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Abstract

Roxadustat is a hypoxia-inducible factor prolyl hydroxylase inhibitor approved in

China for anemia of dialysis-dependent chronic kidney disease (CKD). Japanese

hemodialysis patients with anemia of CKD previously naïve to, or converted from,

erythropoiesis-stimulating agents (ESAs) were enrolled in two open-label, non-

comparative studies of titrated oral roxadustat administered three times weekly.

ESA-naïve patients (n = 75) were randomized to roxadustat (initial dose, 50 or

70 mg) for 24 weeks; ESA-converted patients (n = 164) were assigned to roxadustat

(initial dose, 70 or 100 mg based on prior ESA dose) for 52 weeks. Efficacy out-

comes included average hemoglobin (Hb, weeks 18-24 or 46-52), change of Hb from

baseline to weeks 18 to 24 (ΔHb18-24) or weeks 46 to 52 (ΔHb46-52), and mainte-

nance rate (proportion of patients who achieved average Hb of 10.0-12.0 g/dL for

weeks 18-24 or weeks 46-52). Treatment-emergent adverse events (TEAEs) were

monitored. Mean (SD) Hb was 10.93 (0.79) g/dL (weeks 18-24) (ESA-Naïve Study),

and 10.93 (0.69; weeks 18-24) g/dL and 11.11 (0.67; weeks 46-52) g/dL (ESA-

Converted Study). Mean (SD)ΔHb18-24 was 2.26 (1.02) g/dL (ESA-Naïve Study) and

−0.03 (0.90) g/dL (ESA-Converted Study); mean (SD)ΔHb46-52 was 0.12 (0.83) g/dL
(ESA-Converted Study). The overall maintenance rate was 73.0% (54/74) (ESA-

Naïve Study) (weeks 18-24), and 79.1% (129/163; weeks 18-24) and 71.2% (116/163;

weeks 46-52) (ESA-Converted Study). Nasopharyngitis was the most common

TEAE. Two deaths, considered unrelated to roxadustat, occurred in the ESA-

Converted Study. Roxadustat effectively corrected and maintained Hb, regardless of

previous ESA treatment, in Japanese anemic CKD patients on hemodialysis.
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1 | INTRODUCTION

Renal anemia is a common complication of chronic kid-
ney disease (CKD) that is associated with decreased

erythropoiesis by the malfunctioning kidneys and is com-
monly treated with erythropoiesis-stimulating agents
(ESAs).1 Safety concerns, particularly in patients with
cancer, diabetes, and cardiovascular comorbidities, have
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resulted in a reduction in the use and dosage of ESAs
worldwide in accordance with current clinical guide-
lines.2,3 Furthermore, a significant proportion of CKD
patients with anemia do not adequately respond to ESA
treatment,4,5 and ESA hyporesponsiveness has been
reported in patients with inflammation, which is preva-
lent in 30% to 50% of CKD patients.6

Hypoxia-inducible factor prolyl hydroxylase inhibitors
(HIF-PHIs) represent an alternative class of agents for
the treatment of anemia of CKD. Hypoxia-inducible fac-
tor is a transcription factor that responds to decreased
cellular oxygen levels by activating the transcription of
several genes, including erythropoietin. At normal oxy-
gen levels, the hypoxia-inducible factor prolyl hydroxy-
lases catalyze the degradation of HIFα subunits. In the
presence of low oxygen, the enzyme activity is suppressed
and HIF-α dimerizes with HIF-β and accumulates in the
nucleus, leading to increased erythropoiesis, transferrin
receptor expression, and iron absorption. The transient
inhibition of hypoxia-inducible factor prolyl hydroxylases
by HIF-PHIs mimics the body's natural response to hyp-
oxia in the presence of normal oxygen levels.7

Roxadustat (ASP1517, FG-4592, AZD9941) is an oral,
first-in-class HIF-PHI that has demonstrated efficacy and
tolerability in phase 2 studies in patients with dialysis-
dependent8–10 and non-dialysis-dependent (NDD)9,11–13

anemia of CKD. Phase 3 studies conducted in China and
Japan have reported the efficacy of roxadustat in CKD
patients on peritoneal dialysis (PD)14,15 and hemodialysis
(HD),15 and also in NDD16 patients.

Herein, we report the results of two related phase
3 studies that evaluated the efficacy and safety of treat-
ment with roxadustat for up to 1 year in Japanese
patients with anemia of CKD on HD who were either
ESA naïve (ESA-Naïve Study) or who were converted
from ESA to roxadustat (ESA-Converted Study).

2 | PATIENTS AND METHODS

2.1 | Study design

Both studies were multicenter (ESA-Naïve Study, 47 sites;
ESA-Converted Study, 25 sites), open-label, non-
comparative, phase 3 studies (ClinicalTrials.gov Identifier:
NCT02780141 and NCT02779764) conducted in Japan.
Prescreening was conducted on the day of dialysis after the
longest dialysis interval to determine if patients satisfy
inclusion and exclusion criteria. Screening to confirm
patients0 eligibility occurred 1 to 10 weeks after pres-
creening. In the ESA-Naïve Study, patients were random-
ized to oral roxadustat at an initial dose of either 50 or
70 mg three times weekly (TIW) for a maximum of

24 weeks; in the ESA-Converted Study, patients were
assigned to one of two initial conversion doses of roxadustat
(70 or 100 mg), determined by the prior ESA dose, and
roxadustat was administered TIW for a maximum of
52 weeks. Starting at week 4, roxadustat dose was titrated
throughout the study to maintain hemoglobin (Hb) levels
between 10.0 and 12.0 g/dL. Both studies were conducted
in accordance with the ethical principles of the Declaration
of Helsinki, Good Clinical Practice, the International Con-
ference on Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use guidelines, and applicable
laws and regulations. The clinical study protocol was
reviewed and approved by each Institutional Review Board
and all subjects signed a written informed consent form.

2.2 | Study population

Patients in both studies were aged ≥20 years with anemia
of CKD. Major inclusion criteria for patients in the ESA-
Naïve Study were: (a) must have been receiving HD once
weekly or more at prescreening; (b) had not received ESA
after the start of dialysis; (c) had a mean of the two most
recent Hb levels ≤10.0 g/dL with the absolute difference
between the two measurements ≤1.0 g/dL (Hb measure-
ments were conducted at least 1 week apart during the
screening period); and (d) transferrin saturation (TSAT)
≥5% or serum ferritin ≥30 ng/mL during the screening
period. Major inclusion criteria for patients in the ESA-
Converted Study were: (a) must have been receiving stable
maintenance HD TIW for ≥12 weeks before prescreening;
(b) must have been receiving intravenous (IV) ESA for
>8 weeks before prescreening; (c) had a mean of the two
most recent Hb levels between 10.0 and 12.0 g/dL
(Hb measurements were conducted at least 1 week apart
during the screening period); and (d) TSAT ≥20% or serum
ferritin ≥100 ng/mL during the screening period. A full list
of eligibility criteria is reported in Table S1.

2.3 | Study drug administration

In both studies, roxadustat was supplied as 20-, 50-, and
100-mg tablets and was self-administered TIW at 2- or
3-day intervals (eg, Monday-Wednesday-Friday or
Tuesday-Thursday-Saturday). These doses and regimens
of administration were based on previous studies.
Roxadustat had to be taken at least 1 hour before or after
any concomitant phosphate binders. Oral iron supple-
mentation was allowed throughout both studies based on
individual patient needs.

For patients in the ESA-Naïve Study, randomization
to an initial dose of roxadustat 50 or 70 mg was based on
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dynamic allocation conducted using a biased-coin mini-
mization approach with study site, body weight, and the
average of the two most recent Hb measurements taken
before registration as assignment factors. Concomitant IV
iron was allowed only to maintain TSAT ≥5% and/or
serum ferritin ≥30 ng/mL when TSAT was <5% or serum
ferritin was <30 ng/mL.

For patients in the ESA-Converted Study, the initial
roxadustat dose was based on the average weekly dose of
ESA received during the 4 weeks prior to registration in
patients receiving recombinant human erythropoietin or
darbepoetin alfa, or the average 4-week dose during the
8 weeks prior to registration in patients receiving epoetin
beta pegol in accordance with the dose conversion criteria
(Table S2). Concomitant IV iron was allowed only to
maintain TSAT ≥20% and/or serum ferritin ≥100 ng/mL
when TSAT was <20% or serum ferritin was <100 ng/mL.

In both studies, roxadustat dose was titrated at every
even-week visit starting at week 4 in accordance with the
adjustment rules (Tables S3 and S4) to maintain Hb
levels between 10.0 and 12.0 g/dL. As a general rule, any
dose adjustment had to be maintained for ≥4 weeks
before any further adjustment, and the maximum dose of
roxadustat was not to exceed 3 mg/kg. If Hb level
increased to >12.5 g/dL, dosing had to be stopped and
could be resumed at a one-step reduction after the Hb
level had decreased to <11.0 g/dL. In both studies, the
use of ESAs, protein anabolic hormone, testosterone
enanthate, and mepitiostane was prohibited, and the use
of statins was recommended at doses not exceeding the
recommended maximum dose.

2.4 | Study outcomes

Efficacy outcomes common to both studies included aver-
age Hb levels of weeks 18 to 24; change of average Hb
levels from baseline to weeks 18 to 24 (ΔHb18-24); mainte-
nance rate of target Hb level (proportion of patients in
the full analysis set [FAS] who achieved an average Hb
level of 10.0-12.0 g/dL) for weeks 18 to 24; and levels of
iron, ferritin, transferrin, total iron binding capacity
(TIBC), soluble transferrin receptors (sTfR), TSAT, and
reticulocyte Hb content (CHr). All efficacy outcomes
common to both studies were also assessed at weeks
46 to 52 in the ESA-Converted Study.

Efficacy outcomes specific for the ESA-Naïve Study
included response rate (Hb ≥10.0 g/dL and Hb increase
≥1.0 g/dL from baseline) from baseline to end of treat-
ment (EoT); proportion of patients who achieved, and
time to achieve, the lower limit of the target Hb level
(10.0 g/dL); and rate of rise (g/dL/week) in Hb levels
from week 0 to week 4, time of discontinuation, or time

of dose adjustment. An efficacy outcome specific for the
ESA-Converted Study was the proportion of Hb measure-
ments that met the target level (10.0-12.0 g/dL) between
weeks 18-24 and weeks 46-52. Serum hepcidin levels
were measured as an exploratory outcome at weeks 0, 4,
12, and 24, or at discontinuation in both studies and at
weeks 36 and 52 in the ESA-Converted Study.

In both studies, patient compliance to study treat-
ment was confirmed by monitoring patient diaries, the
number of prescribed, returned, or lost roxadustat tablets,
and by patient comments. Safety assessments in both
studies included the occurrence of treatment-emergent
adverse events (TEAEs), laboratory tests, vital signs, and
12-lead electrocardiograms. Schedules of assessments for
both studies are reported in Tables S5 and S6.

2.5 | Statistical methods

A sample size of 70 patients (n = 35 per dose group) was
planned for the ESA-Naïve Study based on feasibility con-
siderations, and a sample size of 160 patients was planned
for the ESA-Converted Study to ensure that ≥100 patients
would be available to provide safety and efficacy data after
1 year of treatment, taking possible dropouts into account.
Analyses of efficacy endpoints were performed on the FAS,
comprising all patients who received ≥1 dose of roxadustat
and who had data for ≥1 efficacy measurement after the
start of the study treatment. For the assessment of mainte-
nance rate, any patient who did not have at least one Hb
value during weeks 18 to 24 was treated as a nonresponder.
A separate analysis of maintenance rate was conducted
including only those patients who had at least one Hb
value during weeks 18 to 24. Analysis of safety was con-
ducted on the safety analysis set, comprising all patients
who received ≥1 dose of roxadustat. Descriptive statistics
were used to summarize demographics and baseline char-
acteristics, and efficacy and exploratory endpoints. No for-
mal statistical comparisons were made. To investigate the
effect of roxadustat in the presence of inflammation, a sub-
group analysis of the mean changes of Hb levels from base-
line was conducted using high-sensitivity C-reactive
protein (hs-CRP; ie, <28.57 and ≥28.57 nmol/L) as a factor.

3 | RESULTS

3.1 | Patient disposition

3.1.1 | ESA-Naïve Study

Of 94 patients who provided informed consent, 19 dis-
continued before randomization and 75 were
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randomized to receive titrated roxadustat at initial doses
of 50 mg (N = 37) or 70 mg (N = 38). A total of
65 (86.7%) patients (roxadustat 50 mg, N = 33;
roxadustat 70 mg, N = 32) completed the study and
10 (13.3%) patients (roxadustat 50 mg, N = 4;
roxadustat 70 mg, N = 6) discontinued. Reasons for dis-
continuation were TEAEs (N = 3, 4.0%; roxadustat
50 mg, N = 1; roxadustat 70 mg, N = 2), lack of effi-
cacy (N = 1, 1.3%; roxadustat 50 mg, N = 1), and other
(N = 6, 8.0%; roxadustat 50 mg, N = 2; roxadustat
70 mg, N = 4) (Figure 1A). Patient demographics and
baseline efficacy variables are reported in Table 1.

3.1.2 | ESA-Converted Study

Of 196 patients who provided informed consent, 32 dis-
continued before registration and 164 were registered to
receive titrated roxadustat at initial doses of 70 mg
(N = 100) or 100 mg (N = 64) TIW. One patient regis-
tered in the roxadustat 100-mg group did not receive
roxadustat. A total of 126 (76.8%) patients completed the
study and 38 (23.2%) discontinued. Reasons for discontin-
uation were TEAEs (N = 15, 9.1%), withdrawal by patient
(N = 9, 5.5%), death (N = 2, 1.2%), protocol deviation
(N = 1, 0.6%), noncompliance with study drug (N = 1,
0.6%), and other (N = 10, 6.1%) (Figure 1B). Patient
demographics and baseline efficacy variables are reported
in Table 1. The use of prior and concomitant iron in both
studies is reported in Table 2.

3.2 | Treatment compliance and
exposure

The mean (SD) treatment compliance was 99.18% (2.15) in
the ESA-Naïve Study and 98.36% (4.43) in the ESA-
Converted Study. The mean (SD) allocated dose of titrated
roxadustat per intake at week 22 was 68.4 (41.3) mg (1.17
[SD, 0.70] mg/kg) and 86.4 (39.9) mg (1.45 [SD, 0.72] mg/kg)
in the ESA-Naïve Study at the initial doses of 50 and 70 mg,
respectively, and 73.8 (43.0) mg (1.29 [SD, 0.74] mg/kg) and
74.1 (43.6) mg (1.30 [SD, 0.75] mg/kg) in the ESA-Converted
Study at week 22 and at week 50, respectively. Over the
course of the study, the mean (SD) number of changes
(increases and/or decreases) per patient in roxadustat dosing
was 3.2 (1.4) times and 3.1 (1.4) times for the roxadustat 50-
and 70-mg groups, respectively, in the ESA-Naïve Study, and
5.5 (2.8) times in the ESA-Converted Study.

3.3 | Efficacy outcomes

3.3.1 | Changes in Hb levels

In the ESA-Naïve Study, the mean levels of Hb increased
from week 0 to week 16 and then remained stable
through the EoT with both doses of titrated roxadustat
(Figure 2A), whereas in the ESA-Converted Study, no
remarkable changes in Hb levels were observed from
week 0 to the EoT (Figure 2B).

(B)(A)

FIGURE 1 Flow diagram of the ESA-Naïve (A) and ESA-Converted (B) Studies. ESA, erythropoiesis-stimulating agent; FAS, full

analysis set; SAF, safety analysis set [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Patient demographics and baseline efficacy variables (full analysis set)

Parameter

ESA-Naïve Study
ESA-Converted Study

Roxadustat 50 mga Roxadustat 70 mga All ESA-Naïve All ESA-Converted
N = 37 N = 37 N = 74 N = 163

Demographics

Sex, n (%)

Male 28 (75.7) 27 (73.0) 55 (74.3) 98 (60.1)

Female 9 (24.3) 10 (27.0) 19 (25.7) 65 (39.9)

Age (years)

Mean (SD) 65.1 (12.1) 67.2 (12.2) 66.2 (12.1) 62.8 (11.8)

Median 67.0 72.0 69.0 63.0

Range 38-83 42-86 38-86 28-91

Age (years), n (%)

<65 15 (40.5) 14 (37.8) 29 (39.2) 86 (52.8)

≥65 22 (59.5) 23 (62.2) 45 (60.8) 77 (47.2)

Weight (after hemodialysis) at week 0 (kg)

Mean (SD) 60.60 (12.57) 62.06 (14.70) 61.33 (13.60) 58.35 (12.79)

Median 58.20 58.90 58.55 57.70

Range 41.9-95.2 39.6-120.5 39.6-120.5 35.3-109.2

Height (cm)

Mean (SD) 163.23 (10.41) 160.89 (8.33) 162.06 (9.44) 161.30 (9.04)

Median 165.00 161.00 162.75 162.30

Range 145.3-185.3 144.4-183.0 144.4-185.3 141.0-181.0

BMI (kg/m2)

Mean (SD) 22.69 (2.65) 24.04 (4.35) 23.36 (3.64) 22.26 (3.69)

Median 22.26 22.63 22.42 21.59

Range 18.3-28.6 17.6-36.8 17.6-36.8 14.1-37.4

Duration of anemia of CKDb (months)

n 34 33 67 115

Mean (SD) 27.07 (24.06) 24.92 (25.15) 26.01 (24.44) 98.40 (69.47)

Median 18.35 15.40 15.70 83.60

Range 2.0-84.1 0.8-114.4 0.8-114.4 7.6-366.3

Primary disease of CKD, n (%)

Chronic glomerular nephritis 7 (18.9) 8 (21.6) 15 (20.3) 64 (39.3)

Diabetic nephropathy 14 (37.8) 17 (45.9) 31 (41.9) 54 (33.1)

Chronic pyelonephritis 0 0 0 1 (0.6)

Polycystic kidney 5 (13.5) 2 (5.4) 7 (9.5) 6 (3.7)

Nephrosclerosis 8 (21.6) 6 (16.2) 14 (18.9) 18 (11.0)

Other 3 (8.1) 4 (10.8) 7 (9.5) 20 (12.3)

Hemodialysis vintage (days)

Mean (SD) 17.1 (16.6) 21.8 (20.2) 19.5 (18.5) NA

Median 11.0 14.0 12.0

Range 3-77 3-83 3-83

(Continues)
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TABLE 1 (Continued)

Parameter

ESA-Naïve Study
ESA-Converted Study

Roxadustat 50 mga Roxadustat 70 mga All ESA-Naïve All ESA-Converted
N = 37 N = 37 N = 74 N = 163

Hemodialysis vintage (months)

Mean (SD) NA NA NA 89.69 (78.83)

Median 66.90

Range 3.8-362.4

hs-CRP (nmol/L)

Mean (SD) 16.964 (26.446) 37.662 (102.387) 27.313 (74.988) 13.038 (22.043)

Median 7.730 10.000 8.435 5.040

Range 1.01-143.81 0.48-560.96 0.48-560.96 0.48-163.81

hs-CRP group (nmol/L), n (%)

<28.57 32 (86.5) 28 (75.7) 60 (81.1) 144 (88.3)

≥28.57 5 (13.5) 9 (24.3) 14 (18.9) 19 (11.7)

Baseline efficacy variables

Hemoglobin (g/dL)c

Mean (SD) 8.63 (0.77) 8.67 (0.79) 8.65 (0.78) 10.96 (0.57)

Median 8.50 8.70 8.55 11.00

Range 7.0-10.0 7.0-10.0 7.0-10.0 9.7-12.3

Iron (μmol/L)

Mean (SD) 12.6 (4.7) 11.3 (3.6) 11.9 (4.2) 12.7 (4.3)

Median 11.0 11.0 11.0 12.0

Range 6-25 4-19 4-25 5-27

Ferritin (ng/mL)

Mean (SD) 125.26 (80.37) 129.02 (89.87) 127.14 (84.69) 108.30 (93.18)

Median 98.70 110.00 106.50 87.40

Range 25.9-284.0 22.1-422.0 22.1-422.0 11.1-572.0

TSAT (%)

Mean (SD) 30.22 (11.66) 26.79 (8.51) 28.51 (10.29) 29.10 (10.42)

Median 26.50 26.30 26.40 26.60

Range 13.9-70.7 11.1-48.3 11.1-70.7 8.1-71.2

CHr (pg)

Mean (SD) 34.43 (2.06) 33.79 (2.03) 34.11 (2.05) 35.03 (2.25)

Median 34.40 33.80 33.95 35.10

Range 30.3-39.0 26.7-37.5 26.7-39.0 22.5-39.7

Transferrin (g/L)

Mean (SD) 1.785 (0.286) 1.785 (0.317) 1.785 (0.300) 1.869 (0.333)

Median 1.710 1.800 1.765 1.860

Range 1.32-2.68 1.05-2.83 1.05-2.83 1.16-2.96

Abbreviations: BMI, body mass index; CHr, reticulocyte hemoglobin; CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; hs-CRP,

high-sensitivity C-reactive protein; NA, not applicable; TSAT, transferrin saturation.
aThe initial dose only.
bThe diagnosis and time of onset of CKD anemia were confirmed by a physician.
cDefined as the mean of three Hb values: two latest Hb values prior to registration and one Hb value at week 0.
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The mean (SD) of average Hb levels was 10.93 (0.79)
g/dL (10.96 [0.78] g/dL, roxadustat 50 mg; 10.90 [0.81]
g/dL, roxadustat 70 mg) in the ESA-Naïve Study during
weeks 18 to 24, and 10.93 (0.69) g/dL and 11.11 (0.67)
g/dL in the ESA-Converted Study during weeks 18 to
24 and weeks 46 to 52, respectively. The mean (SD) of
ΔHb18-24 was 2.26 (1.02) g/dL in the ESA-Naïve Study
(2.29 [1.05] g/dL, roxadustat 50 mg; 2.24 [1.01] g/dL,
roxadustat 70 mg) and −0.03 (0.90) g/dL in the ESA-
Converted Study, whereas the mean (SD) of ΔHb46-52
was 0.12 (0.83) g/dL in the ESA-Converted Study
(Table 3). In the ESA-Naïve Study, the mean (SD) change
of Hb levels from week 0 to EoT was similar among
patients with hs-CRP ≥28.57 nmol/L (2.22 [1.21] g/dL)
and those with CRP <28.57 nmol/L (2.19 [1.25] g/dL),
whereas in the ESA-Converted Study, the mean (SD) of
ΔHb18-24 and of ΔHb46-52 was higher among patients
with hs-CRP ≥28.57 nmol/L (0.44 [0.75] g/dL and 0.46
[0.82] g/dL, respectively) than among those with hs-CRP
<28.57 nmol/L (−0.09 [0.90] g/dL and 0.08 [0.82] g/dL,
respectively). The mean (SD) Hb level at week 0 was
10.81 (0.80) g/dL among patients with hs-CRP
≥28.57 nmol/L and 11.00 (0.73) g/dL among those with
CRP <28.57 nmol/L.

In the ESA-Naïve Study, the mean (SD) rate of rise in
Hb levels was 0.268 (0.352) g/dL/week (0.297 [0.337]
g/dL/week, roxadustat 50 mg; 0.238 [0.368] g/dL/week,
roxadustat 70 mg).

3.3.2 | Maintenance of target Hb levels
and response rate

Maintenance rates of target Hb levels (proportions of
patients who achieved an average Hb level of 10.0-12.0 g/dL)
in the FAS were ≥70% in all treatment groups and were
comparable among the two doses of titrated roxadustat
in the ESA-Naïve Study and between ESA-Naïve and ESA-
Converted Studies. Among all patients in the ESA-Naïve

Study, the overall maintenance rate (95% CI [confidence
interval]) of the target Hb level in the FAS during weeks
18 to 24 was 73.0% (54/74; 61.4, 82.6) (75.7% [58.8, 88.2],
roxadustat 50 mg; 70.3% [53.0, 84.1], roxadustat 70 mg;
Table 4). Among those patients who had at least one Hb
value during weeks 18 to 24, the maintenance rate (95%
CI) was 83.1% (54/65; 71.7, 91.2) (84.8% [68.1, 94.9],
roxadustat 50 mg; 81.3% [63.6, 92.8], roxadustat 70 mg). In
the ESA-Converted Study, the overall maintenance rate
(95% CI) was 79.1% (129/163; 72.1, 85.1) at weeks 18 to
24 and 71.2% (116/163; 63.6, 78.0) at weeks 46 to
52 (Table 4). Among patients with at least one Hb value at
the respective time points, the maintenance rate (95% CI)
was 87.2% (129/148; 80.7, 92.1) during weeks 18 to 24 and
90.6% (116/128; 84.2, 95.1) during weeks 46 to 52.

In the ESA-Naïve Study, the mean (95% CI) response
rate (Hb ≥10.0 g/dL and Hb increase ≥1.0 g/dL
from baseline) from baseline to EoT was 87.8% (65/74;
78.2, 94.3) (86.5% [71.2, 95.5], roxadustat 50 mg; 89.2%
[74.6, 97.0], roxadustat 70 mg), and the proportion of
patients who achieved an Hb level of 10.0 g/dL increased
from 6.8% at week 1 to 87.7% at week 16 and then
remained stable through EoT. In the ESA-Converted
Study, the overall mean proportion of Hb measurements
that met the target Hb level (10.0-12.0 g/dL) for all
patients was 82.09% (95% CI: 77.57, 86.61) between
weeks 18 and 24, and 85.35% (95% CI: 80.89, 89.82)
between weeks 46 and 52.

3.3.3 | Iron parameters

The inclusion criteria of TSAT ≥5% and ferritin ≥30 ng/mL
for the ESA-Naïve Study and TSAT ≥20% and ferritin
≥100 ng/mL for the ESA-Converted Study were selected in
order to allow the investigation of the efficacy of titrated
roxadustat in a patient population with low iron stores. In
the ESA-Naïve Study, the course of iron parameters was
reflective of robust erythropoiesis with increase in mean

TABLE 2 Prior and concomitant iron use (safety analysis set)

Parameter

ESA-Naïve Studya
ESA-Converted Studyb

Roxadustat 50 mg Roxadustat 70 mg All ESA-Naïve All ESA-Converted
N = 37 N = 38 N = 75 N = 163

Prior oral iron use 4 (10.8) 12 (31.6) 16 (21.3) 21 (12.9)

Prior IV iron use 5 (13.5) 4 (10.5) 9 (12.0) 65 (39.9)

Concomitant oral iron use 10 (27.0) 12 (31.6) 22 (29.3) 35 (21.5)

Concomitant IV iron use 6 (16.2) 5 (13.2) 11 (14.7) 71 (43.6)

Note: Data are presented as n (%).
Abbreviations: ESA, erythropoiesis-stimulating agent; IV, intravenous.
aThe study duration was 24 weeks.
bThe study duration was 52 weeks.
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(A)

(B)

FIGURE 2 Mean

(SD) hemoglobin levels in the ESA-

Naïve Study (A) and ESA-Converted

Study (B) (full analysis set). EoT, end

of treatment; ESA, erythropoiesis-

stimulating agent; PSC, prescreening;

SC, screening; w, week [Correction

added on 29 June 2020, after first

online publication: figure 2a has been

amended to correct the data points.]

[Color figure can be viewed at

wileyonlinelibrary.com]

TABLE 3 Changes of average Hb (g/dL) levels at weeks 18 to 24 and weeks 46 to 52 from baseline (full analysis set)

Parameter

ESA-Naïve Studya
ESA-Converted Studyb

Roxadustat 50 mg Roxadustat 70 mg All ESA-Naïve All ESA-Converted
N = 37 N = 37 N = 74 N = 163

Weeks 18-24

n 33 32 65 148

Mean (SD) 2.29 (1.05) 2.24 (1.01) 2.26 (1.02) −0.03 (0.90)

Median 2.40 2.25 2.30 0.00

Range 0.2-4.2 0.4-4.5 0.2-4.5 −3.2 to 1.9

Weeks 46-52

n — — — 128

Mean (SD) — — — 0.12 (0.83)

Median — — — 0.10

Range — — — −2.6 to 2.0

Abbreviations: ESA, erythropoiesis-stimulating agent; Hb, hemoglobin.
aThe study duration was 24 weeks.
bThe study duration was 52 weeks.
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levels of transferrin, TIBC, and sTfR, whereas mean ferritin
and TSAT values showed a decrease in the first 8 weeks of
treatment followed by stabilization. Serum iron and reticu-
locyte Hb remained stable with 14.7% of patients receiving
concomitant IV iron. No apparent difference in any iron
parameters was observed between treatment groups
(Table 5 and Figures S1-S7).

In the ESA-Converted Study, the mean levels of ferri-
tin decreased slightly during the first 2 weeks of treat-
ment with subsequent stabilization until EoT. The mean
values of transferrin and TIBC increased slightly
throughout the first 4 weeks and then remained stable
through EoT. No remarkable changes were observed in
the mean values of iron, TSAT, CHr, and sTfR at each
visit and EoT (Table 5 and Figures S1-S7).

3.4 | Exploratory outcomes

In the ESA-Naïve Study, the mean (SD) hepcidin values
decreased from week 0 (41.673 [25.296] ng/mL, roxadustat
50 mg; 38.015 [22.001] ng/mL, roxadustat 70 mg) through
week 4 and then remained stable through EoT (15.494
[17.315] ng/mL, roxadustat 50 mg; 17.797 [17.981] ng/mL,
roxadustat 70 mg). A small decrease in the overall mean
(SD) hepcidin levels was also observed in the ESA-
Converted Study (28.777 [25.142] ng/mL, week 0; 22.618
[26.449] ng/mL, EoT; Table 6).

3.5 | Safety findings

3.5.1 | ESA-Naïve Study

The incidence of TEAEs during the 24-week ESA-Naïve
Study was 90.7% (86.5% [N = 32/37], roxadustat 50 mg;

94.7% [N = 36/38], roxadustat 70 mg). Serious TEAEs
were reported in 29.3% (N = 22/75) of patients overall.
Treatment-emergent adverse events leading to with-
drawal of treatment were 4.0% (N = 3/75) overall. No
deaths occurred throughout the study. Common (≥5%)
TEAEs included nasopharyngitis (20.0%); contact derma-
titis (13.3%); shunt occlusion (9.3%); constipation, shunt
stenosis, and hyperphosphatemia (6.7% each); and diar-
rhea, vomiting, eczema, contusion, back pain, and insom-
nia (5.3% each) (Table 7).

3.5.2 | ESA-Converted Study

The overall incidence of TEAEs during the 52-week
ESA-Converted Study was 95.7% (N = 156/163). Serious
TEAEs were reported in 28.2% (N = 46/163) of patients
overall. The overall incidence of TEAEs leading to with-
drawal of treatment was 10.4% (N = 17/163). Two
deaths (1.2%) occurred during the study, both in the
100-mg titrated roxadustat treatment group. One of the
deaths occurred in a 79-year-old man with a history of
chronic cardiac failure, myocardial infarction, and
chronic obstructive pulmonary disease. Treatment with
titrated roxadustat was discontinued in this patient on
day 218 of the study following the diagnosis of pancre-
atic carcinoma, and the patient died on day 255. Based
on the duration of treatment and the timing of the con-
firmation of multiple metastases to the liver, it was
deemed unlikely that the pancreatic cancer had devel-
oped after initiation of the study drug; therefore this
event was not considered related to the study drug. The
second death event occurred in a 67-year-old man with
a history of type 2 diabetes mellitus, hypertension, arte-
riosclerosis, and cerebral infarction. On day 250 of the

TABLE 4 Maintenance rate of target Hb level (full analysis set)

ESA-Naïve Studya

Weeks 18-24
ESA-Converted Studyb

All ESA-Converted

Roxadustat 50 mg Roxadustat 70 mg All ESA-Naïve
N = 163

Parameter N = 37 N = 37 N = 74 Weeks 18-24 Weeks 46-52

All patients

Maintenance rate, n (%) 28/37 (75.7) 26/37 (70.3) 54/74 (73.0) 129/163 (79.1) 116/163 (71.2)

95% CI, % 58.8, 88.2 53.0, 84.1 61.4, 82.6 72.1, 85.1 63.6, 78.0

Patients with at least one Hb value

Maintenance rate, n (%) 28/33 (84.8) 26/32 (81.3) 54/65 (83.1) 129/148 (87.2) 116/128 (90.6)

95% CI, % 68.1, 94.9 63.6, 92.8 71.7, 91.2 80.7, 92.1 84.2, 95.1

Note: Target Hb level, mean Hb 10.0 to 12.0 g/dL.
Abbreviations: CI, confidence interval; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin.
aThe study duration was 24 weeks.
bThe study duration was 52 weeks.
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study, the patient died from hemorrhagic shock due to
bleeding from multiple gastric and duodenal ulcers, and
from sepsis. The event was not considered related to
the study drug. Common (≥5%) TEAEs included
nasopharyngitis (52.8%); diarrhea (11.0%); vomiting
(10.4%); contusion (9.8%); shunt stenosis and back pain
(7.4% each); constipation and shunt occlusion (6.1%
each); and dental caries and headache (5.5% each)
(Table 8).

4 | DISCUSSION

The efficacy and safety of titrated roxadustat for cor-
recting and maintaining target levels of Hb in patients
with anemia of CKD were prospectively investigated in
two separate studies of Japanese HD patient populations
with different histories of anemia treatment. In patients
who were ESA-naïve, a 24-week treatment with titrated
roxadustat increased the mean Hb levels above 10.0 g/dL

TABLE 5 Iron parameters (full analysis set)

Parameter Baseline EoT Change From Baseline to EoT

ESA-Naïve Studya; roxadustat 50 mg, N = 37

Iron (μmol/L) 12.6 (4.7) 12.8 (6.2) 0.2 (7.1)

Ferritin (ng/mL) 125.26 (80.37) 50.58 (51.41) −74.68 (69.55)

Transferrin (g/L) 1.785 (0.286) 2.485 (0.626) 0.700 (0.592)

TIBC (μmol/L) 42.3 (5.9) 56.9 (12.7) 14.6 (11.8)

TSAT (%) 30.22 (11.66) 24.41 (13.52) −5.81 (16.14)

Reticulocyte Hb (pg) 34.43 (2.06) 34.08 (4.02) −0.35 (4.01)

Soluble transferrin receptor (nmol/L) 16.82 (7.54) 26.71 (14.92) 9.89 (13.43)

ESA-Naïve Studya; roxadustat 70 mg, N = 37

Iron (μmol/L) 11.3 (3.6) 11.9 (5.8) 0.6 (6.2)

Ferritin (ng/mL) 129.02 (89.87) 55.01 (49.10) −74.01 (67.94)

Transferrin (g/L) 1.785 (0.317) 2.380 (0.453) 0.595 (0.499)

TIBC (μmol/L) 42.4 (6.8) 54.7 (9.4) 12.3 (9.9)

TSAT (%) 26.79 (8.51) 22.56 (11.11) −4.23 (13.59)

Reticulocyte Hb (pg) 33.79 (2.03) 32.44 (4.61) −1.35 (4.88)

Soluble transferrin receptor (nmol/L) 20.27 (10.43) 31.18 (21.80) 10.91 (20.70)

All ESA-Naïve Studya; N = 74

Iron (μmol/L) 11.9 (4.2) 12.4 (6.0) 0.4 (6.6)

Ferritin (ng/mL) 127.14 (84.69) 52.79 (49.97) −74.34 (68.28)

Transferrin (g/L) 1.785 (0.300) 2.432 (0.545) 0.648 (0.546)

TIBC (μmol/L) 42.3 (6.3) 55.8 (11.2) 13.5 (10.9)

TSAT (%) 28.51 (10.29) 23.49 (12.32) −5.02 (14.84)

Reticulocyte Hb (pg) 34.11 (2.05) 33.26 (4.37) −0.85 (4.46)

Soluble transferrin receptor (nmol/L) 18.55 (9.20) 28.95 (18.69) 10.40 (17.34)

All ESA-Converted Studyb; N = 163

Iron (μmol/L) 12.7 (4.3) 13.1 (6.8) 0.4 (7.4)

Ferritin (ng/mL) 108.30 (93.18) 84.31 (96.25) −23.99 (76.33)

Transferrin (g/L) 1.869 (0.333) 2.363 (0.557) 0.495 (0.467)

TIBC (μmol/L) 44.5 (7.1) 54.5 (11.4) 10.0 (9.6)

TSAT (%) 29.10 (10.42) 25.17 (14.03) −3.93 (15.42)

Reticulocyte Hb (pg) 35.03 (2.25) 34.14 (3.74) −0.89 (3.84)

Soluble transferrin receptor (nmol/L) 23.36 (10.99) 27.08 (21.14) 3.72 (19.78)

Note: Data are presented as mean (SD).
Abbreviations: EoT, end of treatment; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; TIBC, total iron binding capacity; TSAT, transferrin saturation.
aThe study duration was 24 weeks.
bThe study duration was 52 weeks.
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and maintained them within the target range of 10.0 to
12.0 g/dL. In patients who were previously treated with
ESA, a 52-week treatment with titrated roxadustat

maintained Hb levels within the target range for the full
course of the study. Among patients who had at least one
Hb value during each evaluation period, the proportions

TABLE 6 Hepcidin (ng/mL) levels (full analysis set)

ESA-Naïve Studya
ESA-Converted Studyb

Roxadustat 50 mg
(N = 37)

Roxadustat 70 mg
(N = 37)

All ESA-Naïve
(N = 74)

All ESA-Converted
(N = 163)

Baseline 41.673 (25.296) 38.015 (22.001) 39.844 (23.615) 28.777 (25.142)

Week 4 13.241 (17.391) 14.919 (19.206) 14.080 (18.208) 19.547 (22.194)

EoT 15.494 (17.315) 17.797 (17.981) 16.645 (17.568) 22.618 (26.449)

Change from baseline to EoT −26.179 (23.383) −20.218 (22.183) −23.199 (22.832) −6.159 (29.026)

Note: Data are reported as mean (SD).
Abbreviations: EoT, end of treatment; ESA, erythropoiesis-stimulating agent.
aThe study duration was 24 weeks.
bThe study duration was 52 weeks.

TABLE 7 Overview of treatment-

emergent adverse events in the ESA-

Naïve Study (safety analysis set)
Roxadustat
50 mg (N = 37)

Roxadustat
70 mg (N = 38)

All
ESA-Naïve
(N = 75)

Any TEAEs 32 (86.5) 36 (94.7) 68 (90.7)

Serious TEAEs 9 (24.3) 13 (34.2) 22 (29.3)

TEAEs leading to
withdrawal of treatment

1 (2.7) 2 (5.3) 3 (4.0)

TEAEs occurring in ≥5% of patients by MedDRA version 19.0

System organ class and preferred term, n (%)

Gastrointestinal disorders

Constipation 1 (2.7) 4 (10.5) 5 (6.7)

Diarrhea 1 (2.7) 3 (7.9) 4 (5.3)

Vomiting 3 (8.1) 1 (2.6) 4 (5.3)

Infections and infestations

Nasopharyngitis 3 (8.1) 12 (31.6) 15 (20.0)

Musculoskeletal and connective tissue disorders

Back pain 3 (8.1) 1 (2.6) 4 (5.3)

Skin and subcutaneous tissue disorders

Contact dermatitis 4 (10.8) 6 (15.8) 10 (13.3)

Eczema 2 (5.4) 2 (5.3) 4 (5.3)

Injury, poisoning, and procedural complications

Shunt occlusion 3 (8.1) 4 (10.5) 7 (9.3)

Shunt stenosis 2 (5.4) 3 (7.9) 5 (6.7)

Contusion 2 (5.4) 2 (5.3) 4 (5.3)

Metabolism and nutrition disorders

Hyperphosphatemia 2 (5.4) 3 (7.9) 5 (6.7)

Psychiatric disorders

Insomnia 2 (5.4) 2 (5.3) 4 (5.3)

Note: Data are presented as n (%).
Abbreviations: ESA, erythropoiesis-stimulating agent; TEAEs, treatment-emergent adverse events.
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(95% CI) of those who achieved an average Hb level of
10.0 to 12.0 g/dL were 84.8% (68.1, 94.9; roxadustat
50 mg) and 81.3% (63.6, 92.8; roxadustat 70 mg) during
weeks 18 to 24 in the ESA-Naïve Study, and 87.2% (80.7,
92.1) and 90.6% (84.2, 95.1) during weeks 18 to 24 and
weeks 46 to 52, respectively, in the ESA-Converted Study.
Furthermore, a subgroup analysis showed that the mean
changes of Hb levels from week 0 to EoT were compara-
ble (ESA-Naïve Study) and the mean of ΔHb18-24 and of
ΔHb46-52 were higher (ESA-Converted Study) among
patients with hs-CRP ≥28.57 nmol/L vs those with hs-
CRP <28.57 nmol/L, suggesting that roxadustat is effec-
tive regardless of inflammation status.

Most iron parameters were clinically stable in the pres-
ence of robust erythropoiesis without increased administra-
tion of IV iron, which suggests improved iron metabolism
due to increased iron absorption by roxadustat. An increase
in the mean levels of sTfR, which is in line with
roxadustat's mechanism of action, was observed —
particularly in the ESA-Naïve Study. Inhibition of HIF-PH

activity by roxadustat results in increased gene transcrip-
tion and upregulation of the expression of genes involved
in iron transport, such as the transferrin receptor, which
leads to improved iron transport to tissues and to develop-
ing erythrocytes. Interestingly, a reduction from baseline in
the mean (SD) levels of ferritin was observed with both
doses of titrated roxadustat (−74.68 [69.55] ng/mL,
roxadustat 50 mg; −74.01 [67.94] ng/mL, roxadustat 70 mg)
at EoT in the ESA-Naïve Study. This finding is in contrast
with the results from the ESA-Converted Study, and from
previous Japanese studies of roxadustat in HD (manuscript
submitted) or PD14 patients with anemia that showed that
the levels of ferritin remained clinically stable throughout
the treatment period. This difference is thought to be due
to the higher amount of iron required when correcting low
Hb in ESA-naïve patients to support the higher degree of
erythropoiesis necessary to increase the levels of Hb to the
target range and then maintain them within that range.
Less supplemental iron was required in ESA-converted
patients whose Hb levels were already within the target
range at the beginning of the study. Furthermore, a
decrease in the levels of hepcidin, which was observed in
both studies and was most pronounced in patients who
were ESA-naïve, may be associated with an improvement
in iron mobilization. As reported in previous studies,
roxadustat was generally safe and well tolerated in patients
with CKD and anemia on HD. Overall, these studies dem-
onstrate that titrated roxadustat successfully treated anemia
in both ESA-naïve and ESA-converted Japanese
patients on HD.

The findings of these studies are consistent with those
from previous studies. The ESA-Naïve Study is the longest
study submitted for publication to date that examines the
efficacy of roxadustat in HD patients who were not previ-
ously treated with ESA. In a previous study conducted in
the United States, Russia, and Hong Kong, a 12-week
treatment with roxadustat in ESA-naïve HD or PD
patients resulted in similar increases in Hb levels.8 In
another study conducted in China, an 8-week treatment
with doses of roxadustat in the same dose range as those
used in this study in patients who were not previously
treated with ESA and not dialysis-dependent resulted in a
trend in Hb levels comparable with the one observed in
the ESA-Naïve Study, with the target level reached after
6 weeks of treatment.9 Moreover, in HD patients who
were previously treated with ESA, a 6-week treatment
with roxadustat doses similar to those used in this study
resulted in a similar trend in Hb levels.9 Similar findings
were also reported in two recent phase 3 studies. A Japa-
nese study showed that in CKD patients on PD who were
ESA-naïve, roxadustat increased and maintained Hb in
the target range; however, the time to reach the target was
shorter (2-4 weeks) than that observed in this study

TABLE 8 Overview of treatment-emergent adverse events and

death in the ESA-Converted Study (safety analysis set)

ESA-Converted
Study (N = 163)

Any TEAEs 156 (95.7)

Serious TEAEs 46 (28.2)

TEAEs leading to withdrawal of treatment 17 (10.4)

Death 2 (1.2)

TEAEs occurring in ≥5% of patients by MedDRA version 19.0

System organ class and preferred term, n (%)

Gastrointestinal disorders

Diarrhea 18 (11.0)

Vomiting 17 (10.4)

Constipation 10 (6.1)

Dental caries 9 (5.5)

Infections and infestations

Nasopharyngitis 86 (52.8)

Musculoskeletal and connective tissue disorders

Back pain 12 (7.4)

Injury, poisoning, and procedural complications

Contusion 16 (9.8)

Shunt stenosis 12 (7.4)

Shunt occlusion 10 (6.1)

Nervous system disorders

Headache 9 (5.5%)

Note: Data are presented as n (%).
Abbreviations: ESA, erythropoiesis-stimulating agent; TEAEs,
treatment-emergent adverse events.
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(6 weeks), possibly due to higher Hb levels at baseline.14

Comparable results were also reported in a Chinese study
in CKD patients on HD or PD.15 Results from the ESA-
Converted Study reported herein provide data on the lon-
gest duration of roxadustat efficacy and safety assessment
in Japanese patients to date and showed that titrated
roxadustat is effective in maintaining Hb levels within the
target range for up to 52 weeks.

The patient populations in both studies were exclu-
sively Japanese with a mean age of ≥60 years, which
limits the generalizability of these results to other ethnici-
ties and age groups. Another limitation of both studies is
their open-label design, which may increase the risk of
bias in the results since awareness of treatment assign-
ments by investigators and patients may affect the study
outcomes. Furthermore, this study was noncomparative,
a design that may reduce the interpretability of the
results due to the lack of a control group.

5 | CONCLUSIONS

Overall, these two studies showed that titrated roxadustat
was effective in increasing and maintaining Hb levels
within the target range of 10.0 to 12.0 g/dL for up to
24 weeks in Japanese patients with anemia of CKD who
were ESA-naïve or ESA-converted. Titrated roxadustat
also maintained Hb levels for up to 52 weeks in those
who were switched from ESA to roxadustat.
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