for the accuracy and
completeness of the data and the analyses, as well
as for the fidelity of the trial to the protocol,
which is available with the full text of this article
at NEJM.org. The appropriate national and insti-
tutional regulatory authorities and ethics com-
mittees approved the trial design.

PATIENTS

Patients were eligible for enrollment in the trial
if they had a diagnosis of gout fulfilling the
American Rheumatism Association criteria® and
a history of major cardiovascular disease before
randomization (detailed inclusion and exclusion
criteria are provided in Table S1 in the Supple-
mentary Appendix, available at NEJM.org). Addi-
tional criteria for inclusion were a serum urate
level of at least 7.0 mg per deciliter (420 wmol per
liter), or of at least 6.0 mg per deciliter (360 pmol
per liter) with inadequately controlled gout, after
a 1-to-3-week washout period from previous gout
therapies. Patients were regarded as having a
history of major cardiovascular disease if they
had had a myocardial infarction, hospitalization
for unstable angina, stroke, hospitalization for
transient ischemic attack, peripheral vascular dis-
ease, or diabetes mellitus with evidence of mi-
crovascular or macrovascular disease, as defined
previously.® All participants provided written in-
formed consent.

TREATMENT AND PROCEDURES

Patients were randomly assigned to receive fe-
buxostat or allopurinol administered in a double-
blind fashion once daily. Randomization was
stratified according to the estimated creatinine
clearance at baseline (260 ml per minute vs. 230
but <60 ml per minute).

Doses of allopurinol were modified according
to kidney function. Patients with an estimated
creatinine clearance of at least 60 ml per minute
initially received allopurinol at a dose of 300 mg
once daily, which was increased in 100-mg in-
crements monthly until the patient either had a
serum urate level of less than 6.0 mg per decili-
ter or was receiving an allopurinol dose of 600 mg
once daily. Patients who had an estimated cre-
atinine clearance of at least 30 but less than 60 ml
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per minute initially received 200 mg of allopuri-
nol; the dose was increased in 100-mg increments
until the patient either had a serum urate level
of less than 6.0 mg per deciliter or was receiving
an allopurinol dose of 400 mg once daily.

Febuxostat doses were not modified accord-
ing to kidney function. Patients who were ran-
domly assigned to receive febuxostat initially
received 40 mg once daily and continued to re-
ceive this dose if the serum urate level was less
than 6.0 mg per deciliter after 2 weeks of therapy.
If the serum urate level was higher than 6.0 mg
per deciliter at the week 2 visit, the dose of fe-
buxostat was increased to 80 mg once daily for
the remainder of the trial.

The patients’ serum urate levels were revealed
to the site investigators only during a 10-week
dose-adjustment period to facilitate dose increas-
es that were based on urate response. During
that period, the administration of double-blind,
double-dummy trial medications was guided by
an interactive voice-response system, a procedure
that prevented unblinding for patients whose dose
was not adjusted. After dose adjustments were
completed, urate levels were concealed from in-
vestigators and the sponsor, and the interactive
voice-response system was used to manage treat-
ment throughout the trial.

At the screening visit, all urate-lowering
therapy was discontinued and, unless the patient
had a history of unacceptable side effects from
colchicine, treatment with colchicine at a dose of
0.6 mg daily was started for gout flare prophy-
laxis. All the patients received prophylaxis for the
first 6 months of randomly assigned treatment. If
colchicine treatment resulted in unacceptable side
effects and the estimated creatinine clearance
was at least 50 ml per minute, patients received
naproxen (250 mg twice daily) with lansoprazole
(15 mg once daily). If patients could receive nei-
ther colchicine nor naproxen, other nonsteroidal
antiinflammatory drugs (NSAIDs) or prednisone
could be provided as prophylaxis, or the investi-
gators could choose to manage gout flares as
they occurred.

Outpatient visits were scheduled at screening
and randomization and at 2, 4, 6, 8, 10, 12, and
24 weeks after randomization and every 6 months
during subsequent years of the trial. Patients with
reduced kidney function or who were older than
65 years of age at randomization also had visits

at 9 months and 15 months to monitor serum
chemical profiles. If patients agreed to be mon-
itored but would not return for study visits, tele-
phone contacts were completed, but this was not
preferred or recommended to the sites.

END POINTS

The primary composite end point was the first
occurrence of cardiovascular death, nonfatal myo-
cardial infarction, nonfatal stroke, or urgent re-
vascularization for unstable angina (definitions
are provided in Table S2 in the Supplementary Ap-
pendix).® The secondary safety end points included
a composite of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke as well
as the individual components of the primary end
point. The consistency of effects on the primary
end point was explored in a variety of subgroups
(both prespecified and post hoc). Additional safety
end points included death from any cause, urgent
cerebrovascular revascularization, transient is-
chemic attack, hospitalization for heart failure,
arrhythmias not associated with ischemia, and
venous thromboembolic events. An independent
central end-points committee, the members of
which were unaware of the treatment assign-
ments, adjudicated all suspected end-point events.

STATISTICAL ANALYSIS
Cox proportional-hazards models, stratified ac-
cording to baseline kidney function, were used
to analyze the time to first occurrence of primary
and secondary end-point events for all patients
who underwent randomization and received treat-
ment. A determination of noninferiority of febux-
ostat to allopurinol required that the upper bound
of the one-sided confidence interval of the hazard
ratio for the primary end point be less than 1.3.
The number and percentage of patients with a
primary end-point event or cardiovascular death
were tabulated for various subgroups. The rela-
tive risk (febuxostat vs. allopurinol) was calculated
within each subgroup, with homogeneity among
subgroup levels assessed with the use of the Co-
chran—-Mantel-Haenszel test. Sensitivity analyses
were performed by excluding events that occurred
after treatment discontinuation and events that
occurred more than 30 days after treatment dis-
continuation.

The trial was designed to accrue 624 primary
events for assessing the noninferiority of febuxo-
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stat to allopurinol with regard to cardiovascular
risk, under the assumption of a true hazard ratio
of 1.0 and 90% power. Interim analyses were
conducted when approximately 25%, 50%, and 75%
of the events had occurred. For each group-sequen-
tial analysis, it was specified that the upper bound
of the one-sided confidence interval for the haz-
ard ratio (febuxostat vs. allopurinol) would be cal-
culated with the use of the critical value from the
Lan-DeMets—O’Brien—-Fleming alpha-spending
function, which preserves an overall one-sided al-
pha of 0.025. No other adjustments for multi-
plicity were made. Each of these analyses was
conducted by an independent statistician and re-
viewed by the data and safety monitoring board.
It was planned that, if the upper bound of the
one-sided confidence interval of the hazard ratio
was less than 1.3 at any interim analysis, the trial
would be stopped, since noninferiority of febuxo-
stat to allopurinol with regard to cardiovascular
risk would be declared. In April 2016, at the time
of the 75% interim analysis, the estimated haz-
ard ratio and adjusted upper bound of the confi-
dence interval for the hazard ratio were 0.99 and
1.23, respectively. However, because of a discrep-
ancy between the hazard ratio for death from
any cause in the intention-to-treat analysis and
in the analysis of events that occurred during
treatment, the data and safety monitoring board
recommended continuing the trial until the pre-
specified 624 primary events had occurred.

RESULTS

PATIENTS

We enrolled 6198 patients from 320 North Amer-
ican sites from April 2010 through May 2017.
Eight patients never received trial medication,
which left 6190 patients in a modified intention-
to-treat analysis (Fig. S1 in the Supplementary
Appendix). The two treatment groups were well
balanced with regard to all baseline characteris-
tics (Table 1, and Table S3 in the Supplementary
Appendix). In the febuxostat group, 61.0% of the
patients received 40 mg and 39.0% received 80 mg
daily as the final adjusted dose. In the allopurinol
group, on the basis of the protocol-directed crite-
ria for estimated creatinine clearance, 21.8% of the
patients received 200 mg, 44.6% received 300 mg,
25.2% received 400 mg, 4.3% received 500 mg, and
4.1% received 600 mg.

Overall, 56.6% of patients discontinued trial
treatment prematurely; the rates of premature dis-
continuation were similar in the febuxostat and
allopurinol groups (57.3% and 55.9%, respective-
ly). The percentage of patients who did not com-
plete all trial visits was 45.0% overall — 45.0%
in the febuxostat group and 44.9% in the allopu-
rinol group. The median duration of exposure to
febuxostat was 728 days, and the median dura-
tion of exposure to allopurinol was 719 days. The
median duration of follow-up was 968 days in the
febuxostat group and 942 days in the allopurinol

group.

BIOCHEMICAL EFFECTS

The proportion of patients with a serum urate
level of less than 6.0 mg per deciliter was higher
in the febuxostat group than in the allopurinol
group at week 2; thereafter, higher proportions
of patients in the febuxostat group had mainte-
nance of serum urate levels at less than 6.0 mg
per deciliter at most time points, although the
differences between the groups were not large
(Table S4 in the Supplementary Appendix). In
addition, a larger proportion of patients in the
febuxostat group than in the allopurinol group
had serum urate levels of less than 5.0 mg per
deciliter (300 wmol per liter) for the entire trial.
Overall, the rates of gout flares were similar in
the two treatment groups (0.68 and 0.63 flares
per patient-year in the febuxostat group and allo-
purinol group, respectively). There were no signifi-
cant differences in serum levels of electrolytes,
glucose, or lipids or in blood pressure between
the groups during the trial (Table S5 in the Sup-
plementary Appendix), nor were there differenc-
es in cardiovascular medication use (Table S6 in
the Supplementary Appendix).

SAFETY

After the accrual of 624 events that initiated trial
closeout and before database lock, 32 additional
primary end-point events occurred. In the com-
plete analysis, a primary end-point event occurred
at similar rates in the febuxostat group and the
allopurinol group (10.8% and 10.4% of patients,
respectively, at a median period of 32 months;
hazard ratio, 1.03; upper bound of the one-sided
98.5% confidence interval [CI], 1.23; P=0.002
for noninferiority) (Table 2 and Fig. 1). In the
analysis of the nonfatal secondary end points, the

N ENGL ) MED 378;13 NEJM.ORG MARCH 29, 2018

The New England Journal of Medicine

Downloaded from nejm.org by BENJAMIN JONES on April 3, 2018. For personal use only. No other uses without permission.

Copyright © 2018 Massachusetts Medical Society. All rights reserved.

1203



The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Baseline Characteristics of the Patients.*
Febuxostat Allopurinol
Characteristic (N=3098) (N=3092)
Median age (interquartile range) — yr 64.0 (58-71) 65.0 (58-71)
Age =65 yr— no. (%) 1514 (48.9) 1586 (51.3)
Male sex— no. (%) 2604 (34.1) 2592 (83.8)
Duration of gout — yr 11.8+11.4 11.9+11.2
Baseline serum urate level — mg/d| 8.7:1.7 8.7x1.7
Presence of tophi — no. (%) 668 (21.6) 650 (21.0)
Median body weight (interquartile range) — kg 97.7 (84-113) 97.3 (84-113)
Body-mass indexj 33.6+7.0 33.4+6.9
Race or ethnic group — no. (%)
White 2160 (69.7) 2140 (69.2)
Black 552 (17.8) 593 (19.2)
Asian 92 (3.0) 96 (3.1)
American Indian or Alaska Native 262 (8.5) 234 (7.6)
Native Hawaiian or other Pacific Islander 13 (0.4) 14 (0.5)
Other 19 (0.6) 15 (0.5)
Cardiovascular risk factors and history — no. (%)
Diabetes mellitus with small-vessel disease 1193 (38.5) 1213 (39.2)
Hypertension 2864 (92.4) 2851 (92.2)
Hyperlipidemia 2678 (86.4) 2702 (87.4)
Myocardial infarction 1197 (38.6) 1231 (39.8)
Hospitalization for unstable angina 855 (27.6) 869 (28.1)
Coronary revascularization 1129 (36.4) 1182 (38.2)
Cerebral revascularization 69 (2.2) 4(1.7)
Congestive heart failure 622 (20.1) 631 (20.4)
Stroke 460 (14.8) 410 (13.3)
Peripheral vascular disease 412 (13.3) 375 (12.1)
Median estimated creatinine clearance — ml/min§
Stage 1 or 2 chronic kidney disease 75.0 73.0
Stage 3 chronic kidney disease 46.0 46.0
Stage of chronic kidney disease — no./total no. (%)
Stage 1 or 2 1456/3092 (47.1) 1459/3090 (47.2)
Stage 3 1636/3092 (52.9) 1631/3090 (52.8)

* Plus—minus values are means +SD. There were no significant differences between the two groups with regard to any
baseline characteristic. To convert the values for urate to micromoles per liter, multiply by 59.48.

7 The body-mass index is the weight in kilograms divided by the square of the height in meters.

I Race or ethnic group was reported by the patient.

§ Estimated creatinine clearance was calculated with the use of the Cockcroft-Gault formula and was corrected for ideal
body weight. A value of 60 ml per minute or more indicated stage 1 or 2 chronic kidney disease, and a value of at least
30 but less than 60 ml per minute indicated stage 3 chronic kidney disease.

hazard ratios were consistent with the overall in the febuxostat group than in the allopurinol
result. However, the risk of death from any cause group (Table 2). Among the causes of cardiovas-
and the risk of cardiovascular death were higher cular death, sudden cardiac death was the most
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Table 2. Major Safety End Points (Modified Intention-to-Treat Analysis).*

Febuxostat Allopurinol Hazard Ratio

End Point (N=3098) (N=3092) (95% Cl) P Value}

no. of patients (%)

Primary end point: composite of cardiovascular 335 (10.8) 321 (10.4) 1.03 (0.87-1.23)1 0.66
death, nonfatal myocardial infarction, non- (0.002)
fatal stroke, or urgent revascularization
due to unstable angina

Secondary end points

Cardiovascular death 134 (4.3) 100 (3.2) 1.34 (1.03-1.73) 0.03

Nonfatal myocardial infarction 111 (3.6) 118 (3.8) 0.93 (0.72-1.21) 0.61

Nonfatal stroke 71(2.3) 70 (2.3) 1.01 (0.73-1.41) 0.94

Urgent revascularization for unstable angina 49 (1.6) 56 (1.8) 0.86 (0.59-1.26) 0.44

Composite of cardiovascular death, nonfatal 296 (9.6) 271 (8.8) 1.09 (0.92-1.28) 0.33
myocardial infarction, or nonfatal stroke

Death from any cause 243 (7.8) 199 (6.4) 1.22 (1.01-1.47) 0.04

* The modified intention-to-treat analysis included all patients who underwent randomization with the exception of the

8 patients who never received febuxostat or allopurinol.

T The P value in parentheses is for test of the null hypothesis that the hazard ratio is at least 1.3 versus the one-sided
alternative (noninferiority). All other P values are values for the test of superiority of febuxostat to allopurinol and were

calculated with the use of a Cox regression analysis.
i The 97% confidence interval is provided here.

prevalent classification, occurring in 83 patients
(2.7%) in the febuxostat group and 56 patients
(1.8%) in the allopurinol group (Table S7 in the
Supplementary Appendix). Rates of hospitaliza-
tion for heart failure, hospital admissions for ar-
rhythmias not associated with ischemia, venous
thromboembolic events, and hospitalization for
transient ischemic attacks were similar in the two
groups (Table S8 in the Supplementary Appendix).

In an analysis according to subgroup, the re-
sults with regard to the primary end point showed
no heterogeneity associated with any of the base-
line factors (Fig. 2). For cardiovascular mortality,
there was an interaction for NSAID use and the
absence of use of low-dose aspirin (unadjusted
P<0.05 for both comparisons) (Fig. S2 in the Sup-
plementary Appendix).

ANALYSES OF EVENTS THAT OCCURRED DURING
TREATMENT

In the prespecified analysis of events that occurred
during receipt of the trial drug or within 30 days
after discontinuation of treatment, a primary
end-point event occurred in 7.8% of patients in
the febuxostat group and 7.7% of patients in the
allopurinol group (hazard ratio, 1.00; upper bound

of the one-sided 98.5% CI, 1.22). In this analy-
sis, the rate of cardiovascular death was higher
in the febuxostat group than in the allopurinol
group (hazard ratio, 1.49; 95% CI, 1.01 to 2.22)
(Table 3). In a post hoc analysis of events that
occurred during treatment, a primary end-point
event was also found to occur at similar rates in
the febuxostat group and the allopurinol group
(6.2% and 6.4% of patients, respectively; hazard
ratio, 0.94; upper bound of the one-sided 98.5%
CI, 1.17) (Table S9 in the Supplementary Ap-
pendix). The risk of death from any cause and
the risk of cardiovascular death were higher in
the febuxostat group than in the allopurinol

group.

OTHER ANALYSES

The baseline characteristics were balanced among
the patients who did not complete all the trial
visits and those who completed all the visits
(Table S10 in the Supplementary Appendix). The
proportions of patients who did not complete all
the trial visits were larger in the United States
than in Canada or Mexico (Table S11 in the Sup-
plementary Appendix). There were 199 additional
patients, identified by a search company (Omni-
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A Primary End Point
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Figure 1 (facing page). Cumulative Kaplan—Meier
Estimates of the Time to the First Occurrence of
an Adjudicated End-Point Event.

Panel A shows the time until the first occurrence of a
primary end-point event — cardiovascular death, myo-
cardial infarction, stroke, or urgent revascularization
due to unstable angina — in the febuxostat group and
the allopurinol group. A primary end-point event oc-
curred in 10.8% of patients in the febuxostat group
and 10.4% of patients in the allopurinol group after a
median exposure of 32 months (hazard ratio, 1.03; up-
per bound of the one-sided 98.5% Cl, 1.23). Panel B
shows the time until death from a cardiovascular
cause (hazard ratio, 1.34; 95% Cl, 1.03 to 1.73), and
Panel C the time until death from any cause (hazard
ratio, 1.22; 95% Cl, 1.01 to 1.47). The insets show the
same data on an enlarged y axis.

Trace), who died (Table S12 in the Supplemen-
tary Appendix). The rates of death from any cause
during treatment (incorporating the additional
deaths) were consistent with those in the analy-
ses of events that occurred during treatment de-
scribed above. The rates of death from any cause
after discontinuation of trial medication were
similar in the two treatment groups.

DISCUSSION

In the CARES trial, treatment with febuxostat
resulted in overall rates of major cardiovascular
events that were similar to those associated with
allopurinol treatment among patients with gout
who had coexisting cardiovascular disease. How-
ever, cardiovascular death and deaths from any
cause were more frequent in the febuxostat group
than in the allopurinol group.

Although xanthine oxidase inhibitors are in
widespread clinical use for the treatment of pa-
tients with gout,”> data on the cardiovascular
safety of these drugs from large, randomized
clinical trials are limited. During a development
program involving more than 5000 patients, the
rate of cardiovascular events was higher among
patients treated with febuxostat (0.74 per 100
patient-years; 95% CI, 0.36 to 1.37) than among
those treated with allopurinol (0.60 per 100 pa-
tient-years; 95% CI, 0.16 to 1.53).°® In contrast,
observational evaluations have suggested benefi-
cial cardiovascular outcomes after treatment with
febuxostat or allopurinol in patients with gout and
coexisting cardiorenal conditions.’** The popula-
tion in our trial included patients who were at

considerably higher cardiovascular risk than those
included in other assessments of the cardiovascu-
lar safety of various gout therapies,>¢ with event
rates during our trial of more than 10%. The
safety outcomes in this trial were prespecified
and adjudicated by members of a cardiovascular
end-point committee who were unaware of the
treatment assignments; therefore, our safety out-
comes may be more reliable than data based on
conventional adverse-event reporting.

Unexpectedly, all-cause mortality was higher
in the febuxostat group than in the allopurinol
group, because of an excess of cardiovascular
deaths. Findings were similar in the modified
intention-to-treat analysis and in the prespeci-
fied analysis that included events that occurred
during treatment and within 30 days after treat-
ment discontinuation. The mechanism underly-
ing this risk of death is unclear. Preclinical car-
diovascular studies of febuxostat have shown no
toxic effects related to cardiac rhythm, function,
or metabolism."”?! In addition, the rates of adju-
dicated nonfatal events, including myocardial in-
farction, coronary revascularization, arrhythmias,
and hospitalization for heart failure, were similar
in the febuxostat group and the allopurinol group.

The only heterogeneity in the analyses of car-
diovascular mortality occurred in two subgroups
— patients with concomitant administration of
aspirin or NSAIDs. These drugs may be associated
with more frequent gout flares, which, in turn,
could lead to increases in cardiovascular events.?
However, we did not find a large difference in the
reduction in urate level between the treatment
groups, nor did we detect differences in flare
rates. Furthermore, the occurrence and intensity
of gout flares are difficult to capture accurately
in clinical trials. Finally, these findings may have
been due to chance, given the large number of
tests performed and the small numbers of events
in each subgroup.

Important limitations of this trial are the
large number of participants who discontinued
the trial treatment and the large number of par-
ticipants who did not complete follow-up. Dis-
continuation of treatment would be expected to
bias the analyses toward the null hypothesis,
which could have resulted in missing a significant
difference between the groups in the primary or
nonfatal secondary outcomes. The effect of the
high rate of loss to follow-up is less easy to predict,
since it may not have been random; however,
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Subgroup

no. of patients with primary end point/total no. (%)

Baseline renal function
Moderately reduced
Mildly reduced
Normal

Age
<65 yr
=65 yr

Sex
Female
Male

BMI
<30
=30

NSAID use
Yes
No

Low-dose aspirin use
Yes
No

Smoking history
Current smoker
Nonsmoker or former smoker

Baseline serum urate (mg/dl)
<9.0
9.0 to <10.0
=10.0

History of diabetes
Yes
No

History of hypertension
Yes
No

History of nonfatal myocardial infarction
Yes
No

History of nonfatal stroke
Yes
No

Race
White
Nonwhite

Years since gout diagnosis
<5
5-10
>10

History of cardiac revascularization
Yes
No

Initial gout flare prophylaxis
Colchicine
Noncolchicine

Colchicine use during trial
Yes
No

History of hyperlipidemia
Yes
No

At least one dose adjustment
Yes
No

Insulin use during trial
Yes
No

History of congestive heart failure
Yes

Febuxostat

207/1636 (12.7)
110/1217 (9.0)
17/239 (7.1)

133/1584 (8.4)
202/1514 (13.3)

42/494 (8.5)
2932604 (11.3)

110/1045 (10.5)
225/2053 (11.0)

112/856 (13.1)
223/2242 (9.9)

163/1496 (10.9)
172/1602 (10.7)

38/390 (9.7)
297/2708 (11.0)

162/1778 (9.1)
83/666 (12.5)
90/654 (13.8)

193/1710 (11.3)
142/1388 (10.2)

318/2864 (11.1)
17/234 (7.3)

185/1197 (15.5)
150/1901 (7.9)

63/460 (13.7)
272/2638 (10.3)

268/2160 (12.4)
67/938 (7.1)

130/1150 (11.3)
48/580 (8.3)
156/1367 (11.4)

187/1129 (16.6)
148/1969 (7.5)

295/2604 (11.3)
40/494 (8.1)

104/699 (14.9)
231/2399 (9.6)

297/2678 (11.1)
38/420 (9.0)

153/1207 (12.7)
182/1891 (9.6)

116/620 (18.7)
219/2478 (8.8)

115/622 (18.5)

Allopurinol

212/1631 (13.0)
92/1231 (7.5)
17/228 (7.5)

13071506 (8.6)
191/1586 (12.0)

45/500 (9.0)
276/2592 (10.6)

106/1063 (10.0)
215/2024 (10.6)

95/908 (10.5)
226/2184 (10.3)

175/1481 (11.8)
146/1611 (9.1)

38/415 (9.2)
283/2677 (10.6)

166/1815 (9.1)
71/646 (11.0)
84/631 (13.3)

180/1699 (10.6)
141/1393 (10.1)

306/2851 (10.7)
15/241 (6.2)

171/1231 (13.9)
150/1861 (8.1)

67/410 (16.3)
254/2682 (9.5)

260/2140 (12.1)
61/952 (6.4)

118/1091 (10.8)
60/615 (9.8)
143/1386 (10.3)

169/1182 (14.3)
152/1910 (8.0)

283/2591 (10.9)
38/501 (7.6)

84/694 (12.1)
237/2398 (9.9)

2942702 (10.9)
27/390 (6.9)

176/1485 (11.9)
145/1607(9.0)

111/607 (18.3)
210/2485 (8.5)

114/631 (18.1)

Relative Risk (95% Cl)

0.97 (0.81-1.16)
1.21 (0.93-1.58)
0.95 (0.50-1.82)

0.97 (0.77-1.23)
1.11 (0.92-1.33)

0.94 (0.63-1.41)
1.06 (0.90-1.23)

1.06 (0.82-1.36)
1.03 (0.86-1.23)

1.25 (0.97-1.62)
0.96 (0.81-1.15)

0.92 (0.75-1.13)
1.18 (0.96-1.46)

1.06 (0.69-1.63)
1.04 (0.89-1.21)

1.00 (0.81-1.22)
1.13 (0.84-1.53)
1.03 (0.78-1.36)

1.07 (0.88-1.29)
1.01 (0.81-1.26)

1.03 (0.89-1.20)
1.17 (0.60-2.28)

1.11 (0.92-1.35)
0.98 (0.79-1.22)

0.84 (0.61-1.15)
1.09 (0.93-1.28)

1.02 (0.87-1.20)
1.11 (0.80-1.56)

1.05 (0.83-1.32)
0.85 (0.59-1.22)
1.11 (0.89-1.37)

1.16 (0.96-1.40)
0.94 (0.76-1.17)

1.04 (0.89-1.21)
1.07 (0.70-1.63)

1.23 (0.94-1.61)
0.97 (0.82-1.16)

1.02 (0.88-1.19)
1.31 (0.81-2.10)

1.07 (0.87-1.31)
1.07 (0.87-1.31)

1.02 (0.81-1.29)
1.05 (0.87-1.25)

1.02 (0.81-1.29)

SRR ‘f '* [T ITURHUTT U UL r‘ \' li T

P Value for
Interaction

0.40

0.38

0.61

0.89

0.10

0.09

0.91

0.78

0.72

0.73

0.37

0.15

0.65

0.46

0.16

0.91

0.15

0.33

0.97

0.91

0.86

No 220/2476 (8.9) 207/2461 (8.4) — 1.06 (0.88-1.27)
T 1
0.1 1 10.0
Febuxostat Better Allopurinol Better
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Figure 2 (facing page). Risk Ratios for the Primary

End Point According to Subgroup.

All subgroup analyses were prespecified with the ex-
ception of the analyses of race, years since gout diag-
nosis, history of cardiac revascularization, initial gout
flare prophylaxis, colchicine use during the trial, histo-
ry of hyperlipidemia, dose adjustment during the trial,
insulin use during the trial, and history of congestive
heart failure, which were post hoc.

approximately equal numbers of patients discon-
tinued follow-up in the two treatment groups,
and the baseline characteristics of these partici-

pants were similar to those of participants who
completed follow-up.

In conclusion, among patients with gout and
cardiovascular disease, treatment with febuxostat
resulted in overall rates of major adverse cardio-
vascular events similar to those associated with
allopurinol. Higher all-cause mortality, resulting
from an imbalance in cardiovascular deaths, was
observed with febuxostat than with allopurinol.

Supported by Takeda Development Center Americas.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank all the patients who participated in the trial.

Table 3. Events That Occurred during Treatment or within 30 Days after Discontinuation of Treatment.*
Febuxostat Allopurinol Hazard Ratio
End Point (N=3098) (N=3092) (95% Cl) P Value
no. of patients (%)
Primary end point: composite of cardiovascular 242 (7.8) 238 (7.7) 1.00 (0.82-1.22)7 0.99
death, nonfatal myocardial infarction,
nonfatal stroke, or urgent revasculariza-
tion due to unstable angina
Secondary end points
Cardiovascular death 62 (2.0) 41 (1.3) 1.49 (1.01-2.22) 0.047
Nonfatal myocardial infarction 93 (3.0) 106 (3.4) 0.87 (0.66-1.15) 0.32
Nonfatal stroke 59 (1.9) 62 (2.0) 0.94 (0.66-1.34) 0.72
Urgent revascularization for unstable angina 45 (1.5) 44 (1.4) 1.00 (0.66-1.52) 0.98
Composite of cardiovascular death, nonfatal 205 (6.6) 200 (6.5) 1.01 (0.83-1.22) 0.93
myocardial infarction, or nonfatal stroke
Death from any cause 92 (3.0) 72 (2.3) 1.26 (0.93-1.72) 0.14

* This analysis was prespecified in the statistical analysis plan.
T The 97% confidence interval is provided here.
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