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Abstract

Background: Epidemiological studies have reported that hyper-
uricemia is associated with the development of metabolic syndrome,
hypertension, dyslipidemia, type 2 diabetes, and chronic kidney dis-
ease (CKD). Renal uric acid (UA) reabsorption is mainly mediated
by urate transporter 1 (URAT1) in renal proximal tubule epithelial
cells. Recently, URAT1 was found to be expressed in the liver and
adipose tissue in addition to the kidney. UA enters such organs via
URAT1 and induces inflammation and oxidative stress, which may
lead to metabolic disorders. We investigated the effects of long-term
treatment with the novel uricosuric drug, a highly selective inhibitor
of URAT1, dotinurad, on metabolic parameters and renal function.

Methods: We retrospectively picked up patients who had taken
dotinurad for the treatment of asymptomatic hyperuricemia for more
than 2 years. We compared metabolic parameters and renal function
at baseline with the data at 6, 12, 18, and 24 months after starting
dotinurad.

Results: Pharmacologically, dotinurad decreases serum UA, by se-
lectively inhibiting URAT1 and decreasing renal reabsorption of
UA, which was supported by our result that dotinurad significantly
increased urine UA and reduced serum UA. In addition to UA-lower-
ing, dotinurad was associated with improvements in body weight, liv-
er function, hepatic steatosis index as the marker for metabolic dys-
function-associated steatotic liver disease (MASLD), serum lipids,
and albuminuria. The ATP-binding cassette transporter G2 (ABCG2)
regulates renal and intestinal excretion of UA and uremic toxins and
strongly affects renal function. Our study also indicates that switching
from xanthine oxidase inhibitors, which inhibit ABCG2, to dotinurad,
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which does not inhibit ABCG2, was beneficial for albuminuria and
maintaining the estimated glomerular filtration rate.

Conclusion: Dotinurad may improve obesity, MASLD, serum lipids,
and CKD by blocking the entry of UA via URAT to the adipose tis-
sue, liver, and kidney.

Keywords: ATP-binding cassette transporter G2; Chronic kidney dis-
ease; Dotinurad; Hyperuricemia; Urate transporter 1

Introduction

Uric acid (UA) is synthesized mainly in the liver, intestines, and
vascular endothelium as the end product of an exogenous purine
from food, and endogenously from damaged, dying, and dead
cells, whereby nucleic acids, adenine, and guanine are degrad-
ed into UA [1]. Such nucleotides are metabolized to xanthine,
which is finally converted to UA by the action of xanthine oxi-
dase (XO), the rate-limiting enzyme for UA production.

Renal excretion of UA is the major regulator of serum
UA concentration [2]. Renal UA reabsorption is mainly medi-
ated by urate transporter 1 (URAT1) and glucose transporter 9
(GLUT9) in renal proximal tubule epithelial cells [3-6]. The
ATP-binding cassette, subfamily G, 2 (ABCG2), has been
identified as a high-capacity UA exporter that mediates renal
and/or extra-renal (intestinal) UA excretion [7]. When UA pro-
duction exceeds UA excretion, hyperuricemia, which has been
defined as serum UA concentration > 7.0 mg/dL [8], occurs.

The meta-analysis suggested that higher serum UA levels
led to an increased risk of metabolic syndrome with a linear
dose-response relationship [9]. This study also suggested that
each 1 mg/dL serum UA level increment led to 21% increase
in the metabolic dysfunction-associated steatotic liver disease
(MASLD) risk (relative risk (RR), 1.21; 95% confidence in-
terval (CI), 1.03 - 1.41). Epidemiological studies have sug-
gested that hyperuricemia is associated with the development
of hypertension, dyslipidemia, type 2 diabetes, chronic kidney
disease (CKD), and cardiovascular disease (CVD), in addi-
tion to metabolic syndrome and insulin resistance [10-14]. A
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recent study suggested that such cardiometabolic diseases are
induced by various pro-inflammatory, pro-oxidative, and vaso-
constrictive actions of UA [14].

Recently, URAT1 was found to be expressed in the liver
and adipose tissue in addition to the kidney [15]. The selec-
tive inhibitor of URAT1, dotinurad, significantly ameliorated
high-fat diet (HFD)-induced obesity, insulin resistance, and
MASLD in mice [15]. This study suggested that UA enters
the liver and adipose tissue via URAT1, where UA causes in-
flammation and oxidative stress, resulting in metabolic disor-
ders. However, the effects of dotinurad on human metabolic
parameters remain largely unknown. URAT1 mediates UA
reabsorption in renal tubules, but the effect of its inhibition
on long-term renal function remains unclear. Here, we inves-
tigated the effects of long-term treatment with dotinurad on
metabolic parameters and renal function in Japanese patients
with asymptomatic hyperuricemia.

Materials and Methods

Study design and ethics

The study protocol was approved by the Ethics Committee of
the National Center for Global Health and Medicine (NCGM-
S-004957-00) on December 6, 2024, and this study was per-
formed in accordance with the Declaration of Helsinki.

Study population

We retrospectively reviewed medical records of patients treat-
ed with dotinurad for asymptomatic hyperuricemia who had
completed more than 2 years of follow-up. These patients had
regularly attended the Department of General Internal Medi-
cine or the Department of Diabetes, Endocrinology and Me-
tabolism, National Center for Global Health and Medicine,
Kohnodai Hospital, Japan. Patients without serum UA meas-
urements more than three times, and patients undergoing di-
alysis and those with malignancy were excluded. We collected
demographic data (age, gender, body weight, and body mass
index (BMI)) and clinical parameters (blood pressure (BP),
comorbidities, and laboratory values) from electronic medical
records at baseline and at 6, 12, 18, and 24 months after ini-
tiating dotinurad. Informed consent was obtained via the opt-
out approach. Hyperuricemia, type 2 diabetes, hypertension,
dyslipidemia, and chronic kidney disease (CKD) were diag-
nosed based on the criteria of the respective Japanese medical
societies. Diagnoses were established either through the use
of relevant medications or the following clinical thresholds:
serum UA > 7.0 mg/dL (Japanese Society of Gout and Uric
and Nucleic Acids); hemoglobin Alc (HbAlc) > 6.5% (Japan
Diabetes Society); systolic blood pressure (BP) > 140 mm Hg
or diastolic BP > 90 mm Hg (Japanese Society of Hyperten-
sion); low-density lipoprotein-cholesterol (LDL-C) > 140 mg/
dL, triglyceride (TG) > 150 mg/dL, high-density lipoprotein-
cholesterol (HDL-C) < 40 mg/dL (Japan Atherosclerosis So-
ciety); estimated glomerular filtration rate (¢eGFR) < 60 mL/

min/1.73 m? or urine albumin/creatinine ratio (UACR) > 30
(Japanese Society of Nephrology).

Laboratory measurements
Anthropometric and BP measurements

Body weight, height, and BP were measured according to the
clinical guidelines set by the World Health Organization and
the Japanese Society of Hypertension, respectively.

Blood and urine biochemical tests

The measurements of HbA lc, total cholesterol (TC), and TG
were performed using enzymatic assays. A direct method was
used to measure serum LDL-C and HDL-C. Serum and urine
UA were measured using the uricase-peroxidase method. Se-
rum aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and gamma-glutamyl transferase (GGT) were
measured by using the Japan Society of Clinical Chemistry
transferable method. Urinary albumin levels were measured
with the turbidimetric immunoassay.

Calculated indices

BMI was calculated by dividing the body weight in kilograms
by the body height squared in meters. The eGFR was calcu-
lated based on their age and serum creatinine, measured us-
ing the enzymatic assay based on the estimation equation for
Japanese patients [16]. Since eGFR varies widely between pa-
tients, eGFR slope was evaluated by setting the baseline data
of each patient as 100% and evaluating the change in ¢eGFR as
percent changes at each observation period. Urine albumin and
UA were assessed by using spot urine because not all patients
in the Outpatient Clinic had 24-h urine sampling performed on
retrospective analysis. Urine albumin excretion was evaluated
by dividing by urine creatinine, such as UACR. We divided
the urine UA concentration by the urine creatinine concentra-
tion. Non-HDL-C was calculated by subtracting HDL-C from
TC. To evaluate the severity of MASLD, we used the hepatic
steatosis index as the marker for hepatic steatosis, and this in-
dex was calculated by using the following formula: 8 x (ALT/
AST) + BMI + (2, if diabetes mellitus) + (2, if female) [17].

Statistical analysis

We evaluated our data using the Shapiro-Wilk test to verify
their normality. The data did not show normality, so we used
non-parametric tests. Comparisons between the baseline data
and those after starting dotinurad were analyzed using the Wil-
coxon signed-rank test. The Kruskal-Wallis test was used to
test whether there were differences in mean values among the
three doses (0.5, 1.0, and 2.0 mg) of dotinurad groups. For
factors for which the Kruskal-Wallis test showed significant
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Table 1. Clinical and Laboratory Characteristics of Patients Studied at Baseline (n = 73)

Clinical characteristics

Gender (male/female)
Age (years)
Body height (cm)
Body weight (kg)
Body mass index (kg/m?)
Patients with body mass index > 25 kg/m? (n, %)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Comorbidities
Type 2 diabetes
Hypertension
Dyslipidemia
Chronic kidney disease
Laboratory characteristics
Serum UA (mg/dL)
AST (IU/L)
ALT (IU/L)
GGT (IU/L)
HDL-C (mg/dL)
LDL-C (mg/dL)
TG (mg/dL)
Non-HDL-C (mg/dL)
HbAlc (%)
eGFR (mL/min/1.73 m?)

50/23

66.1+14.6

162.7+19.9

76.7+17.4

283+5.5

48, 65.8%

133.8 £20.1

76.6 +12.4

48, 65.8%

40, 54.8%

44, 60.3%

50, 70.4%

Data at baseline Normal range

6.8+1.6 <7

259+9.7 13-30

28.2+19.6 Male 10 - 42; Female 7 - 23
50.6 £49.0 Male 13 - 64; Female 9 - 32
53.7+15.6 <40

100.1 +£26.8 <140

182.6 £126.2 Non-fasting value < 175
130.9 +29.7 <170

6.7+1.6 49-6.0

61.2+20.4 <60

Presented values indicate mean + SD. ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; eGFR:
estimated glomerular filtration rate; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol;
Non-HDL-C: non-high-density lipoprotein-cholesterol; TG: triglyceride; UA: uric acid.

differences, to test differences between any two groups, we
used the Dunn’s test. We used the Spearman rank correlation
coefficient, a non-parametric correlation measure, to deter-
mine the correlations between the parameters. All data were
expressed as the mean + standard deviation (SD), and P < 0.05
was considered statistically significant. We used SPSS version
29 (IBM Corp, Armonk, NY, USA) for statistical analysis.

Data management and curation

This study is a retrospective observational study, and our data
included missing data as follows: body weight, 25/355 (7.0%);
systolic and diastolic BP, 17/355 (5.0%); serum UA, 3/355
(0.8%); urine UA, 85/355 (24.0%), HbAlc, 21/355 (6.0%);
AST and ALT, 3/355 (0.8%); GGT, 14/355 (4.0%); TG and
HDL-C, 4/355 (1.1%); LDL-C, 28/355 (7.9%); non-HDL-
C, 47/355 (13.2%); eGFR, 3/355 (0.8%); UACR, 130/355
(36.6%). Urine UA measurement is not routinely performed
in Japan and was only recently introduced at our institution,
which accounts for the relatively high proportion of missing

values for this parameter. Additionally, under the Japanese
Health Insurance System, UACR measurement is typically re-
stricted to patients diagnosed with diabetic nephropathy. Since
our cohort included a considerable number of patients without
this diagnosis, this contributed to a substantial rate of missing
UACR data. Considering the influence of such missing data,
we performed statistical analysis using paired non-parametric
analysis. Therefore, only patients with data at baseline and
each time point were subject to analysis, and the number of
eligible patients at each time point is shown in Tables.

Results

Characteristics of patients studied

During the observation period, 73 patients had taken dotinu-
rad for 2 years. The clinical and laboratory characteristics of
the patients studied are shown in Table 1. The mean BMI was
28.3 kg/m?, and more than 60% of patients had a BMI of 25
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Table 2. Drugs Used for Hyperuricemia Prior to the Initiation of Dotinurad, and Drugs for Type 2 Diabetes, Hypertension, Dyslipi-

demia, and Daily Doses of Dotinurad at 24 Months

n
For hyperuricemia
Febuxostat 26
Topiroxostat 3
Allopurinol 6
For type 2 diabetes
Glucagon-like peptide-1 receptor agonists 18
Sodium glucose co-transporter 2 inhibitors 31
Metformin 22
Dipeptidyl peptidase 4 inhibitors 20
Sulfonylurea
Insulin
Pioglitazone
For hypertension
Angiotensin II receptor blockers 30
Calcium channel blockers 39
For dyslipidemia
Statins 49
Peroxisome proliferator-activated receptor alpha agonists 17
Daily doses of dotinurad
0.5 mg 23
1.0 mg 28
2.0 mg 20
4.0 mg 2

or more. Over 60% of patients had type 2 diabetes and dyslipi-
demia, and over half of patients had hypertension. Over 70%
of patients had CKD. Despite the diagnosis of hyperuricemia,
baseline serum UA levels were within the reference range in
many patients, likely reflecting the ongoing use of UA-low-
ering therapy prior to the initiation of dotinurad. The mean
values of AST and ALT were within the normal range. The
mean value of GGT was close to the upper limit of the normal
range in males and was above the normal range in females.
The mean values of TG and HbA 1¢c were above the upper limit
of the normal range. The mean value of eGFR was within the
normal range. Drugs used for hyperuricemia prior to the initia-
tion of dotinurad, and drugs for type 2 diabetes, hypertension,
dyslipidemia, and daily doses of dotinurad at 24 months are
shown in Table 2.

The daily doses of dotinurad used in patients studied

Twenty-three patients (31.5%), 28 patients (38.4%), 20 pa-
tients (27.4%), and two patients (2.7%) were treated with daily
doses of 0.5, 1.0, 2.0, and 4.0 mg of dotinurad, respectively
(Table 2). The 4 mg group (n = 2) is too small, and two patients

treated with daily 4 mg of dotinurad were excluded from the
statistical analyses.

UA-lowering drugs taken by the studied patients before
starting dotinurad

Thirty-eight patients had no prior treatment for hyperurice-
mia before starting dotinurad. All patients whose hyperurice-
mia was already treated had taken oral XO inhibitors before
switching to dotinurad. Twenty-six patients, three patients, and
six patients had taken febuxostat, topiroxostat, and allopurinol
before starting dotinurad, respectively (Table 2).

Changes in metabolic parameters and renal function at 6,
12, 18, and 24 months after starting dotinurad in all pa-
tients

The changes in metabolic parameters at 6, 12, 18, and 24
months after starting dotinurad in all patients are shown in Ta-
ble 3. Body weight significantly decreased at 24 months after
starting dotinurad. Dotinurad significantly decreased serum
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UA levels and increased urine UA levels at 6, 12, 18, and 24
months. Dotinurad significantly reduced serum ALT after 12
months, serum TG after 24 months, and serum GGT and non-
HDL-C after 12, 18, and 24 months. eGFR significantly de-
creased after 12, 18, and 24 months. UACR was significantly
reduced at 6 and 24 months after starting dotinurad.

Changes in metabolic parameters at 6, 12, 18, and 24
months after starting dotinurad in patients naive to UA-
lowering drugs

Changes in metabolic parameters at 6, 12, 18, and 24 months
after starting dotinurad in patients naive to UA-lowering drugs
are shown in Table 4. Dotinurad significantly decreased serum
UA levels at 6, 12, 18, and 24 months. Dotinurad significantly
reduced serum LDL-C at 12 months and non-HDL-C after 12
and 18 months. eGFR significantly decreased after 24 months.
UACR was significantly reduced at 24 months after starting
dotinurad.

Changes in metabolic parameters at 6, 12, 18, and 24
months after starting dotinurad in patients who switched
from XO inhibitors

Changes in metabolic parameters at 6, 12, 18, and 24 months
after starting dotinurad in patients who switched from XO
inhibitors are shown in Table 5. Although dotinurad did not
change serum UA levels, urine UA significantly increased at
6, 12, 18, and 24 months. After 12 months, HbAlc showed
a small but statistically significant increase. Dotinurad sig-
nificantly reduced serum GGT after 12 and 24 months, serum
TG and non-HDL-C after 24 months. eGFR significantly de-
creased after 18 months. UACR was significantly reduced at 6
months after starting dotinurad.

The analysis for the reduction in serum UA according to
the doses of dotinurad

Changes in serum UA as compared with baseline by each dose
of dotinurad are shown in Figure 1. Significant differences
were observed at 18 and 24 months after starting dotinurad.
Reduction in serum UA by daily 2.0 mg of dotinurad was sig-
nificantly larger than those by both daily 0.5 and 1.0 mg of
dotinurad after 18 and 24 months.

Adverse reactions after the administration of dotinurad

We did not observe any adverse reactions after the administra-
tion of dotinurad.

Changes in the severity of MASLD after starting dotinurad

To evaluate the severity of MASLD, we used the hepatic stea-

tosis index as the marker for hepatic steatosis [17]. Changes in
the hepatic steatosis index are shown in Figure 2. The hepatic
steatosis index significantly decreased after 24 months in all
patients and patients who switched from XO inhibitors.

Correlations between serum UA levels and eGFR at base-
line and 24 months after starting dotinurad

Correlations between serum UA levels and eGFR at baseline
and 24 months after starting dotinurad are shown in Figure 3.
Serum UA levels were not significantly correlated with eGFR
at baseline and 24 months after starting dotinurad.

Correlations between urine UA levels and eGFR at base-
line and 24 months after starting dotinurad

Correlations between urine UA levels and eGFR at baseline
and 24 months after starting dotinurad are shown in Figure 4.
Urine UA levels were not significantly correlated with eGFR
at baseline. However, urine UA levels were significantly and
positively correlated with eGFR at 24 months after the start of
dotinurad.

Changes in eGFR after starting dotinurad from baseline

The changes in eGFR after 6, 12, 18, and 24 months from
baseline in all patients, those naive to UA-lowering drugs, and
those who switched from XO inhibitors are shown in Figure
5. In all patients, eGFR significantly decreased at 12, 18, and
24 months after starting dotinurad compared with baseline.
In patients naive to UA-lowering drugs, over the 12 months
after starting dotinurad, eGFR changed little, and eGFR re-
covered to baseline after 12 months. A significant decrease in
eGFR compared with baseline was observed after 24 months
in this group. During the observational period, a significant
decline in eGFR from baseline was not observed in patients
who switched from XO inhibitors. There were no significant
differences in eGFR changes among the three groups at any
observation time.

Discussion

Pharmacologically, dotinurad decreases serum UA levels by
selectively inhibiting URAT1 and decreasing reabsorption of
urine UA, which was supported by our result that dotinurad
significantly increased urine UA and reduced serum UA dur-
ing the observation time in all patients. Although a difference
in serum UA was not observed after the switching from XO
inhibitors to dotinurad, an elevation in urine UA (P < 0.05 vs.
baseline) was observed in such patients. Dotinurad showed a
UA-lowering effect equivalent to that of XO inhibitors that
reduce UA production. Furthermore, in our study, the dose-
dependent reduction in serum UA was observed. Interestingly,
such a dose-dependent reduction in serum UA was more prom-
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Figure 1. Changes in serum uric acid (UA) as compared with baseline by each dose of dotinurad. Black, blue, and red circles and
error bars indicate the mean + standard error of reduced values in serum UA among patients who had taken daily 0.5, 1.0, and
2.0 mg of dotinurad, respectively. *P < 0.05 vs. patients who had taken daily 0.5 and 1.0 mg of dotinurad.
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Figure 2. Changes in the hepatic steatosis index after starting dotinurad in all patients (a), patients naive to uric acid (UA)-
lowering drugs (b), and patients who switched from xanthine oxidase (XO) inhibitors (c). *P < 0.05 vs. baseline. Circles and error
bars indicate the mean + standard error.
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Figure 3. Correlations between serum uric acid (UA) levels and estimated glomerular filtration rate (eGFR) at baseline (a) and

24 months after starting dotinurad (b).

inent after 18 months.

In the animal study conducted by Tanaka et al, after 16 -
18 weeks of HFD feeding, the mice developed considerable
obesity, and dotinurad significantly reduced the body weight
of HFD-fed mice at weeks 3 and 4 [15]. Serum TG in HFD-
fed mice was increased compared to that in normal-fat diet
(NFD)-fed mice and dotinurad significantly decreased serum
TG in both NFD- and HFD-fed mice. Furthermore, dotinurad
improved HFD-induced MASLD in mice [15]. HFD feeding
led to the development of macrovesicular steatosis, lobular in-
flammation, and hepatocellular ballooning, all of which were
dramatically attenuated by dotinurad. Serum ALT and TG
were significantly higher in HFD-fed mice than in NFD-fed
mice, and dotinurad significantly reduced serum ALT and TG
in HFD-fed mice.

In line with these preclinical findings from the animal
study by Tanaka et al, our human cohort exhibited a reduction
in body weight, an improvement in liver function, a decrease
in hepatic steatosis index, and an improvement in serum lipid
profile.

URATT action has been suggested to be enhanced in the
insulin-resistant state, as represented by metabolic syndrome,

presumably via persistent exposure to hyperinsulinemia [3, 15,
18, 19]. Conversely, enhanced URAT1 action may induce in-
sulin resistance, leading to a vicious cycle. The development
of MASLD is mediated by multiple factors, such as elevated
pro-inflammatory cytokines released from adipose tissues,
dyslipidemia, and hyperuricemia [20]. In addition, hyperurice-
mia directly induces fat accumulation and inflammation in
hepatocytes and adipose tissue through URAT1 [21]. Thus, we
assume that dotinurad improved obesity and MASLD by in-
hibiting extracellular UA uptake in adipose tissue and hepato-
cytes via URAT1, reducing lipid deposition and inflammation.
UA enters the liver via URAT1, and induces inflammation and
oxidative stress, which upregulates the genes associated with
fatty acids (FAs) and lipids synthesis, such as sterol regulatory
element-binding protein 1¢ (SREBP-1c) and stearoyl-CoA de-
saturase 1 (SCD-1), and downregulates the genes associated
with FA oxidation such as peroxisome proliferator-activated
receptor alpha (PPARa) and carnitine palmitoyl-transferase
1 (CPT-1) [22]. The inhibition of UA entry into the liver via
URATI by dotinurad may upregulate the genes associated
with FA oxidation and may downregulate the genes associated
with FA and lipids synthesis, which can explain an improve-
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Figure 4. Correlations between urine uric acid (UA) levels and estimated glomerular filtration rate (eGFR) at baseline (a) and 24

months after starting dotinurad (b).

ment in serum lipids by dotinurad in our study [22].

UA is taken up into the adipocytes via URAT! and in-
duces reactive oxygen species (ROS) synthesis and inflamma-
tion, impairing systemic insulin resistance [23]. ROS inhibi-
tion has been shown to lead to uncoupling protein 1 (UCP1)
activation and vice versa in brown adipocytes [24]. Tanaka et
al confirmed extracellular uptake of UA into brown adipocytes
via URAT1 and that HFD feeding induced ROS synthesis in
adipose tissue [15]. Dotinurad reduced ROS levels, leading to
the upregulation of UCP1 in adipose tissue [15]. Upregulation
of UCP1 resulting from reduced ROS production by blocking
UA entry to adipose tissue by dotinurad might have induced
body weight loss in our study.

Epidemiological studies have reported a significant asso-
ciation between hyperuricemia and CKD [14]. Hyperuricemia
contributes to the development of glomerulosclerosis and in-
terstitial fibrosis [25, 26]. Hyperuricemia may aggravate kid-
ney damage through renin-angiotensin system activation [25,
27], induction of macrophage infiltration, renal tubular epithe-
lial to mesenchymal transition, and increased expression of
inflammatory mediators [28].

Another URAT1 inhibitor compound 18 with cytoprotec-
tive efficacy was recently identified by screening an internal
library against hyperuricemia using a UA-induced HK-2 cell
injury model [29]. Compound 18 significantly reduced serum
UA levels by inhibiting URAT1 activity and improved kidney
function by lowering serum creatinine and urea nitrogen levels
while attenuating tubular dilation and inflammatory cell in-
filtration in the kidneys in hyperuricemic nephropathy mice.
Additionally, it suppressed the release of the proinflammatory
cytokines interleukin 1 beta (IL-1f) and tumor necrosis factor-
alpha (TNF-a) and reduced kidney fibrosis.

In our study, another selective inhibitor of URATI,
dotinurad, significantly reduced UACR at 24 months after
starting dotinurad compared to baseline in all patients and pa-
tients naive to UA-lowering drugs. In patients naive to UA-
lowering drugs, over the 12 months after starting dotinurad,
eGFR changed little, and eGFR recovered to baseline after 12
months. These results suggest that dotinurad improved renal
function by blocking the entry of UA into the kidney. A signifi-
cant and positive correlation between urine UA and eGFR at
24 months supports this hypothesis.
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Figure 5. Changes in estimated glomerular filtration rate (eGFR) after 6, 12, 18, and 24 months from baseline in all patients (a),
patients naive to uric acid (UA)-lowering drugs (b), and patients who switched from xanthine oxidase (XO) inhibitors (c). We set
the baseline data of each patient as 100% and evaluated the changes in eGFR as percent changes in each observation period.
*P < 0.05 vs. baseline. Circles and error bars indicate the mean + standard error.

Furthermore, dotinurad showed a significant reduction
in UACR at 6 months after starting dotinurad compared to
baseline in all patients and patients who switched from XO
inhibitors. Patients who switched from XO inhibitors did not
show a significant decrease in eGFR after starting dotinurad
compared to baseline at any time. An improvement in renal
function due to switching from XO inhibitors to dotinurad
may be associated with an inhibition of ABCG2 by XO in-
hibitors.

ABCQG?2 is a high-capacity UA exporter [30], and ABCG2
is also a major transporter of uremic toxins such as indoxyl
sulfate (IS) [31]. ABCG2 regulates the pathophysiological
excretion of IS and strongly affects CKD survival rates [32].
Dotinurad has no effect on ABCG2 [33]. However, febuxostat
(XO inhibitor) completely inhibits ABCG2, and topiroxostat
(XO inhibitor) inhibits ABCG2 by over 80% [34]. CKD pa-
tients accumulate uremic toxins in the body. Over 80% of pa-
tients who switched from XO inhibitors had taken febuxostat
or topiroxostat. Over 70% of patients had CKD at baseline.
Such backgrounds may induce an improvement in renal func-
tion due to switching from XO inhibitors to dotinurad. High
selectivity for URAT1 without inhibiting ABCG2 of dotinurad
may be beneficial for suppressing CKD progression.

However, eGFR significantly decreased at 12, 18, and 24
months after starting dotinurad compared with baseline in all
patients. It seems that GFR was significantly reduced after the
dotinurad therapy. Over 70% of patients had CKD, and over
65% of patients had type 2 diabetes at baseline, suggesting

330

that approximately two-thirds of patients had diabetic kidney
disease (DKD). In the Japanese CKD cohort study, the annual
decline of eGFR in DKD patients was reported to be 2.96 mL/
min/1.73 m? [35]. In our study, the annual decline of eGFR was
approximately 1.9 mL/min/1.73 m?, indicating that dotinurad
would rather retard eGFR decline. However, to elucidate this,
a prospective randomized controlled trial comparing dotinurad
to placebo should be performed in the future.

After 12 months, HbAlc showed a small (0.1%) but sta-
tistically significant increase in patients who switched from
XO inhibitors. The cause of this phenomenon is currently un-
known, but it should be studied in the future.

Limitations of the study need to be addressed. This is a
retrospective observational study, limiting inferences of cau-
sality and its direction. Although we did not change treat-
ments for diabetes, hypertension, and dyslipidemia inten-
tionally during the observation period, we cannot deny the
beneficial role of the concomitant assumption of other drugs,
including the aspect of synergism and/or the possible interac-
tion between dotinurad and other treatments for metabolic
parameters. Lack of information for diet and physical activity
may be also limitation in the study. The most fundamental
limitation lies in its design as a retrospective observational
study without a control group. This makes it impossible to
establish definitive causal relationships between dotinurad
treatment and observed changes in metabolic parameters
and renal function. To address fundamental design issues, a
prospective randomized controlled trial comparing dotinurad
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to placebo or standard treatment would provide more robust
evidence.

Conclusion

Pharmacologically, dotinurad decreases serum UA levels, by
selectively inhibiting URAT1 and decreasing renal reabsorp-
tion of UA, which was supported by our result that dotinurad
significantly increased urine UA and reduced serum UA. In
addition to UA-lowering, dotinurad was associated with an
improvement in body weight, liver function, hepatic steatosis
index, and serum lipids, which may be induced by the block-
ing of entry of UA via URAT1 to the liver and adipose tissue.
Dotinurad was associated with reduced albuminuria and the
maintenance of eGFR in patients naive to UA-lowering drugs,
suggesting that dotinurad improved renal function by blocking
the entry of UA into the kidney. The switching from XO inhib-
itors to dotinurad was beneficial for UACR and maintaining
eGFR. ABCQG2 regulates renal and intestinal excretion of IS
and strongly affects CKD prognosis. Febuxostat and topirox-
ostat are strong ABCG?2 inhibitors, decreasing renal and intes-
tinal IS excretion, which unfavorably affects renal function.
Therefore, the switching from XO inhibitors to dotinurad,
which does not inhibit ABCG2, may be beneficial for UACR
and maintaining eGFR in CKD patients with hyperuricemia.
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