
INTRODUCTION
 � Anemia is a common complication of chronic kidney disease (CKD), resulting from decreased synthesis of 
erythropoietin by the kidneys and an altered iron metabolism1-3 

 � Anemia of CKD remains associated with poor outcomes despite the availability of treatments such as iron 
therapy and traditional injectable erythropoiesis-stimulating agents (ESAs)4,5

 � Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) are a class of agents that can improve hemoglobin 
(Hb) levels by activating the body’s natural response to hypoxia, independent of cellular oxygen levels6

 � Roxadustat is an orally active HIF-PHI developed for the treatment of anemia of CKD 

 � In phase 3 clinical trials, roxadustat has been shown to be superior in efficacy to placebo and noninferior in 
efficacy to traditional ESAs7-12

 − Roxadustat has also been shown to be well tolerated in phase 3 trials in patients with dialysis-dependent (DD) 
and non–dialysis-dependent (NDD) CKD anemia

 � Roxadustat is currently approved in China for the treatment of DD and NDD CKD anemia, and in Japan for the 
treatment of DD CKD anemia

AIM/OBJECTIVE 
 � The current study aimed to evaluate the efficacy and safety of roxadustat in Japanese patients with NDD CKD 
anemia after conversion from darbepoetin alfa (DA), recombinant human erythropoietin (rHuEPO), or epoetin 
beta pegol, to roxadustat

METHODS
 � This was a phase 3, multicenter, partially randomized, active-controlled, open-label study in adult Japanese NDD 
CKD patients receiving DA, rHuEPO, or epoetin beta pegol for at least 8 weeks prior to prescreening assessments 
(Figure 1)

 − Patients who had used DA or rHuEPO before conversion were randomized to either the roxadustat treatment 
group or the DA treatment group (referred to as “comparative groups”)

 − Patients who registered for conversion from epoetin beta pegol to roxadustat were included in a reference 
group that is not included in the primary analysis set (referred to as “reference group”) 

 � Treatment with roxadustat was continued until Week 52 and treatment with DA ended at Week 24

Figure 1. Study Design: Comparative and Reference Groups
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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.

 � The primary endpoint was change in average Hb from baseline at Weeks 18-24
 − Roxadustat efficacy was confirmed if the 95% confidence interval (CI) of average Hb at Weeks 18-24 was within 
10-12 g/dL

 − Noninferiority of roxadustat to DA was confirmed if the lower limit of the 95% CI of the difference between 
roxadustat and DA (comparative groups) was above -0.75 g/dL 

 � Secondary endpoints included the following measures: 
 − Average levels of Hb for Weeks 18-24 and Weeks 44-52
 − Maintenance rate of target Hb level for Weeks 18-24 and Weeks 44-52
 − Proportion of patients who achieved target Hb level at each week
 − Proportion of measurement points that met target Hb level for Weeks 18-24 and Weeks 44-52
 − Laboratory values, including markers of iron utilization

 � Safety and tolerability of roxadustat and DA were assessed by monitoring the occurrence of treatment-emergent 
adverse events (TEAEs)

 � Demographic and other baseline characteristics for each treatment group were summarized using 
descriptive statistics

 � Analysis of the primary endpoint was performed in the per-protocol set (PPS) 
 − The PPS included patients who received ≥18 weeks of treatment and had ≥2 Hb measurements between 
Weeks 18-24

 � Analyses of secondary and exploratory endpoints were performed in the full analysis set (FAS) and safety 
analyses were performed in the safety analysis set (SAF)

 − The FAS was defined as 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 SAF consisted of patients who received ≥1 dose of the study drug

 � All data processing, summarization, and analyses were performed using SAS® Version 9.4
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RESULTS
Disposition and Demographic Characteristics

 � A total of 332 patients received at least one dose of the study drug: 131 patients in the roxadustat comparative 
group, 131 patients in the DA comparative group, and 70 patients in the roxadustat reference group

 − A total of 296 (88.6%) patients—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)

 − A total of 146 (71.9%) patients in the pooled roxadustat group—95 (72.0%) in the roxadustat comparative 
group and 51 (71.8%) in the roxadustat reference group—completed the 52-week treatment period 
(Figure 2B)

Figure 2. Patient Disposition at the End of Week 24 (A) and Week 52 (B)
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Did not receive study drug N=2
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Completed 24-week treatment periodc N=296
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Randomized/registered N=203
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Roxadustat (Reference) n=71
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Roxadustat (Reference) n=70

Completed 52-week treatment period N=146
Roxadustat (Comparative) n=95
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B

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.

 � Across the three treatment groups, demographic and disease characteristics were well balanced at baseline (Table 1)

Table 1. Baseline Demographics and Disease Characteristics

Parameter
Darbepoetin Alfa

(Comparative)
(N=131)

Roxadustat
(Comparative)

(N=131)

Roxadustat
(Reference)

(N=70)

Pooled Roxadustat
(N=201)

Sex , male, n (%) 75 (57.3%) 83 (63.4%) 35 (50.0%) 118 (58.7%)

Age (years) [informed consent], mean (SD) 70.9 (10.2) 68.9 (11.6) 70 (10.5) 69.3 (11.2)

Age group (years) [informed consent] ≥65, n (%) 96 (73.3%) 95 (72.5%) 53 (75.7%) 148 (73.6%)

BMI (kg/m2) [prescreening], mean (SD) 23.95 (3.57) 23.58 (4.59) 23.73 (3.66) 23.63 (4.28)

eGFR (mL/min/1.73m2) 
[prescreening]

Mean (SD) 18.2 (8.8) 17.9 (8.2) 17.2 (7.3) 17.7 (7.9)

Median 15.0 16.0 16.5 16.0

eGFR group (mL/min/1.73m2) [prescreening], ≥15, n (%) 75 (57.3%) 85 (64.9%) 39 (55.7%) 124 (61.7%)

Duration of anemia associated with CKD (months), mean (SD) 33.95 (45.94) 28.39 (31.42) 31.15 (27.56) 29.33 (30.11)

Baseline Hb (g/dL)
Mean (SD) 10.96 (0.52) 10.98 (0.57) 11.14 (0.54) 11.03 (0.56)

Median 11.00 11.00 11.20 11.00

Baseline Hb group (g/dL), ≥11.0, n (%) 67 (51.1%) 67 (51.1%) 41 (58.6%) 108 (53.7%)

Iron (µmol/L), mean (SD) 15.0 (5.0) 16.0 (5.3) 16.1 (6.0) 16.0 (5.5)

Transferrin (g/L), mean (SD) 1.947 (0.346) 2.007 (0.384) 1.999 (0.323) 2.004 (0.363)

Total iron binding capacity (μmol/L), mean (SD) 46.5 (7.4) 47.7 (7.8) 47.4 (6.8) 47.6 (7.5)

Soluble transferrin receptor (nmol/L), mean (SD) 23.33 (8.37) 22.80 (9.28) 24.75 (11.38) 23.48 (10.08)

Transferrin saturation (%), mean (SD) 32.72 (11.67) 34.00 (11.67) 34.26 (12.49) 34.09 (11.93)

Iron repletion, ferritin ≥100 ng/mL and TSAT ≥20%, n (%) 66 (50.4%) 69 (52.7%) 37 (52.9%) 106 (52.7%)

High-sensitivity C-reactive protein (nmol/L), mean (SD) 25.869 (63.396) 16.402 (26.940) 16.311 (39.877) 16.370 (31.943)

Previous or concurrent retinal vascular disorder, present, n (%) 63 (48.1%) 64 (49.2%) - -

Diabetes mellitus, present, n (%) 68 (51.9%) 68 (51.9%) 37 (52.9%) 105 (52.2%)
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; SD, standard deviation; 
TSAT, transferrin saturation.  

Efficacy 
 � In the PPS, mean (95% CI) of average Hb at Weeks 18-24 in the roxadustat comparative group was 11.14 g/dL 
(11.01, 11.27) , thus confirming the efficacy of roxadustat (Figure 3) 

 − The estimated difference between the roxadustat and DA comparative groups in the change in average 
Hb from baseline at Weeks 18-24 was -0.07 g/dL (95% CI: -0.23, 0.10), thus confirming the noninferiority of 
roxadustat to DA 

 � Hemoglobin levels were maintained though Week 52 and/or end of treatment in roxadustat-treated patients; 
in the FAS, mean (SD) Hb levels at Weeks 44-52 were 11.05 (0.68) g/dL in the roxadustat comparative group and 
10.87 (0.61) g/dL in the roxadustat reference group (Figure 4) 

Figure 3.  Mean and Standard Deviation Plot of Hemoglobin (g/dL) Through Week 24 or End of 
Week 24 for All Treatment Groups (FAS)
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Figure 4.  Mean and Standard Deviation Plot of Hemoglobin (g/dL) Through Week 52 or End of 
Treatment for All Treatment Groups (FAS)
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 � In the FAS, 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, 82.8) in the roxadustat reference group

 − At Week 52 or the end of treatment, the proportion (95% CI) of patients who achieved the target Hb level was 
77.1% (70.7, 82.7) in the pooled roxadustat group, 76.3% (68.1, 83.3) in the roxadustat comparative group, and 
78.6% (67.1, 87.5) in the roxadustat reference group

 � Mean values for iron, ferritin, transferrin, total iron-binding capacity, soluble transferrin receptor, transferrin 
saturation, and hepcidin remained stable through Week 52 and/or the end of treatment in roxadustat-
treated patients

Safety
 � During the 24-week treatment period, the incidence of TEAEs observed was 78.6% (103/131 patients) in the 
roxadustat comparative group, 70.2% (92/131 patients) in the DA comparative group, and 77.1% (54/70 patients) 
in the roxadustat reference group (Table 2)

 − Common TEAEs included nasopharyngitis, CKD, hyperkalemia, and hypertension; rates of these were 
comparable between the treatment groups studied (Table 3)

Table 2. Overview of Treatment-Emergent Adverse Events Through Week 24 (SAF)

Parameter
Darbepoetin Alfa 

(Comparative)
(N=131)

Roxadustat 
(Comparative)

(N=131)

Roxadustat 
(Reference)

(N=70)

Pooled 
Roxadustat

(N=201)

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%)

Data presented as n (%).
Abbreviations: SAF, safety analysis set; TEAE, treatment-emergent adverse event.

Table 3. Common TEAEs (≥3% in Any Treatment Group) Through Week 24 or End of Week 24 (SAF)

MedDRA version 19.0 System Organ Class 
Preferred Term

Darbepoetin Alfa 
(Comparative)

(N=131)

Roxadustat 
(Comparative)

(N=131)

Roxadustat 
(Reference)

(N=70)

Pooled 
Roxadustat

(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%)

 Diarrhoea 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%)

Oedema 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%)

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

 Hypoglycaemia 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%)

Chronic kidney disease 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%)

Data presented as n (%). The SAF consisted of patients who received at least one dose of the study drug.
Abbreviations: SAF, safety analysis set; TEAE, treatment-emergent adverse event.

 � During the 52-week treatment period, the incidence of TEAEs was 87.8% (115/131 patients) in the roxadustat 
comparative group and 90.0% (63/70 patients) in the roxadustat reference group

 − Common TEAEs included nasopharyngitis, CKD, hyperkalaemia, constipation, diarrhoea, back pain, nausea, 
oedema peripheral, contusion, and hypertension (Table 4)

Table 4.  Common (≥3% in Any Treatment Group) Treatment-Emergent Adverse Events Through Week 52 
or End of Treatment (SAF)

MedDRA version 19.0 System Organ Class 
Preferred Term

Roxadustat
(Comparative) (N=131)

Roxadustat
(Reference) (N=70)

Pooled Roxadustat  
(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%)
 Diarrhoea 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%)
Oedema peripheral 7 (5.3%) 3 (4.3%) 10 (5.0%)
Oedema 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%)
 Hyperkalaemia 10 (7.6%) 6 (8.6%) 16 (8.0%)
 Hypoglycaemia 3 (2.3%) 5 (7.1%) 8 (4.0%)

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

Chronic kidney disease 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%)

Data presented as n (%). The SAF consisted of patients who received at least one dose of the study drug.
Abbreviation: SAF, safety analysis set.

 � No deaths occurred in the roxadustat comparative group during the study
 − One patient (due to gastrointestinal necrosis) in the DA comparative group and two patients (due to 
pulmonary embolism and myocardial ischemia) in the roxadustat reference group died by the end of Week 24

CONCLUSIONS
 � Roxadustat was efficacious and noninferior to DA in terms of change from baseline in average Hb levels over 
Weeks 18-24 

 − Similar results were observed in patients with NDD CKD in the DOLOMITES trial (ASN 2020 presentation ID: 
OR0200)

 � The safety data reported in the current study are consistent with previous reports in patients with NDD CKD10, 12

 � Roxadustat represents an effective alternative to DA in patients with NDD CKD anemia
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