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Introduction: Roxadustat is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor that has

demonstrated safety and efficacy versus placebo in phase III trials in patients with anemia of chronic

kidney disease (CKD) who were not on dialysis (NDD).

Methods: This was a phase III, active-controlled, multicenter, partially randomized, open-label study in

Japanese patients with NDD CKD. Patients who had used recombinant human erythropoietin or darbe-

poetin alfa (DA) before conversion were randomized to roxadustat or DA (comparative arms). Patients who

had used epoetin beta pegol before conversion were allocated to roxadustat (reference arm). The primary

endpoint was change in average hemoglobin (Hb) level from baseline during the evaluation period (Weeks

18–24). Longer term efficacy and safety were evaluated in roxadustat-treated patients over 52 weeks.

Results: In this study, 334 patients were randomized/allocated to receive treatment (n ¼ 132, roxadustat

[comparative]; n ¼ 131, DA [comparative]; n ¼ 71, roxadustat [reference]). The estimated difference be-

tween the roxadustat (comparative) and DA (comparative) groups in the least squares mean of change of

average Hb levels of Weeks 18 to 24 from baseline was –0.07 g/dl, with the lower limit of 95% confidence

interval of –0.23 g/dl, thereby confirming the noninferiority of roxadustat to DA. Common treatment-

emergent adverse events ($3% of patients in any treatment group) observed during the 24-week treat-

ment period included nasopharyngitis, CKD, hyperkalemia, and hypertension.

Conclusion: Roxadustat maintained Hb within 10 to 12 g/dl in NDD CKD patients and was noninferior to

DA. The safety profiles observed in this study are consistent with previous studies performed in this pa-

tient population.
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C
KD is characterized by decreased synthesis of
erythropoietin by the kidneys due to impaired ox-

ygen sensing1,2 and an altered iron metabolism.3 As such,
anemia often occurs concomitantly with CKD, especially
in patients with advanced CKD.4 Although treatable,
anemia of CKD is associated with poor outcomes.4,5

Currently, iron therapy (oral or i.v.) is the standard
first-line treatment for CKD anemia, whereas traditional
erythropoiesis-stimulating agents (ESAs) are available in
the event that iron therapy cannot effectively correct
CKD anemia.6 Despite their role in the current CKD
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anemia treatment landscape, studies have highlighted
shortcomings related to the safety, efficacy, and mode of
administration of iron therapy and ESAs in patients with
non–dialysis-dependent (NDD) CKD.5,7–11 As such, pa-
tients may benefit from novel treatment options.

Hypoxia-inducible factor (HIF) is an oxygen-
sensitive transcription factor that regulates erythro-
poiesis. In the presence of normal oxygen tension, HIF-
a subunits are marked for degradation by the activity
of HIF prolyl hydroxylase enzymes, whereas in the
presence of reduced oxygen tension (hypoxia), the
activity of these enzymes is suppressed, which allows
HIF-a to dimerize with HIF-b and to accumulate,
leading to increased transferrin receptor expression,
iron absorption, and erythropoiesis.12 HIF prolyl hy-
droxylase inhibitors (HIF-PHIs) represent a new strat-
egy to improve hemoglobin (Hb) levels via activation of
the body’s natural response to hypoxia, independent of
cellular oxygen levels.13–15
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Figure 1. Study design. Registration was conducted on the day
when the most recent dose of erythropoiesis-stimulating agent was
scheduled to be administered within 4 weeks, in principle, based on
the assessments that confirmed that all the inclusion/exclusion
criteria were satisfied. Conduct of registration was on the same day
of the Week 0 visit.
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Roxadustat is an orally active HIF-PHI that has
demonstrated safety and efficacy in non–comparator-
controlled phase III trials in patients with CKD who are
NDD.16,17 In correcting and maintaining Hb, roxadu-
stat has been shown to be superior compared with
placebo17 and noninferior compared with traditional
ESAs.18,19 Roxadustat has also been shown to increase
or stabilize transferrin levels and total iron-binding
capacity (TIBC),16–19 and to stabilize or decrease hep-
cidin.16–19 Roxadustat is approved in China for the
treatment of dialysis dependent (DD) and NDD CKD
anemia and in Japan for the treatment of DD CKD
anemia.

This phase II, partially randomized, active-
comparator study was conducted at 71 sites in Japan.
The study aimed to evaluate the efficacy and safety of
roxadustat after conversion from recombinant human
erythropoietin (rHuEPO) or darbepoetin alfa (DA) to
roxadustat, as well as to evaluate the long-term efficacy
and safety of roxadustat after conversion from epoetin
beta pegol (EBP) to roxadustat, in Japanese NDD CKD
patients with anemia of CKD; DA was used as an active
comparator.
METHODS

Study Design

This was a phase III, multicenter, partially randomized,
DA-controlled, open-label study in patients with NDD
CKD at the time of randomization (ClinicalTrials.gov
identifier: NCT02988973). Patients who had used
rHuEPO or DA before conversion were randomized to
Kidney International Reports (2021) 6, 1810–1828
either the roxadustat treatment arm or the DA treat-
ment arm (comparative arms; Figure 1). Patients who
had used EBP before conversion were allocated to the
roxadustat treatment arm (reference arm). Patients who
received roxadustat started administration of roxadu-
stat 3 times a week from the day of prescription. Pa-
tients randomized to the DA treatment arm started
administration of DA once every 2 weeks from the day
of prescription.

For patients who received roxadustat, treatment was
continued until Week 52. Treatment was ended at
Week 24 for patients who were randomized to the DA
treatment arm. While the primary endpoint of this
study was the change in average Hb level from baseline
during the assessment period (Weeks 18–24), a 52-week
treatment period was used for the roxadustat treatment
arm to provide findings regarding safety and efficacy
following long-term administration of roxadustat in
NDD CKD patients, as specified in the Guidelines for
Clinical Evaluation of Therapeutic Drugs for Renal
Anemia published by the Ministry of Health, Labour
and Welfare of Japan.

The original study protocol (November 2016) was
amended 5 times; these revisions consisted of admin-
istrative changes and a change in planned study
duration. This study was conducted in accordance
with the ethical principles of the Declaration of Hel-
sinki, Good Clinical Practice, the International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use guidelines, and appli-
cable laws and regulations. The protocol was approved
by each institutional review board, and all subjects
provided written informed consent.
Study Population

In this study, eligible patients were $20 years old, had
been diagnosed with CKD (estimated glomerular filtra-
tion rate [eGFR] #89 ml/min/1.73 m2), and were not
receiving dialysis. Patients had CKD anemia and had
been receiving subcutaneous ESA, within the doses
approved in Japan, for $8 weeks before prescreening
assessments and were considered to have stable Hb
levels. The mean of each patient’s 2 most recent Hb
values before registration had to be between 10.0 and
12.0 g/dl; Hb values were assessed within $1 week of
each other. Patients were excluded if they had under-
gone red blood cell transfusion or any surgical pro-
cedure considered to promote anemia within 4 weeks
before their prescreening assessments or if they had
received any prior treatment with roxadustat. A full
list of eligibility criteria, as well as information
regarding compliance requirements, can be found in
the Supplementary Methods.
1811

http://ClinicalTrials.gov


CLINICAL RESEARCH T Akizawa et al.: Roxadustat versus Darbepoetin Alfa in NDD CKD
Study Drug Administration

Initial conversion doses and dose adjustments were
regulated according to prespecified criteria in all ran-
domized or registered patients, regardless of treatment
arm; initial conversion doses were determined on the
basis of the dose of ESA being taken immediately
before registration (Supplementary Tables S1 and S2).
The randomization for patients who had used rHuEPO
or DA before conversion was conducted by a dynamic
allocation method using a biased-coin minimization
approach with the study site, mean of the 2 most recent
Hb levels before registration (<11.0 vs. $11.0 g/dl),
ESA dose before registration (rHuEPO: <4500
vs. $4500 IU/week; DA: <20 vs. $20 mg/week), pre-
vious or concurrent retinal vascular disorder (present
vs. absent), and diabetes mellitus (present vs. absent) as
allocation factors.

From Week 4, the doses of roxadustat and DA could
be adjusted so that patients’ Hb levels were maintained
within the target range (referred to as 10.0–12.0 g/dl
unless stated otherwise) (Supplementary Tables S1 and
S3). Generally speaking, roxadustat dosing could be
adjusted every 4 weeks; a decision on whether to
perform a dose adjustment was made at every sched-
uled visit (every 2 weeks) from Week 4 if both the Hb
level in the relevant Week and the change in the Hb
levels from 4 Weeks before the relevant Week (differ-
ence between the Hb levels in the relevant Week and 4
weeks earlier) met the criteria outlined in
Supplementary Table S4.

Patients who were randomized or registered to the
roxadustat treatment arm received roxadustat 3 times a
week for up to 52 weeks. The first dose of roxadustat
was taken on the day of prescription or the day after
prescription. Patients took roxadustat at 2- or 3-day
intervals (Monday–Wednesday–Friday, Tuesday–
Thursday–Saturday, etc.) throughout the administra-
tion period. When coadministered with phosphate
binders (bixalomer, precipitated calcium carbonate,
lanthanum carbonate hydrate, ferric citrate hydrate,
etc.), patients had to take roxadustat at least 1 hour
before or 1 hour after taking the phosphate binder.
Darbepoetin alfa was administered subcutaneously
once every 2 weeks for up to 24 weeks, where the final
dose was administered at the week 22 visit. Rescue
therapy, such as red blood cell transfusions, were
prohibited through the end of week 52 (week 24 in case
of a DA treatment arm) or the time of discontinuation.

Study Outcomes and Assessments
Primary Endpoint

In this study, the primary endpoint was the change of
average Hb level of Weeks 18 to 24 from baseline.
Baseline Hb level was defined as the mean of 3 Hb
1812
values: the patient’s 2 most recent Hb levels before
registration, and their Hb level at Week 0. Patients’ Hb
levels were measured at each study site.

Secondary Endpoints to End of Week 24

Secondary endpoints included the average Hb levels of
Weeks 18 to 24, maintenance rate of the target Hb level
(proportion of patients who achieved the average Hb
level of 10.0 to 12.0 g/dl during Weeks 18–24), the
proportion of patients who achieved the target Hb level
at each week, change of Hb levels from Week 0 to each
week, and the proportion of measurement points that
met the target Hb level from Weeks 18 to 24. The rate
of rise in Hb levels (g/dl/week) from Week 0 to the
earliest date of Week 4, time of discontinuation, and
time of dose adjustment were also assessed. Secondary
endpoints also included lab values such as serum iron
(Fe), ferritin, transferrin, TIBC, soluble transferrin re-
ceptor (sTfR), and transferrin saturation (TSAT); these
laboratory measure values were measured centrally at
SRL, Inc. (Japan). Hepcidin levels were an exploratory
endpoint.

Secondary Endpoints to End of Week 52

Similar to the endpoints assessed at the end of Week 24,
secondary endpoints assessed at the end of Week 52
included the average Hb levels of Weeks 44 to 52
(calculated for patients who had $1 Hb value during
Weeks 44–52) and the maintenance rate of the target
Hb level (proportion of patients who achieved the
average Hb level of 10.0 to 12.0 g/dl for Weeks 44 to
52). Secondary endpoints also included laboratory
measures of values such as serum Fe, ferritin, trans-
ferrin, TIBC, sTfR, and TSAT. Hepcidin levels were an
exploratory endpoint.

Safety Assessment

The safety and tolerability of roxadustat and DA were
also assessed by monitoring the occurrence of
treatment-emergent adverse events (TEAEs). Severity
of TEAEs was graded according to the Classification of
Seriousness of Adverse Drug Reaction of Medicinal
Products (Pharmaceutical Affairs Bureau Safety Di-
vision’s Notification No. 80 [1992]). Additional safety
assessments included findings from laboratory tests,
vital signs, physical examinations, and 12-lead elec-
trocardiograms. Because the upregulation of the
vascular endothelial growth factor (VEGF) via the HIF-
1a pathway during hypoxia can increase retinal
angiogenesis, which may be associated with an
increased risk of certain retinal pathologies,20,21 it is
important to ascertain whether roxadustat, by acting
on the HIF pathway, may be associated with an
increased risk of adverse ophthalmological events. As
such, ophthalmological examinations (funduscopic
photograph, optical coherence tomography [OCT],
Kidney International Reports (2021) 6, 1810–1828
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visual acuity) were conducted for patients who used
rHuEPO or DA before conversion. Funduscopic
photography and OCT were performed in the
comparative groups (roxadustat and DA) at the end of
Week 24 and were centrally assessed by 2 blinded
independent graders.

Statistical Methods
Study Populations and Sample Size Analysis

In this study, the full analysis set (FAS) was defined as
the population of patients who received $1 dose of the
study drug and who had data of $1 efficacy variable
measured after the start of the study treatment. The per
protocol set (PPS) was defined as a subset of patients in
the FAS who had received treatment for$18 weeks, had
received $70% of treatment as designated, and had
measurements of Hb at baseline and $2 points from
Weeks 18 to 24. The safety analysis set (SAF) consisted of
patients who received $1 dose of study drug.

In confirming the noninferiority of roxadustat to DA
for the change of average Hb from baseline during the
evaluation period (Weeks 18–24) as a primary
endpoint, the power for the lower limit of the 95%
confidence interval (CI) in the difference between
roxadustat and DA exceeding the noninferiority
margin of �0.75 g/dl was calculated with assumptions
of a difference of –0.25 g/dl between groups and a
standard deviation of 1.1 g/dl. A sample size of 103 for
each group would provide 90% power to demonstrate
the noninferiority of roxadustat to DA.

Assuming an approximate 20% dropout rate from
the PPS, a total of 130 patients for each treatment arm
was planned to be randomized for conversion to rox-
adustat or DA (referred to as “comparative” from this
point forward). As a reference arm that was not
included in the primary analysis set, 65 patients were
planned to be registered for conversion from EBP to
roxadustat (referred to as “reference” from this point
forward). As per the Ministry of Health, Labour and
Welfare Guidelines for Clinical Evaluation of Thera-
peutic Drugs for Renal Anemia, which required $300
patients to receive a drug for $6 months and $100
patients to receive the drug for $1 year, safety and
efficacy results following long-term administration of
roxadustat in NDD CKD patients can be obtained from
this study.

Additional information regarding the assumption for
sample size can be found in the Supplementary
Methods

Statistical Analysis

Analysis of the primary endpoint was performed on the
PPS as the primary analysis set. Efficacy of roxadustat
was confirmed if the 95% CI of the average Hb level of
Weeks 18 to 24 was within the target range of 10.0 to
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12.0 g/dl in the roxadustat (comparative) treatment
arm. Noninferiority of roxadustat to DA was also
evaluated. The change of average Hb levels of Weeks
18 to 24 from baseline was analyzed by a mixed model
of repeated measurements with an unstructured
covariance matrix within patients to calculate the 95%
CI in the difference between roxadustat (comparative)
and DA (comparative). The model considered random-
ization arms, visit, baseline Hb, ESA dose before
registration, previous or concurrent retinal vascular
disorder, diabetes mellitus, and visit by randomization
arm interaction as explanatory variables. Non-
inferiority of roxadustat to DA was confirmed if the
lower limit of 95% CI for the difference was above the
noninferiority margin of –0.75 g/dl. Analysis of
covariance with multiple imputation and pattern-
mixture model analyses, assuming multiple missing
data mechanisms, were conducted as sensitivity anal-
ysis of the primary endpoint.

Analyses of secondary and exploratory endpoints
were performed in the FAS; details regarding these
analyses can be found in the Supplementary Methods.
Subgroup analyses stratified by high-sensitivity C-
reactive protein (hs-CRP; <28.57 or $28.57 nmol/l,
where 28.57 nmol/l represents the upper limit of
normal) and eGFR (<15 or $15 ml/min/1.73m2) were
performed to examine possible trends in Hb mainte-
nance and study drug dosing across treatment groups.
Demographic and other baseline characteristics were
summarized using descriptive statistics. Safety analyses
were performed in the SAF. All data processing, sum-
marization, and analyses were performed using SAS
Version 9.4.
RESULTS

Of the 431 patients who provided informed consent,
334 were registered/randomized to receive treatment
(132 in the roxadustat [comparative] group, 131 in the
DA [comparative] group, and 71 in the roxadustat
[reference] group; Figure 2). A total of 97 patients
discontinued before randomization/registration due to
screen failures. Two patients (in the roxadustat
[comparative and reference] groups) did not take the
study drug and a total of 332 patients received the
study drug and were analyzed.

At the end of Week 24, a total of 296 (88.6%) pa-
tients (109 [82.6%] in the roxadustat [comparative]
group, 121 [92.4%] in the DA [comparative] group, and
66 [93.0%] in the roxadustat [reference] group)
completed the 24-week treatment period (Figure 2a). At
the end of Week 52, a total of 146 (71.9%) patients in
the pooled roxadustat group (95 [72.0%] in the rox-
adustat [comparative] group and 51 [71.8%] in the
1813
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Figure 2. Patient disposition at the end of (a) Week 24 and (b) Week 52. aPatients who signed informed consent but discontinued before
randomization/registration were screen failures. bPatients who did not receive the study drug were included. cPatients in the roxadustat
(comparative) group and the roxadustat (reference) group continued to receive the study drug for up to 52 weeks.
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roxadustat [reference] group) completed the 52-week
treatment period (Figure 2b). Additional details
regarding patients’ disposition can be found in the
Supplementary Results.

In the FAS, patient demographics and baseline
characteristics were similar between the 3 treatment
groups (Table 1). The baseline values of efficacy vari-
ables were also similar between the 3 treatment groups.

In the SAF, all patients received previous ESA
medication (Table 2). The previous ESA medications
in the roxadustat (comparative) and DA (comparative)
groups were DA (96.9% and 96.2%, respectively),
rHuEPO (2.3% and 3.8%, respectively), and EBP
(0.8% and 0%, respectively). One patient in the
roxadustat (comparative) group who received prior
EBP was excluded from the PPS. In the roxadustat
(reference) group, all patients previously received
EBP.
1814
Details regarding study drug exposure and treat-
ment compliance are presented in the Supplementary
Results. The mean (SD) allocated dose level per intake
at Week 22 was 46.9 (20.2) mg in the roxadustat
(comparative) group, 32.0 (27.0) mg in the DA
(comparative) group, and 42.9 (21.6) mg in the rox-
adustat (reference) group (Figure 3a and b). In the SAF,
the mean (SD) allocated dose level per intake at Week
48, which was calculated using a single dose per intake,
was 44.2 (25.7) mg in the pooled roxadustat group (45.0
[27.4] mg in the roxadustat [comparative] group and
42.8 [22.9] mg in the roxadustat [reference] group)
(Figure 3a).

Primary Efficacy Endpoint (PPS). The mean (SE) of
average Hb levels of Weeks 18 to 24 in the roxadustat
(comparative) group was 11.14 (0.07) g/dl with a 95%
Kidney International Reports (2021) 6, 1810–1828



Table 1. Patient demographics and baseline characteristics (full analysis set)

Parameter
Darbepoetin alfa (comparative)

(n [ 131)
Roxadustat (comparative)

(n [ 131)
Roxadustat (reference)

(n [ 70) Pooled roxadustat (n [ 201)

Sex

Male 75 (57.3%) 83 (63.4%) 35 (50.0%) 118 (58.7%)

Female 56 (42.7%) 48 (36.6%) 35 (50.0%) 83 (41.3%)

Age (years) (informed consent)

Mean 70.9 68.9 70.0 69.3

SD 10.2 11.6 10.5 11.2

Age group (years) (informed consent)

<65 35 (26.7%) 36 (27.5%) 17 (24.3%) 53 (26.4%)

$65 96 (73.3%) 95 (72.5%) 53 (75.7%) 148 (73.6%)

BMI (kg/m2) (prescreening)

Mean 23.95 23.58 23.73 23.63

SD 3.57 4.59 3.66 4.28

eGFR (ml/min/1.73 m2) (prescreening)

Mean 18.2 17.9 17.2 17.7

SD 8.8 8.2 7.3 7.9

Median 15.0 16.0 16.5 16.0

eGFR group (ml/min/1.73 m2) (prescreening)

<15 56 (42.7%) 46 (35.1%) 31 (44.3%) 77 (38.3%)

$15 75 (57.3%) 85 (64.9%) 39 (55.7%) 124 (61.7%)

Duration of anemia associated with CKD (months)

Mean 33.95 28.39 31.15 29.33

SD 45.94 31.42 27.56 30.11

Baseline Hb (g/dl)

Mean 10.96 10.98 11.14 11.03

SD 0.52 0.57 0.54 0.56

Baseline Hb group (g/dl)

<11.0 64 (48.9%) 64 (48.9%) 29 (41.4%) 93 (46.3%)

$11.0 67 (51.1%) 67 (51.1%) 41 (58.6%) 108 (53.7%)

Transferrin (g/l)

Mean 1.947 2.007 1.999 2.004

SD 0.346 0.384 0.323 0.363

Iron (mmol/l)

Mean 15.0 16.0 16.1 16.0

SD 5.0 5.3 6.0 5.5

Iron repletion, n (%)

Ferritin $100 ng/ml and TSAT $20% 66 (50.4%) 69 (52.7%) 37 (52.9%) 106 (52.7%)

Ferritin <100 ng/mL and TSAT $20% 52 (39.7%) 51 (38.9%) 26 (37.1%) 77 (38.3%)

Ferritin $100 ng/ml and TSAT <20% 9 (6.9%) 6 (4.6%) 2 (2.9%) 8 (4.0%)

Ferritin <100 ng/ml and TSAT <20% 4 (3.1%) 5 (3.8%) 5 (7.1%) 10 (5.0%)

Iron groups by repletion status, n (%)

Ferritin $100 ng/ml and TSAT $20% 66 (50.4%) 69 (52.7%) 37 (52.9%) 106 (52.7%)

Ferritin <100 ng/ml or TSAT <20% 65 (49.6%) 62 (47.3%) 33 (47.1%) 95 (47.3%)

Total iron binding capacity (mmol/l)

Mean 46.5 47.7 47.4 47.6

SD 7.4 7.8 6.8 7.5

Soluble transferrin receptor (nmol/l)

Mean 23.33 22.80 24.75 23.48

SD 8.37 9.28 11.38 10.08

Transferrin saturation (%)

Mean 32.72 34.00 34.26 34.09

SD 11.67 11.67 12.49 11.93

hs-CRP (nmol/l)

Mean 25.869 16.402 16.311 16.370

SD 63.396 26.940 39.877 31.943

hs-CRP (nmol/l), n (%)

<28.57 106 (80.9%) 108 (82.4%) 60 (85.7%) 168 (83.6%)

$28.57 25 (19.1%) 23 (17.6%) 10 (14.3%) 33 (16.4%)

(Continued on following page)
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Table 1. (Continued)

Parameter
Darbepoetin alfa (comparative)

(n [ 131)
Roxadustat (comparative)

(n [ 131)
Roxadustat (reference)

(n [ 70) Pooled roxadustat (n [ 201)

Previous or concurrent retinal vascular disorder,a n (%)

Absent 68 (51.9%) 66 (50.4%) — —

Present 63 (48.1%) 64 (48.9%) — —

Missing — 1 (0.7%) — —

Diabetes mellitus, n (%)

Absent 63 (48.1%) 63 (48.1%) 33 (47.1%) 96 (47.8%)

Present 68 (51.9%) 68 (51.9%) 37 (52.9%) 105 (52.2%)

BMI, body mass index; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; high-sensitivity C-reactive protein group; TSAT, transferrin saturation.
aNot recorded in reference arm.

Table 2. Detail of previous ESA medication (safety analysis set)

Parameter

Darbepoetin
alfa

(comparative)
(n [ 131)

Roxadustat
(comparative)
(n [ 131)

Roxadustat
(reference)
(n [ 70)

Pooled
roxadustat
(n [ 201)

Previous ESA
medication

rHuEPO 5 (3.8%) 3 (2.3%) 0 3 (1.5%)

Darbepoetin alfa 126 (96.2%) 127 (96.9%) 0 127 (63.2%)

Epoetin beta pegol 0 1 (0.8%)c 70 (100.0%) 71 (35.3%)

Dose level of previous
ESA medication
category

Lowa 95 (72.5%) 95 (72.5%) 57 (81.4%) 152 (75.6%)

Highb 36 (27.5%) 36 (27.5%) 13 (18.6%) 49 (24.4%)

ESA, erythropoiesis-stimulating agent; rHuEPO, recombinant human erythropoietin.
aDose level of rHuEPO category (IU/week) <4500 or dose level of darbepoetin alfa
category (mg/week) <20 or dose level of epoetin beta pegol category (mg/4
weeks) #100.
bDose level of rHuEPO category (IU/week) $4500 or dose level of darbepoetin alfa
category (mg/week) $20 or dose level of epoetin beta pegol category (mg/4 weeks)
>100.
cThis patient used epoetin beta pegol as previous ESA medication; the patient was
mistakenly registered as a patient whose treatment was converted from rHuEPO and
was therefore randomized to the roxadustat (comparative) group.
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CI of 11.01 to 11.27 g/dl, which was within the target
range of 10.0 to 12.0 g/dl. Thus, the efficacy of rox-
adustat was confirmed. The least squares (LS) mean (SE)
of change of average Hb levels of Weeks 18 to 24 from
baseline was 0.15 g/dl (0.06 g/dl) in the roxadustat
(comparative) group and 0.22 g/dl (0.06 g/dl) in the DA
(comparative) group. The estimated difference between
the roxadustat (comparative) and DA (comparative)
groups in the LS mean of change of average Hb levels
of Weeks 18 to 24 from baseline was –0.07 g/dl with
the lower limit of 95% CI of –0.23 g/dl, which was
above the predefined noninferiority margin of –0.75 g/
dl. Thus, the noninferiority of roxadustat to DA was
confirmed (Table 3).

The results of secondary (FAS) and sensitivity ana-
lyses (PPS) showed that the lower limits of the 95% CI
of the difference between the roxadustat (comparative)
and DA (comparative) groups in the LS mean of change
of average Hb levels of Weeks 18 to 24 from baseline
were above –0.75 g/dl, which confirmed the robustness
of the results of the primary analysis (Table 4).

Secondary and Exploratory Endpoints Through

Week 24 (Full Analysis Set)

The mean (SD) of average Hb levels of Weeks 18 to 24
was 11.11 g/dl (0.81 g/dl) in the roxadustat (compara-
tive) group, 11.23 g/dl (0.65 g/dl) in the DA (compar-
ative) group, and 11.08 g/dl (0.66 g/dl) in the
roxadustat (reference) group. The difference (95% CI)
between the roxadustat (comparative) and DA
(comparative) groups in the average Hb levels of Weeks
18 to 24 was –0.13 g/dl (–0.31 to 0.06 g/dl).

The maintenance rate (95% CI) of the target Hb level
(10.0–12.0 g/dl) during Weeks 18 to 24 was 77.1%
(68.9%–84.0%; 101/131 patients) in the roxadustat
(comparative) group, 85.5% (78.3%–91.0%; 112/131
patients) in the DA (comparative) group, and 84.3%
(73.6%–91.9%; 59/70 patients) in the roxadustat
(reference) group. The difference (95% CI) between the
roxadustat (comparative) and DA (comparative) groups
in the maintenance rate of the target Hb level was
–8.4% (–18.5% to 1.8%). In the patients with $1 Hb
1816
value during Weeks 18 to 24, the maintenance rate
(95% CI) of the target Hb level during Weeks 18 to 24
was 87.8% (80.4%–93.2%; 101/115 patients) in the
roxadustat (comparative) group, 88.9% (82.1%–
93.8%; 112/126 patients) in the DA (comparative)
group, and 89.4% (79.4%–95.6%) (59/66 patients) in
the roxadustat (reference) group. The difference (95%
CI) between the roxadustat (comparative) and DA
(comparative) groups in the maintenance rate of the
target Hb level was –1.1% (–10.0% to 7.9%).

The proportion (95% CI) of patients who achieved
the target Hb level (10.0–12.0 g/dl) at the end of Week
24 was 69.5% (60.8%–77.2%) in the roxadustat
(comparative) group, 75.6% (67.3%–82.7%) in the DA
(comparative) group, and 72.9% (60.9% to 82.8%) in
the roxadustat (reference) group. The difference (95%
CI) between the roxadustat (comparative) and DA
(comparative) groups in the proportion of patients who
achieved the target Hb level at the end of Week 24 was
–6.1% (–17.7% to 5.4%) and was mainly driven by the
Kidney International Reports (2021) 6, 1810–1828
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Figure 3. Mean and SD plot of (a) roxadustat and (b) darbepoetin alfa per intake over time (safety analysis set)
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higher proportion of roxadustat-treated patients with
Hb <10.0 g/dl.

Mean Hb values were maintained within the target
Hb level (10.0–12.0 g/dl) in all 3 treatment groups
through Week 24 and/or the end of Week 24 (Figure 4).
The mean Hb values in the roxadustat groups slightly
increased through Week 8, although no remarkable
changes were observed in the DA (comparative) group.
The difference between the roxadustat (comparative)
Table 3. Change of average Hb levels of Weeks 18 to 24 from baseline (

Parameter Treatment group LS me

Change of average Hb levels of Weeks 18–24 from baseline (g/dl) Darbepoetin alfa

(comparative)

Roxadustat
(comparative)

CI, confidence interval; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; LS, least squar
Hb values in analysis visit windows at Weeks 18, 20, 22, and 24 were used for calculating the ave
values before registration and 1 Hb value at Week 0. When Hb value at Week 0 was the same
defined as the mean of 2 latest Hb values before registration.
aMMRM with an unstructured covariance matrix within patients was used. The model considere
baseline Hb, ESA dose just before registration, previous or concurrent retinal vascular disorde

Kidney International Reports (2021) 6, 1810–1828
and DA (comparative) groups in the change of Hb
levels from Week 0 ranged from 0.39 to 0.64 g/dl from
Week 2 through Week 8 because of the temporal in-
crease of Hb levels from Week 0 in the roxadustat
(comparative) group; these differences were smaller
(–0.18–0.11 g/dl) through Week 24 and/or the end of
Week 24.

The mean (SD) proportion of measurement points
that met the target Hb level from Weeks 18 to 24 was
per protocol set)

an (SE) (95% CI)a
Estimated treatment difference (SE) (95%

CI)a Noninferiority margin

0.22 (0.06)
(0.10–0.33)

— —

0.15 (0.06)
(0.03–0.27)

–0.07 (0.08)
(–0.23–0.10)

–0.75

e; MMRM, mixed model for repeated measures; SE, standard error.
rage of Weeks 18 to 24. Baseline Hb was defined as the mean of 3 Hb values: 2 latest Hb
value and on the same date as the latest Hb value before registration, baseline Hb was

d randomization arms (roxadustat [comparative] or darbepoetin alfa [comparative]), visit,
r, diabetes mellitus, and visit by randomization arm interaction as explanatory variables.
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Table 4. Change of average Hb levels of Weeks 18 to 24 from baseline—secondary (FAS) and sensitivity (PPS) analysis
LS mean (SE) (95%

CI)a
Estimated treatment difference (SE)

(95% CI)a Model

Secondary analysis (FAS) treatment
group

Darbepoetin alfa (comparative) 0.23 (0.06)
(0.11–0.34)

— MMRM

Roxadustat (comparative) 0.11 (0.06)
(–0.01–0.24)

–0.11 (0.09)
(–0.29–0.06)

Sensitivity analysis (PPS) treatment
group

Darbepoetin alfa (comparative) 0.22 (0.06)
(0.11–0.33)

— ANCOVA with MI

Roxadustat (comparative) 0.15 (0.06)
(0.03–0.27)

–0.07 (0.08)
(–0.24 to 0.09)

Darbepoetin alfa (comparative) 0.22 (0.06)
(0.10–0.33)

— PMM (last mean carried forward)

Roxadustat (comparative) 0.15 (0.06)
(0.03–0.27)

–0.07 (0.08)
(–0.24 to 0.09)

Darbepoetin alfa (comparative) 0.22 (0.06)
(0.10–0.33)

— PMM (last mean carried forward for roxadustat and randomized arm MAR for
darbepoetin alfa)

Roxadustat (comparative) 0.15 (0.06)
(0.03–0.27)

–0.07 (0.08)
(–0.24–0.09)

ANCOVA, analysis of covariance; CI, confidence interval; FAS, full analysis set; Hb, hemoglobin; LS, least square; MAR, missing at random; MI, multiple imputation; MMRM, mixed model
for repeated measures; PMM, pattern-mixture model; PPS, per protocol set; SE, standard error.
aA mixed model for repeated measures with an unstructured covariance matrix within patients was used. The model considered randomization arms (roxadustat [comparative] or
darbepoetin alfa [comparative]), visit, baseline hemoglobin, erythropoietin analogue dose before registration, previous or concurrent retinal vascular disorder, diabetes mellitus, and visit
by randomization arm interaction as explanatory variables.
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77.75% (27.08%) in the roxadustat (comparative)
group, 80.89% (27.57%) in the DA (comparative)
group, and 81.82% (25.02%) in the roxadustat (refer-
ence) group. The difference (95% CI) between the
roxadustat (comparative) and DA (comparative) groups
in the proportion of measurement points that met the
target Hb level was –3.13% (–10.08%–3.81%).
Figure 4. Mean and SD plot of hemoglobin (g/dl) through Week 24 or end
Week 24; PSC, prescreening; SC, screening.

1818
The mean (SD) rate of rise in Hb levels was 0.302 g/
dl/week (0.252 g/dl/week) in the roxadustat (compar-
ative) group, 0.206 g/dl/week (0.273 g/dl/week) in the
roxadustat (reference) group, and 0.268 g/dl/week
(0.263 g/dl/week) in the pooled roxadustat group. The
proportion of patients whose rate of rise in Hb levels
exceeded 0.5 g/dl/week was 14.8% (19/128 patients) in
of Week 24 for all treatment arms (full analysis set). EOW24, end of

Kidney International Reports (2021) 6, 1810–1828



Table 5. Iron parameters and hepcidin at Week 0, the end of Week 24, and the end of treatment (full analysis set)
Parameter Week 0 End of Week 24 End of treatment

Darbepoetin alfa—comparative n ¼ 131 n ¼ 131 n ¼ NA

Iron, mmol/l 15.0 (5.0), 14.0 13.8 (4.6), 14.0 NA

Ferritin, ng/ml 150.42 (150.40), 117.00 117.26 (137.77), 80.10 NA

Transferrin, g/l 1.947 (0.346), 1.920 1.995 (0.389), 1.940 NA

TIBC, mmol/l 46.5 (7.4), 46.0 47.1 (8.3), 46.0 NA

sTfR, nmol/l 23.33 (8.37), 22.10 28.76 (13.80), 26.10 NA

TSAT, % 32.72 (11.67), 31.20 29.82 (10.40), 29.50 NA

Hepcidin, ng/ml 39.745 (24.898), 35.700 29.792 (25.251), 23.500 NA

Roxadustat—comparative n ¼ 131 n ¼ 131 n ¼ 131

Iron, mmol/l 16.0 (5.3), 15.0 15.2 (6.5), 15.0 13.9 (5.6), 13.0

Ferritin, ng/ml 138.03 (101.22), 113.00 114.66 (93.98), 90.70 108.21 (82.77), 84.80

Transferrin, g/l 2.007 (0.384), 1.950 2.304 (0.489), 2.280 2.274 (0.494), 2.260

TIBC, mmol/l 47.7 (7.8), 47.0 53.2 (10.1), 52.0 52.6 (10.4), 52.0

sTfR, nmol/l 22.80 (9.28), 20.20 25.96 (15.19), 23.00 25.41 (14.86), 23.00

TSAT, % 34.00 (11.67), 32.80 29.07 (13.44), 28.50 26.84 (11.31), 25.50

Hepcidin, ng/ml 38.100 (24.499), 33.300 25.773 (22.322), 20.800 28.223 (24.270), 20.700

Roxadustat—reference n ¼ 70 n ¼ 70 n ¼ 70

Iron, mmol/l 16.1 (6.0), 16.0 15.4 (6.2), 16.0 13.7 (5.3), 13.0

Ferritin, ng/ml 151.22 (132.65), 111.00 137.32 (139.75), 97.80 117.18 (140.68), 69.70

Transferrin, g/l 1.999 (0.323), 2.000 2.316 (0.465), 2.250 2.349 (0.490), 2.350

TIBC, mmol/L 47.4 (6.8), 47.5 53.5 (9.6), 53.0 54.2 (10.4), 53.5

sTfR, nmol/l 24.75 (11.38), 20.55 24.41 (12.74), 20.80 26.03 (12.63), 21.10

TSAT, % 34.26 (12.49), 33.80 29.83 (12.96), 28.80 26.44 (11.08), 25.45

Hepcidin, ng/ml 41.648 (29.042), 36.950 23.889 (21.665), 18.900 25.075 (24.694), 16.700

Roxadustat—pooled n ¼ 201 n ¼ 201 n ¼ 201

Iron, mmol/l 16.0 (5.5), 15.0 15.3 (6.4), 15.0 13.8 (5.5), 13.0

Ferritin, ng/ml 142.62 (113.00), 113.00 122.55 (112.23), 93.60 111.33 (106.30), 82.10

Transferrin, g/l 2.004 (0.363), 1.980 2.308 (0.479), 2.260 2.300 (0.492), 2.300

TIBC, mmol/l 47.6 (7.5), 47.0 53.3 (9.9), 52.0 53.1 (10.4), 53.0

sTfR, nmol/l 23.48 (10.08), 20.20 25.42 (14.37), 22.80 25.63 (14.09), 22.70

TSAT, % 34.09 (11.93), 33.10 29.33 (13.25), 28.50 26.70 (11.20), 25.50

Hepcidin, ng/ml 39.335 (26.153), 34.500 25.117 (22.059), 20.200 27.127 (24.403), 19.100

NA, not available; sTfR, soluble transferrin receptor; TIBC, total iron binding capacity; TSAT, transferrin saturation.
Data are presented as mean (SD), median.
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the roxadustat (comparative) group and 11.4% (8/70
patients) in the roxadustat (reference) group.

No remarkable changes in mean iron values were
observed in either the roxadustat (comparative and
reference) or DA (comparative) group at each visit
through Week 24 and/or the end of Week 24 (Table 5,
Supplementary Figure S1A).

The mean ferritin values decreased from Week
0 through Week 2 and then became stable through
Week 24 and/or the end of Week 24 in both the rox-
adustat (comparative and reference) and DA (compar-
ative) groups (Table 5, Supplementary Figure 2A).

The mean transferrin values in the roxadustat
(comparative and reference) groups increased from
Week 0 through Week 4, then decreased through
Week 12, and then became stable through Week 24
and/or the end of Week 24 at higher levels than
Week 0. In the DA (comparative) group, no
remarkable changes in the mean transferrin values
were observed at each visit through Week 24 and/or
Kidney International Reports (2021) 6, 1810–1828
the end of Week 24 (Table 5, Supplementary
Figure S3A).

Mean TIBC values in the roxadustat (comparative
and reference) groups increased from Week 0 through
Week 4, then decreased through Week 12, and then
became stable through Week 24 and/or the end of
Week 24 at higher levels than Week 0. In the DA
(comparative) group, no remarkable changes in the
mean TIBC values were observed at each visit through
Week 24 and/or the end of Week 24 (Table 5,
Supplementary Figure S4A).

The mean sTfR values in the roxadustat (compara-
tive and reference) groups increased from Week
0 through Week 4, then decreased through Week 12,
and then became stable through Week 24 and/or the
end of Week 24. In the DA (comparative) group, the
mean sTfR values slightly increased from Week
0 through Week 4 and then became stable through
Week 24 and/or the end of Week 24 (Table 5,
Supplementary Figure S5A).
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Figure 5. Median (interquartile range) of allocated dose of study drug by high-sensitivity C-reactive protein (hs-CRP): (a) darbepoetin alfa
(comparative), (b) roxadustat (comparative),
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Mean TSAT values in the roxadustat (comparative
and reference) groups decreased from Week 0 through
Week 2, then increased from Week 4 through Week 8,
and then became stable through Week 24 and/or the
end of Week 24. In the DA (comparative) group, no
remarkable changes in the mean TSAT values were
observed at each visit through Week 24 and/or the end
of Week 24 (Table 5, Supplementary Figure S6A).

The mean hepcidin values in the roxadustat
(comparative and reference) groups decreased fromWeek
0 at Week 4, then increased at Week 12, and then became
1820
stable at Week 24 and/or the end of Week 24 at lower
levels than Week 0. In the DA (comparative) group, the
mean hepcidin values slightly decreased from Week 0 at
Week 4 and then became stable through Week 24 and/or
the end of Week 24 at a lower level than Week
0 (Table 5, Supplementary Figure S7A).

In a subgroup analysis stratified by hs-CRP levels,
the mean (SD) change of average Hb levels of Weeks 18
to 24 from baseline in the roxadustat (comparative), DA
(comparative), and roxadustat (reference) groups were
0.09 (0.76), 0.28 (0.73), and –0.03 (0.81) g/dl in the hs-
Kidney International Reports (2021) 6, 1810–1828
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Figure 5. (c) roxadustat (reference), (d) roxadustat (pooled).
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CRP <28.57 nmol/L subgroup, and 0.19 (0.91), 0.08
(0.58), and –0.17 (0.72) g/dl in the hs-CRP $28.57
nmol/L subgroup, respectively. Median allocated dose
levels over time for each treatment group can be seen in
Figure 5. Roxadustat doses required to maintain target
Hb levels did not appear to be influenced by hs-CRP
levels, whereas DA doses appeared to be higher in
DA-treated patients with high hs-CRP.

In a subgroup analysis stratified by eGFR, the mean
(SD) change of average Hb levels of Weeks 18 to 24
from baseline in the roxadustat (comparative), DA
(comparative), and roxadustat (reference) groups were
Kidney International Reports (2021) 6, 1810–1828
0.00 (0.83), 0.14 (0.68), and –0.19 (0.75) g/dl in the
eGFR <15 ml/min/1.73 m2 subgroup, and 0.15 (0.76),
0.32 (0.72), and 0.07 (0.82) g/dl in the eGFR $15 ml/
min/1.73 m2 subgroup, respectively. Up to Week 22,
there did not appear to be any relationship between
allocated roxadustat dosing and eGFR (<15 vs.$15 ml/
min/1.73 m2) (Supplementary Table S5).

Secondary and Exploratory Endpoints Through

Week 52 (Full Analysis Set)

Mean (SD) of average Hb levels of Weeks 44 to 52 was
10.99 (0.66) g/dl in the pooled roxadustat group (11.05
1821



Figure 6. Mean and SD plot of hemoglobin (g/dl) through Week 52 or end of treatment for all treatment arms (full analysis set). EOT, end of
treatment; FAS, full analysis set; PSC, prescreening; SC, screening.

Table 6. Overview of TEAEs through Week 24 (safety analysis set)

Parameter

Darbepoetin
alfa Roxadustat Roxadustat

Pooled
roxadustat

(comparative)
(n [ 131)

(comparative)
(n [ 131)

(reference)
(n [ 70) (n [ 201)

n (%) n (%) n (%) n (%)

TEAE 92 (70.2%) 103 (78.6%) 54 (77.1%) 157 (78.1%)

Serious TEAE 17 (13.0%) 23 (17.6%) 9 (12.9%) 32 (15.9%)

TEAE leading to
withdrawal of
treatment

7 (5.3%) 15 (11.5%) 4 (5.7%) 19 (9.5%)

Death 1 (0.8%) 0 2 (2.9%) 2 (1.0%)

TEAE, treatment-emergent adverse event.
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[0.68] g/dl in the roxadustat [comparative] group and
10.87 [0.61] g/dl in the roxadustat [reference] group)
(Figure 6).

The mean (SD) change of average Hb levels of Weeks
44 to 52 from baseline was –0.08 (0.71) g/dl in the
pooled roxadustat group (0.03 [0.74] g/dl in the rox-
adustat [comparative] group and –0.26 [0.63] g/dl in the
roxadustat [reference] group).

The maintenance rate (95% CI) of the target Hb level
(10.0–12.0 g/dl) during Weeks 44 to 52 was 68.2%
(61.2%–74.5%; 137/201 patients) in the pooled rox-
adustat group (64.9% [56.1%–73.0%]; 85/13 patients,
in the roxadustat [comparative] group and 74.3%
[62.4%–84.0%], 52/70 patients, in the roxadustat
[reference] group). In the patients with $1 Hb value
during Weeks 44 to 52, the maintenance rate (95% CI)
of the target Hb level during Weeks 44 to 52 was 90.7
(84.9%–94.8%, 137/151 patients) in the pooled rox-
adustat group (89.5% [81.5%–94.8%, 85/95 patients]
in the roxadustat [comparative] group and 92.9%
[82.7%–98.0%, 52/56 patients] in the roxadustat
[reference] group). After the end of Week 24, the mean
Hb values were maintained within the target Hb level
(10.0–12.0 g/dl) in the pooled roxadustat group
through Week 52 and/or the end of treatment. Mean
values for iron, ferritin, transferrin, TIBC, sTfR, and
TSAT remained stable through Week 52 and/or the end
of treatment in roxadustat-treated patients (Table 5,
Supplementary Figures S1B–S6B). Mean hepcidin
values in the pooled roxadustat group remained stable
through Week 52 and/or the end of treatment at lower
levels than Week 0 (Table 5, Supplementary
Figure S7B).
1822
Safety—Roxadustat and Darbepoetin Alfa Through

Week 24 or End of Week 24

In the SAF, the incidence of TEAEs was comparable
across treatment arms. The incidence of TEAEs was
78.6% (103/131 patients) in the roxadustat (compara-
tive) group, 70.2% (92/131 patients) in the DA
(comparative) group, and 77.1% (54/70 patients) in the
roxadustat (reference) group (Table 6).

The incidence of serious TEAEs (TESAEs) was
17.6% (23/131 patients) in the roxadustat (comparative)
group, 13.0% (17/131 patients) in the DA (comparative)
group, and 12.9% (9/70 patients) in the roxadustat
(reference) group (Supplementary Table 6). CKD was
the only TESAE reported in $2 patients in the rox-
adustat (comparative and reference) groups (5.3% [7/
131 patients] and 4.3% [3/70 patients], respectively). In
the DA (comparative) group, TESAEs observed in $2
patients were CKD (3.1% [4/131 patients]) and pneu-
monia (2.3% [3/131 patients]). The incidence of TEAEs
leading to withdrawal of treatment was 11.5% (15/131
Kidney International Reports (2021) 6, 1810–1828



Table 7. Common ($3% in any treatment group) treatment-emergent adverse events through Week 24 or end of Week 24 (safety analysis set.)

MedDRA version 19.0 System Organ Class Preferred Term

Darbepoetin alfa Roxadustat Roxadustat Pooled roxadustat

(comparative) (n [ 131) (comparative) (n [ 131) (reference) (n [ 70) (n [ 201)

Overall 92 (70.2%) 103 (78.6%) 54 (77.1%) 157 (78.1%)

Gastrointestinal disorders 19 (14.5%) 32 (24.4%) 12 (17.1%) 44 (21.9%)

Constipation 4 (3.1%) 5 (3.8%) 2 (2.9%) 7 (3.5%)

Diarrhea 5 (3.8%) 3 (2.3%) 2 (2.9%) 5 (2.5%)

Dental caries 1 (0.8%) 3 (2.3%) 3 (4.3%) 6 (3.0%)

Nausea 1 (0.8%) 5 (3.8%) 1 (1.4%) 6 (3.0%)

General disorders and administration site conditions 13 (9.9%) 13 (9.9%) 5 (7.1%) 18 (9.0%)

Edema peripheral 4 (3.1%) 5 (3.8%) 1 (1.4%) 6 (3.0%)

Pyrexia 4 (3.1%) 5 (3.8%) 0 5 (2.5%)

Infections and infestations 48 (36.6%) 42 (32.1%) 30 (42.9%) 72 (35.8%)

Nasopharyngitis 34 (26.0%) 25 (19.1%) 19 (27.1%) 44 (21.9%)

Pneumonia 4 (3.1%) 4 (3.1%) 0 4 (2.0%)

Gastroenteritis 1 (0.8%) 5 (3.8%) 1 (1.4%) 6 (3.0%)

Cystitis 2 (1.5%) 0 3 (4.3%) 3 (1.5%)

Pharyngitis 1 (0.8%) 0 3 (4.3%) 3 (1.5%)

Injury, poisoning and procedural complications 10 (7.6%) 15 (11.5%) 9 (12.9%) 24 (11.9%)

Contusion 2 (1.5%) 4 (3.1%) 3 (4.3%) 7 (3.5%)

Investigations 6 (4.6%) 8 (6.1%) 5 (7.1%) 13 (6.5%)

Blood potassium increased 4 (3.1%) 0 1 (1.4%) 1 (0.5%)

Metabolism and nutrition disorders 16 (12.2%) 15 (11.5%) 9 (12.9%) 24 (11.9%)

Hyperkalemia 5 (3.8%) 5 (3.8%) 4 (5.7%) 9 (4.5%)

Hypoglycemia 0 1 (0.8%) 3 (4.3%) 4 (2.0%)

Musculoskeletal and connective tissue disorders 13 (9.9%) 12 (9.2%) 6 (8.6%) 18 (9.0%)

Back pain 5 (3.8%) 4 (3.1%) 1 (1.4%) 5 (2.5%)

Nervous system disorders 9 (6.9%) 16 (12.2%) 1 (1.4%) 17 (8.5%)

Headache 4 (3.1%) 3 (2.3%) 0 3 (1.5%)

Renal and urinary disorders 13 (9.9%) 15 (11.5%) 5 (7.1%) 20 (10.0%)

CKD 9 (6.9%) 9 (6.9%) 4 (5.7%) 13 (6.5%)

Skin and subcutaneous tissue disorders 11 (8.4%) 7 (5.3%) 9 (12.9%) 16 (8.0%)

Eczema 3 (2.3%) 1 (0.8%) 3 (4.3%) 4 (2.0%)

Vascular disorders 6 (4.6%) 5 (3.8%) 6 (8.6%) 11 (5.5%)

Hypertension 5 (3.8%) 3 (2.3%) 4 (5.7%) 7 (3.5%)
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patients) in the roxadustat (comparative) group, 5.3%
(7/131 patients) in the DA (comparative) group, and
5.7% (4/70 patients) in the roxadustat (reference)
group. At the end of Week 24, in the SAF, CKD was the
only TEAE leading to withdrawal of treatment reported
Table 8. New or worsening retinal hemorrhage by subgroup (total number
Week 24)

Subgroup Analysis visit

Total Treatment period

Week 12 compared with baseline

Week 24 compared with baseline

End of Week 24

No retinal hemorrhages at baseline Treatment period

Week 12 compared with baseline

Week 24 compared with baseline

End of Week 24

One or more retinal hemorrhage at baseline Treatment period

Week 12 compared with baseline

Week 24 compared with baseline

End of Week 24

Treatment period ¼ Detected throughout the entire 24-week treatment period.
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in $2 patients in the roxadustat (comparative) and DA
(comparative) groups (4.6% [6/131 patients] and 3.1%
[4/131 patients], respectively). No TEAEs leading to
withdrawal of treatment occurred in $2 patients in the
roxadustat (referential) group. No deaths were reported
of retinal hemorrhages at baseline) (safety analysis set at the end of

Darbepoetin alfa Roxadustat

(comparative) (n [ 131) (comparative) (n [ 131)

51/128 (39.8%) 38/121 (31.4%)

32/124 (25.8%) 27/113 (23.9%)

41/121 (33.9%) 21/104 (20.2%)

44/128 (34.4%) 26/121 (21.5%)

18/72 (25.0%) 8/62 (12.9%)

8/69 (11.6%) 6/59 (10.2%)

13/67 (19.4%) 3/56 (5.4%)

15/72 (20.8%) 4/62 (6.5%)

33/56 (58.9%) 30/59 (50.8%)

24/55 (43.6%) 21/54 (38.9%)

28/54 (51.9%) 18/48 (37.5%)

29/56 (51.8%) 22/59 (37.3%)
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Table 9. Overview of TEAEs—roxadustat through Week 52 or end of
study (safety analysis set)

Parameter

Roxadustat Roxadustat
Pooled

roxadustat

(comparative)
(n [ 131)

(reference)
(n [ 70) (n [ 201)

n (%) n (%) n (%)

TEAE 115 (87.8%) 63 (90.0%) 178 (88.6%)

Serious TEAE 34 (26.0%) 19 (27.1%) 53 (26.4%)

TEAE leading to withdrawal of
treatment

26 (19.8%) 14 (20.0%) 40 (19.9%)

Death 0 2 (2.9%) 2 (1.0%)

TEAE, treatment-emergent adverse event.
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in the roxadustat (comparative) group, 1 patient (0.8%)
died in the DA (comparative) group, and 2 died (2.9%)
in the roxadustat (reference) group; the death in the
DA group was due to gastrointestinal necrosis, and the
deaths in the roxadustat reference group were due to
pulmonary embolism and myocardial ischemia (n ¼ 1
each) (see Supplementary Results).

The most common TEAEs (occurring in $3% of
patients in any treatment group) included nasophar-
yngitis, CKD, hyperkalemia, and hypertension
(Table 7). The incidence of all the events in the rox-
adustat (comparative) group was similar to or lower
than that in the DA (comparative) group.

Regarding ophthalmological exams, per in-
vestigator’s judgment, and following central grading
by an independent expert panel, no clinically relevant
findings were reported in this study. No clinically
meaningful mean changes from Week 0 in the total
number of retinal hemorrhages were found in either
the roxadustat (comparative) or DA (comparative)
group at each visit through Week 24 and/or the end of
Week 24. The proportion of patients with new or
worsening retinal hemorrhages in the roxadustat
(comparative) group was slightly lower than that in the
DA group (Table 8). In a subgroup analysis of those
patients with no retinal hemorrhage at baseline, the
proportion of patients with new retinal hemorrhages
during the treatment period was 12.9% (8/62 patients)
in the roxadustat (comparative) group and 25.0% (18/
72 patients) in the DA (comparative) group. In a sub-
group analysis of those patients with $1 retinal hem-
orrhage at baseline, the proportion of patients with
new or worsening retinal hemorrhages during the
treatment period was 50.8% (30/59 patients) in the
roxadustat (comparative) group and 58.9% (33/56 pa-
tients) in the DA (comparative) group (Table 8). No
clinically meaningful changes in retinal thickness were
observed by OCT, as assessed by independent blinded
central reviewers, from Week 0 through Week 24 and/
or the end of Week 24 in either of the treatment
groups.
1824
No clinically significant changes were observed in
the clinical laboratory evaluations, vital signs, or 12-
lead electrocardiograms.

Safety—Roxadustat Through Week 52 or End of

Study

In the SAF, the incidence of TEAEs was 88.6% (178/
201 patients) in the pooled roxadustat group (Table 9).
TEAEs occurring in $3% of patients in either rox-
adustat treatment group included (but were not limited
to) nasopharyngitis, CKD, hyperkalemia, constipation,
diarrhea, back pain, nausea, edema peripheral, contu-
sion, and hypertension (Table 10). The incidence of
TESAEs was 26.0% (34/131 patients) in the roxadustat
(comparative) group and 27.1% (19/70 patients) in the
roxadustat (reference) group (Supplementary Table S7).
At the end of Week 52, in the SAF, TEAEs leading to
withdrawal of treatment observed in two or more pa-
tients in the pooled roxadustat group were CKD (10.4%
[21/201 patients]), and renal impairment and ESRD
(1.0% each [2/201 patients]). No clinically significant
changes were observed in the clinical laboratory eval-
uations, vital signs, or 12-lead electrocardiograms.
DISCUSSION

This was a phase III, multicenter, partially randomized,
DA-controlled, open-label study in Japanese patients
with CKD who were not on dialysis at the time of
randomization. Patients who had used rHuEPO or DA
before conversion were randomized to either the rox-
adustat or the DA treatment arms, and patients who
had used EBP before conversion were allocated to the
roxadustat treatment arm. In the PPS, the mean (SE) of
average Hb levels of Weeks 18 to 24 in the roxadustat
(comparative) group was 11.14 (0.07) g/dl with a 95%
CI of 11.01 to 11.27 g/dl, thereby confirming the effi-
cacy of roxadustat. The estimated difference between
the roxadustat (comparative) and DA (comparative)
groups in the LS mean of change of average Hb levels
of Weeks 18 to 24 from baseline was –0.07 g/dl with
the lower limit of 95% CI of –0.23 g/dl, thereby con-
firming the noninferiority of roxadustat to DA.
Through Week 24, the incidence of TEAEs was com-
parable across treatment arms.

To date, this is the only study evaluating efficacy
and safety of roxadustat in NDD CKD patients con-
verted from ESA treatment. In the current study, de-
mographic and baseline characteristics were in line
with those expected in this population (NDD CKD). One
difference that should be noted is that patient age in
the current study (mean: w69 years) is similar to the
patient age in a report by Akizawa et al.16 (mean: w69
years) but slightly older than that in a report by Chen
Kidney International Reports (2021) 6, 1810–1828



Table 10. Common ($3% in any treatment group) treatment-emergent adverse events through Week 52 or end of study (safety analysis set)

MedDRA version 19.0 System Organ Class Preferred Term

Roxadustat Roxadustat Pooled roxadustat

(comparative) (n [ 131) (reference) (n [ 70) (n [ 201)

Overall 115 (87.8%) 63 (90.0%) 178 (88.6%)

Cardiac disorders 11 (8.4%) 5 (7.1%) 16 (8.0%)

Cardiac failure congestive 4 (3.1%) 1 (1.4%) 5 (2.5%)

Gastrointestinal disorders 50 (38.2%) 18 (25.7%) 68 (33.8%)

Constipation 11 (8.4%) 3 (4.3%) 14 (7.0%)

Diarrhea 10 (7.6%) 3 (4.3%) 13 (6.5%)

Nausea 7 (5.3%) 3 (4.3%) 10 (5.0%)

Dental caries 4 (3.1%) 5 (7.1%) 9 (4.5%)

Chronic gastritis 4 (3.1%) 0 4 (2.0%)

General disorders and administration site conditions 18 (13.7%) 9 (12.9%) 27 (13.4%)

Edema peripheral 7 (5.3%) 3 (4.3%) 10 (5.0%)

Edema due to renal disease 4 (3.1%) 3 (4.3%) 7 (3.5%)

Pyrexia 5 (3.8%) 0 5 (2.5%)

Infections and infestations 60 (45.8%) 44 (62.9%) 104 (51.7%)

Nasopharyngitis 34 (26.0%) 25 (35.7%) 59 (29.4%)

Bronchitis 5 (3.8%) 2 (2.9%) 7 (3.5%)

Gastroenteritis 6 (4.6%) 1 (1.4%) 7 (3.5%)

Pneumonia 6 (4.6%) 0 6 (3.0%)

Cystitis 0 5 (7.1%) 5 (2.5%)

Influenza 4 (3.1%) 1 (1.4%) 5 (2.5%)

Pharyngitis 0 3 (4.3%) 3 (1.5%)

Injury, poisoning and procedural complications 20 (15.3%) 11 (15.7%) 31 (15.4%)

Contusion 6 (4.6%) 4 (5.7%) 10 (5.0%)

Skin abrasion 4 (3.1%) 0 4 (2.0%)

Metabolism and nutrition disorders 27 (20.6%) 12 (17.1%) 39 (19.4%)

Hyperkalemia 10 (7.6%) 6 (8.6%) 16 (8.0%)

Hypoglycemia 3 (2.3%) 5 (7.1%) 8 (4.0%)

Metabolic acidosis 5 (3.8%) 2 (2.9%) 7 (3.5%)

Hyperphosphataemia 4 (3.1%) 2 (2.9%) 6 (3.0%)

Musculoskeletal and connective tissue disorders 20 (15.3%) 12 (17.1%) 32 (15.9%)

Back pain 6 (4.6%) 5 (7.1%) 11 (5.5%)

Osteoarthritis 0 3 (4.3%) 3 (1.5%)

Nervous system disorders 18 (13.7%) 4 (5.7%) 22 (10.9%)

Headache 4 (3.1%) 1 (1.4%) 5 (2.5%)

Psychiatric disorders 6 (4.6%) 1 (1.4%) 7 (3.5%)

Insomnia 4 (3.1%) 1 (1.4%) 5 (2.5%)

Renal and urinary disorders 27 (20.6%) 14 (20.0%) 41 (20.4%)

CKD 15 (11.5%) 11 (15.7%) 26 (12.9%)

Renal impairment 4 (3.1%) 2 (2.9%) 6 (3.0%)

Respiratory, thoracic and mediastinal disorders 10 (7.6%) 9 (12.9%) 19 (9.5%)

Cough 0 3 (4.3%) 3 (1.5%)

Skin and subcutaneous tissue disorders 17 (13.0%) 17 (24.3%) 34 (16.9%)

Pruritus 3 (2.3%) 4 (5.7%) 7 (3.5%)

Eczema 3 (2.3%) 3 (4.3%) 6 (3.0%)

Rash 2 (1.5%) 3 (4.3%) 5 (2.5%)

Vascular disorders 7 (5.3%) 9 (12.9%) 16 (8.0%)

Hypertension 4 (3.1%) 6 (8.6%) 10 (5.0%)
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et al.17 (mean: w54 years), both of which examined
patients with NDD CKD.

Mean Hb values at Weeks 18 through 24 in the
current study were similar to those seen in ESA-
naïve NDD patients.16 Mean Hb at the end of the
current study was similar to Chen et al.,17 but their
treatment period was shorter (9 weeks), relative to
the current study. The current Hb results are also
similar to those reported in both ESA-naïve and
Kidney International Reports (2021) 6, 1810–1828
ESA-converted roxadustat-treated DD patients.18,22,23

Similar to the current study, roxadustat was shown
to be noninferior to DA after 24 weeks of treatment
in DD CKD patients18 and noninferior to epoetin alfa
after 26 weeks in DD CKD patients.19 Taken
together, accumulating evidence demonstrates that
roxadustat is an effective alternative to ESAs in pa-
tients with anemia of CKD regardless of whether
patients are on or off dialysis and whether
1825
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roxadustat treatment is initiated in ESA-untreated or
ESA-pretreated patients.

Regarding markers of iron utilization, no remarkable
changes were observed in serum Fe through Week 24 in
any group. This is similar to previous findings in
roxadustat-treated NDD CKD16,17 patients where iron
levels tended to remain stable throughout the study
despite significantly increased Hb. Likewise, similar re-
sults have also been reported in roxadustat-treated DD
CKD patients.19 Similar patterns emerged for other
markers of iron utilization, where early changes may be
seen, followed by stabilized values by Week 24. Results
pertaining to ferritin, transferrin, TIBC, sTfR, and TSAT
are similar between the current study and ESA-naïve
NDD16 and NDD patients.17 Again, the current results are
also in line with results seen in roxadustat-treated DD
CKD patients.19 In the current study, hepcidin decreased
early in the study period, followed by stable values by
Week 24. These results align with data reported in
roxadustat-treated ESA-naïve NDD patients16 and NDD
patients.17 These values were also stable through Week
52 in roxadustat-treated patients in the current study,
suggesting that long-term treatment with roxadustat is
associated with stable iron utilization.

In a subgroup analysis stratified by hs-CRP levels, the
mean change of average Hb levels ofWeeks 18 to 24 from
baseline in the roxadustat (comparative), DA (compara-
tive), and roxadustat (reference) groups were 0.09, 0.28,
and –0.03 g/dl in the hs-CRP <28.57 nmol/l (low) sub-
group and 0.19, 0.08, and –0.17 g/dl in the hs-
CRP $28.57 nmol/l (high) subgroup, respectively.
Similar to previous findings,18,24 the roxadustat doses
required to maintain target Hb levels did not appear to
be influenced by hs-CRP levels, whereas DA doses
appeared to be higher in DA-treated patients with high
hs-CRP. These findings add to emerging evidence that
suggests roxadustat may be more efficacious, relative to
traditional ESAs, in the presence of inflammation. The
effect of roxadustat in patients with inflammation has
been shown in 1 previous phase II study24 and 1 phase
III study.18 In a study comparing epoetin alfa with
roxadustat, Provenzano et al. reported that hs-CRP
levels were correlated with higher preenrollment doses
of epoetin alfa, whereas in the same patients after 19
weeks of treatment, no association between the rox-
adustat dose required to maintain target Hb levels and
hs-CRP levels was observed in the last 7 weeks of
treatment.24 Akizawa et al. reported that roxadustat
doses required to maintain target Hb levels did not
appear to be influenced by hs-CRP levels, whereas DA
doses appeared to be higher in DA-treated patients with
high hs-CRP.18 Although firm conclusions cannot be
made, accumulating evidence suggests that roxadustat
may be beneficial in patients with extant inflammation.
1826
The safety profile outlined in the current study is in
line with previous studies and is expected in this pa-
tient cohort. The current safety results are similar to
those reported in roxadustat-treated ESA-naïve NDD
CKD patients16 and ESA-converted DD CKD patients.23

In a phase III study, Chen et al. reported lower overall
rates of TEAEs, relative to the current study, but the
patients assessed in Chen et al.’s report were not pre-
viously treated with ESAs, so strict comparisons cannot
be made.17 Indeed, the patients in Chen et al.’s report
were considerably younger (w55 years old) than those
in the current study.17 In the current study, the pro-
portion of patients with new or worsening retinal
hemorrhages in the roxadustat (comparative) group
(31.4%; 38/121 patients) was slightly lower than the
proportion in the DA group (39.8%; 51/128 patients).
In the roxadustat (comparative) group, no patients died
during the study. At the end of Week 24, deaths were
reported in 1 patient (due to gastrointestinal necrosis)
in the DA (comparative) group and 2 patients (due to
pulmonary embolism and myocardial ischemia) in the
roxadustat (reference) group.

As with any study, limitations in the current study
may exist. This study used an open-label design, which
could introduce bias. Furthermore, DA was not taken
for 52 weeks, so 52-week data with roxadustat cannot
be compared to DA. Lastly, considering this study was
performed in Japanese patients, it is unknown whether
these results are fully applicable to other populations.

In conclusion, in Japanese patients with NDD CKD,
roxadustat was shown to be efficacious and noninferior
to DA in terms of the change of average Hb levels of
Weeks 18 to 24 from baseline. The safety profiles out-
lined in the current study are in line with previous
studies performed in patients with NDD CKD. Rox-
adustat represents an effective and well-tolerated
alternative to DA that can be orally administered.
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