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Abstract

Enarodustat (JTZ-951) is an oral hypoxia-inducible factor prolyl hydroxylase

inhibitor developed for treating anemia in chronic kidney disease. Two open-

label, uncontrolled phase 3 studies evaluated the 52-week safety and efficacy

of enarodustat in Japanese anemic patients with chronic kidney disease not on

dialysis (n = 132) [SYMPHONY ND-Long study] or on maintenance hemodial-

ysis (n = 136) [SYMPHONY HD-Long study]. The most frequent adverse

events were viral upper respiratory tract infection (25.8%) followed by chronic

kidney disease (8.3%) in the SYMPHONY ND-Long study, and viral upper

respiratory tract infection (49.3%) followed by contusion (16.9%) and diarrhea

(16.9%) in the SYMPHONY HD-Long study. The incidence of any adverse

events did not increase over time. Mean hemoglobin levels and 95% confidence

intervals were maintained within the target range (10.0–12.0 g/dl) over

52 weeks in both studies. The long-term safety and efficacy of enarodustat

were confirmed in Japanese anemic patients with chronic kidney disease.
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1 | INTRODUCTION

Anemia is a common complication of chronic kidney dis-
ease (CKD) mainly caused by a reduction in endogenous
erythropoietin (EPO) production[1] in combination with
other factors including disordered iron homeostasis,[2]

and shortened erythrocyte survival.[3] It was reported that
renal anemia is a component of cardio-renal anemia

syndrome, which accelerates progressive renal dysfunc-
tion and increases the risk of cardiovascular disease.[4–6]

Therefore, it is important to manage the treatment of
anemia in CKD patients.

Hypoxia-inducible factor (HIF), a transcription factor
that regulates the expressions of downstream target genes
involved in EPO production and iron metabolism, is reg-
ulated by a family of oxygen-sensitive enzymes termed
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prolyl-hydroxylases (PH).[7–9] HIF-PH inhibitors are a
new class of agents for the treatment of anemia in
patients with CKD. They are expected to be alternatives
to erythropoiesis stimulating agents (ESAs), the standard
therapy for renal anemia, because HIF-PH inhibitors
have the advantage of mediating their effects through the
HIF pathway leading to endogenous EPO production and
improved iron utilization.[10]

Enarodustat (JTZ-951) is a new orally available HIF-
PH inhibitor developed by Japan Tobacco Inc.[11] In late
phase 2 studies, enarodustat showed a dose–response
relationship and maintenance effect on hemoglobin
(Hb) levels over 30 weeks with a well-tolerated safety
profile in Japanese anemic patients with CKD.[12, 13] In
addition, its non-inferiority to darbepoetin alpha (DA) for
the control of mean Hb levels between 20 and 24 weeks
was verified and no new safety concerns compared with
DA were observed in phase 3 studies.[14, 15]

Here, we report the results of two phase 3 studies that
evaluated the long-term safety and efficacy of enarodustat
for up to 52 weeks in Japanese anemic patients with
CKD not on dialysis (SYMPHONY ND-Long study)
or on maintenance hemodialysis (SYMPHONY HD-
Long study).

2 | PATIENTS AND METHODS

2.1 | Study design

SYMPHONY ND-Long and HD-Long were multicenter,
open-label, uncontrolled, intra-individual dose adjustment,
phase 3 studies conducted in Japan. The studies consisted
of a 2- or 4-week screening (Scr) period, a 52-week treat-
ment period, and a 2-week follow-up (F-up) period.

The studies were registered with the Japan Pharma-
ceutical Information Center (JapicCTI-173699 and
JapicCTI-173700) and 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 studies were approved by the
Institutional Review Board of each participating study
site. All patients provided written informed consent prior
to participation.

2.2 | Subject population

In the SYMPHONY ND-Long study, Japanese anemic
patients with CKD not on dialysis who had not
received treatment with ESA within 12 weeks before
the Scr Visit (ESA-naïve) or had received treatment
with ESA within 8 weeks before the Scr Visit (ESA-

treated) were enrolled. Major inclusion criteria were:
(a) aged ≥20 years; (b) estimated glomerular filtration
rate based on serum creatinine (eGFRcreat) <60 ml/
min/1.73 m2 at Scr Visit; (c) transferrin saturation
(TSAT) >20% or ferritin >50 ng/ml at Scr Visit; and (d)
Hb level ≥8.0 g/dl and ≤10.5 g/dl in ESA-naïve
patients or Hb level ≥9.0 g/dl and ≤12.0 g/dl in ESA-
treated patients at Scr Visit.

In the SYMPHONY HD-Long study, Japanese anemic
patients with CKD on maintenance hemodialysis who
had received ESA treatment for 4 weeks or more before
the Scr Visit were enrolled. Major inclusion criteria were:
(a) aged ≥20 years; (b) TSAT >20% or ferritin >75 ng/ml
at Scr Visit; and (c) a pre-dialysis Hb level of ≥9.0 g/dl
and <12.0 g/dl measured after the maximum interdialytic
interval at Scr Visit.

In both studies, patients who had poorly controlled
hypertension; severe hepatobiliary disease; congestive
heart failure (New York Heart Association [NYHA] Class
III or more severe) or unstable angina; and who had
developed myocardial infarction, cerebral infarction
(excluding asymptomatic cerebral infarction), or venous
thromboembolism (pulmonary embolism or deep vein
thrombosis) during the period between 24 weeks before
the Scr Visit and Week 0 were excluded. Further details
of eligibility criteria are provided in Table S1.

2.3 | Intervention

Initial doses of 2 mg of enarodustat in the SYMPHONY
ND-Long study and 4 mg of enarodustat in the SYM-
PHONY HD-Long study were administered orally once
daily during the initial 4 weeks. Thereafter, a dose adjust-
ment was allowed in both studies every 4 weeks in the
range of 1 to 8 mg/day of enarodustat to maintain the Hb
level within the target range (10.0–12.0 g/dl). The study
treatment in both studies was discontinued when the Hb
level was <8.0 g/dl at the highest dose or when the
Hb level was increased by more than 2.0 g/dl from the
previous visit at the lowest dose.

After Week 4, in principle, intravenous or oral iron
preparations were prescribed in consideration of the
changes in Hb level: if ferritin was ≤100 ng/ml or TSAT
was ≤20%.

2.4 | Assessments

Safety assessments included adverse events (AEs) occur-
ring after the start of treatment, laboratory tests, vital
signs, standard 12-lead electrocardiogram, chest X-ray,
and fundoscopy.
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Other assessments included vascular endothelial
growth factor (VEGF), fibroblast growth factor 23 (FGF
23), TSAT, ferritin, hepcidin and eGFRcreat (only in the
SYMPHONY ND-Long study).

Efficacy assessments included the time-course of
Hb levels, mean Hb level and the achievement propor-
tion of the mean Hb level within the target range dur-
ing the end of treatment (EOT) period and the
evaluation period for 24- and 52-week treatments, the
mean prescribed dose during the evaluation period for
24- and 52-week treatments, and the mean number of
dose adjustments from Week 0 to Week 24 and from
Week 24 to 52.

2.5 | Statistical analysis

A sample size of 125 subjects was planned for both stud-
ies to provide the safety and efficacy data after 1 year of
treatment. Analysis of safety assessments was performed
using the safety analysis population (SAF), comprising
subjects who received the study treatment and who were
assessed for safety at least once. AEs reported after the
start of the study treatment were coded using the Medical
Dictionary for Regulatory Activities/Japanese (MedDRA/
J) version 20.0 and summarized. AEs of special interest
(“hypertension”, “embolic and thrombotic events”,
“malignant or unspecified tumors,” and “retinal

disorders”) were categorized with reference to the Stan-
dardized MedDRA Queries (SMQs).

Analysis of VEGF, FGF 23, and eGFRcreat was per-
formed using the SAF. Analysis of TSAT, ferritin and
hepcidin was performed using the full analysis set
(FAS), comprising subjects who received the study
treatment and who were assessed for efficacy at Week
4 (including an assessment at discontinuation at the
visit corresponding to Week 4).

Analysis of efficacy assessments was performed
using the FAS. The mean Hb level during the EOT
period was calculated with Hb levels at EOT and the
previous visit. If the Hb level was measured once from
Week 4 onward, the Hb level during the EOT period
was the Hb level at EOT. The mean Hb level during the
evaluation period for 24- and 52-week treatments was
calculated with Hb levels at Week 20 and Week 24 or at
discontinuation corresponding to Week 24, and Week
48 and Week 52 or at discontinuation corresponding to
Week 52.

3 | RESULTS

3.1 | Subject characteristics

Subject dispositions and subject characteristics are shown
in Figure 1 and Table 1. In the SYMPHONY ND-Long

FIGURE 1 Subject disposition in the SYMPHONY ND-Long and HD-Long studies. ESA, erythropoiesis stimulating agent; FAS, full

analysis set; Hb, hemoglobin; SAF, safety analysis population
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study, 132 subjects (42 ESA-naïve subjects and 90 ESA-
treated subjects) were registered to the treatment period,
of whom 39 subjects discontinued treatment. The most
frequent reason for discontinuation was AE followed by
dialysis introduction. One hundred and thirty subjects

were included in the FAS because two subjects discon-
tinued before Week 4. All subjects were included in
the SAF.

In the SYMPHONY HD-Long study, 136 subjects
were registered to the treatment period, of whom

TABLE 1 Subject characteristics in the SYMPHONY ND-Long and HD-Long studies (full analysis set)

Characteristics
SYMPHONY
ND-Long (N = 130)

SYMPHONY
HD-Long (N = 136)

Age (years), mean (SD) 70.5 (8.9) 64.3 (10.3)

Sex, n (%)

Male 67 (51.5) 82 (60.3)

Female 63 (48.5) 54 (39.7)

Body weight (kg), mean (SD) 59.27 (12.78) 61.14 (12.73)

Primary disease of CKD, n (%)

Chronic glomerulonephritis 27 (20.8) 49 (36.0)

Diabetic nephropathy 37 (28.5) 43 (31.6)

Nephrosclerosis 32 (24.6) 17 (12.5)

Other 34 (26.2) 27 (19.9)

eGFRcreat, ml/min/1.73 m2, mean
(SD)

18.16 (8.62) –

<15, n (%) 55 (42.3) –

15≤ to <30, n (%) 65 (50.0) –

30≤, n (%) 10 (7.7) –

History of hemodialysis (year), mean
(SD)

– 7.76 (7.62)

Use of Prior ESA, n (%)

ESA naïve 42 (32.3) –

ESA treated 88 (67.7) 136 (100.0)

Types of prior ESA, n (%)

rHuEPO 3 (2.3) 65 (47.8)

Darbepoetin alfa 42 (32.3) 48 (35.3)

Epoetin beta pegol 43 (33.1) 23 (16.9)

Prior ESA dose, mean (SD)a

rHuEPO, (ND-Long IU/2 weeks,
HD-Long IU/week)

4000 (1732.1) 3403.8 (2154.5)

Darbepoetin alfa, (ND-Long
μg/4 weeks, HD-Long μg/week)

68.8 (41.9) 16.20 (13.41)

Epoetin beta pegol, (μg/4 weeks) 79.1 (55.1) 105.4 (65.3)

Use of intravenous iron preparations
during the screening period, n (%)

0 (0.0) 33 (24.3)

Use of oral iron preparations
including iron-containing
phosphate binders during the
screening period, n (%)

29 (22.3) 48 (35.3)

Abbreviations: CKD, chronic kidney disease; eGFRcreat, estimated glomerular filtration rate based on serum creatinine; ESA, erythropoiesis-stimulating agent;
rHuEPO, recombinant human erythropoietin.
aMean (SD) was calculated based on the number of ESA-treated subjects.
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18 subjects discontinued treatment. The most frequent
reason for discontinuation was AE. All subjects were
included in the FAS and SAF.

3.2 | Safety assessments

Four deaths were reported during the SYMPHONY ND-
Long study, three of which (subdural haematoma,
chronic kidney disease, and plasma cell myeloma) were
judged as not related to enarodustat. The cause of the
other death was unknown because the subject died at
home. Although every effort was made to obtain the
cause of death, no further information was available. AEs
leading to study discontinuation occurred in 11.4%
(n = 15/132) of the subjects. AEs leading to study discon-
tinuation reported in ≥2 subjects were chronic kidney
disease (2.3%; n = 3/132), renal impairment (1.5%; n = 2/
132), cardiac failure congestive (1.5%; n = 2/132), and
diabetic retinopathy (1.5%; n = 2/132). The summary of
AEs and adverse drug reactions (ADRs) is shown in
Table 2. AEs and serious AEs (SAEs) except for deaths
occurred in 87.1% (n = 115/132) and 25.8% (n = 34/132)
of the subjects, respectively. The most frequent AE was
viral upper respiratory tract infection (25.8%), followed
by chronic kidney disease (8.3%). SAEs that occurred in
≥2 subjects were chronic kidney disease (5.3%), renal
impairment (2.3%), atrial fibrillation (1.5%), and cardiac
failure congestive (1.5%). ADRs and serious ADRs
(SADRs) except for deaths occurred in 13.6% (n = 18/
132) and 1.5% (n = 2/132) of the subjects, respectively.
ADRs that occurred in ≥2 subjects were hypertension
(3.0%), blood pressure increased (1.5%), and fibrin D
dimer increased (1.5%). Two SADRs occurred, which
were renal impairment and anti-neutrophil cytoplasmic
antibody-positive vasculitis. There were no severe ADRs
or SADRs.

There were no deaths in the SYMPHONY HD-Long
study. AEs leading to study discontinuation occurred in

TABLE 2 Summary of adverse events, adverse drug reactions,

and adverse events of special interest in the SYMPHONY ND-Long

study (safety analysis population)

SYMPHONY
ND-Long (N = 132)

n %

Adverse events (≥5% subjects)

Any adverse events 115 87.1

Viral upper respiratory tract
infection

34 25.8

Chronic kidney disease 11 8.3

Hypertension 10 7.6

Constipation 8 6.1

Contusion 8 6.1

Diarrhea 8 6.1

Serious adverse eventsa (≥2 subjects)

Any serious adverse events 34 25.8

Chronic kidney disease 7 5.3

Renal impairment 3 2.3

Atrial fibrillation 2 1.5

Cardiac failure congestive 2 1.5

Adverse drug reactions (≥2 subjects)

Any adverse drug reactions 18 13.6

Hypertension 4 3.0

Blood pressure increased 2 1.5

Fibrin D dimer increased 2 1.5

Serious adverse drug reactionsa

Any serious adverse drug reactions 2 1.5

Renal impairment 1 0.8

Anti-neutrophil cytoplasmic
antibody positive vasculitis

1 0.8

Hypertension 15 11.4

Hypertension 10 7.6

Blood pressure increased 4 3.0

Essential hypertension 1 0.8

Embolic and thrombotic events 1 0.8

Deep vein thrombosis 1 0.8

Malignant or unspecified tumors 1 0.8

Plasma cell myeloma 1 0.8

Retinal disorders 11 8.3

Retinal hemorrhage 4b 3.0

Diabetic retinopathy 2 1.5

Retinal tear 2c 1.5

Vitreous hemorrhage 2c 1.5

Macular degeneration 1 0.8

(Continues)

TABLE 2 (Continued)

SYMPHONY
ND-Long (N = 132)

n %

Retinal detachment 1c 0.8

Retinal exudates 1b 0.8

Vitreous floaters 1 0.8

aDeaths were excluded.
bOne subject experienced both adverse events (AEs).
cOne subject experienced both AEs.
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9.6% (n = 13/136) of the subjects; however, none of these
AEs occurred in ≥2 subjects. The summary of AEs and
ADRs is shown in Table 3. AEs and serious SAEs
occurred in 97.8% (n = 133/136) and 22.8% (n = 31/136)
of the subjects, respectively. The most frequent AE was
viral upper respiratory tract infection (49.3%), followed
by contusion (16.9%), and diarrhea (16.9%). SAEs that
occurred in ≥2 subjects were shunt occlusion (4.4%),
pneumonia (2.9%), and cholangitis (2.2%). ADRs and
SADRs occurred in 8.8% (n = 12/136) and 1.5% (n = 2/
136) of the subjects. ADRs that occurred in ≥2 subjects
were hypertension (2.9%) and eczema (1.5%). Two SADRs
occurred, which were peripheral arterial occlusive dis-
ease and brain stem infarction. There were no severe
ADRs and SADRs.

TABLE 3 Summary of adverse events, adverse drug reactions,

and adverse events of special interest in the SYMPHONY HD-Long

study (safety analysis population)

SYMPHONY
HD-Long (N = 136)

n %

Adverse events (≥5% subjects)

Any adverse events 133 97.8

Viral upper respiratory tract
infection

67 49.3

Contusion 23 16.9

Diarrhea 23 16.9

Shunt stenosis 20 14.7

Upper respiratory tract
inflammation

17 12.5

Excoriation 12 8.8

Vomiting 12 8.8

Muscle spasms 11 8.1

Back pain 10 7.4

Eczema 10 7.4

Shunt occlusion 10 7.4

Influenza 9 6.6

Pharyngitis 9 6.6

Skin exfoliation 9 6.6

Gastroenteritis 8 5.9

Constipation 7 5.1

Dermatitis contact 7 5.1

Dry eye 7 5.1

Hypertension 7 5.1

Myalgia 7 5.1

Pain in extremity 7 5.1

Serious adverse events (≥2 subjects)

Any serious adverse
events

31 22.8

Shunt occlusion 6 4.4

Pneumonia 4 2.9

Cholangitis 3 2.2

Adverse drug reactions (≥2 subjects)

Any adverse drug reactions 12 8.8

Hypertension 4 2.9

Eczema 2 1.5

Serious adverse drug reactions

Any serious adverse drug reactions 2 1.5

Peripheral arterial
occlusive disease

1 0.7

Brain stem infarction 1 0.7

TABLE 3 (Continued)

SYMPHONY
HD-Long (N = 136)

n %

Hypertension 7 5.1

Hypertension 7 5.1

Embolic and thrombotic events 17 12.5

Shunt occlusion 10 7.4

Cerebral infarction 3a 2.2

Peripheral arterial
occlusive disease

2 1.5

Brain stem infarction 1a 0.7

Transient ischaemic
attack

1 0.7

Venous occlusion 1 0.7

Malignant or unspecified tumors 3 2.2

Colon cancer 1 0.7

Gastric cancer 1 0.7

Glottis carcinoma 1 0.7

Retinal disorders 11 8.1

Retinal hemorrhage 3b 2.2

Diabetic retinopathy 3 2.2

Retinal exudates 2c 1.5

Diabetic retinal
oedema

1 0.7

Macular oedema 1c 0.7

Retinal detachment 1 0.7

Vitreous hemorrhage 1 0.7

Macular hole 1b 0.7

aOne subject experienced both adverse events (AEs).
bOne subject experienced both AEs.
cOne subject experienced both AEs.
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FIGURE 2 Box plot of C-

terminal fibroblast growth factor

23 and intact fibroblast growth

factor 23 in the (A) SYMPHONY

ND-Long and (B) SYMPHONY

HD-Long studies (safety analysis

population). cFGF 23, C-

terminal fibroblast growth factor

23; iFGF 23, intact fibroblast

growth factor 23. The bottom

and top edges of the box were

located at the 25th and 75th

percentiles of the data. Within

the box, the median (50th

percentile) is displayed as a line

and the mean is displayed as a

marker. Outliers were

observations that were more

extreme than the upper and

lower fences (±1.5 interquartile

range)

TABLE 4 Estimated glomerular

filtration rate based on serum creatinine

in the SYMPHONY ND-Long study

(safety analysis population)

Parameter

SYMPHONY ND-Long

Week 0 Week 24 Week 52

n 132 113 93

eGFRcreat
ml/min/1.73 m2, mean (SD)

18.11 (8.60) 16.58 (8.59) 16.87 (9.18)

Change from Week 0
ml/min/1.73 m2, mean (SD)

– �1.39 (2.79) �2.21 (3.83)

Abbreviation: eGFRcreat, estimated glomerular filtration rate based on serum creatinine.
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Summaries of AEs of special interest (“hyperten-
sion”, “embolic and thrombotic events”, “malignant or
unspecified tumors”, and “retinal disorders”) in the
SYMPHONY ND-Long and HD-Long studies are shown
in Tables 2 and 3.

In both studies, there were no obvious changes in
laboratory tests, VEGF, vital signs, standard 12-lead
electrocardiogram, chest X-ray, and fundoscopy.

3.3 | Fibroblast growth factor 23 and
iron related parameters

The time courses of C-terminal FGF 23 (cFGF 23) and
intact FGF 23 (iFGF 23) are shown in Figure 2. The
descriptive statistics of cFGF 23, iFGF 23, ferritin,
TSAT and hepcidin is shown in Table S2. No obvious

changes in the median cFGF 23 and iFGF 23 values
were observed in either study. The median TSAT
values slightly decreased but not continuously
decreased in the SYMPHONY ND-Long study, and no
obvious changes in the median TSAT values were
observed in the SYMPHONY HD-Long study. The
median ferritin and hepcidin values decreased in the
SYMPHONY ND-Long study and had a tendency to
decrease in the SYMPHONY HD-Long study.

3.4 | Estimated glomerular filtration
rate based on serum creatinine

In the SYMPHONY ND-Long study, eGFRcreat values
were measured at Week 0, Week 24, and Week
52 (Table 4). The mean eGFRcreat gradually decreased

FIGURE 3 The mean (95%

confidence interval) hemoglobin levels

in the (A) SYMPHONY ND-Long and

(B) SYMPHONY HD-Long studies (full

analysis set). EOT, end of treatment; F-

up, Follow-up Visit; Scr Visit, Screening

Visit
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over the treatment period. The mean (SD) change in
eGFRcreat from Week 0 was�1.39 (2.79) ml/min/1.73 m2

at Week 24 and �2.21 (3.83) ml/min/1.73 m2 at Week 52.

3.5 | Efficacy assessments

The time-courses of Hb levels are shown in Figure 3. In
both studies, the mean Hb levels and 95% confidence
interval (CI) of each visit were maintained within the tar-
get range (10.0–12.0 g/dl) over the treatment period. The
efficacy variables are summarized in Table 5. The mean
[95% CI] Hb levels and the achievement proportions of
the mean Hb level within the target range during the
EOT period were 10.74 g/dl [10.58, 10.91] and 79.2%
(n = 103/130), respectively, in the SYMPHONY ND-Long
study, and 10.72 g/dl [10.56, 10.88] and 76.5% (n = 104/
136), respectively, in the SYMPHONY HD-Long study.

4 | DISCUSSION

The SYMPHONY ND-Long and HD-Long studies were
the first to evaluate the safety and efficacy of enarodustat
for up to 52 weeks in anemic patients with CKD not on
dialysis or on maintenance hemodialysis. The study
results showed that enarodustat was well tolerated and

was effective at maintaining Hb levels within the target
range (10.0–12.0 g/dl) for up to 52 weeks.

Regarding safety assessments in the SYMPHONY
ND-Long and HD-Long studies, AEs occurred in 87.1%
and 97.8% of the subjects, respectively; however, no AEs
had an increased incidence as the treatment period prog-
ressed. We previously reported the results of two 24-week
comparative studies (SYMPHONY ND and HD studies)
that indicated no new safety concerns of enarodustat
compared with DA. Furthermore, only two AEs
(vomiting [10.3%] and gastroenteritis [5.7%] in the
enarodustat arm) were observed more frequently in
the SYMPHONY HD study than in the DA arm.[14, 15]

The frequencies of vomiting (8.8%) and gastroenteritis
(5.9%) in the SYMPHONY HD-Long study did not
increase compared with those in the SYMPHONY HD
study and all the events were mild in severity and judged
to not be related to enarodustat.

Regarding AEs of special interest, we summarized the
AEs as “hypertension” and “embolic and thrombotic
event” because they were related to events during ESA
therapy.[16] In previous comparative studies, no apparent
difference in the frequencies of “hypertension” and
“embolic and thrombotic event” were observed between
the treatment arms.[14, 15] The incidences of “hyperten-
sion” (SYMPHONY ND-Long; 11.4% and SYMPHONY
HD-Long; 5.1%) and “embolic and thrombotic event”

TABLE 5 The mean Hb levels, proportion achieving the mean Hb level within the target range, mean prescribed dose, and mean

number of dose adjustments in the SYMPHONY ND-Long and HD-Long studies (full analysis set)

Evaluation period

SYMPHONY ND-Long SYMPHONY HD-Long

EOT
period

24-week
treatment

52-week
treatment

EOT
period

24-week
treatment

52-week
treatment

Mean Hb level (g/dl), mean [95% CI] 10.74
[10.58,
10.91]

(n = 130)

10.98
[10.85, 11.11]
(n = 113)

10.95
[10.82, 11.08]
(n = 93)

10.72
[10.56,
10.88]

(n = 136)

10.91
[10.76, 11.06]
(n = 121)

10.87
[10.73, 11.01]
(n = 118)

Achievement proportion of the mean
Hb level within the target range, %
[95% CI]

79.2
[71.2,
85.8]

(n = 103/
130)

89.4
[82.2, 94.4]
(n = 101/113)

89.2
[81.1, 94.7]
(n = 83/93)

76.5
[68.4,
83.3]

(n = 104/
136)

77.7
[69.2, 84.8]
(n = 94/121)

81.4
[73.1, 87.9]
(n = 96/118)

Mean prescribed dosea (mg/day), mean
(SD)

– 2.84 (1.74)
(n = 116)

3.02 (2.08)
(n = 96)

– 3.73 (2.46)
(n = 124)

3.29 (2.36)
(n = 118)

Mean number of dose adjustmentsb,
mean (SD)

– 1.1 (1.0)
(n = 130)

1.5 (1.5)
(n = 113)

– 1.7 (1.2)
(n = 136)

1.5 (1.5)
(n = 121)

Abbreviation: EOT, end of treatment; Hb, hemoglobin; 95% CI, 95% confidence interval.
aThe mean prescribed dose during the evaluation period for 24- and 52-week treatments was calculated using the prescribed dose from Week 20 to 24 and from
Week 48 to 52.
bThe mean number of dose adjustments during the evaluation period for 24- and 52-week treatment was calculated using the number of dose adjustments from

Week 0 to 24 and from Week 24 to 52.

AKIZAWA ET AL. 353



(SYMPHONY ND-Long; 0.8% and SYMPHONY HD-
Long; 12.5%) in the present studies were not obviously
increased compared with that of “hypertension”
(SYMPHONY ND; 4.7% and SYMPHONY HD; 4.6%) and
“embolic and thrombotic event” (SYMPHONY ND; 0%
and SYMPHONY HD; 6.9%) in the enarodustat arm of
the previous comparative studies, considering the treat-
ment periods in the present studies were more than twice
as long as those in the previous comparative studies.

AEs categorized as “malignant or unspecified tumors”
and “retinal disorders” were also summarized because
activating the HIF pathway theoretically involves tumori-
genesis and proangiogenesis mediated by VEGF signal-
ing.[17–19] Four events (one in SYMPHONY ND-Long and
three in SYMPHONY HD-Long) were categorized as
“malignant or unspecified tumors”. All events were
judged to not be related to enarodustat. Of the AEs cate-
gorized as “retinal disorders”, retinal hemorrhage was
most frequently observed in the SYMPHONY ND-Long
and HD-Long studies, similar to the previous compara-
tive studies. However, the incidences of retinal hemor-
rhage (SYMPHONY ND-Long; 3.0% and SYMPHONY
HD-Long; 2.2%) in the present studies were not increased
compared with those (SYMPHONY ND; 1.9% and SYM-
PHONY HD; 3.4%) in the enarodustat arm of the previ-
ous comparative studies even though the treatment
period was longer. All the events were mild in severity
and judged to not be related to enarodustat. In addition,
no apparent changes in VEGF level were observed in the
SYMPHONY ND-Long and HD-Long studies, and no
subjects with ADRs categorized as “retinal disorders” had
increased VEGF levels (data not shown). Thus, potential
safety concerns of enarodustat related to AEs induced by
VEGF expression were not confirmed.

Recent findings showed that Inflammation and iron
deficiency which are common occurrences in CKD
induced FGF 23 production.[20] FGF 23 is associated with
an increased risk of mortality and cardiovascular events
in patients with CKD.[21] It was also reported that exoge-
nous EPO administration or endogenous EPO production
through the HIF pathway were associated with increased
FGF 23 levels in rodents.[22, 23] The changes of iron
related parameters in the present studies were almost the
same as those in the previous comparative studies,[14, 15]

suggesting that the improvement of iron utilization con-
tinued even though the treatment period was longer. The
present studies are the first reports in which no apparent
changes in FGF 23 were observed during HIF-PH inhibi-
tor treatment in patients with CKD. Thus, enarodustat is
unlikely to increase the safety risk associated with ele-
vated FGF 23.

In the SYMPHONY ND-Long study, eGFRcreat was
measured to evaluate the effect of enarodustat on renal

function. After dosing with enarodustat, eGFRcreat was
gradually decreased; however, the change seemed to be
within the natural course of CKD progression.[24] There-
fore, the possibility that enarodustat has a negative effect
on renal function is considered low.

These findings indicate that enarodustat was well tol-
erated and that there were no new safety concerns com-
pared with previously reported studies even though the
treatment period was longer (up to 52 weeks).

Regarding efficacy assessments, the mean Hb level
and 95% CI during the EOT period were within the target
range (10.0–12.0 g/dl). The achievement proportion of the
mean Hb level within the target range during the evalua-
tion period for 24-week treatment was comparable to that
during the evaluation period for 52-week treatment. In
addition, the mean prescribed dose during the evaluation
period for 52-week treatment and the mean number of
dose adjustments from Week 24 to Week 52 did not
increase compared with those during the evaluation
period for 24-week treatment or from Week 0 to Week 24.
These findings indicate that enarodustat stably controlled
Hb levels within the target range without increasing the
mean prescribed dose and frequency of dose adjustments
even though the treatment period was longer.

As a limitation of both studies, the relative safety and
efficacy of enarodustat were not directly compared with
other renal anemia treatments because of the open-label
and non-comparative study design.

5 | CONCLUSIONS

Overall, the results of the SYMPHONY ND-Long and
HD-Long studies demonstrate that enarodustat was well
tolerated and that there were no new safety concerns
compared with previously reported studies. In addition,
enarodustat was effective at maintaining Hb levels within
the target range (10.0–12.0 g/dl) for up to 52 weeks in
Japanese anemic patients with CKD not on dialysis or on
maintenance hemodialysis.
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