
Demographics & Baseline Characteristics

 Roxadustat (FG-4592; ASP1517; AZD9941) is an oral hypoxia-inducible factor prolyl hydroxylase 
inhibitor that promotes erythropoiesis and improves iron availability.1

 Roxadustat is approved in China to treat anemia in patients with dialysis-dependent (DD) and 
non-dialysis-dependent (NDD) chronic kidney disease (CKD), and in Japan for DD-CKD.
 Diabetes mellitus (DM) is a common cause of CKD, and patients with CKD and diabetic 

nephropathy are at an increased risk of anemia.2

 This analysis of pivotal phase 3 studies explored the efficacy and safety of roxadustat for treatment 
of anemia in patients with NDD-CKD and DM.
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Introduction

Efficacy and Safety of Roxadustat in Patients With Non-Dialysis-Dependent Chronic Kidney Disease, 
Anemia, and Diabetes Mellitus

aIron replete. bIron non-replete. Data derived from the intent-to-treat population (all randomized patients).
DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; hs-CRP, C-reactive protein; LDL, low-density lipoprotein; SD, standard deviation; 
TSAT, transferrin saturation; ULN, upper limit of normal.

Summary of NDD-CKD Study Designs

Methods
 Pooled data from three pivotal, phase 3, randomized, double-blind, placebo-controlled studies of 

roxadustat for the treatment of anemia in patients with NDD-CKD were assessed in the subgroup 
of patients with a history of DM at baseline. 
DM (type 1 or 2) was defined by study investigators.

 Roxadustat was efficacious vs placebo in increasing Hb levels, reducing the need for blood/RBC 
transfusion, and lowering LDL cholesterol in patients with NDD-CKD with or without comorbid DM. 
 The safety and tolerability profile in the DM or non-DM subgroup was comparable between 

treatment arms and similar to that observed in the overall NDD-CKD population.

Conclusion

OLYMPUS
(Study 001)

ANDES
(Study 060)

ALPS
(Study 608)

Key eligibility 
criteria

• Stage 3–5 CKD 
• Hb <10 g/dL 
• No ESA ≤6 wk prior to 

randomization
• Ferritin ≥50 ng/mL
• TSAT ≥15%
• No RBCT ≤6 wk

• Stage 3–5 CKD 
• Hb ≤10 g/dL 
• No ESA ≤12 wk prior to 

randomization
• Ferritin ≥30 ng/mL
• TSAT ≥5%
• No RBCT ≤8 wk

• Stage 3–5 CKD 
• Hb ≤10 g/dL
• No ESA ≤12 wk prior to 

randomization
• Ferritin ≥30 ng/mL
• TSAT ≥5% 
• No RBCT ≤8 wk

Randomized (N) 2781a 922 597b

Design
• 1:1 randomization
• Double-blind
• Roxadustat vs placebo 

• 2:1 randomization
• Double-blind
• Roxadustat vs placebo

• 2:1 randomization
• Double-blind
• Roxadustat vs placebo

Mean drug exposure • Roxadustat, 19.6 mo
• Placebo, 15.2 mo

• Roxadustat, 96.9 wk
• Placebo, 64.5 wk

• Roxadustat, 63.1 wk
• Placebo, 51.0 wk

aIn study 001, 20 patients were excluded from the statistical analysis because of system technical issues and major good clinical practice (GCP) 
violations.
bIn study 608, 3 patients were excluded from the statistical analysis because of GCP violations.
CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; mo, months; NDD-CKD, non-dialysis-dependent chronic kidney 
disease; RBCT, red blood cell transfusion; TSAT, transferrin saturation; wk, weeks.

With DM Without DM

Roxadustat
(n=1337)

Placebo
(n=1096)

Roxadustat
(n=1054)

Placebo
(n=790)

Age (years), n (%)

18–64 676 (50.6) 541 (49.4) 616 (58.4) 445 (56.3)
65–74 405 (30.3) 323 (29.5) 216 (20.5) 161 (20.4)
≥75 256 (19.1) 232 (21.2) 222 (21.1) 184 (23.3)

Gender, n (%)

Male 549 (41.1) 512 (46.7) 425 (40.3) 320 (40.5)
Female 788 (58.9) 584 (53.3) 629 (59.7) 470 (59.5)

Race group, n (%)

Asian 464 (34.7) 393 (35.9) 399 (37.9) 296 (37.5)
Black 140 (10.5) 100 (9.1) 58 (5.5) 46 (5.8)
White 583 (43.6) 484 (44.2) 551 (52.3) 408 (51.6)
Other 150 (11.2) 119 (10.9) 46 (4.4) 40 (5.1)

Iron repletion status, n (%)

TSAT ≥20% & ferritin ≥100 ng/mLa 780 (58.3) 637 (58.1) 653 (62.0) 490 (62.0)

TSAT <20% or ferritin <100 ng/mLb 556 (41.6) 458 (41.8) 400 (38.0) 297 (37.6)

Missing 1 (0.1) 1 (0.1) 1 (0.1) 3 (0.4)

Hb, mean (SD), g/dL 9.1 (0.7) 9.1 (0.7) 9.1 (0.8) 9.1 (0.8)

<8 99 (7.4) 93 (8.5) 105 (10.0) 71 (9.0)

≥8 1238 (92.6) 1003 (91.5) 949 (90.0) 719 (91.0)

eGFR, mean (SD), mL/min/1.73 m2 21.9 (11.9) 22.2 (12.0) 16.9 (10.4) 17.04 (10.72)

LDL cholesterol, mean (SD), mg/dL 95.0 (43.5) 91.5 (42.4) 103.9 (44.4) 100.4 (41.7)

hs-CRP, n (%)

≤ULN (≤5 mg/L) 674 (50.4) 495 (45.2) 548 (52.0) 360 (45.6)

>ULN (>5 mg/L) 292 (21.8) 201 (18.3) 234 (22.2) 156 (19.7)

Missing 371 (27.7) 400 (36.5) 272 (25.8) 274 (34.7)

 At baseline, a greater proportion of patients regardless of having DM or no DM were white or 
Asian, women, iron replete, had Hb ≥8 g/dL, and had hs-CRP ≤ULN in both treatment arms.

Mean CFB in Hb Averaged Over Weeks 28–52 in Patients With Baseline hs-CRP >ULN  

Results

Adverse Event Summarya

 Among patients with DM, the mean (± standard deviation [SD]) Hb CFB over Weeks 28–52, 
regardless of rescue therapy, was 1.81 (0.93) g/dL for roxadustat vs 0.14 (0.98) g/dL for placebo 
(least squares [LS] mean standard error [SE] difference: 1.71 [0.05]; P<0.0001).
 Among patients who did not have DM, the mean (±SD) Hb CFB over Weeks 28–52, regardless of 

rescue therapy, was 1.90 (0.95) g/dL for roxadustat vs 0.12 (1.06) g/dL for placebo (LS mean [SE] 
difference: 1.76 [0.05]; P<0.0001).

With DM Without DM Overall NDD-CKD

Roxadustat
(n=1334)

Placebo
(n=1094)

Roxadustat
(n=1052)

Placebo
(n=790)

Roxadustat
(n=2386)

Placebo
(n=1884)

Any TEAE 254.7 226.9 190.4 192.4 222.6 211.5
Serious TEAE 50.5 46.9 40.7 40.0 45.9 43.9
TEAEs leading to study 
medication discontinuation 4.6 4.1 3.0 3.3 3.9 3.8

TEAE in ≥10% of patients in 
any treatment arm

End-stage renal disease 11.4 10.1 15.1 15.1 13.0 12.1
Hypertension 9.1 6.9 9.0 6.1 9.0 6.6
Edema peripheral 8.9 7.0 5.9 4.9 7.6 6.1
Hyperkalemia 8.4 6.6 5.3 4.4 7.0 5.7
Urinary tract infection 7.7 5.8 5.1 4.2 6.6 5.1
Diarrhea 7.1 6.1 6.0 4.7 6.6 5.5
Nausea 6.9 4.4 6.1 6.1 6.5 5.1
Hypoglycemia 6.7 5.6 0.3 0.1 3.8 3.2
Constipation 6.6 4.6 4.3 3.9 5.5 4.3

Viral upper respiratory tract 
infection 6.5 6.3 5.7 5.6 6.2 6.0

Pneumonia 6.4 5.6 4.3 4.0 5.5 4.9

 In patients with NDD-CKD and DM, follow-up–adjusted incidence rates of TEAEs were comparable 
between treatment groups and similar to those in the overall NDD-CKD study population. 
 Similar results were seen for the subgroup of NDD-CKD patients who did not have DM.

aTEAEs presented as FAIR (FAIR/100 PEY = 100 x number of patients with events/PY, where PEY = (last dose date - first dose date + 1) / 365.25). TEAEs listed are 
those that occurred (or were pre-existing conditions that worsened) during the treatment period and within 28 days of the last dose of study medication. Analyses 
performed on the safety analyses set (all patients who received study drug). 
DM, diabetes mellitus; FAIR, follow-up adjusted incidence rate; NDD-CKD, non-dialysis-dependent chronic kidney disease; PEY, patient exposure–years; PY, 
person-years; TEAE, treatment-emergent adverse event.

Mean LDL Cholesterol From Baseline to Week 52

 At all post-baseline time points, mean LDL cholesterol levels were lower in patients with NDD-CKD 
with or without DM who were treated with roxadustat vs placebo.
 Among patients with DM, the mean (±SD) LDL cholesterol CFB over Weeks 12–28 was −14.19 

(31.814) mg/dL for roxadustat vs +2.43 (33.109) mg/dL for placebo (LS mean [SE] difference: −17.59 
[1.748]; P<0.0001).
 Among patients without DM, the mean (±SD) LDL cholesterol CFB over Weeks 12–28 was −20.54 

(33.948) mg/dL for roxadustat vs −0.19 (30.912) mg/dL for placebo (LS mean [SE] difference: −21.46 
[1.661]; P<0.0001).

Kaplan-Meier Curve for First Blood/RBC Transfusion Over First 52 Weeks of Treatment

 Time to first blood/RBC transfusion up to Week 52 differed significantly between treatment groups, 
with a reduced risk in patients with NDD-CKD and DM who were treated with roxadustat vs 
placebo (hazard ratio [HR]: 0.28; 95% confidence interval [CI]: 0.21, 0.36; P<0.0001).
 Similar results were seen in the subgroup of patients who did not have DM (HR: 0.24; 95% CI: 

0.17, 0.34; P<0.0001).

Median time to event was calculated using the Kaplan-Meier method. Analysis performed on the full analysis set (all randomized patients who received ≥1 dose of 
study drug and had a baseline and ≥1 post-dose Hb assessment). Treatment comparison was made using a stratified Cox proportional hazards model adjusted for 
baseline Hb, baseline eGFR, and treatment, and stratified by study, region (US vs Europe vs other), and history of cardiovascular/ cerebrovascular/thromboembolic 
diseases (yes vs no). DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; RBC, red blood cell.

 In the subgroup of patients with DM and baseline hs-CRP >ULN, the mean (± standard deviation 
[SD]) Hb CFB over Weeks 28–52, regardless of rescue therapy, was 1.89 (0.93) g/dL for roxadustat 
vs 0.42 (1.04) g/dL for placebo (least squares [LS] mean standard error [SE] difference: 1.60 [0.10]; 
P<0.0001).
 In the subgroup of patients without DM and baseline hs-CRP >ULN, the mean (±SD) Hb CFB over 

Weeks 28–52, regardless of rescue therapy, was 2.01 (0.90) g/dL for roxadustat vs 0.28 (1.17) g/dL 
for placebo (LS mean [SE] difference: 1.78 [0.11]; P<0.0001).
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Analysis performed on the full analysis set (all randomized patients who received ≥1 dose of study drug and had a baseline and ≥1 post-dose Hb
assessment). DM, diabetes mellitus; Hb, hemoglobin; SE, standard error.
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Demographics, baseline characteristics, and mean change from baseline (CFB) in hemoglobin 
(Hb) averaged over Weeks 28–52, regardless of rescue therapy, were evaluated using the intent-
to-treat (all randomized patients) population, per the United States Food and Drug Administration.
The full analysis set (all randomized/enrolled patients who received ≥1 dose of study drug and had 
a baseline and ≥1 post-dose Hb assessment) was used to evaluate:

• Mean CFB in Hb averaged over Weeks 28–52, regardless of rescue therapy, in patients with 
baseline high-sensitivity C-reactive protein (hs-CRP) >upper limit of normal (ULN; 5 mg/L).

• Mean CFB in low-density lipoprotein (LDL) cholesterol averaged over Weeks 12–28.
• Time to first blood/red blood cell (RBC) transfusion over first 52 weeks of treatment.

 Safety and tolerability were assessed by reported treatment-emergent adverse events (TEAEs) 
using the safety analysis set (all patients who received study drug).
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aData are observed plus imputed; baseline Hb was defined as the mean of up to four of the last central laboratory values prior to the first dose of study treatment. 
Treatment comparison was made using the multiple imputation strategy by combining the results of ANCOVA model with baseline Hb and baseline eGFR as 
covariates, and study, treatment, study-by-treatment interaction, (if subgroup is not related to region/continents, then use interaction term REGION1 [US vs Europe vs 
other]), and history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) as fixed effects. Analysis performed on the intent-to-treat population (all 
randomized patients). ANCOVA, analysis of covariance; CFB, change from baseline; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; 
LS, least squares; NDD-CKD, non-dialysis-dependent chronic kidney disease; SE, standard error.

Analysis performed on the full analysis set (all randomized patients who received ≥1 dose of study drug and had a baseline and ≥1 post-dose Hb assessment). 
Treatment comparison was made using an ANCOVA model with baseline Hb, baseline eGFR, and baseline LDL cholesterol as covariates, and study, treatment, study-
by-treatment interaction, and history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) as fixed effects. ANCOVA, analysis of covariance; DM, 
diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; LDL, low-density lipoprotein; SE, standard error.
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(n=1045) (n=784)
With DM

aData are observed plus imputed; baseline Hb was defined as the mean of up to four of the last central laboratory values prior to the first dose of study treatment. 
Analysis performed on the full analysis set (all randomized patients who received ≥1 dose of study drug and had a baseline and ≥1 post-dose Hb assessment). 
Treatment comparison was made using the multiple imputation strategy by combining the results of ANCOVA model with baseline Hb and baseline eGFR as covariates, 
and study, treatment, study-by-treatment interaction, region (US vs Europe vs other), and history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs 
no) as fixed effects. ANCOVA, analysis of covariance; CFB, change from baseline; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; 
hs-CRP, high-sensitivity C-reactive protein; ULN, upper limit of normal.

LS mean (SE) difference:
1.71 (0.051); 

P<0.0001

LS mean (SE) difference:
1.76 (0.053); 

P<0.0001

LS mean (SE) difference:
1.72 (0.036); 

P<0.0001

Mean CFB in Hb Averaged Over Weeks 28–52, Regardless of Rescue Therapy

Mean Hb From Baseline to Week 52, Regardless of Rescue Therapy

 At all post-baseline time points, mean Hb levels were greater in patients with NDD-CKD and 
DM, as well as those without DM who were treated with roxadustat vs placebo.
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LS mean (SE) difference:
1.67 (0.07); 

P<0.0001

Overall NDD-CKD

LS mean (SE) difference:
1.60 (0.10); 

P<0.0001

LS mean (SE) difference:
1.68 (0.08); 

P<0.0001

Of 4277 patients with NDD-CKD randomized in the three pivotal phase 3 studies, 2433 patients 
had DM (1337 roxadustat and 1096 placebo).
 Baseline characteristics were generally similar between roxadustat- and placebo-treated patients 

with DM or without DM.

Baseline Characteristics
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