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Introduction: Enarodustat (JTZ-951) is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor that

might be a new therapeutic approach for managing anemia in patients with chronic kidney disease (CKD).

We evaluated the efficacy (noninferiority to darbepoetin alfa [DA]) and safety of enarodustat in Japanese

anemic patients with CKD not requiring dialysis.

Methods: Erythropoiesis-stimulating agent (ESA)–naïve patients and ESA-treated patients were random-

ized at a 1:1 ratio to receive enarodustat orally once daily or DA subcutaneously every 2 or 4 weeks for 24

weeks, respectively. Subjects in each arm had dose adjustments every 4 weeks to maintain their hemo-

globin (Hb) level within the target range (10 to 12 g/dl). The primary endpoint was the difference in the

mean Hb level between arms during the evaluation period defined as weeks 20 to 24 (noninferiority

margin: –0.75 g/dl).

Results: The mean Hb level during the evaluation period in the enarodustat arm was 10.96 g/dl (95%

confidence interval [CI]: 10.84 to 11.07 g/dl) with a difference of 0.09 g/dl (95% CI: �0.07 to 0.26 g/dl) be-

tween arms, establishing its noninferiority to DA. Nearly 90% of subjects in both arms maintained a mean

Hb level within the target range. Compared with DA, enarodustat was associated with decreased hepcidin

and ferritin, and increased total iron-binding capacity. There were no apparent differences in the incidence

of adverse events between arms (65.4% [enarodustat], 82.6% [DA]).

Conclusions: The efficacy of enarodustat was comparable to DA in anemic patients with CKD not requiring

dialysis. No new safety concerns were identified compared with DA.
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KD is a major health issue that affects approxi-
mately 9% of the population worldwide, with a

significant increase in the number of people receiving
renal replacement therapy from 1990 to 2017.1 Anemia
is a common complication of CKD and its prevalence
increases as the estimated glomerular filtration rate
(eGFR) decreases.2 Anemia in CKD is associated with
increased risk of CKD progression, cardiovascular
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disease, and mortality.3–5 Therefore, several clinical
practice guidelines recommend the management of
anemia in CKD patients.6–8

ESAs are the standard therapy for anemia in CKD
together with oral or intravenous iron supplementation.
It has been reported that treatment of anemia in CKD
patients with ESAs improved their quality of life9 and
might restrain the progression of renal dysfunction.10,11

However, the administration of ESAs with a high Hb
target did not result in a marked difference in quality
of life of CKD patients.12 Rather, this was associated
with an increased risk of cardiovascular events, stroke,
and mortality.13–15 The results of subsequent analyses
in the Correction of Anemia With Epoetin Alfa in
Chronic Kidney Disease (CHOIR) study showed that the
administration of high doses of recombinant human
Kidney International Reports (2021) 6, 1840–1849
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erythropoietin, rather than high target Hb level, was
associated with poor prognoses.16,17 In addition, a
meta-analysis demonstrated that ESA treatment did not
delay the progression of CKD.18

Hypoxia-inducible factor (HIF)–prolyl hydroxylase
inhibitors are a new class of agents currently under
investigation for the treatment of anemia in CKD pa-
tients.19 HIF is a transcription factor that has a general
role in the physiological response to hypoxia by
regulating the expression of several genes including
those associated with endogenous erythropoietin pro-
duction and iron mobilization.20–22

Enarodustat (JTZ-951) is an orally available HIF–prolyl
hydroxylase inhibitor for the treatment of anemia in CKD
patients.23–25 Enarodustat is likely to broaden treatment
options for anemic patients not on dialysis because of its
different mode of administration, thereby avoiding pain
associated with parenteral ESA administration and
allowing for a reduced number of hospital visits for an
injection. In a phase 2b study in Japanese anemic pa-
tients with CKD not requiring dialysis, enarodustat dose-
responsively increased Hb levels, and maintained Hb
levels with physiological erythropoietin levels.24 The
objective of this phase 3 study (phase 3 StudY to
compare the efficacy and safety of enarodustat with
darbepoetin alfa in aneMic Patients with cHrOnic
kidNeY disease Not requiring Dialysis [SYMPHONY ND])
was to evaluate and compare the relative efficacy and
safety of enarodustat in Japanese anemic patients with
CKD not requiring dialysis with DA.

MATERIALS AND METHODS

Study Design

This was a randomized, open-label, active controlled,
parallel-arm trial conducted in Japan from February
2018 to June 2019. Active control, DA, was supplied by
Kyowa Kirin Co., Ltd. The study consisted of a 4-week
screening period, 24-week treatment period, and a 2-
week follow-up period. The treatment period con-
sisted of a 4-week initial treatment period with fixed
initial dose and 20-week maintenance treatment period
with dose adjustments based on the Hb level.

The study was registered with the Japan Pharma-
ceutical Information Center (JapicCTI-183870) and was
conducted in accordance with the ethical principles of
the Declaration of Helsinki and the Guidelines for Good
Clinical Practice of the Japanese Ministerial Ordinance.
The study was approved by the Institutional Review
Board of each participating study site. All patients
provided written informed consent before participation.

Subjects

Patients ($20 years old) with CKD not requiring dialysis
(eGFR <60 ml/min/1.73 m2) who were unlikely to
Kidney International Reports (2021) 6, 1840–1849
receive renal replacement therapy during the study were
recruited. The patients consisted of two subpopulations:
ESA-naïve patients (not received ESA within 12 weeks
before screening visit 1) and ESA-treated patients
(received stable ESA within 8 weeks before screening
visit 1). Main inclusion criteria were predefined Hb level
for each subpopulation (ESA-naïve and ESA-treated pa-
tients), and transferrin saturation (TSAT) >20% or
ferritin >50 ng/ml at screening visit 1. Patients who had
received erythrocyte transfusion within 12 weeks before
screening visit 1, were suspected to have anemia caused
by noninfectious chronic inflammatory disease, or had
intact-parathyroid hormone $500 pg/ml at screening
visit 1 were excluded (see Supplementary Summary of
Eligibility Criteria).

Intervention

ESA-naïve and ESA-treated subjects were randomly
assigned at a ratio of 1:1 to the enarodustat arm (once
daily oral administration) or DA arm (subcutaneous
administration every 2 or 4 weeks). Subjects assigned
to the enarodustat arm received 2 mg/d as the initial
dose. In the DA arm, ESA-naïve patients received
30 mg/2 wks as the initial dose whereas dose and
frequency administered to ESA-treated patients were
determined based on their prior ESA regimen. From
week 4 onward, the dose was adjusted every 4 weeks
within the range of 1 to 8 mg/d in the enarodustat arm
or in the range of 15 to 180 mg/2 or 4 wks in the DA
arm to maintain Hb levels within the target range
($10.0 g/dl and #12.0 g/dl).

While subjects in the enarodustat arm were in the
screening period or the initial treatment period
(or subjects in the DA arm were in the screening
period), intravenous iron preparations were prohibited.
However, stable oral iron preparations were permitted
if they have been used before the screening period.
During the maintenance treatment period, iron
replacement therapy was implemented in principle, in
consideration of Hb level, if ferritin was #100 ng/ml or
TSAT was #20%.

Assessments

The primary endpoint was difference in the mean Hb
level between arms during the evaluation period. Hb
level during the evaluation period was defined as the
mean Hb level at weeks 20, 22, and 24 or at discon-
tinuation corresponding to week 24. Additionally, the
difference in the mean Hb level at the end-of-treatment
(EOT) period defined as the mean of the last two or
three measurements (e.g., EOT, the previous timepoint
and the second to last timepoint before EOT if efficacy
was assessed three times or more from week 4 onward)
was evaluated as the sensitivity analysis.
1841



Table 1. Subject characteristics (per protocol set)

Characteristic
Enarodustat arm

(n [ 97)
DA arm

(n [ 96)

Age, mean (SD), yrs 70.4 (9.1) 68.9 (9.1)

Male 61 (62.9) 47 (49.0)

Body weight, mean (SD), kg 60.2 (10.0) 60.9 (12.7)

eGFR, mean (SD), ml/min/1.73 m2 18.6 (10.1) 17.3 (8.3)

<15 47 (48.5) 48 (50.0)

#15 to <30 37 (38.1) 41 (42.7)

#30 13 (13.4) 7 (7.3)

Primary disease of CKD

Chronic glomerulonephritis 28 (28.9) 23 (24.0)

Diabetic nephropathy 30 (30.9) 32 (33.3)

Nephrosclerosis 29 (29.9) 28 (29.2)

Other 10 (10.3) 13 (13.5)

Use of prior ESA

ESA-naïve 45 (46.4) 45 (46.9)

ESA-treated 52 (53.6) 51 (53.1)

Prior ESA

rHuEPO 0 0

DA 25 (25.8) 33 (34.4)

Epoetin beta pegol 27 (27.8) 18 (18.8)

Prior ESA dose, mean (SD)

rHuEPO, IU/2 wks NA NA

DA mg/4 wks 75.6 (51.3) 72.7 (45.0)

Epoetin beta pegol, mg/4 wks 64.8 (47.2) 79.2 (47.9)

Oral iron 15 (15.5) 16 (16.7)

CKD, chronic kidney disease; DA, darbepoetin alfa; eGFR, estimated glomerular filtration
rate; ESA, erythropoiesis-stimulating agent; rHuEPO, recombinant human erythropoietin;
NA, not applicable.
Body weight and eGFR at screening visit 1 are shown. The number of patients taking
oral iron at screening visit 1 is shown. Values shown are n (%) unless otherwise stated.
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The secondary endpoints included the time course of
Hb levels, proportion of subjects who maintained Hb
levels within the target range, mean prescribed dose,
and number of dose adjustments. Furthermore, the Hb
level increase rate per week and the proportion of Hb
level within � 1.0 g/dl from week 0 were evaluated
during the initial treatment period in ESA-naïve sub-
jects and ESA-treated subjects, respectively. In addi-
tion, iron-related parameters were examined as other
efficacy endpoints.

Safety assessments included adverse events (AEs)
occurring after the start of treatment, laboratory tests,
vital signs, standard 12-lead electrocardiogram, chest
X-ray, and fundoscopy, although no primary safety
endpoint was set. The investigator confirmed the
findings of fundoscopy performed before the start of
treatment and the end of treatment, and determined
whether the new or exacerbated findings were clini-
cally significant. Other assessments included vascular
endothelial growth factor (VEGF) and renal function–
related parameters.

Statistical Analysis

All analyses were performed using SAS version 9.2 or
higher (SAS Institute, Cary, North Carolina, USA). The
noninferiority margin for the difference in the mean Hb
level between arms was set to 0.75 g/dl based on the
clinical study results of existing ESAs.26 Specifically,
the difference in Hb level between with and without
ESA treatment was approximately 1.5 g/dl. Thus, the
noninferiority margin was set as 0.75 g/dl, which cor-
responds to one-half of the difference. A sample size of
86 subjects per arm was required to demonstrate that
enarodustat was as effective as DA, assuming the
noninferiority limit of �0.75 g/dl, a 5% significance
level with 90% power, and estimated a treatment dif-
ference of �0.4 � 0.7 g/dl. The target number of
subjects was set as 100 per arm in consideration of a
15% dropout rate. Simulation data generated from
10,000 runs with 86 subjects per arm indicated 100%
power to demonstrate the 95% CI of the mean Hb level
during the evaluation period was within the target
range (see Supplementary Simulation).

The primary endpoint was evaluated using the per
protocol set (PPS) consisting of subjects with a treat-
ment compliance rate of $75% who were assessed for
Hb level at all points during the evaluation period and
who met the protocol requirements. The secondary
endpoints were evaluated using the full analysis set
consisting of subjects who received the investigational
drug and were assessed for efficacy at least twice from
week 4 onward.

Regarding the primary endpoint, in accordance
with the closed testing procedure, once it was
1842
confirmed that the 95% CI for the mean Hb level in
the enarodustat arm was within the target range of Hb
level, then analysis to verify noninferiority was per-
formed. The point estimate of treatment difference
(enarodustat arm � DA arm) and its 95% CI for Hb
level during the evaluation period were determined
using analysis of covariance with the treatment arm as
the factor and baseline value of Hb level (the mean Hb
level at screening visit 1, screening visit 2 [2 weeks
after screening visit 1], and week 0) as the covariate
(significance level: 5%, two-sided). When the lower
limit of the 95% CI was above �0.75 g/dl, non-
inferiority was judged to have been demonstrated.
Sensitivity analysis was performed using the full
analysis set.

A post hoc analysis of the change in iron-related
parameters and renal function–related parameters at
week 24 was performed using the Wilcoxon rank-sum
test for a comparison between the enarodustat arm and
DA arm (significance level: 5%, two-sided). Because
this was an exploratory analysis, adjustment for mul-
tiplicity was not taken into consideration.

AEs reported after the start of study treatment were
coded using MedDRA/J version 20.0 and tabulated. For
additional tabulations, AEs of interest (“embolic and
Kidney International Reports (2021) 6, 1840–1849



Figure 1. Time course of Hb levels over time (full analysis set). (a) All subjects. (b) ESA-naïve subjects. (c) ESA-treated subjects. Each point
indicates the mean Hb level in each treatment arm and bars indicate the 95% confidence interval. Hb, hemoglobin; ESA, erythropoiesis-
stimulating agent; DA, darbepoetin alfa; EOT, end of treatment.
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thrombotic events,” “hypertension,” “malignant or
unspecified tumors,” and “retinal disorders”) were
categorized with reference to the Standardised Med-
DRA Queries.
RESULTS

Study Subject Characteristics

In total, 216 subjects (102 ESA-naïve and 114 ESA-
treated subjects) were randomly assigned to the enar-
odustat arm (n ¼ 107; 50 ESA-naïve and 57 ESA-treated
subjects) or DA arm (n ¼ 109; 52 ESA-naïve and 57
ESA-treated subjects) and 195 subjects completed the
study. The PPS included 193 subjects after the exclu-
sion of 23 subjects (10 in the enarodustat arm and 13 in
the DA arm) with <3 Hb measurements during the
evaluation period. Overall, 212 subjects were included
in the full analysis set after the exclusion of four
subjects (2 in the enarodustat arm and 2 in the DA arm)
with <2 efficacy measurements from week 4 onward.
Subject disposition is shown in Supplementary
Figure S1.

Baseline characteristics of subjects in the PPS are
shown in Table 1. Overall, baseline characteristics were
balanced between the arms. The mean eGFR was 18.6
ml/min/1.73 m2 in the enarodustat arm and 17.3 ml/
min/1.73 m2 in the DA arm, with approximately half of
the subjects having CKD stage 5. Baseline
Kidney International Reports (2021) 6, 1840–1849
characteristics of subjects in the full analysis set were
similar to those in the PPS (Supplementary Table S1).

Primary Endpoint

In the PPS, the mean Hb level during the evaluation
period was 10.96 g/dl (95% CI: 10.84 to 11.07 g/dl) in
the enarodustat arm and 10.87 g/dl (95% CI: 10.75 to
10.99 g/dl) in the DA arm. The 95% CI of the mean Hb
level in the enarodustat arm was within the target
range of Hb level ($10.0 g/dl and #12.0 g/dl). The
least squares mean of the difference between arms was
0.09 g/dl (95% CI: �0.07 to 0.26 g/dl), establishing its
noninferiority to DA. Results of sensitivity analysis
were in line with the primary analysis results (differ-
ence: 0.13 g/dl, 95% CI: –0.04 to 0.30 g/dl).

Hb Levels

In each arm, 24-week treatment with dose adjustments
maintained Hb levels within the target range
(Figure 1a). The proportion that achieved a mean Hb
level within the target range during the EOT period
was 88.6% (95% CI: 80.9% to 94.0%) in the enar-
odustat arm and 87.9% (95% CI: 80.1% to 93.4%) in
the DA arm.

During the overall treatment period, the mean
prescribed dose of enarodustat was 2.68 mg/d, which
was comparable to the initial dose (2 mg/d). More
than 80% of subjects required two or fewer dose
1843



Figure 2. Changes in iron-related parameters (full analysis set). (a) ESA-naïve subjects; (b) ESA-treated subjects. Each point indicates the
median value in each treatment arm and bars indicate Q1 and Q3. Post hoc analysis was performed for changes in week 24, which were
compared with week 0 using the Wilcoxon signed-rank test and between both arms using the Wilcoxon rank sum test (significance level: 5%,
two-sided). Adjustment for multiplicity was not performed. *P < 0.05 and **P < 0.0001 for comparisons with week 0, †P < 0.05 and ††P < 0.0001
for comparisons between both arms. BL, baseline; DA, darbepoetin alfa; ESA, erythropoiesis-stimulating agent; TIBC, total iron-binding capacity;
TSAT, transferrin saturation. (Continued)
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adjustments in the enarodustat arm (no dose
adjustment: 18.1%, one: 34.3%, two: 29.5%). The
mean weekly prescribed doses of DA were 15.701 mg
from week 0 to week 4 and 16.230 mg during the
treatment period. Similarly, in the DA arm, more
than 80% of subjects required two or fewer dose
adjustments.

The time course of Hb levels in ESA-naïve subjects
and ESA-treated subjects is shown Figure 1b and c,
respectively. The mean Hb levels during the evaluation
period in ESA-naïve subjects and ESA-treated subjects
of the enarodustat arm were comparable: 10.99 g/dl
(95% CI: 10.84 to 11.13 g/dl) and 10.93 g/dl (95% CI:
10.75 to 11.11 g/dl), respectively. Changes in Hb level
from week 0 to week 4 in each subpopulation are
shown in Supplementary Table S2.

In ESA-naïve subjects, the mean change in Hb from
week 0 after 4 weeks of enarodustat treatment was 0.32
g/dl (95% CI: 0.13 to 0.51 g/dl) with no evidence
suggesting a rapid Hb increase (i.e., >2.0 g/dl in 4
weeks). The increase rate in Hb level per week esti-
mated using the mixed effect model was 0.079 g/dl per
week (95% CI: 0.033 to 0.125 g/dl per week).

In ESA-treated subjects, the mean change in Hb
after 4 weeks of enarodustat treatment was –0.26 g/dl
1844
(95% CI: –0.45 to –0.08 g/dl). The proportion of
subjects who achieved an Hb level within � 1.0 g/dl
from week 0 was 87.7% (95% CI: 76.3 to 94.9%),
with a stable Hb level after switching from existing
ESA therapy.
Iron-Related Parameters

The time-courses of change in iron-related parameters
are shown in Figure 2. Iron-related parameters at
week 0 and week 24 are shown in Supplementary
Table S3. In the enarodustat arm, ferritin and hepci-
din were decreased and total iron-binding capacity
(TIBC) was increased during the treatment period in
ESA-naïve and ESA-treated subjects. Post hoc analysis
revealed that changes in ferritin, hepcidin, and TIBC
at week 24 were significantly different in each sub-
population between arms. TSAT was continuously
decreased compared with week 0 in ESA-treated
subjects and was related to increased TIBC and un-
changed serum iron, but did not fall below 20%
during the treatment period. One subject in the
enarodustat arm received intravenous iron prepara-
tions. Overall, 42 of 105 (40.0%) subjects in the
enarodustat arm and 44 of 107 (41.1%) subjects in
Kidney International Reports (2021) 6, 1840–1849



Figure 2. (Continued)
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the DA arm received oral iron preparations during the
study period.

Safety

All 216 subjects (107 in the enarodustat arm and 109
in the DA arm) were included the safety population.
No death occurred in the enarodustat arm and one
death from drowning, considered unrelated to the
investigational drug, occurred in the DA arm. Except
for death, 15 serious adverse events (SAEs) occurred
in 13 subjects in the enarodustat arm, and 14 SAEs
occurred in 11 subjects in the DA arm. Four SAEs
(fluid retention, hyperkalemia, edema, and pneu-
monia) were judged to be related to enarodustat.
Overall, 65.4% of subjects receiving enarodustat and
82.6% of subjects receiving DA experienced at least
one AE. No apparent differences are noted between
ESA-naïve and ESA-treated subjects in the enarodu-
stat arm in terms of the incidence of AE. The most
frequent AE in the enarodustat arm was viral upper
respiratory tract infection (17.8% vs. 22.9% for DA).
Four subjects in the enarodustat arm discontinued the
study treatment because of AEs versus five subjects
in the DA arm. AEs reported in at least 5% of subjects
in any treatment arm and AEs of interest (“embolic
and thrombotic events,” “hypertension,” “malignant
or unspecified tumors,” and “retinal disorders”) are
summarized in Table 2. There were no clinically sig-
nificant changes in laboratory tests, VEGF, vital signs,
Kidney International Reports (2021) 6, 1840–1849
standard 12-lead electrocardiogram, chest X-ray, and
fundoscopy.

Renal Function–Related Parameters

Renal function–related parameters (eGFR and urine
protein), measured at week 0 and week 24, are shown
in Supplementary Table S4. eGFR at week 24 was not
decreased compared with week 0, although urine pro-
tein at week 24 was increased in the enarodustat arm.
Post hoc analysis revealed that changes in urine protein
at week 24 did not reach statistically significant dif-
ferences between arms.

DISCUSSION

In this SYMPHONY ND study, 216 subjects with ane-
mia associated with CKD not requiring dialysis were
randomly assigned to receive enarodustat or DA. Sub-
jects in the study successfully maintained Hb levels
and its 95% CI within the 10.0 to 12.0 g/dl target range
when adjusting for enarodustat dose in the range of
1 to 8 mg. The primary efficacy analysis demonstrated
the noninferiority of enarodustat relative to DA. Dur-
ing the EOT period, the proportion that achieved a
mean Hb level within the target range was high in the
enarodustat arm and comparable between treatment
arms.

Consistent with a previous report,24 a positive Hb
level increase rate per week and a change in Hb levels
were observed in ESA-naïve subjects administered 2
1845



Table 2. Adverse events reported in 5% or more subjects and adverse events of interest
Enarodustat arm DA arm

ESA-naïve (n [ 50) ESA-treated (n [ 57) Total (n [ 107) ESA-naïve (n [ 52) ESA-treated (n [ 57) Total (n [ 109)

AEs ($5% subjects),

Any AEs 36 (72.0) 34 (59.6) 70 (65.4) 45 (86.5) 45 (78.9) 90 (82.6)

Viral upper respiratory tract infection 9 (18.0) 10 (17.5) 19 (17.8) 8 (15.4) 17 (29.8) 25 (22.9)

Diarrhea 1 (2.0) 2 (3.5) 3 (2.8) 3 (5.8) 6 (10.5) 9 (8.3)

Upper respiratory tract inflammation 1 (2.0) 1 (1.8) 2 (1.9) 5 (9.6) 2 (3.5) 7 (6.4)

Contusion 1 (2.0) 0 (0) 1 (0.9) 2 (3.8) 4 (7.0) 6 (5.5)

Embolic and thrombotic events 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Hypertension 2 (4.0) 3 (5.3) 5 (4.7) 2 (3.8) 3 (5.3) 5 (4.6)

Blood pressure increased 2 (4.0) 2 (3.5) 4 (3.7) 1 (1.9) 1 (1.8) 2 (1.8)

Hypertension 0 (0) 1 (1.8) 1 (0.9) 1 (1.9) 2 (3.5) 3 (2.8)

Malignant or unspecified tumors 0 (0) 0 (0) 0 (0) 2 (3.8) 1 (1.8) 3 (2.8)

Malignant neoplasm of renal pelvis 0 (0) 0 (0) 0 (0) 1 (1.9) 0 (0) 1 (0.9)

Gastric cancer 0 (0) 0 (0) 0 (0) 1 (1.9) 0 (0) 1 (0.9)

Soft tissue neoplasm 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.8) 1 (0.9)

Retinal disorders 3 (6.0) 1 (1.8) 4 (3.7) 1 (1.9) 0 (0) 1 (0.9)

Retinal hemorrhage 2 (4.0) 0 (0) 2 (1.9) 0 (0) 0 (0) 0 (0)

Retinal tear 0 (0) 1 (1.8) 1 (0.9) 0 (0) 0 (0) 0 (0)

Retinal detachment 1 (2.0)a 0 (0) 1 (0.9)a 0 (0) 0 (0) 0 (0)

Macular edema 1 (2.0)a 0 (0) 1 (0.9)a 0 (0) 0 (0) 0 (0)

Diabetic retinal edema 0 (0) 0 (0) 0 (0) 1 (1.9) 0 (0) 1 (0.9)

AE, adverse event; DA, darbepoetin alfa; ESA, erythropoiesis-stimulating agent.
Values shown are n (%).
aAEs occurred in the same subject.
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mg/d enarodustat without any evidence of rapid Hb
increase. In addition, a simple dosing conversion
scheme was effective at providing stable Hb mainte-
nance, regardless of previous ESA dose, in subjects
converting from existing ESAs to enarodustat. These
findings suggest that Hb levels in subjects with enar-
odustat were properly controlled regardless of prior
ESA use, and despite change in therapy, especially the
route of drug administration.

SYMPHONY ND is the first study in which changes
in iron-related parameters during enarodustat treat-
ment were evaluated in anemic patients with CKD not
requiring dialysis and then compared with DA, which
has a relatively long half-life. In the enarodustat arm,
changes in TIBC, ferritin, and hepcidin occurred in the
4-week initial treatment period, and sustained effects
on these iron-related parameters were confirmed in the
20-week maintenance treatment period. In the DA arm,
similar effects on ferritin and hepcidin were noted 2
weeks after treatment initiation, and a trend toward
returning to baseline levels appeared as early as week
4. Although it was reported that erythropoietin pro-
duction induced by HIF leads to the production of
erythroferrone by erythroblasts, which limits the gene
expression of hepcidin from the liver,27 differences in
changes of iron parameters between the two arms may
be attributed to different mechanisms of action and
dosing intervals. Therefore, it is expected that enar-
odustat might be a new therapy to treat anemia with
CKD and provide better iron availability. However, no
1846
apparent differences between the two arms was noted
in terms of the number of subjects who were admin-
istered iron replacement therapy during the study
because the study was not designed to identify this and
iron supplementation was allowed when ferritin
was <100 ng/ml or TSAT was <20% under the
discretion of the investigators. Thus, future well-
designed investigations are required to clarify the
iron use effects of enarodustat.

Regarding safety, no AEs were more frequently re-
ported in the enarodustat arm compared with the DA
arm. For AEs of interest, “embolic and thrombotic
events” did not occur in either arm. The occurrence of
“hypertension” was not different between the treat-
ment arms, and no clinically significant changes in
mean blood pressure were observed during the treat-
ment period (data not shown). Theoretically, HIF is
associated with tumorigenesis and proangiogenic ef-
fects mediated by VEGF.28–30 However, no “malignant
or unspecified tumors” were reported in the enarodu-
stat arm. Although “retinal disorders” were numeri-
cally higher in the enarodustat arm, no moderate or
severe AEs were reported, and no AEs resulted in
treatment discontinuation. As previously reported in
nonclinical studies,23 retinal VEGF mRNA levels and
retinal vascular permeability were unchanged after
enarodustat administration although increased plasma
VEGF levels were confirmed. In the current study, no
subjects with event(s) categorized as “retinal disorders”
demonstrated increased VEGF (Supplementary
Kidney International Reports (2021) 6, 1840–1849
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Table S5). It has been reported that there are relation-
ships between CKD and ocular disease (e.g., age-related
macular degeneration or diabetic retinopathy), and that
the prevalence of fundus pathology increased as CKD
worsened.31–33 Thus, VEGF-related retinochoroidal risk
is considered low, but should be carefully assessed in
clinical studies with longer durations.

HIF activation has the potential to protect against
kidney disease by the optimization of cellular adaptive
response to hypoxic conditions, which is supported by
the fact that enarodustat has shown renal protective
effects in both acute kidney disease and CKD models
(e.g., ischemia-reperfusion, CKD, and diabetic kidney
disease).34–37 Furthermore, enarodustat suppressed the
transformation of renal interstitial fibroblasts, indi-
cating its potential as a treatment option for renal
fibrosis, which is the terminal pathway involved in the
progression of CKD characterized by tubulointerstitial
fibrosis.38 In the present study, the decrease of eGFR in
the DA arm appeared to be within the natural course of
CKD progression39 and was numerically slower that in
the enarodustat arm. No subjects in the enarodustat
arm discontinued the study because of the introduction
of dialysis.

We acknowledge certain limitations of the SYM-
PHONY ND study. First, the study period was rela-
tively short. The long-term safety of enarodustat
should be evaluated, especially events related to
“retinal disorders” and “malignant or unspecified tu-
mors.” Second, the sample size was insufficient to
characterize effects on CKD progression. A large-scale
event study will be required to determine potential
renoprotective effects mediated by enarodustat.

In conclusion, the results of SYMPHONY ND
demonstrate that orally administered enarodustat was
as effective as subcutaneously administered DA for
increasing and maintaining Hb levels. Enarodustat was
well-tolerated, and no new safety related concerns were
identified compared with DA.
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