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A B S T R A C T

Background. Vadadustat is an oral hypoxia-inducible factor
prolyl hydroxylase inhibitor that stimulates erythropoiesis.
Methods. The efficacy and safety of vadadustat, compared with
darbepoetin alfa, was determined in a Phase 3 double-blind
study in Japanese anemic patients on hemodialysis. Patients
receiving erythropoiesis-stimulating agents (ESAs) were ran-
domized and switched to either vadadustat or darbepoetin alfa
for 52 weeks. Doses were adjusted to maintain a hemoglobin
(Hb) level of 10.0–12.0 g/dL. The primary endpoint was average
Hb level at Weeks 20 and 24.
Results. Of the 323 randomized patients, 120 and 135 com-
pleted the 52-week treatment period in the vadadustat and dar-
bepoetin alfa groups, respectively. The average Hb levels at
Weeks 20 and 24 [least square mean (LSM) and 95% confidence
interval (CI)] were 10.61 (10.45–10.76) and 10.65 (10.50–10.80)
g/dL in the vadadustat and darbepoetin alfa groups, respec-
tively, demonstrating vadadustat’s noninferiority to darbepoetin
alfa (difference: �0.05 g/dL; 95% CI �0.26 to 0.17). In both
groups, the mean Hb levels were maintained within the target
range for 52 weeks. Furthermore, irrespective of patient
backgrounds, the LSMs of Hb at Week 52 were within the target
range. The most common adverse events were nasopharyngitis,
diarrhea and shunt stenosis, which occurred at similar frequen-
cies in both groups. No new safety concerns were identified.
Conclusions. Vadadustat was as well-tolerated and effective
as darbepoetin alfa in maintaining Hb levels within the
target range. The findings suggest that vadadustat can be an
alternative to ESA in the management of anemia in Japanese

hemodialysis patients receiving ESA (ClinicalTrials.gov,
NCT03439137).

Keywords: anemia, chronic kidney disease, hemodialysis, hyp-
oxia-inducible factor prolyl hydroxylase inhibitor, vadadustat

I N T R O D U C T I O N

Anemia is a common complication of chronic kidney disease
(CKD) [1–6]. The frequency or severity of renal anemia
increases as kidney dysfunction progresses primarily because
the kidneys are unable to produce enough erythropoietin to
compensate for the decreased hemoglobin (Hb) levels [1, 7].
If CKD progresses to end-stage kidney disease, most patients
end up being treated with dialysis. The proportion of patients
receiving dialysis for �10 years is fairly high in Japan (�25% of
dialysis patients); however, this proportion is <1% in the USA
and other countries [8, 9]. Therefore, the prognosis of patients
with renal anemia who are undergoing long-term dialysis
should be studied, especially in Japan.

The injection of erythropoiesis-stimulating agents (ESAs) is
the standard of care in treating renal anemia [7, 10, 11].
However, issues associated with the possible safety risks of ESA
therapy have been reported in several clinical studies, where
higher Hb targets were associated with a higher risk of mortality
and cardiovascular events than those at lower target levels [12–
14]. Furthermore, a meta-regression analysis of 31 clinical trials
indicated that high ESA doses were associated with increased

KEY LEARNING POINTS

What is already known about this subject?

• the injection of erythropoiesis-stimulating agents (ESAs) is the standard of care in treating renal anemia, a common
complication of chronic kidney disease (CKD);

• hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs), which suppress HIF degradation and increase
expression of erythropoietin and its receptors, represent a new class of agents for the management of renal anemia;
and

• vadadustat, an oral HIF-PHI, maintained mean hemoglobin (Hb) levels in Japanese CKD patients who were not on
dialysis and those who were on hemodialysis in Phase 2 studies.

What this study adds?

• this 52-week Phase 3 study in Japanese anemic patients on hemodialysis demonstrated that the efficacy of vadadustat
was noninferior to that of darbepoetin alfa as measured by average Hb levels at Weeks 20 and 24;

• in both groups, the mean Hb levels were maintained within the target range for 52 weeks. Subgroup analyses revealed
that the least square means of Hb at Week 52 were within the target range in both groups, irrespective of patient’s
backgrounds, such as duration of hemodialysis; and

• adverse events profile in the vadadustat group was similar to that in the darbepoetin alfa group. No new safety
concerns were identified.

What impact this may have on practice or policy?

• vadadustat can provide an alternative treatment of anemia in Japanese hemodialysis patients converting from ESA
therapy.
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all-cause mortality and cardiovascular complications indepen-
dent of the target Hb level in patients with CKD [15].
Consequently, novel treatment options different from ESAs
could benefit anemic patients.

Hypoxia-inducible factor prolyl hydroxylase inhibitors
(HIF-PHIs), which suppress HIF degradation and increase ex-
pression of erythropoietin and its receptors, represent a new
class of agents for the management of renal anemia [16, 17].
Vadadustat, an oral HIF-PHI [18], maintained mean Hb levels
in Japanese CKD patients who were not on dialysis and those
who were on hemodialysis in Phase 2 studies [19]. We now re-
port the results of a 52-week, Phase 3 study evaluating the
efficacy and safety of vadadustat compared with darbepoetin
alfa in Japanese hemodialysis patients receiving ESA therapy.
We also conducted subgroup analyses to investigate the efficacy
of vadadustat in patients with many different backgrounds,
including the duration of hemodialysis.

M A T E R I A L S A N D M E T H O D S

Study design

This 52-week, Phase 3, multicenter, randomized, double-
blind, active-controlled study evaluated the efficacy and safety
of orally administered vadadustat in Japanese anemic CKD
patients on hemodialysis who were converted from ESA ther-
apy. The study was approved by the institutional review board
of each center and conducted in compliance with the
International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human
Use/Good Clinical Practice guidelines and the declaration of
Helsinki. All individuals voluntarily provided their written in-
formed consent to participate in the study.

Study population

Eligible subjects were at least 20 years of age; were diagnosed
with CKD; underwent either hemodialysis or hemodiafiltration
three times a week for�12 weeks before screening; received the
same ESA therapy for �8 weeks before screening and had a
mean Hb level of �9.5 to �12.0 g/dL, a serum ferritin level of
�100 ng/mL or a transferrin saturation (TSAT) of �20%
(details regarding inclusion and exclusion criteria are provided
in the Supplementary data, Table S1).

Interventions

Subjects were randomly assigned in a 1:1 ratio to receive ei-
ther vadadustat tablets plus darbepoetin alfa placebo infusion
or vadadustat placebo tablets plus darbepoetin alfa infusion for
up to 52 weeks (Supplementary data, Figure S1). Vadadustat
was started at 300 mg once daily, and the dose was adjusted to
150–600 mg. The initial darbepoetin alfa dose and dosing inter-
val were determined individually according to their previous
ESA therapy; patients who had previously received darbepoetin
alfa continued their usual dose and dosing interval and those on
the other ESAs received darbepoetin alfa at a dose of 15–60 lg
once weekly or biweekly. Vadadustat, darbepoetin alfa and
their respective placebo formulations were supplied to each

participating institution by Mitsubishi Tanabe Pharma
Corporation (Osaka, Japan). Doses were adjusted according to
the dose adjustment algorithm (Supplementary data, Table S2)
to maintain Hb levels within the target range (10.0–12.0 g/dL),
which is recommended as a treatment target for anemia in
hemodialysis-dependent CKD by the Japanese treatment guide-
lines [7]. Iron supplementation was utilized to maintain a se-
rum ferritin level of�100 ng/mL or TSAT of�20%.

Endpoints

The primary efficacy endpoint was the mean Hb levels at
Weeks 20 and 24. The secondary efficacy endpoints included
mean Hb levels at each point in time during the 52-week treat-
ment period and proportions of patients with Hb levels within,
above and below the target range (10.0–12.0 g/dL). Other end-
points included doses of study drugs, mean iron-related param-
eters, red blood cell indices and dose of iron supplementation
during the 52-week treatment period.

Safety assessments included the occurrence of adverse events
(AEs) and adverse drug reactions (ADRs), laboratory tests, vital
signs and ophthalmoscopy tests over a 52-week period. Patients
with documented Hb levels of �12.0 or 13.0 g/dL and those
with an Hb increase rate of >2.0 g/dL over 4 weeks were evalu-
ated. AEs of special interest were defined as those related to the
HIF-PHI class and ESAs for the treatment of anemia in CKD
[17, 20], including cardiovascular events/cardiac failure, retinal
disorders, malignancies, hyperkalemia, pulmonary hyperten-
sion and thromboembolism.

Statistical consideration

For the primary efficacy analysis, a sample size of 300 (150
each) would yield 95% power to test the noninferiority of vada-
dustat to darbepoetin alfa, calculated based on the following
assumptions: a mean Hb level of 11.0 g/dL at Weeks 20 and 24
for darbepoetin alfa and a difference of 0 g/dL in the mean Hb
level between vadadustat and darbepoetin alfa, based on a non-
inferiority margin of �0.75 g/dL and standard deviation (SD)
of 1.73 g/dL according to previous clinical trials of vadadustat
[19].

The full analysis set included all patients with efficacy data
who received at least one dose of the study drug, and the safety
analysis set consisted of those who received at least one dose of
the study drug and were used for statistical summarization of
the safety data.

For the primary endpoint, we used a mixed-model repeated
measures (MMRM) method to calculate the least square mean
(LSM) of the mean Hb values and two-sided 95% confidence
interval (CI) for the between-group difference at Weeks 20 and
24. The model included the treatment group, visits, interaction
of the treatment group and visits as fixed effects, baseline values
as covariate effects and subject as a random effect. For other
endpoints, except for the dose of study drug, the paired t-test
was used to compare between baseline or screening period and
data of Week 52 using the last observation carried forward
(LOCF) (significance level, two-sided P-value of 0.05).

To investigate the influence of baseline Hb levels on the effi-
cacy of vadadustat, mean Hb and dose were stratified by tertile
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of baseline Hb levels in the vadadustat group. Subgroup analy-
ses including Hb levels and average dose for the various patient
backgrounds were conducted with respect to the efficacy. The
95% CI of mean corpuscular Hb concentration (MCHC) and
red cell distribution width (RDW), and subgroup analysis based
on the duration of hemodialysis were also performed as post
hoc analyses. All analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

R E S U L T S

Patient disposition and baseline characteristics

Of the 475 patients who provided their written informed
consent, 323 underwent randomization, of which 162 were
included in the vadadustat group and 161 in the darbepoetin
alfa group. In the vadadustat group, 136 and 120 patients
completed 24 and 52 weeks of treatment, respectively. In the
darbepoetin alfa group, 152 and 135 completed 24 and
52 weeks of treatment, respectively. A total of 42 and 26
patients discontinued in the vadadustat and darbepoetin alfa
groups, respectively, as shown in the Supplementary data,
Figure S2.

The baseline characteristics were generally well-balanced be-
tween the two groups. Overall, the mean Hb level was�10.7 g/dL,
and the mean duration of dialysis was�7.6 years. The mean doses
of prior ESA were �1.1–1.3 times and erythropoietin resistance
index (ERI) was�1.2 times numerically higher in the darbepoetin
alfa group than in the vadadustat group (Table 1).

Hb levels and doses

The primary endpoint, the LSM (95% CI) of the average Hb
levels at Weeks 20 and 24, was 10.61 (10.45–10.76) and 10.65
(10.50–10.80) g/dL in the vadadustat and darbepoetin alfa
groups, respectively. The difference in the LSM (95% CI) be-
tween the two groups was�0.05 g/dL (�0.26 to 0.17), confirm-
ing that vadadustat is noninferior to darbepoetin alfa (Table 2).
The mean Hb level was maintained within the target range for
up to 52 weeks in both groups. A slightly decreasing trend in
Hb levels was observed during the early treatment period in the
vadadustat group; however, Hb levels returned to near-baseline
levels at Week 16 (Figure 1a). The LSMs (95% CI) of Hb levels

Table 1. Patient characteristics at baseline (full analysis set)

Characteristics Vadadustat
(N¼ 162)

Darbepoetin alfa
(N¼ 161)

Sex (male), n (%) 104 (64.2) 109 (67.7)
Age, years 66.0 6 11.3 64.9 6 11.7
Body weight (dry weight), kg 58.1 6 11.9 58.8 6 13.8
BMI, kg/m2 22.4 6 3.4 22.4 6 4.5
Hb, g/dL 10.73 6 0.7 10.73 6 0.7
Duration of hemodialysis, years 7.4 6 6.7 7.6 6 7.6
Duration of anemia from CKD, years 7.6 6 6.2 7.6 6 7.1
Serum ferritin, ng/mL 144.5 6 139.6 140.0 6 95.3
TSAT, % 28.6 6 10.6 26.9 6 9.4
Prior ESA n (%) Weekly dose n (%) Weekly dose

Epoetin, IU 49 (30.2) 3704 6 2118 53 (32.9) 4783 6 3183
Darbepoetin alfa, mg 97 (59.9) 17.2 6 12.2 90 (55.9) 18.7 6 14.1
Epoetin beta pegol, mg 16 (9.9) 18.8 6 12.1 18 (11.2) 22.9 6 17.4

ERI, IU/kg/week/g/dLa 6.0 6 4.0 7.0 6 5.4
Etiology of CKD, n (%)

Diabetes 29 (17.9) 40 (24.8)
Hypertension 20 (12.3) 22 (13.7)
Autoimmune/glomerulonephritis/vasculitis 62 (38.3) 64 (39.8)
Interstitial nephritis/pyelonephritis 4 (2.5) 1 (0.6)
Cystic/hereditary/congenital disease 18 (11.1) 10 (6.2)
Neoplasms/tumors 0 (0.0) 1 (0.6)
Unknown 25 (15.4) 20 (12.4)

Comorbidities, n (%)
Hypertension 152 (93.8) 147 (91.3)
Diabetes mellitus 35 (21.6) 49 (30.4)
Dyslipidemia 59 (36.4) 79 (49.1)

aERI was calculated by the following equation as a post hoc analysis. ERI (IU/kg/week/g/dL)¼ standardized prior ESA (IU/week)/baseline body weight (kg)/baseline Hb (g/dL).
Standardized to epoetin dose (IU/week) as follows: darbepoetin alfa (mg/week) and epoetin beta pegol (mg/week) multiplied by 200, respectively. BMI, body mass index; ERI, erythro-
poetin resistance index. Data are mean 6 SD unless otherwise indicated.

Table 2. Difference in the average Hb levels at Weeks 20 and 24 between
vadadustat and darbepoetin alfa

Treatment group n Average Hb,
Weeks 20 and 24

LSMa 95% CI

Vadadustat 160 10.61 10.45 to 10.76
Darbepoetin alfa 160 10.65 10.50 to 10.80
Difference between

vadadustat and
darbepoetin alfa

–0.05 –0.26 to 0.17

aThe MMRM model included treatment group, visits, interaction of treatment group
and visits as fixed effects; baseline values as covariate effects and subject as a random ef-
fect (covariance matric unstructured).
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at Week 52 were 10.39 (10.24–10.54) and 10.62 (10.48–10.76)
g/dL in the vadadustat and darbepoetin alfa groups, respec-
tively. The mean (95% CI) doses during Weeks 48–52 of vada-
dustat and darbepoetin alfa were 367.65 (331.91–403.39) mg/
day (Figure 1b) and 24.15 (19.12–29.18) lg/week (Figure 1c),
respectively. In the vadadustat group, there was no decreasing
trend in Hb levels during the early treatment period in patients
with a baseline Hb level of <10.4 g/dL. In contrast, in the

subgroup of patients with a baseline Hb level of �10.4 to
<11.0 g/dL and those with an Hb level of�11.0 g/dL, a decreas-
ing trend in Hb levels in the early treatment period was ob-
served (Figure 2a). The mean vadadustat doses in patients with
each baseline Hb level are shown in Figure 2b.

At Weeks 24 and 52, 75.4 and 75.7% of patients in the vada-
dustat group and 75.7 and 86.5% of patients in the darbepoetin
alfa group were within the target Hb levels of 10.0–12.0 g/dL,

FIGURE 1: Mean Hb levels and dose of study drug over time. (a) Mean Hb levels, (b) mean daily doses of vadadustat and (c) mean weekly
doses of darbepoetin alfa. Data represent mean and 95% CI. BL, baseline.
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respectively (Supplementary data, Figure S3). The proportions
of patients with Hb excursions of �12 and �13 g/dL were 25.3
and 3.7% in the vadadustat group and 29.8 and 3.1% in the dar-
bepoetin alfa group, respectively. No patients in either group
exhibited a rapid rise in Hb levels (>2.0 g/dL/4 weeks) during
the 52-week treatment period.

Iron-related parameters

There were no significant differences in serum ferritin and
TSAT at Week 52 (LOCF) compared with baseline in both
groups (Figure 3a and b). The total iron-binding capacity
(TIBC) increased at Week 52 (LOCF) from baseline in the
vadadustat group and remained almost stable in the darbepoe-
tin alfa group (Figure 3c). The hepcidin level decreased from
baseline at Week 52 (LOCF) in the vadadustat group and
remained unchanged in the darbepoetin alfa group, but no ob-
vious differences were found between the two groups
(Figure 3d). The changes in red blood cell parameters are
shown in Figure 3e–h. The mean corpuscular volume (MCV)
and mean corpuscular Hb (MCH) levels increased from base-
line at Week 52 (LOCF) only in the vadadustat group
(Figure 3e and f), whereas MCHC level increased from baseline
at Week 52 in both groups (Figure 3g). The RDW decreased
from baseline at Week 52 (LOCF) in the vadadustat group but

increased in the darbepoetin alfa group (Figure 3h). No signifi-
cant differences were noted in the mean monthly dose of intra-
venous (IV) iron from the screening period to Weeks 48–52 in
both groups (Figure 3i). The proportion of patients receiving IV
iron during Weeks 48–52 was 30.9% in the vadadustat group
and 33.3% in the darbepoetin alfa group. The proportion of
patients receiving oral iron during Weeks 48–52 was 3.3% in
the vadadustat group and 2.2% in the darbepoetin alfa group.

Subgroup analysis

Subgroup analyses based on patient background revealed
that the LSMs of Hb levels at Week 52 were within the target
range of 10.0–12.0 g/dL in both groups, irrespective of patients’
backgrounds, including the duration of hemodialysis, duration
of anemia, CKD etiology, comorbidities and baseline C-reactive
protein (CRP) levels (Figure 4).

Safety

A similar proportion of patients reported at least one AE
during the 52-week treatment period: 95.1% (154 of 162
patients) and 98.1% (158 of 161 patients) in the vadadustat and
darbepoetin alfa groups, respectively, as presented in Table 3.
During the 52-week treatment period, 11.1% and 3.7% of
patients in the vadadustat and darbepoetin alfa groups,

FIGURE 2: Mean Hb levels and dose in vadadustat-treated subgroups stratified by baseline Hb. (a) Mean Hb levels and (b) mean daily doses
of vadadustat. Data represent mean and 95% CI. BL, baseline.
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respectively, reported at least one ADR, and 25.3 and 27.3% of
those in the vadadustat and darbepoetin alfa groups, respec-
tively, reported at least one serious AE; however, none of the se-
rious events was considered to be related to study treatment.

AEs leading to discontinuation occurred in 9.9 and 8.7% of
patients in the vadadustat and darbepoetin alfa groups, respec-
tively, while 8.0 and 2.5% of those in the vadadustat and darbe-
poetin alfa groups, respectively, reported dose reduction or

FIGURE 3: Iron-related parameters. (a) Serum ferritin, (b) TSAT, (c) TIBC, (d) hepcidin, (e) MCV, (f) MCH, (g) MCHC, (h) RDW and (i)
monthly dose of IV iron. Data represent mean and 95% CI. Asterisks indicate significant differences between Week 52 LOCF and baseline, ex-
cept for monthly dose of IV iron, which is between Weeks 48–52 and screening (paired t-test; *P< 0.05, **P< 0.01). BL, baseline.

FIGURE 4: Subgroup analyses for LSM Hb at Week 52 and dose of study drug during Weeks 48–52. The results of a prespecified subgroup
analysis with respect to the efficacy are shown. Error bars indicate 95% CI. BL, baseline.

Vadadustat and hemoglobin in patients on hemodialysis 1737



treatment interruption due to AEs. Three deaths were reported
during the study. One patient died of pneumonia and another
died from a complication of CKD in the vadadustat group, and
one died of rupture of a peripheral aneurysm in the darbepoetin
alfa group; however, causality with the study drug was not con-
sidered reasonable for all these events. The most frequently
reported AEs were nasopharyngitis, diarrhea and shunt steno-
sis, which occurred similarly between the treatment groups:
45.7, 15.4 and 14.2%, respectively, in the vadadustat group and
45.3, 14.9 and 16.1%, respectively, in the darbepoetin alfa
group.

As presented in Table 4, there was no apparent difference in
the proportion of patients who reported AEs of special interest
between the vadadustat and darbepoetin alfa groups:
cardiovascular event/cardiac failure (8.0% versus 9.3%), retinal
disorder (13.0% versus 9.9%), malignancy (4.3% versus 5.6%),

Table 4. AEs of special interest

Category Vadadustat
(N¼ 162)

Darbepoetin
alfa (N¼ 161)

n (%) n (%)

Cardiovascular event, cardiac failure 13 (8.0) 15 (9.3)
Cerebral infarction 1 (0.6) 5 (3.1)
Carotid artery stenosis 1 (0.6) 1 (0.6)
Cerebellar infarction 1 (0.6) 1 (0.6)
Intracranial aneurysm 1 (0.6) 0 (0.0)
Lacunar infarction 1 (0.6) 0 (0.0)
Thrombotic cerebral infarction 1 (0.6) 0 (0.0)
Subarachnoid hemorrhage 0 (0.0) 1 (0.6)
Cardiac failure congestive 2 (1.2) 0 (0.0)
Angina pectoris 1 (0.6) 3 (1.9)
Coronary artery stenosis 1 (0.6) 2 (1.2)
Myocardial ischemia 1 (0.6) 1 (0.6)
Angina unstable 1 (0.6) 0 (0.0)
Arteriosclerosis coronary artery 1 (0.6) 0 (0.0)
Cardiac failure 1 (0.6) 0 (0.0)
Pulmonary edema 2 (1.2) 1 (0.6)
Subdural hematoma 1 (0.6) 0 (0.0)
Coronary artery restenosis 0 (0.0) 1 (0.6)

Retinal disorder 21 (13.0) 16 (9.9)
Retinal hemorrhage 16 (9.9) 10 (6.2)
Diabetic retinopathy 2 (1.2) 1 (0.6)
Macular edema 1 (0.6) 3 (1.9)
Retinal edema 1 (0.6) 0 (0.0)
Retinal vein occlusion 1 (0.6) 0 (0.0)
Vitreous floaters 1 (0.6) 0 (0.0)
Cystoid macular edema 1 (0.6) 0 (0.0)
Chorioretinopathy 1 (0.6) 0 (0.0)
Retinal detachment 0 (0.0) 1 (0.6)
Retinal vascular disorder 0 (0.0) 1 (0.6)
Vitreous detachment 0 (0.0) 1 (0.6)
Vitreous hemorrhage 0 (0.0) 1 (0.6)
Retinal aneurysm 0 (0.0) 1 (0.6)
Age-related macular degeneration 0 (0.0) 1 (0.6)

Malignancy 7 (4.3) 9 (5.6)
Breast cancer 1 (0.6) 1 (0.6)
Gastric cancer 1 (0.6) 1 (0.6)
Seborrhoeic keratosis 1 (0.6) 1 (0.6)
Cholesteatoma 1 (0.6) 0 (0.0)
Laryngeal papilloma 1 (0.6) 0 (0.0)
Squamous cell carcinoma of skin 1 (0.6) 0 (0.0)
Uterine leiomyoma 1 (0.6) 0 (0.0)
Pyogenic granuloma 0 (0.0) 1 (0.6)
Thymoma 0 (0.0) 1 (0.6)
Prostate cancer 0 (0.0) 1 (0.6)
Pancreatic neoplasm 0 (0.0) 1 (0.6)
Urethral neoplasm 0 (0.0) 1 (0.6)
Renal cell carcinoma 0 (0.0) 1 (0.6)
Gastrointestinal submucosal tumor 0 (0.0) 1 (0.6)

Hyperkalemia 1 (0.6) 1 (0.6)
Thromboembolism 12 (7.4) 14 (8.7)

Cerebral infarction 1 (0.6) 5 (3.1)
Cerebellar infarction 1 (0.6) 1 (0.6)
Lacunar infarction 1 (0.6) 0 (0.0)
Thrombotic cerebral infarction 1 (0.6) 0 (0.0)
Retinal vein occlusion 1 (0.6) 0 (0.0)
Peripheral arterial occlusive disease 3 (1.9) 3 (1.9)
Thrombophlebitis 0 (0.0) 1 (0.6)
Peripheral artery occlusion 0 (0.0) 1 (0.6)
Shunt occlusion 4 (2.5) 4 (2.5)
Shunt thrombosis 1 (0.6) 0 (0.0)
Arteriovenous fistula thrombosis 0 (0.0) 1 (0.6)

Pulmonary hypertension 0 (0.0) 0 (0.0)

Table 3. Safety results, 52 weeks (safety analysis set)

Overview Vadadustat
(N¼ 162)

Darbepoetin
alfa (N¼ 161)

n (%) n (%)

Summary
Subjects with at least one AE 154 (95.1) 158 (98.1)
ADR 18 (11.1) 6 (3.7)
Serious AEs 41 (25.3) 44 (27.3)
Serious ADR 0 (0.0) 0 (0.0)
Discontinuation
due to AEs

16 (9.9) 14 (8.7)

Dose reduction or
interruption of study drug
due to AEs

13 (8.0) 4 (2.5)

AEs leading to rescue
therapy

6 (3.7) 2 (1.2)

Deaths due to AEs 2 (1.2) 1 (0.6)
AEs reported in �5% of

patients in either group
Nasopharyngitis 74 (45.7) 73 (45.3)
Diarrhea 25 (15.4) 24 (14.9)
Shunt stenosis 23 (14.2) 26 (16.1)
Contusion 21 (13.0) 19 (11.8)
Retinal hemorrhage 16 (9.9) 10 (6.2)
Back pain 15 (9.3) 11 (6.8)
Headache 13 (8.0) 5 (3.1)
Pain in extremity 13 (8.0) 4 (2.5)
Pruritus 12 (7.4) 9 (5.6)
Gastroenteritis 12 (7.4) 1 (0.6)
Conjunctivitis 11 (6.8) 4 (2.5)
Vomiting 10 (6.2) 17 (10.6)
Arthralgia 10 (6.2) 11 (6.8)
Eczema 10 (6.2) 8 (5.0)
Wound 10 (6.2) 7 (4.3)
Nausea 10 (6.2) 2 (1.2)
Skin abrasion 9 (5.6) 15 (9.3)
Influenza 9 (5.6) 12 (7.5)
Myalgia 9 (5.6) 5 (3.1)
Decreased appetite 9 (5.6) 4 (2.5)
Constipation 7 (4.3) 12 (7.5)
Upper respiratory tract
infection

7 (4.3) 8 (5.0)

Musculoskeletal pain 7 (4.3) 8 (5.0)
Seasonal allergy 4 (2.5) 12 (7.5)

Administration of ESAs, red blood cell transfusion or phlebotomy was permitted as
rescue therapy at the investigators’ discretion.
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hyperkalemia (0.6% versus 0.6%), pulmonary hypertension
(0.0% versus 0.0%) and thromboembolism (7.4% versus 8.7%).
Retinal hemorrhage occurred more often in the vadadustat
group than in the darbepoetin alfa group; however, causality
with the study drug was not considered reasonable. The plasma
vascular endothelial growth factor (VEGF) levels [median
(min–max)] at baseline and closest to the time of retinal hemor-
rhage in patients with retinal hemorrhage were 44.6 (15.6–80.0)
and 47.4 (15.6–70.0) in the vadadustat group and 55.4 (33.2–
329.0) and 50.2 (29.5–92.7) in the darbepoetin alfa group,
respectively.

D I S C U S S I O N

This 52-week Phase 3 study demonstrated that the efficacy of
vadadustat was noninferior to that of darbepoetin alfa as mea-
sured by average Hb level at Weeks 20 and 24. The mean Hb
level was maintained within the target range throughout the
52-week treatment period, and proportions of patients within
the range at Weeks 24 and 52 were �80% each of the patients
in the vadadustat group, similar to those in the darbepoetin alfa
group. Overall, this study confirmed that oral vadadustat was
as effective as darbepoetin alfa injection in maintaining Hb
levels within the target range in Japanese anemic patients on
hemodialysis.

In this study, there were more patients who discontinued
from the study in the vadadustat group than in the darbepoe-
tin alfa group [16% (26 of 162 patients) versus 6% (9 of 161
patients)]. However, since the primary endpoint was ana-
lyzed by the MMRM method, this imbalance is unlikely
to have affected the study outcome. The MMRM method
minimizes the impacts of missing data by assuming that all
missing data are missing at random and that all withdrawals
would behave similarly to other patients who had not discon-
tinued in the same treatment group [21, 22]. Furthermore, a
sensitivity analysis assuming that all missing data were not at
random showed that vadadustat remained noninferior to
darbepoetin alfa (data not shown). Although the baseline
ESA dose and ERI differed slightly between the groups
numerically, noninferiority was confirmed even after adjust-
ment of the primary endpoint of mean Hb levels at Weeks 20
and 24 by adding ERI as a covariate (data not shown).
Therefore, the number of withdrawals and baseline ERI are
unlikely to affect the efficacy (primary endpoint) of vadadu-
stat compared with darbepoetin alfa.

In the vadadustat group, although within a target range,
there was a decreasing trend in mean Hb levels in the early
treatment period after switching from ESA; however, the Hb
levels returned to baseline levels with the increase in the dose
according to the study protocol. It is likely that the temporal de-
creasing tendency of Hb levels is attributed to the treatment
protocol, where the start dose of vadadustat was 300 mg to
avoid Hb overshoot and dose increase was allowed only when
the Hb level dropped <10 g/dL over a 4-week interval. In addi-
tion, the Hb levels were almost stable in the early treatment
period in patients with baseline Hb levels of <10.4 g/dL.
Therefore, although the transient Hb decreasing tendency

observed in this study is unlikely to be of clinical concern, mon-
itoring Hb levels is recommended until Hb levels have stabilized
after initiation of vadadustat treatment.

Among iron-related parameters and red blood cell indices,
TIBC, MCV and MCH increased from the baseline level at the
end of the treatment in the vadadustat group, unlike in the dar-
bepoetin alfa group, in this study. However, the serum ferritin
level, which indicates the amount of stored iron [23], was al-
most stable, and hepcidin, which negatively regulates iron me-
tabolism [23], marginally decreased from baseline at Week 52
(LOCF) by the vadadustat treatment; no remarkable differences
between treatment groups were observed. Taken together, these
results are insufficient to conclude whether vadadustat im-
proved iron utilization in patients with renal anemia on hemo-
dialysis, and further investigations are required.

Subgroup analyses revealed that the LSMs of Hb at Week 52
were within the target range in both groups, irrespective of
patients’ backgrounds, such as duration of hemodialysis, dura-
tion of renal anemia, CKD etiology, comorbidities and baseline
CRP, as shown in Figure 4. Although the average dialysis period
is longer in Japan than in the USA and other countries [8, 9],
there are few reports on the effect of vadadustat in patients with
renal anemia under long-term hemodialysis. Of note, although
the sample size was limited in this study, the effect of vadadustat
on the maintenance Hb levels in patients undergoing hemodial-
ysis for�10 years was similar to those in undergoing hemodial-
ysis for <5 years and for �5 to <10 years, providing
preliminary evidence that vadadustat has a stable effect regard-
less of the duration of hemodialysis. Bernhardt et al. reported
that an HIF-PHI increased erythropoietin production even in
anephric patients receiving hemodialysis, which is likely due to
hepatic erythropoietin production [24]. It is not known to what
extent erythropoietin-producing cells in the kidneys were im-
paired in patients receiving hemodialysis for >10 years in the
current study, but the similar efficacy of vadadustat compared
with patients receiving hemodialysis for <5 years may have
been partially compensated by the production of erythropoietin
from the liver.

The AE profile in the vadadustat group was almost similar
to that in the darbepoetin alfa group. Common AEs included
nasopharyngitis, diarrhea and shunt stenosis, and their frequen-
cies were similar to those observed in the darbepoetin alfa group
and in the previous Phase 2 study involving anemic patients on
hemodialysis [19]. ADRs, such as diarrhea and nausea, were
more common in the vadadustat group, although not serious.
The incidence of AEs of special interest, including cardiovascu-
lar event/cardiac failure, retinal disorder, malignancy, hyperka-
lemia and thromboembolism, was almost similar in the
vadadustat and darbepoetin alfa groups. The incidence of reti-
nal hemorrhage was slightly higher in the vadadustat group
than in the darbepoetin alfa group (9.9% versus 6.2%); however,
all these events were mild in severity and not considered to be
related to the study drugs. Furthermore, no significant changes
in plasma VEGF levels were observed in patients with retinal
hemorrhage. Hyperkalemia has been reported in a clinical study
of another HIF-PHI [20], and thromboembolic complications
were reported as a safety concern of HIF-PHIs [17]; however,
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no higher risk of these events was noted in our study. We ob-
served no new safety concerns in the present safety analysis
compared with previous studies of vadadustat [18, 19]. In this
study, progression of renal cysts was not monitored in patients
with concomitant renal cysts, but no AEs with the suspected
progression of renal cyst were observed in the vadadustat group
(data not shown). Since it has been reported that HIF-1a is as-
sociated with the progression of advanced renal cyst in autoso-
mal dominant polycystic kidney disease (ADPKD) model
animals [25], the post-marketing surveillance of vadadustat is
planned to evaluate the progression of renal cysts in patients
with ADPKD.

In terms of sample size and study period, this study does not
seem to have adequate power to draw conclusions regarding
the long-term safety of vadadustat, especially regarding AEs of
special interest, including cardiovascular events, and further in-
vestigation will be required to establish the long-term safety
profile of vadadustat. The large, long-term Phase 3 trials (such
as NCT02865850 and NCT02892149) should confirm the long-
term safety.

In conclusion, oral vadadustat was as effective as darbepoe-
tin alfa injection in maintaining mean Hb levels within the tar-
get range for up to 52 weeks in Japanese anemic patients on
hemodialysis who were previously receiving ESAs in this Phase
3 study. Vadadustat was well tolerated, and no new safety con-
cerns were identified. These findings suggest that vadadustat
can provide an alternative treatment of anemia in Japanese he-
modialysis patients converting from ESA therapy.
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