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Abstract
In the present study, we aimed to investigate the association between urate-
lowering drugs and cardiovascular events, primarily focusing on the risk of 
febuxostat and topiroxostat when compared with allopurinol in Japan. We con-
ducted an observational study with a cohort design using the National Database 
of Health Insurance Claims and Specific Health Checkups of Japan, including 
new urate-lowering drugs users between August 1, 2010, and March 31, 2018. 
Exposure and control groups were defined based on the first prescription of 
urate-lowering drugs as follows: febuxostat or topiroxostat for exposure groups, 
allopurinol for the control group, and benzbromarone for the secondary control 
group. The primary outcome was cardiovascular events, defined as a composite of 
acute coronary syndrome, cerebral infarction, and cerebral hemorrhage. Hazard 
ratios were estimated using a Cox proportional hazards model. The number of pa-
tients in each exposure and control group was 1,357,671 in the febuxostat group, 
83,683 in the topiroxostat group, 1,273,211 in the allopurinol group, and 258,786 
in the benzbromarone group. The adjusted hazard ratios for the cardiovascular 
risk were 0.97 (95% confidence interval [CI]: 0.95–0.98) for febuxostat and 0.84 
(95% CI: 0.78–0.90) for topiroxostat groups. The benzbromarone group exhibited 
similar results. No increased cardiovascular risk was observed with febuxostat 
or topiroxostat when compared with allopurinol in patients with hyperuricemia 
in Japan. These results provide real-world evidence regarding the cardiovascular 
risk associated with urate-lowering drugs, indicating that no additional safety-
related regulatory actions are warranted in Japan.
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INTRODUCTION

Febuxostat reduces serum uric acid through an inhibitory 
action of xanthine oxidase1 and was first approved in the 
European Union in April 2008,2 followed by the United 
States in February 20093 and Japan in January 2011.4 In 
2017, the US Food and Drug Administration (FDA) con-
cluded that febuxostat could increase the risk of cardiovas-
cular death and all-cause mortality when compared with 
allopurinol, based on an analysis of post-market clinical 
trial data (CARES trial).5,6 This conclusion led to an update 
of the US febuxostat prescribing information in February 
2019, with the addition of a boxed warning regarding car-
diovascular death.6 Furthermore, the use of febuxostat was 
limited to patients who were not effectively treated or expe-
rienced severe side effects with allopurinol.6 Likewise, the 
European Medicine Agency recommended avoiding the 
use of febuxostat in patients with a history of major cardio-
vascular disease based on the findings of the CARES trial.7

In July 2019, the febuxostat package insert was also re-
vised in Japan to indicate the increased risk of cardiovas-
cular deaths for providing an important precaution,8 based 
on the results of the CARES trial and a postmarketing 
study in Japan,9 as well as other related information, such 
as published literature9–15 and Japanese clinical guidelines 
published by academic societies.16–19 However, the extrap-
olability of the risk of cardiovascular events in the CARES 
trial to Japan remains unclear for the following three rea-
sons: (1) lower cardiovascular risks have been reported in the 
Japanese population than in the European and American 
populations20; (2) fewer Asian subjects were enrolled in the 
CARES trial (~70% White vs. ~3% Asians)5; and (3) no in-
creased cardiovascular death induced by febuxostat was de-
tected in clinical trials conducted in Japan.10,21 Therefore, 

to attain a deeper understanding of the cardiovascular risk 
of febuxostat in Japan, the Pharmaceuticals and Medical 
Devices Agency (PMDA) designed and conducted an ob-
servational study using real-world data in Japan to compare 
the risk of cardiovascular events associated with febuxostat, 
topiroxostat, and allopurinol.

METHODS

Study design and setting

We conducted an observational study with a cohort de-
sign using the National Database of Health Insurance 
Claims and Specific Health Checkups of Japan (NDB).22 
We deemed that the NDB would be the most appropriate 
database considering the objective of the present study to 
examine the low frequency of cardiovascular events, in-
cluding late-onset cases, based on the following reasons: 
(1) NDB is the largest database managed by the Ministry 
of Health, Labour, and Welfare (MHLW), collecting infor-
mation on nation-based medical claims from hospitals, 
clinics, pharmacies, and dental clinics in Japan; and (2) 
the long follow-up period from hospitals where patients 
underwent treatment can be ensured.23,24

Target population

As shown in Figure 1, among patients who were prescribed 
febuxostat, topiroxostat, allopurinol, benzbromarone, or 
probenecid between August 1, 2010, and March 31, 2018, 
we included those whose initial medical claims were re-
corded more than 8 months prior to the month of the first 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The risk of cardiovascular death in patients with gout was higher in the febux-
ostat group than in the allopurinol group in the CARES trial; however, the ex-
trapolation of these results to Japan remains unclear.
WHAT QUESTION DID THIS STUDY ADDRESS?
The specific aim of this study was to compare the risk of cardiovascular events associ-
ated with febuxostat and topiroxostat with that associated with allopurinol in Japan.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The present study revealed that there was no observed risk of cardiovascular events 
with febuxostat and topiroxostat when compared with allopurinol in Japan.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
These results indicate that no additional safety measures are required to mitigate 
potential cardiovascular events associated with febuxostat and topiroxostat use 
in Japan.
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prescription to allow a look-back period for assessing past 
prescriptions or a history of urate-lowering drug usage. We 
also included topiroxostat in this study because its phar-
macological action is similar to that of febuxostat (i.e., 
xanthine oxidase inhibitor) and its use in Japan in clinical 
settings. Furthermore, to select a more appropriate target 
population and minimize bias, patients who met the follow-
ing criteria were excluded: (1) patients who were younger 
than 20 years of age on the date of the first prescription; (2) 
patients who had the date of admission for any cardiovas-
cular events on the same date of the first prescription; (3) 
patients who were concomitantly prescribed two or more 
urate-lowering drugs on the date of the first prescription; 
(4) patients who were prescribed probenecid on the date 
of the first prescription; (5) patients who were prescribed 
any anticancer drug prior to the date of the first prescrip-
tion; and (6) patients with diseases that may cause renal 
dysfunction, patients who were prescribed renal-related 
drugs, or patients on dialysis prior to the date of the first 
prescription (see Table  S1 for more detailed reasons and 
Table S2 for the medicine codes of urate-lowering drugs).

Exposure and control groups

Patients were categorized into exposure or control 
groups based on the type of urate-lowering drug first 

prescribed: febuxostat or topiroxostat for exposure 
groups, allopurinol for the control group, and benzbro-
marone for the secondary control group. Allopurinol 
was selected as the primary control because it was also 
used as the control in the CARES trial. In addition to 
allopurinol, benzbromarone was established as the sec-
ondary control, given that allopurinol might reduce 
the risk of cardiovascular events and overall mortal-
ity.25,26 However, such effects have not been widely 
reported with benzbromarone administration, and no 
cardiovascular-related warnings are included on the 
package insert of benzbromarone in Japan, indicating 
that benzbromarone could be considered as a negative 
control.

The follow-up period continued with the same urate-
lowering drug prescribed from the date of the first pre-
scription. If the gap between the end date of the previous 
prescription and the start date of the next prescription was 
within 30 days, we considered it a continuous prescription 
period for the patient. The follow-up period was also cen-
sored on observing the following events: occurrence of 
cardiovascular events (acute coronary syndrome, cerebral 
infarction, or cerebral hemorrhage; see below for more de-
tails), switching from one urate-lowering drug to another 
(febuxostat, topiroxostat, allopurinol, benzbromarone, 
and probenecid), or the end of the data period (March 31, 
2018).

F I G U R E  1   Study design
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Outcome definitions

The primary outcome of this study was the occurrence 
of cardiovascular events, including acute coronary syn-
drome, cerebral infarction, and cerebral hemorrhage, 
during the follow-up period. Each event was defined by 
using algorithms (A, B, or C) using the medicine, diag-
nosis, and procedure codes (see Tables  S2, S3, and S4, 
respectively). Algorithm A for acute coronary syndrome 
was defined based on observations from at least one of 
the following therapeutic interventions, that is, percu-
taneous coronary intervention, coronary artery bypass 
graft, intra-aortic balloon pumping, percutaneous car-
diopulmonary support, or thrombolysis within 30 days 
from and on the date of admission for acute coronary 
syndrome. Algorithm B for cerebral infarction was de-
fined based on observations from at least one of the fol-
lowing examinations, that is, computed tomography, 
magnetic resonance imaging, or magnetic resonance an-
giography, as well as at least one of the following thera-
peutic interventions, namely, cerebro-protective agents, 
injectable anti-platelet agents, injectable anti-coagulant 
agents, thrombolytic agents, anti-edema agents, crani-
otomy, or mechanical thrombectomy within 30 days 
after and on the date of admission for cerebral infarc-
tion. Algorithm C for cerebral hemorrhage was defined 
based on observations from at least one of the following 
examinations, that is, computed tomography, magnetic 
resonance imaging, or magnetic resonance angiography, 
as well as at least one of the following therapeutic in-
terventions, namely, anti-edema drugs, injectable anti-
hypertensive drugs, or hematoma evacuation within 
30 days of the date of admission for cerebral hemor-
rhage. These definitions were based on results of the 
outcome validation study for cardiovascular events by 
utilizing data from MID-NET, another medical informa-
tion database in Japan (data not shown),27,28 with few 
minor modifications applied to the original definitions 
to ensure that data categories fitted to the NDB but not 
MID-NET.

Furthermore, as a higher risk of cardiovascular death 
in the febuxostat group was observed in the CARES trial, 
cardiovascular death was set as the secondary outcomes 
in addition to an individual component of the primary 
outcome (acute coronary syndrome, cerebral infarction, 
and cerebral hemorrhage). “Cardiovascular death” was 
defined as a patient who met one of the algorithms (A, 
B, or C) described above and had the disease records for 
“death.” However, the investigation of cardiovascular 
death was for the exploratory purpose, as identifiability of 
“death” was expected to be low and has been less estab-
lished in the analysis of NDB data.

Ethical considerations

As this study was conducted as an official activity of the 
PMDA under the Pharmaceuticals and Medical Devices 
Agency Law Article 15–5–(c) and (f),29 it was not subject 
to review by institutional review boards.30

Statistical analysis

Main analysis and secondary analysis

For the main analysis comparing the febuxostat group 
with the allopurinol group, or the topiroxostat group with 
the allopurinol group, the incidence rates (IRs) of out-
comes (primary and secondary outcomes) in each group 
were calculated, followed by calculating the incidence rate 
ratio of the exposure groups to the control group (allopu-
rinol). Crude and adjusted hazard ratios (aHRs) were also 
estimated using the Cox proportional hazards model with 
the following adjusted factors: age group, sex, the pres-
ence of diseases (acute coronary syndrome, stroke, heart 
failure, peripheral vascular disease, liver disease, dyslipi-
demia, diabetes mellitus, hypertension, arrhythmia, and 
gout <diagnosis with drug treatment for gout>), and drug 
prescription (anti-platelet agents, anti-coagulants, and 
colchicine; see Table S5 for more details of the covariates). 
For the secondary analysis comparing the febuxostat 
group with the benzbromarone group, or the topiroxostat 
group with the benzbromarone group, the analysis was 
the same as the main analysis for the primary outcome.

Sensitivity analysis

In the sensitivity analysis, we conducted two analyses of 
primary outcomes. The first focused on patients who were 
followed, regardless of the end of the prescription period 
or switching from one urate-lowering drug to another, 
until the occurrence of cardiovascular events or censored 
at the end of the data period, whichever occurred first 
(sensitivity analysis 1). In the second analysis, we changed 
the exclusion criterion 6 in the main analysis to the cri-
terion (patients with diseases that may cause severe renal 
dysfunction) for allowing to include patients with mild 
renal dysfunction for analysis (sensitivity analysis 2).

Subgroup analysis

We also conducted a subgroup analysis, in which the tar-
get population was limited to patients with a history of 
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cardiovascular diseases, to consider the influence of the 
history of cardiovascular diseases on the primary outcome.

All analyses were conducted using the SAS statistical 
software (version 9.4; SAS Institute).

RESULTS

Study flow and patient characteristics

Figure 2 presents a flow diagram to establish the target 
population. The number of patients prescribed urate-
lowering drugs between August 1, 2010, and March 31, 
2018, was 8,190,879. After applying inclusion and exclu-
sion criteria as described in “Section 2,” the number of el-
igible patients decreased to 2,973,351, which was largely 
affected by the inclusion criteria 2, “patients whose ini-
tial medical claims were recorded more than 8 months 
prior to the month of the first prescription” and by the 
exclusion criteria 6, “patients with diseases that may 
cause renal dysfunction, patients who were prescribed 
renal-related drugs, or patients on dialysis prior to the 
date of the first prescription.” The number of eligible pa-
tients in the exposure and control groups was 1,357,671 

in the febuxostat group, 83,683 in the topiroxostat group, 
1,273,211 in the allopurinol group, and 258,786 in the 
benzbromarone group. The median and quartile ranges 
(QRs) of a follow-up period for each group were 245 days 
(QR: 85–714) for the febuxostat group, 167 days (QR: 64–
404) for the topiroxostat group, 213 days (QR: 70–790) for 
the allopurinol group, and 145 days (QR: 61–545) for the 
benzbromarone group. No major differences in patient 
characteristics were observed between the exposure and 
control groups, except for the higher prevalence of heart 
failure in the febuxostat group and the shorter follow-up 
periods in the topiroxostat and benzbromarone groups 
(Table 1).

Risk assessment

The results of the cardiovascular risk analysis are shown 
in Table 2. The IRs were similar among the three groups, 
and the aHRs were 0.97 (95% confidence interval [CI]: 
0.95–0.98) in the febuxostat group and 0.84 (95% CI: 0.78–
0.90) in the topiroxostat group.

Considering the secondary outcome, the results of indi-
vidual components of the primary outcome were consistent 

F I G U R E  2   Study flow chart for the cohort identification
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with the results of the primary outcome. Furthermore, the 
aHRs for cardiovascular death were 0.90 (95% CI: 0.84–
0.96) in the febuxostat group and 0.61 (95% CI: 0.44–0.84) 
in the topiroxostat group (Table  S6). Considering results 
for the secondary analysis (compared with the benzbro-
marone group), the aHR for the primary outcome was 
0.96 (95% CI: 0.93–1.00) in the febuxostat group and 0.84 
(95% CI: 0.77–0.91) in the topiroxostat group (Table  S7). 
Furthermore, the results of sensitivity analyses 1 and 2 
revealed similar tendencies to those of the main analysis 
(Tables  3 and 4). The subgroup analysis results limited 
to patients with a history of cardiovascular diseases were 
also consistent with the main analysis results (aHR in 
the febuxostat group: 0.91, 95% CI: 0.87–0.96, aHR in the 
topiroxostat group: 0.61, 95% CI: 0.50–0.75; Table S8).

DISCUSSION

In the present study, the aHR for cardiovascular events, 
composed of acute coronary syndrome, cerebral infarc-
tion, and cerebral hemorrhage, in the febuxostat group 
compared to the allopurinol group was ~1 (aHR: 0.97, 
95% CI: 0.95–0.98), indicating that the cardiovascular risk 
of febuxostat is similar to that of allopurinol. This find-
ing was supported by sensitivity and subgroup analyses 
(see Tables  3 and 4; Table  S8). In addition, we detected 
no increase in the cardiovascular risk associated with fe-
buxostat when compared with that of benzbromarone. 
To further examine the risk of febuxostat, we compared 
cardiovascular death between febuxostat and allopurinol 
and detected no increased risk of cardiovascular death 

T A B L E  2   Risk of cardiovascular events in the febuxostat group vs. the allopurinol group or the topiroxostat group vs. the allopurinol 
group

N
Total follow-up period 
in person-years

Number 
of events IR IRR cHR (95% CI) aHRa (95% CI)

Febuxostat 1,357,671 1781,989.8 23,043 0.013 1.05 1.04 (1.02–1.06) 0.97 (0.95–0.98)

Topiroxostat 83,683 67,178.6 708 0.011 0.86 0.80 (0.74–0.86) 0.84 (0.78–0.90)

Allopurinol 1,273,211 1873,101.0 23,062 0.012 Reference Reference Reference

Abbreviations: aHR, adjusted hazard ratio; cHR, crude hazard ratio; CI, confidence interval; IR, incidence rate; IRR, incidence rate ratio.
aAdjusted for age group, sex, presence of diseases (acute coronary syndrome, stroke, heart failure, peripheral vascular disease, liver disease, dyslipidemia, 
diabetes mellitus, hypertension, arrhythmia, and gout), and drug prescription (anti-platelet agents, anti-coagulants, and colchicine).

T A B L E  3   Sensitivity analysis 1: Risk of cardiovascular events in the febuxostat group vs. the allopurinol group or the topiroxostat group 
vs. the allopurinol group on changing the censuring events

N
Total follow-up period 
in person-years

Number 
of events IR IRR cHR (95% CI) aHRa (95% CI)

Febuxostat 1,357,671 3,768,059.6 40,156 0.011 1.06 1.02 (1.01–1.03) 0.97 (0.96–0.98)

Topiroxostat 83,683 139,498.3 1274 0.009 0.91 0.83 (0.78–0.87) 0.87 (0.83–0.92)

Allopurinol 1,273,211 5,646,585.6 56,757 0.010 Reference Reference Reference

Abbreviations: aHR, adjusted hazard ratio; cHR, crude hazard ratio; CI, confidence interval; IR, incidence rate; IRR, incidence rate ratio.
aAdjusted for age group, sex, presence of diseases (acute coronary syndrome, stroke, heart failure, peripheral vascular disease, liver disease, dyslipidemia, 
diabetes mellitus, hypertension, arrhythmia, and gout), and drug prescription (anti-platelet agents, anti-coagulants, and colchicine).

T A B L E  4   Sensitivity analysis 2: Risk of cardiovascular events in the febuxostat vs. the allopurinol group or the topiroxostat group vs. the 
allopurinol group in the cohort, excluding patients with diseases that may cause severe renal dysfunction

N
Total follow-up period 
in person-years

Number 
of events IR IRR cHR (95% CI) aHRa (95% CI)

Febuxostat 1,736,801 2,326,712.3 32,411 0.014 1.08 1.06 (1.05–1.08) 0.97 (0.95–0.98)

Topiroxostat 108,865 90,863.8 1099 0.012 0.94 0.87 (0.82–0.93) 0.88 (0.82–0.93)

Allopurinol 1,488,664 2,206,022.4 28,433 0.013 Reference Reference Reference

Abbreviations: aHR, adjusted hazard ratio; cHR, crude hazard ratio; CI, confidence interval; IR, incidence rate; IRR, incidence rate ratio.
aAdjusted for age group, sex, presence of diseases (acute coronary syndrome, stroke, heart failure, peripheral vascular disease, liver disease, dyslipidemia, 
diabetes mellitus, hypertension, arrhythmia, and gout), drug prescription (anti-platelet agents, anti-coagulants, and colchicine), and presence of disease codes 
related to “mild to moderate renal dysfunction.”
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associated with febuxostat (aHR: 0.90, 95% CI: 0.84–
0.96). These results are consistent with the findings of the 
Febuxostat versus Allopurinol Streamlined Trial (FAST) 
and CARES trial in terms of cardiovascular events but not 
cardiovascular death,5,31 and might be, in part, influenced 
by the different conditions of the target study populations 
(CARES trial: patients with gout and history of cardiovas-
cular disease and FAST trial: patients with gout and at 
least one additional cardiovascular risk factor; vs. the pre-
sent study: patients with hyperuricemia) and study design 
(CARES trial and FAST trial: randomized clinical trial; 
vs. the present study: observational study with second-
ary use of real-world data). The study results may also be 
affected by pharmacogenetic factors because differences 
on the risks of gout and urate-lowering drug responses 
among ethnic populations including Japanese have been 
reported.32 Moreover, the results of death based on NDB 
used in the present study should be carefully interpreted, 
as such events in the secondary utilization of claim-based 
databases in Japan may be less comprehensive and ac-
curate than those in clinical trials (e.g., not-covered for 
costs of postmortem procedures), including some errors 
as reported.33

Considering topiroxostat, the aHR of cardiovascular 
events was 0.84 (95% CI: 0.78–0.90), suggesting that the 
risk of topiroxostat is lower than that of allopurinol. This 
observation was supported by secondary, sensitive, and 
subgroup analyses (even in evaluating cardiovascular 
death). In addition, the aHR for topiroxostat was lower 
than that for febuxostat; however, further investigation is 
warranted to conclude the clinical impact of these results, 
as the number of outcomes and total follow-up period in 
person-years for topiroxostat were smaller than those ob-
served with febuxostat. The shorter follow-up period of 
topiroxostat could be due to the later approval and launch 
of topiroxostat than allopurinol and febuxostat in Japan 
and may be not enough to capture events occurred in lon-
ger term.

Given that the NDB used in the present study is a 
nation-based database in Japan, the results would reflect 
the general situation in Japan. However, it is difficult to 
exclude the possibility that other unexpected factors, 
which were not adjusted in the present study, could have 
impacted the study results.

The PMDA conducted a safety assessment of the risk 
of febuxostat and topiroxostat based on the present study 
results and other available data, including spontaneous 
adverse drug reaction reports, literature, and the results 
of the FAST trial, and concluded that no additional regu-
latory actions are currently warranted. The study results 
were valuable for the PMDA to consider appropriate reg-
ulatory actions, taking into account the safety profiles of 
these drugs in the real-world clinical scenario in Japan.

In conclusion, no increased cardiovascular risk asso-
ciated with febuxostat or topiroxostat when compared 
with allopurinol was confirmed in Japan. The potential 
differences of the cardiovascular risk among populations 
should be recognized in clinical practice for the proper use 
of urate-lowering drugs.
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