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ABSTRACT
Background Roxadustat is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor approved in China
for dialysis-dependent CKD anemia.

Methods This phase 3, 24-week, double-blind, double-dummy study evaluated roxadustat’s noninferiority
to darbepoetin alfa for hemodialysis-dependentCKDanemia.We randomly assigned Japanese patients to
oral roxadustat three times weekly or to darbepoetin alfa injections once weekly, titrating doses to main-
tain hemoglobin between 10–12 g/dl. The primary end point was change of average hemoglobin from
baseline to weeks 18–24 (ΔHb18–24). Secondary end points were average hemoglobin and proportion of
patients with hemoglobin between 10–12 g/dl (maintenance rate) at weeks 18–24, and iron parameters.
Safety assessments included treatment-emergent adverse events and adjudicated ophthalmologic findings.

Results We randomly assigned 303 patients to roxadustat (n5151) or darbepoetin alfa (n5152). The differ-
ence between roxadustat and darbepoetin alfa in ΔHb18–24 was20.02 g/dl (95% confidence interval, –0.18 to
0.15), confirming roxadustat’s noninferiority to darbepoetin alfa. Average hemoglobin at weeks 18–24 with
roxadustat was 10.99 g/dl (95% confidence interval: 10.88 to 11.10), confirming its efficacy. Among patients
with oneormorehemoglobin valueduringweeks 18–24, themaintenance ratewas95.2%with roxadustat and
91.3% with darbepoetin alfa. Serum iron, ferritin, and transferrin saturation remained clinically stable with
roxadustat; transferrin and total iron binding capacity increased through week 4 before stabilizing. Common
treatment-emergent adverse events were nasopharyngitis, shunt stenosis, diarrhea, contusion, and vomiting.
The proportion of patients with new or worsening retinal hemorrhage was 32.4% with roxadustat and 36.6%
with darbepoetin alfa. We observed no clinically meaningful changes in retinal thickness groups.

Conclusions Roxadustat maintained hemoglobin within 10–12 g/dl in patients on hemodialysis and was non-
inferior to darbepoetin alfa. Treatment-emergent adverse events were consistent with previous reports.
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Anemia is a complication of CKD resulting from a
decreased synthesis of erythropoietin by the im-

paired kidneys and an altered iron metabolism.1

The prevalence of anemia is twice as high in pa-

tients with CKD (15.4%) than in the general pop-

ulation (7.6%) and increases with the severity of

CKD.2 Erythropoiesis-stimulating agents (ESAs),
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including darbepoetin alfa (DA), are currently available for the
treatment of CKD anemia; however, safety concerns and ad-
verse effects associated with higher doses and hemoglobin
(Hb) goals in CKD patients with cancer, diabetes, and cardio-
vascular disease have resulted in a decrease in the doses of ESAs
used globally.3,4 Moreover, ESAs are administered parenterally
and their efficacy is reduced in patients with inflammation.5

Consequently, alternative therapeutic strategies for anemia in
CKD are currently being investigated, and the availability of
an orally administered treatment option may represent an
advantage for some patients.

Hypoxia-inducible factor (HIF) is an oxygen-sensitive
transcription factor that regulates erythropoiesis. In the pres-
ence of normal oxygen tension, HIF-a subunits aremarked for
degradation by the activity of HIF prolyl hydroxylase enzymes;
whereas in the presence of reduced oxygen tension, the activity
of these enzymes is suppressed, which allows HIF-a to dimer-
ize with HIF-b and accumulate, leading to increased erythro-
poiesis, transferrin receptor expression, and iron absorption.6

HIF prolyl hydroxylase inhibitors (HIF-PHIs) represent a new
strategy to increase Hb levels by activating the body’s natural
response to hypoxia, independent of cellular oxygen levels.7,8

Roxadustat (ASP1517, FG-4592, AZD9941) is an orally active
HIF-PHI that has shown safety and efficacy in phase 2 trials in
patients with CKD on dialysis9–11 and those not on
dialysis.10,12–14 Roxadustat was approved in December 2018
in China for treatment of dialysis-dependent CKD anemia and
is currently being investigated in Japan, the United States,
and Europe.

This study was conducted to evaluate the noninferiority
of roxadustat to DA when both drugs are titrated to maintain
Hb levels of 10–12 g/dl in Japanese CKD patients with renal
anemia on hemodialysis (HD). The safety of roxadustat was
assessed by monitoring treatment-emergent adverse events
(TEAEs) and through detailed ophthalmologic investigations,
including adjudicated examination of retinal vascular findings
before and after treatment.

MATERIALS AND METHODS

Study Design
This was a phase 3, multicenter, randomized, double-blind
study with DA as an active comparator (ClinicalTrials.gov:
NCT02952092) conducted from November 2016 to March
2018 at 58 Japanese sites. Patients were randomized (1:1) to
oral roxadustat three times weekly or DA injections once
weekly for up to 24 weeks. In this study, there was no formal
washout period; the treatment period began on the day of
dialysis after the longest dialysis interval in the week when
ESA had been administered (i.e., generally within 1–2 weeks).
This study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki, Good Clinical Practice,
the International Council for Harmonization of Technical Re-
quirements for Pharmaceuticals for Human Use guidelines,

and applicable laws and regulations. The protocol was ap-
proved by the relevant institutional review board at each site
and all subjects provided written informed consent.

Study Population
Patients were aged $20 years with CKD anemia, receiving
stable HD three times weekly for.12 weeks. Before random-
ization, patients were receiving intravenous (IV) short-acting
recombinant human erythropoietin (rHuEPO) or DA for .8
weeks, had Hb levels within 10–12 g/dl, and transferrin satu-
ration (TSAT)$20%or serum ferritin$100 ng/ml. Exclusion
criteria included any untreated retinal neovascular lesion; un-
treated macular edema; uncontrolled hypertension; anemia
that was not CKD related; concurrent autoimmune disease
with inflammation that could have affected erythropoiesis;
and elevated aspartate aminotransferase, alanine aminotrans-
ferase, or total bilirubin. A full list of eligibility criteria is re-
ported in the Supplemental Methods.

Study Drug Administration
Assignment was implemented by a web-based randomization
system (EPS Corporation, Tokyo, Japan), conducted with a
dynamic allocation method using a biased-coin minimization
approach. Study site, Hb levels, ESA dose, previous/concurrent
retinal vascular disorder, and diabetes mellitus were assignment
factors. Tomaintain blinding, a double-dummydesignwas used;
only the drug assignment manager and designated staff had ac-
cess to the randomization code. Patients were assigned to the
initial dose of roxadustat (70 mg or 100 mg) or DA (10–60 mg)
based on the average weekly dose of short-acting rHuEPO
or DA before randomization (Supplemental Table 1).
Roxadustat was self-administered at 2- or 3-day intervals
(e.g., Monday, Wednesday, and Friday or Tuesday, Thursday,
and Saturday).

Doses were adjusted to maintain the Hb levels within
10–12 g/dl. Roxadustat dose was evaluated every even week
starting from week 4 in accordance with the dose-adjusting
rules (Supplemental Tables 2, 3, and 4). Roxadustat dose was
not to exceed 3mg/kg or 300mg, whichever was lower, and, as

Significance Statement

Although generally effective at raising hemoglobin levels to treat
dialysis-dependent CKD anemia, erythropoiesis-stimulating agents
such as darbepoetin alfa have safety issues and are less effective in
patients with inflammation. In this randomized controlled trial in
stable Japanese patients on hemodialysis previously treated with
erythropoiesis-stimulating agents, the authors compared roxadu-
stat—an oral hypoxia-inducible factor prolyl hydroxylase inhibitor
previously shown to be effective in treating CKD anemia—with
darbepoetin alfa. The study found that roxadustat was effective in
maintaining hemoglobin within target levels and that its efficacy
was noninferior to darbepoetin alfa. Consistent with previous
findings, roxadustat showed an acceptable safety profile. These
data confirm that oral roxadustat is a valid alternative to injectable
erythropoiesis-stimulating agents for dialysis-dependent CKD
anemia.
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a general rule, doses were to be maintained for$4 weeks. DA
dose was evaluated every evenweek (Supplemental Tables 2, 3,
and 4). Dose evaluation between treatment arms differed but
was in line with dosing requirements. The use of statins was
allowed with the recommendation that doses not exceed the
proposed maximum doses. Phosphate binders were to be
dosed $1 hour before or after roxadustat. Based on Japanese
treatment guidelines, concomitant IV ironwas allowed in both
arms at the discretion of the investigator only to maintain
TSAT $20% and/or serum ferritin $100 ng/ml when TSAT
was ,20% or serum ferritin was ,100 ng/ml. Oral iron was
allowed based on individual patient needs, without any
restrictions.

Study Outcomes and Assessments
The primary efficacy end point was the change of average Hb
levels from baseline to weeks 18–24 (DHb18–24). Secondary
efficacy end points included the average of all Hb levels during
weeks 18–24; maintenance rate of the target Hb level (pro-
portion of patients achieving an average Hb level of 10–12 g/dl
during weeks 18–24); and iron parameters including serum
iron, serum ferritin, serum transferrin, total iron binding ca-
pacity (TIBC), TSAT, soluble transferrin receptor, and Hb in
reticulocytes. The exploratory end point hepcidin was sum-
marized using mean, SD, minimum, maximum, and median
by treatment arm, and by visit. Additionally, a within-patient
change was calculated as the postbaseline measurement minus
the baseline measurement and was summarized in the same
way. The safety of the roxadustat treatment arm and DA treat-
ment arm were comparatively evaluated in a double-blind
manner (double-dummy method). Safety assessments in-
cluded TEAEs; findings from laboratory tests, vital signs,
and 12-lead electrocardiograms; and changes in ophthalmo-
logic findings (color fundus photography and optical coher-
ence tomography [OCT]). Fundus photography included four
wide-angle color fundus photographs and OCT was conduc-
ted to capture images of the macula and its surrounding area.
The images of the ophthalmologic examination were centrally
assessed by two blinded independent graders. If the primary
graders’ results were in disagreement, a final adjudication of
the images was conducted by another independent grader. All
TEAEs occurring during or after the patient discontinued the
study were followed up until they were resolved, judged to be
no longer clinically significant, or until they became chronic to
the extent that they could be fully characterized. The schedule
of assessments is reported in Supplemental Figure 1.

Statistical Methods
Sample Size
A sample size of 103 for each group would provide 90% power
to demonstrate noninferiority of roxadustat to DA, assuming
an SD of 1.1 g/dl and a difference of 20.25 g/dl in DHb18–24
between groups. Noninferiority of roxadustat to DAwas dem-
onstrated if the lower limit of the 95% confidence interval (CI)
of the difference in the least squares (LS) mean of DHb18–24

between roxadustat and DAwas above the noninferiority mar-
gin of 20.75 g/dl. To allow for an estimated drop-out rate of
30%, 150 patients per group was planned. This sample size
would provide 99% power to confirm the efficacy of roxadu-
stat, which would be achieved if the 95% CI of the average Hb
levels during weeks 18–24 was within 10–12 g/dl.

Statistical Analyses
The DHb18–24 was analyzed by a mixed model of repeated
measurements with an unstructured covariance matrix within
patients that considered randomization groups, visit, baseline
Hb, ESA dose before registration, previous or concurrent ret-
inal vascular disorder, diabetes mellitus, and visit by random-
ization group interaction as explanatory variables, where the
visit variable was dealt with as a categoric variable without
grouping in the mixed model.

The primary analyses of the primary efficacy end point,
confirmation of roxadustat’s efficacy and noninferiority to
DA, were conducted using the per protocol set (PPS), which
included patients who received treatment for $18 weeks, re-
ceived$70%of treatment, and hadHbmeasurements at base-
line and at four or more time points between weeks 18–24. A
secondary analysis of the primary end point was conducted
using the full analysis set (FAS), which included all patients
who received one ormore dose of study drug and who had one
or more efficacy measurement, by the same form of statistical
model as that for the primary analysis; that is, a likelihood
modeling was used for incorporating all observed values
from week 0 through week 24 of all subjects with and without
missing data. Analysis of covariance and analyses taking into
account multiple missing data mechanisms were conducted
on the PPS as sensitivity analysis of the primary end point. The
primary analysis of the primary efficacy end point in the PPS,
the secondary analysis of the primary end point in the FAS,
and sensitivity analyses of the primary end point in the PPS,
were prespecified. All secondary efficacy end points were an-
alyzed using the FAS. The secondary end points were not hy-
pothesized, but were summarized in a descriptive manner
without prespecified noninferiority margins. The average
Hb levels during weeks 18–24 were calculated using data
from patients with at least one Hb value during weeks
18–24. For the by-visit summary of Hb level and iron param-
eters, summary statistics were calculated at each visit using
data from patients who had observations at the visit. The
safety analysis set (SAF) included all patients who received at
least one dose of study drug. Descriptive statistics were used to
summarize demographics, baseline characteristics, and all
iron parameters.

To evaluate the effect of roxadustat in patients with inflam-
mation, a subgroup analysis of average Hb levels and the allo-
cated doses of the study drug per administration by visit was
conducted using high-sensitivity C-reactive protein (hs-CRP;
i.e., ,3.000 mg/L and $3.000 mg/L) as a factor, where the
threshold of 3.000mg/L represents the upper limit of the normal
hs-CRP range. A subgroup analysis of new or worsening retinal
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hemorrhages was also conducted using the absence or presence
of one or more retinal hemorrhage at baseline as a factor.

RESULTS

Patient Disposition and Demographics
Of 415 patients screened, 112 were screen failures (protocol
deviation, n53 [0.7%]; withdrawal by patient, n513 [3.1%];
other, n596 [23.1%]), and 303 were randomized to receive
either roxadustat (n5151) or DA (n5152). A total of 250
(82.5%) patients (roxadustat, n5119 [78.8%]; DA, n5131
[86.2%]) completed the study and 53 (17.5%) patients (rox-
adustat, n532 [21.2%]; DA, n521 [13.8%]) discontinued.
Across all randomized patients, the leading reasons for dis-
continuation were adverse events (roxadustat, n512 [7.9%];
DA, n58 [5.3%]), protocol deviations (roxadustat, n57
[4.6%]; DA, n54 [2.6%]), and withdrawal by the patient (rox-
adustat, n55 [3.3%]; DA, n54 [2.6%]) (Figure 1). Patient
demographics and baseline characteristics were similar in
the roxadustat and DA groups (Table 1).

Treatment Compliance and Exposure
In the SAF, the mean (median, SD) treatment compliance
during participation in the study was 99.23% (100%, 1.99)
in the roxadustat group and 100% (100%, 0.0) in the DA
group. The mean (median, SD) duration of exposure was
146.7 (168.0, 45.8) days and 154.7 (168.0, 37.4) days in the

roxadustat and DA groups, respectively, and the mean (me-
dian, SD) dose per administration at week 23 was 67.1 (50.0,
41.9) mg and 31.4 (15.0, 35.8) mg in the roxadustat and
DA groups, respectively. The mean (SD) number of changes
in study drug dosing was 2.8 (1.4) with roxadustat and
2.3 (2.3) with DA.

Efficacy Outcomes
Primary End Point
In the PPS, the LS mean of DHb18–24 was 20.04 g/dl (95% CI,
20.16 to 0.08 g/dl) and20.03 g/dl (95%CI,20.14 to 0.09 g/dl)
for roxadustat and DA, respectively, with the estimated differ-
ence of –0.02 g/dl (95% CI, –0.18 to 0.15 g/dl) between the two
groups; the lower limit of the 95% CIwas above the predefined
noninferiority margin of –0.75 g/dl, confirming the noninfer-
iority of roxadustat to DA. In the roxadustat group, themean of
average Hb levels during weeks 18–24 was 10.99 g/dl and its
95% CI (10.88 to 11.10 g/dl) was within the prespecified ref-
erence range of 10–12 g/dl, thus confirming the efficacy of
roxadustat.

Similar results were observed with a secondary analysis in
the FAS. The mean of average Hb levels during weeks 18–24
was 11.00 g/dl (95% CI, 10.89 to 11.10 g/dl) in the roxadustat
group. The LS mean ofDHb18–24 was –0.07 g/dl (95% CI, –0.19
to 0.05 g/dl) and –0.06 g/dl (95% CI, –0.18 to 0.05 g/dl) for the
roxadustat and DA groups, respectively, and the estimated dif-
ference between the LS means of the two groups was –0.01 g/dl
(95%CI, –0.18 to 0.16 g/dl). Sensitivity analyses in the PPS also

Signed informed consent
(n=415)

Screening failure (n=112)
• Withdrawl by patient (n=13)
• Protocol deviation (n=3)
• Other (n=96)

Randomized to darbepoetin alfa (n=152)
SAF (n=152)
FAS (n=151)
PPS (n=131)

Randomized to roxadustat (n=151)
SAF (n=150)
FAS (n=150)
PPS (n=114)

• Adverse event (n=12)
• Protocol deviation (n=7)
• Withdrawal by patient (n=5)
• Death (n=2)
• Lack of efficacy (n=1)
• Other (n=5)

Completed (n=119)
Discontinued (n=32)

• Adverse event (n=8)
• Protocol deviation (n=4)
• Withdrawal by patient (n=4)
• Lack of efficacy (n=1)
• Other (n=4)

Completed (n=131)
Discontinued (n=21)

Figure 1. Characteristics of patients. For screen failures, “other” generally indicates that a patient was excluded based on inclusion/
exclusion criteria. For patients who discontinued after randomization, other refers to cancer (n51), met withdrawal criteria (n51),
withdrew due to lack of study drug (n51), and rheumatoid arthritis (n51) in patients on DA; and met withdrawal criteria (n52), eye
surgery (n52), and safety (n51) in patients on roxadustat.
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provided similar estimated differences
between the LS means of the two groups
(Supplemental Table 5), suggesting the
primary analysis result was robust
against the missing data mechanism.

Secondary End Points
In the FAS, the mean of average Hb levels
during weeks 18–24 was 11.00 g/dl (SD,
0.60; 95% CI, 10.89 to 11.10 g/dl) and
10.95 g/dl (SD, 0.63; 95% CI, 10.84 to
11.05 g/dl) for the roxadustat and DA
groups, respectively, and the mean dif-
ference between the two groups was
0.05 g/dl (95% CI, –0.10 to 0.20 g/dl).
The meanHb levels during the study are
shown in Figure 2.

The maintenance rates of the target
Hb level (average Hb level of 10–12 g/dl
during weeks 18–24) in the FAS were
79.3% (95% CI, 72.0% to 85.5%) and
83.4% (95% CI, 76.5% to 89.0%) for
the roxadustat and DA groups, respec-
tively, and the difference between the
two groups was –4.1% (95% CI,
–13.6% to 5.3%) (Supplemental
Table 6). Among patients with at least
one Hb value during weeks 18–24, the
maintenance rates of the target Hb level
were 95.2% (95% CI, 89.8% to 98.2%)
and 91.3% (95% CI, 85.3% to 95.4%)
for the roxadustat and DA groups, re-
spectively, and the difference between
the two groups was 3.9% (95% CI,
–2.9% to 10.7%). In the roxadustat
group,mean hematocrit values increased
from week 0 through week 4, decreased
through week 8, and then became stable
through week 24, whereas, in the DA
group, hematocrit levels remained stable
at each visit (Supplemental Figure 2).

Throughout the study, the mean val-
ues of serum iron, soluble transferrin re-
ceptor, TSAT, reticulocyte Hb content,
and ferritin remained clinically stable in
both treatment groups. In the roxadustat
group, themean levels of TIBC and trans-
ferrin increased from week 0 through
week 4 and then remained stable through
the end of treatment, whereas, in the DA
group, levels remained stable throughout
the treatment period (Table 2). The use of
oral and IV iron before the study was gen-
erally similar to iron usage during the
study. The percentage of patients in the

Table 1. Patient demographics and baseline characteristics (FAS)

Parameter Roxadustat (n5150) DA (n5151)

Sex, n (%)
Male 101 (67.3) 107 (70.9)
Female 49 (32.7) 44 (29.1)

Age, yr
Mean (SD) 64.6 (11.7) 64.9 (10.1)
Median 65.5 66.0
Min, max 24, 89 37, 85

Weight (after HD), kg
Mean (SD) 57.82 (11.97) 58.78 (12.90)
Median 57.10 58.10
Min, max 36.8, 99.7 36.3, 107.0

HD vintage, mo
Mean (SD) 92.77 (89.78) 99.66 (101.63)
Median 59.45 54.34
Min, max 3.4, 488.7 4.3, 422.4

Previous ESA medication, n (%)
rHuEPO 43 (28.7) 46 (30.5)
DA 107 (71.3) 105 (69.5)

Previous rHuEPO dose, IU/wk
Mean (SD) 4691.86 (2436.29) 4777.17 (2246.09)
Median 4500.00 4500.00
Min, max 1500.0, 9000.0 1500.0, 9000.0

Previous DA dose, mg/wk
Mean (SD) 18.00 (14.62) 19.00 (15.76)
Median 15.00 15.00
Min, max 2.5, 120.0 0.8, 120.0

Hb, g/dl
Mean (SD) 11.02 (0.56) 11.01 (0.60)
Median 11.00 11.00
Min, max 9.7, 12.1 10.0, 12.2

hs-CRP, mg/L
Mean (SD) 1.3246 (2.4124) 1.4622 (2.2948)
Median 0.5650 0.5640
Min, max 0.050, 19.000 0.050, 13.400

hs-CRP group, mg/L, n (%)
,3.000 136 (90.7) 129 (85.4)
$3.000 14 (9.3) 22 (14.6)

Iron, mmol/L
Mean (SD) 12.1 (5.1) 12.6 (4.5)
Median 11.0 11.0
Min, max 5, 46 4, 27

Ferritin, ng/ml
Mean (SD) 102.31 (83.45) 96.28 (75.14)
Median 83.10 84.30
Min, max 6.9, 521.0 9.0, 477.0

TSAT, %
Mean (SD) 28.28 (11.70) 29.04 (10.18)
Median 25.20 26.90
Min, max 12.7, 93.4 14.1, 66.5

Iron repletion, n (%)
Ferritin ,100 ng/ml and TSAT ,20% 28 (18.7) 12 (7.9)
Ferritin ,100 ng/ml and TSAT $20% 68 (45.3) 81 (53.6)
Ferritin $100 ng/ml and TSAT ,20% 10 (6.7) 10 (6.6)
Ferritin $100 ng/ml and TSAT $20% 44 (29.3) 48 (31.8)
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SAF who used oral iron was 8.9% (roxadustat, 10.0%; DA,
7.9%) before the study and 9.3% (roxadustat, 9.3%; DA,
9.2%) during the study, whereas the percentage of those who
used IV ironwas 25.8% (roxadustat, 26.7%; DA, 25.0%) before
and 21.5% (roxadustat, 22.7%; DA, 20.4%) during the study.

Exploratory End Point
In the FAS, no remarkable changes in the mean hepcidin
values were observed in either of the two treatment groups
throughout the study. The mean (SD) change in hepcidin
level fromweek 0 to end of treatment was 2.308 (27.279) ng/ml

for roxadustat and –0.600 (27.061) ng/ml
for DA (Supplemental Table 7).

Subgroup Analysis
Among patients with hs-CRP,3.000mg/L,
the mean (SD) DHb18–24 was 20.03
(0.79) g/dl and 20.03 (0.88) g/dl in
the roxadustat and DA groups, respec-
tively, whereas, among patients with hs-
CRP $3.000 mg/L, the mean (SD)
DHb18–24 was 20.13 (0.81) g/dl and
20.18 (0.94) g/dl in the roxadustat and
DA groups, respectively (Figure 3).

In theDAgroup, inpatientswithhs-CRP
$3.000 mg/L, there was a trend for higher
median doses of DAused tomaintain target
Hb levels compared with patients with hs-
CRP,3.000mg/L; in the roxadustat group,
this trend was not visible (Figure 4).

Safety
The proportion of patients who reported TEAEs was similar in
the roxadustat (129/150; 86.0%) and DA (126/152; 82.9%)
groups (Table 3, Supplemental Table 8). The incidence of se-
rious TEAEs was 20.7% (31/150) and 14.5% (22/152) in the
roxadustat and DA groups, respectively (Supplemental
Table 8). Serious TEAEs considered potentially drug related
were reported in 3.3% (5/150) and 3.9% (6/152) of patients in
the roxadustat and DA groups, respectively. The incidence of
TEAEs leading to withdrawal of treatment and, in turn,

Table 1. Continued

Parameter Roxadustat (n5150) DA (n5151)

Transferrin, g/L
Mean (SD) 1.802 (0.327) 1.810 (0.297)
Median 1.770 1.810
Min, max 1.17, 2.96 1.14, 2.52

Reticulocyte Hb, pg
Mean (SD) 34.71 (2.00) 35.10 (2.34)
Median 34.75 35.30
Min, max 29.1, 41.4 23.4, 40.0

Previous or concurrent retinal vascular
disorder, n (%)
Absent 88 (58.7) 94 (62.3)
Present 62 (41.3) 57 (37.7)

Diabetes mellitus, n (%)
Absent 96 (64.0) 97 (64.2)
Present 54 (36.0) 54 (35.8)

Min, minimum; max, maximum.

9

10

11

12

13

H
em

og
lo

bi
n 

(g
/d

L)

Visit (Weeks)Number of Patients (n)

Darbepoetin Alfa 150 150 151 148 148 147 146 145 143 143 142 142 141 142 142 141 140 139 137 138 135 135 134 131 130 131 131

Roxadustat 150 150 150 145 146 143 143 141 140 137 137 136 132 135 135 133 131 130 127 125 124 122 121 120 120 120 118

PSC SC 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 EoT

151

150

Roxadustat

Darbepoetin Alfa
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screening; SC, screening.
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withdrawal from the study, was 8.7% (13/150) and 5.3%
(8/152) in the roxadustat and DA groups, respectively. Two
deaths were reported during the study, both of which occurred
in the roxadustat group (Table 3): one 64-year-old patient with a
41-year history of dialysis and concomitant chronic heart failure
and a history of acute pericarditis died from acute myocardial
infarction, and one 75-year-old patient with a history of hyper-
tension, angina pectoris, hyperkalemia, and dyslipidemia died
from cardiopulmonary arrest due to congestive heart failure.
Common (incidence $5%) TEAEs included nasopharyngitis,
shunt stenosis, diarrhea, contusion, and vomiting. The
incidences of nasopharyngitis and vomiting were higher in the
roxadustat group than in the DA group (Table 3). No clinically
significant changes were observed in the clinical laboratory eval-
uations, vital signs, or 12-lead electrocardiograms.

Ophthalmologic Evaluations
Retinal hemorrhage was reported as a TEAE in 3.3% (5/150)
and 3.9% (6/152) of patients in the roxadustat and DA groups,
respectively. Color fundus photography images, assessed by an
independent blinded central reviewer, revealed new or wors-
ening retinal hemorrhages during treatment in 32.4% (46/
142) and 36.6% (53/145) of patients in the roxadustat and

DA groups, respectively (Table 4). No clinically meaningful
changes in retinal thickness were observed by OCT, as assessed
by independent blinded central reviewers, from week
0 through the end of treatment in either of the treatment
groups.

DISCUSSION

This double-blind, double-dummy study compared the effi-
cacy of the HIF-PHI, roxadustat, with DA in CKD patients
with renal anemia on HD who were converted from short-
acting rHuEPO or DA to roxadustat. In the roxadustat group,
the 95% CI of average Hb levels during weeks 18–24 was
within the target range of 10–12 g/dl, therefore confirming
the efficacy of roxadustat. The estimated difference in the LS
mean of DHb18–24 between the roxadustat and DA groups
confirmed the noninferiority of roxadustat to DA. The means
of Hb levels were similar in the two treatment groups and
remained within the target range in both treatment groups
throughout the study. Moreover, the maintenance rate of the
target Hb levels during weeks 18–24 was comparable between
treatment groups. The mean treatment compliance was high

in both treatment groups (roxadustat,
99.23%; DA, 100%).

A subgroup analysis suggested that, in
the DA group, the median allocated dose
of DA required tomaintain target Hb lev-
els was higher among patients with
higher hs-CRP ($3.000mg/L) compared
with those with lower hs-CRP
(,3.000 mg/L). Conversely, the median
allocated dose of roxadustat required to
maintain the target Hb levels in the rox-
adustat group did not appear to be asso-
ciated with hs-CRP levels. The allocated
dose of roxadustat was higher in the
higher hs-CRP versus lower hs-CRP
group during the first 7 weeks of treat-
ment and then became similar in the two
groups, whereas the allocated dose of DA
remained higher in the higher hs-CRP
group from week 12 through the end of
the study. Although the number of pa-
tients with higher hs-CRP ($3.000 mg/
L) was limited in this study, this obser-
vation provides preliminary evidence
that the dose requirement of roxadustat
may not be affected by inflammation to
the same extent that the dose require-
ment of ESAs is; however, further inves-
tigation is required before any firm con-
clusions can be made regarding the
relationship between roxadustat dosing
and inflammation. Markers of iron

Table 2. Mean levels of iron parameters and changes from week 0 to end of
treatment (FAS)

Parameter Roxadustat (n5150) DA (n5151)

Serum iron, mmol/L
Wk 0 12.1 (5.1) 12.6 (4.5)
EoT 13.3 (5.3) 11.7 (5.3)
Change from wk 0 to EoT 1.2 (6.4) 20.9 (5.5)

Transferrin, g/L
Wk 0 1.802 (0.327) 1.810 (0.297)
EoT 2.220 (0.522) 1.915 (0.373)
Change from wk 0 to EoT 0.418 (0.393) 0.105 (0.288)

TIBC, mmol/L
Wk 0 43.4 (7.0) 43.5 (6.2)
EoT 51.1 (10.5) 45.1 (7.6)
Change from wk 0 to EoT 7.8 (8.1) 1.6 (5.7)

Soluble transferrin receptor, nmol/L
Wk 0 22.14 (7.07) 22.91 (7.29)
EoT 23.84 (12.44) 27.18 (14.06)
Change from wk 0 to EoT 1.70 (10.55) 4.28 (11.31)

TSAT, %
Wk 0 28.28 (11.70) 29.04 (10.18)
EoT 27.19 (12.30) 26.60 (12.64)
Change from wk 0 to EoT 21.09 (13.84) 22.44 (13.83)

Hb in reticulocytes, pg
Wk 0 34.71 (2.00) 35.10 (2.34)
EoT 34.25 (3.02) 33.69 (3.26)
Change from Wk 0 to EoT 20.46 (2.87) 21.41 (2.70)

Ferritin, ng/ml
Wk 0 102.31 (83.45) 96.28 (75.14)
EoT 98.33 (98.13) 77.54 (82.82)
Change from wk 0 to EoT 23.98 (78.41) 218.75 (64.64)

Data are presented as mean (SD). EoT, end of treatment.
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bioavailability remained clinically stable in both treatment
groups throughout the study, and the proportion of pa-
tients who used oral or IV iron was similar before and
during the study in both treatment groups; there was no
conscious effort to use less iron in either group. Among
those treated with roxadustat, the levels of TIBC and trans-
ferrin increased from week 0 to week 4 and then remained
stable throughout the end of treatment. Together, these

findings suggest an improved iron metabolism with
roxadustat.

In line with previous studies, roxadustat was generally
well tolerated in patients with CKD who are HD dependent
and have anemia.9–11 The proportions of overall TEAEs re-
ported throughout the study were similar between the DA
and roxadustat groups; however, a higher proportion of pa-
tients in the roxadustat group reported drug-related TEAEs
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Figure 3. Mean (SD) Hb levels were similar between groups throughout the study when stratified by hs-CRP (FAS). EoT, end of
treatment; PSC, prescreening; SC, screening.
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(22.0% versus 13.2%) and serious TEAEs (20.7% versus
14.5%). A possible reason for this difference could be
that 69.5% of patients in the DA group had received treat-
ment with DA for $8 weeks before the study, which may

have introduced selection bias favoring patients who
tolerated DA.

Angiogenesis may be mediated via proangiogenic factors
such as vascular endothelial growth factor, which can be

B
Darbepoetin Alfa Group

0

10

5

30

25

20

15

40

35

50

45

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A
llo

ca
te

d 
D

os
e 

of
 D

ap
be

po
et

in
 A

lfa
 P

er
 In

ta
ke

 (
µg

)

Visit (Weeks)

hs-CRP <3.000 mg/L

hs-CRP �3.000 mg/L

Number of Patients (n)

hs-CRP �3.000 mg/L

hs-CRP <3.000 mg/L129 127 123 123 122 122 120 119 115 114 116 114 112 112 113 116 112 110 109 108 109 108 107 108

22 21 21 19 19 19 19 20 20 20 19 18 18 18 17 16 16 17 16 16 17 17 17 18

A

0

20

10

50

40

30

70

60

140

130

120

110

100

90

80

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A
llo

ca
te

d 
D

os
e 

of
 R

ox
ad

us
ta

t P
er

 In
ta

ke
 (

m
g)

Visit (Weeks)

hs-CRP <3.000 mg/L

hs-CRP �3.000 mg/L

Roxadustat Group

Number of Patients (n)

hs-CRP �3.000 mg/L

hs-CRP <3.000 mg/L135 128 122 109 102 98 99 98 103 109 108 106 112 112 107 107 110 109 107 103 102 106 104 103

14 13 12 12 11 11 9 9 11 11 11 12 12 11 11 11 10 10 9 10 10 10 10 9

Figure 4. Median (interquartile range) allocated dose of study drug per administration required to maintain target Hb levels was similar
in the roxadustat group and slightly different in the DA group when stratified by hs-CRP (FAS). DA was IV administered once per week
to patients at the completion of dialysis, on the dialysis day after the longest dialysis interval, for a maximum of 24 weeks. The last dose
was administered at completion of dialysis on the day of the week 23 visit.
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induced by HIF-1a. Indeed, some reports have suggested
angiogenesis may be associated with the development or pro-
gression of retinopathy.15,16 Considering the potential rela-
tionship between HIF-PHIs (which activate the HIF pathway)
and retinal disease, ophthalmologic findings were examined.
In this study, the rate of newor worsening retinal hemorrhages
was comparable in the DA and roxadustat groups, and no
clinically meaningful changes in retinal thickness were ob-
served. The ophthalmologic findings suggest that treatment
with roxadustat does not negatively affect retinal neovascula-
rization in this population of patients on HD, 36.0% of whom
have diabetes.

The findings of this study confirm those from previous
studies showing that roxadustat is effective in the treatment
of anemia in both patients with CKD who are nondialysis
dependent10,12–14 and those who are HD dependent,9–11 and
are consistent with results from a recent phase 3 study in Chi-
nese patients on HD or peritoneal dialysis.17 Moreover, the
results of this study are consistent with previous findings
showing that inflammation, as indicated by elevated hs-CRP
and frequently observed in patients with CKD, is associated
with ESA hyporesponsiveness.5 The effect of roxadustat in
patients with inflammation has been shown in two previous
phase 2 studies. Chen et al.10 reported that treatment with
roxadustat significantly decreased the levels of hepcidin in
both patients who are dialysis dependent and those who are
nondialysis dependent. Another study comparing epoetin alfa
with roxadustat showed that hs-CRP levels were correlated
with higher pre-enrollment doses of epoetin alfa, whereas,
in the same patients after a 19-week treatment, no association
between the roxadustat dose required to maintain target Hb
levels and hs-CRP levels was observed in the last 7 weeks of
treatment.11 In this study, investigators aimed to keep Hb

levels within a target range, making it
difficult to observe differences in Hb be-
tween groups. That said, the ability of
roxadustat to maintain target Hb levels
in the presence of inflammation, with
few dose modifications, may represent
an advantage of roxadustat compared
with ESA treatment. Furthermore, the
convenience of oral administration for
roxadustat, supported by the high treat-
ment compliance observed in this study,
may provide an advantage for patients
with CKD who are on peritoneal dialysis
or not on dialysis, reducing the need of
frequent hospital visits.17

This study does have limitations to be
considered. Although the study was de-
signed to assess the noninferiority of
roxadustat’s efficacy to DA, a placebo
group was not included for comparison,
which may limit the accuracy of roxadu-
stat’s efficacy and safety. Moreover, this

study is not powered to provide a definitive conclusion re-
garding overall safety or cardiovascular outcomes. In addition,
although the Hb response to roxadustat was relatively stable
throughout the study period, studies of longer duration are
needed to determine if these effects will remain consistent over
time. Whereas previous studies have investigated the efficacy
and safety of roxadustat in the United States9,11,12,14 and
China,9,10 this study was conducted in Japanese patients,
and therefore may not be fully generalizable to other ethnic-
ities. Furthermore, because enrollment included only those
patients who had previously been treated with ESAs for
.8 weeks before prescreening and who had Hb levels between
10–12 g/dl, a selection bias may have favored patients who
tolerated and responded well to ESAs, precluding a true
head-to-head comparison. Specifically, the fact that patients
in this study were previously treated with ESAs may have re-
duced the occurrence of side effects reported in the DA arm.
Lastly, the short treatment period used in this study does not
permit any definitive conclusions regarding safety.

Despite its efficacy for the treatment of CKD anemia, ESA ther-
apy has been associated with safety concerns and the disadvantage
of administration by injection, which prompted numerous clinical
studies investigating safer and more convenient therapies.

Overall, this study demonstrated the efficacy of orally admin-
istered roxadustat and its noninferiority to DA in maintaining
the levels of Hbwithin the target range in Japanese patients with
anemia onHD.Roxadustat displayed amanageable safety profile
with no increased risk of ophthalmologic abnormalities; how-
ever, further investigation will be required to firmly establish the
safety profile of roxadustat in this population. Additional large,
long-term phase 3 studies of roxadustat are currently underway
to confirm and extend these efficacy- and safety-related findings
to other CKD populations.

Table 3. Overview of TEAEs (SAF)

Parameter Roxadustat (n5150) DA (n5152)

TEAEs 129 (86.0) 126 (82.9)
Serious TEAEs 31 (20.7) 22 (14.5)
Drug-related serious TEAEsa 5 (3.3) 6 (3.9)
TEAEs leading to withdrawal of treatment 13 (8.7) 8 (5.3)
Drug-related TEAEs leading to withdrawal of treatment 8 (5.3) 5 (3.3)
Deaths 2 (1.3) 0
TEAEs occurring in $5% patients in either group, n (%)b

Gastrointestinal disorders 42 (28.0) 28 (18.4)
Diarrhea 11 (7.3) 12 (7.9)
Vomiting 10 (6.7) 3 (2.0)

Infections/infestations 67 (44.7) 58 (38.2)
Nasopharyngitis 52 (34.7) 40 (26.3)

Injury, poisoning, and procedural complications 41 (27.3) 45 (29.6)
Shunt stenosisc 11 (7.3) 13 (8.6)
Contusion 10 (6.7) 10 (6.6)

Data are presented as n (%).
aDrug-related TEAEs were defined as those TEAEs whose relationship to the study drugs could not be
ruled out based on the investigator assessment.
bMedDRA Version 19.0 system organ class and preferred term.
cIncludes arteriovenous fistula stenosis and arteriovenous graft stenosis.
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Table 4. Overview of ophthalmologic evaluations by an independent blinded
central reviewer (SAF)

Parameter Roxadustat (n5150) DA (n5152)

New or worsening retinal hemorrhage, n (%)
Treatment perioda 46/142 (32.4) 53/145 (36.6)
At wk 12 31/132 (23.5) 35/136 (25.7)
At wk 24 30/113 (26.5) 34/126 (27.0)
At EoT 34/142 (23.9) 42/145 (29.0)

New or worsening retinal hemorrhage by subgroup, n (%)
No retinal hemorrhages at baseline
Treatment perioda 18/94 (19.1) 24/96 (25.0)
At wk 12 11/85 (12.9) 15/90 (16.7)
At wk 24 10/71 (14.1) 16/84 (19.0)
At EoT 13/94 (13.8) 18/96 (18.8)

One or more retinal hemorrhage at baseline
Treatment perioda 28/48 (58.3) 29/49 (59.2)
At wk 12 20/47 (42.6) 20/46 (43.5)
At wk 24 20/42 (47.6) 18/42 (42.9)
At EoT 21/48 (43.8) 24/49 (49.0)

EoT, end of treatment.
aDetected throughout the entire treatment period.
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