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Introduction
 Roxadustat (FG-4592; ASP1517; AZD9941) is an oral hypoxia-inducible factor prolyl hydroxylase 

(HIF-PH) 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.
 Hypoxic conditions can alter cholesterol synthesis via the HIF pathway.2

 HIF-PH inhibitors can elicit HIF pathway responses, regardless of oxygen conditions, and drive 
erythropoiesis.3

 In phase 2 clinical trials, roxadustat was shown to reduce total cholesterol in patients with either 
NDD-CKD or DD-CKD.4,5

 This pooled analysis of pivotal phase 3 trials explored the effects of roxadustat on low-density 
lipoprotein cholesterol (LDL-C), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), and LDL-C/HDL-C ratio in patients with NDD-CKD or DD-CKD.

 Data from three pivotal, phase 3, randomized, double-blind, placebo-controlled studies of roxadustat 
in patients with NDD-CKD and three pivotal, phase 3, randomized, open-label, epoetin alfa–
controlled studies of roxadustat in patients with DD-CKD, including those with incident dialysis–
dependent CKD (ID-CKD; on dialysis for ≤4 months), were assessed. 

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, 50.96 wk

ROCKIES (Study 002) SIERRAS (Study 064) HIMALAYAS (Study 063)

Key eligibility criteria

 ID + stable DD (HD/PD)
 Hb <12 g/dL if on ESA or Hb <10 g/dL 

if not on ESA for ≥4 wk before first 
visit

 Ferritin ≥100 ng/mL
 TSAT ≥20%
 No RBCT ≤8 wk

 ID + stable DD (HD/PD)
 Stable DD: Hb ≥9.0 to ≤12.0 g/dL; on 

ESA ≥8 wk  
 ID: Hb ≥8.5 to ≤12.0 g/dL; on ESA 

≥4 wk
 Ferritin ≥100 ng/mL
 TSAT ≥20% 
 No RBCT ≤8 wk; ≤4 wk (protocol 

amendment 2) 

 ID (HD/PD)
 Hb ≤10 g/dL
 On ESA ≤3 wk within the past 

12 wk

 Ferritin ≥100 ng/mL 
 TSAT ≥20%
 No RBCT ≤4 wk before randomization

Randomized (N) 2133a 741 1043

Design
 1:1 randomization
 Open-label, active controlled
 Roxadustat vs epoetin alfa

 1:1 randomization
 Open-label, active controlled
 Roxadustat vs epoetin alfa

 1:1 randomization
 Open-label, active controlled
 Roxadustat vs epoetin alfa

Mean drug exposure  Roxadustat, 20.6 mo
 Epoetin alfa, 23.2 mo

 Roxadustat, 88.1 wk
 Epoetin alfa, 107.1 wk

 Roxadustat, 89.0 wk
 Epoetin alfa, 96.0 wk

Summary of DD-CKD Study Designs

aIn study 001, 20 patients were excluded from statistical analysis because of system technical issues and major good clinical practice (GCP) violations. 
bin study 608, 3 patients were excluded from statistical analysis because of GCP violations.
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.

aIn study 002, 27 patients were excluded from statistical analysis because of major good clinical practice violations (GCP) or technical issues.
DD-CKD, dialysis-dependent chronic kidney disease; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; HD, hemodialysis; ID, incident dialysis; 
mo, months; PD, peritoneal dialysis; RBCT, red blood cell transfusion; TSAT, transferrin saturation; wk, weeks.

Summary of NDD-CKD Study Designs

Methods

Baseline Characteristics
 Baseline characteristics were generally well-balanced between treatment arms in the NDD-CKD and 

DD-CKD populations, and in the ID-CKD subgroup. 

Data derived from the intent-to-treat population (all randomized patients).
CRP, C-reactive protein; DD-CKD, dialysis dependent chronic kidney disease; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; ID-CKD, 
incident dialysis–dependent chronic kidney disease; NA, not applicable; NDD-CKD, non-dialysis-dependent chronic kidney disease; SD, standard 
deviation; TSAT, transferrin saturation; ULN, upper limit of normal.

NDD-CKD (n=4277) DD-CKD (n=3890) ID-CKD (n=1530)
Roxadustat 

(n=2391)
Placebo
(n=1886)

Roxadustat 
(n=1943)

Epoetin Alfa
(n=1947)

Roxadustat 
(n=760)

Epoetin Alfa 
(n=770)

Mean age, years (SD) 61.9 (14.1) 62.7 (14.0) 54.3 (14.9) 55.2 (14.6) 53.6 (14.81) 54.0 (14.6)
Age, n (%)

18–64 1292 (54.0) 986 (52.3) 1432 (73.7) 1420 (72.9) 570 (75.0) 584 (75.8)
65–74 621 (26.0) 484 (25.7) 354 (18.2) 348 (17.9) 132 (17.4) 129 (16.8)
≥75 478 (20.0) 416 (22.1) 157 (8.1) 179 (9.2) 58 (7.6) 57 (7.4)

Gender, n (%)
Female 1417 (59.3) 1054 (55.9) 822 (42.3) 799 (41.0) 299 (39.3) 306 (39.7)

Race group, n (%)
Asian 863 (36.1) 689 (36.5) 272 (14.0) 264 (13.6) 116 (15.3) 127 (16.5)
Black 198 (8.3) 146 (7.7) 350 (18.0) 364 (18.7) 67 (8.8) 67 (8.7)
White 1134 (47.4) 892 (47.3) 1177 (60.6) 1182 (60.7) 508 (66.8) 505 (65.6)
Other 196 (8.2) 159 (8.4) 144 (7.4) 137 (7.0) 69 (9.1) 71 (9.2)

Iron repletion status, n (%)
TSAT ≥20% & Ferritin 
≥100 ng/mL

1433 
(59.9)

1127
(59.8)

1690 
(87.0)

1692 
(86.9)

603 
(79.3)

608 
(79.0)

TSAT <20% or Ferritin 
<100 ng/mL

956 
(40.0)

755 
(40.0)

247 
(12.7)

251 
(12.9)

155 
(20.4)

162 
(21.0)

Missing 2 (0.1) 4 (0.2) 6 (0.3) 4 (0.2) 2 (0.3) 0

Hb, mean (SD), g/dL 9.1 (0.7) 9.1 (0.7) 9.6 (1.3) 9.7 (1.3) 8.8 (1.2) 8.9 (1.2)

Mean Hb, n (%)
<8.0 204 (8.5) 164 (8.7) -- -- 180 (23.7) 179 (23.2)
≥8.0 2187 (91.5) 1722 (91.3) -- -- 580 (76.3) 591 (76.8)
<10.0 -- -- 1083 (55.7) 1058 (54.3) -- --
≥10.0 -- -- 860 (44.3) 889 (45.7) -- --

Prior statin use, n (%)
Yes 522 (21.8) 283 (15.0) 320 (16.5) 342 (17.6) 161 (21.2) 161 (20.9)
No 1869 (78.2) 1603 (85.0) 1623 (83.5) 1605 (82.4) 599 (78.8) 609 (79.1)

CRP, n (%)
≤ULN 1222 (51.1) 855 (45.3) 889 (45.8) 912 (46.8) 406 (53.4) 401 (52.1)
>ULN 526 (22.0) 357 (18.9) 723 (37.2) 722 (37.1) 285 (37.5) 301 (39.1)
Missing 643 (26.9) 674 (35.7) 331 (17.0) 313 (16.1) 69 (9.1) 68 (8.8)

Median time since initiation of 
dialysis, months (range)   NA NA 12.1 

(0.5–319.0)
12.3 

(0.4–324.1)
2.3

(0.5–4.2)
2.3

(0.4–4.7)

Demographics & Baseline Characteristics: NDD-CKD and DD-CKD Populations, and 
the ID-CKD Subgroup

Mean LDL-C From Baseline to Week 52 in Patients With NDD-CKD

Mean CFB in LDL-C Averaged Over Weeks 12–28 in Patients With NDD-CKD, 
Regardless of Statin Use

Treatment comparison was made using an ANCOVA model with baseline Hb, baseline eGFR, and baseline LDL as covariates, and study, treatment, 
study-by-treatment interaction, history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) and region (USA vs Europe vs other) as 
fixed effects. 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). CFB, change from baseline; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; LS, least squares; SD, standard 
deviation; SE, standard error.

Mean LDL-C (mg/dL) Roxadustat 
(n=2368)

Placebo 
(n=1865)

Baseline, mean (SD) 98.97 (44.15) 95.53 (42.40)
Averaged (Weeks 
12–28), mean (SD) 81.83 (36.19) 97.55 (43.79)

LS Mean (SE) 
CFB in LDL-C 

(mg/dL)
Averaged 

Over Weeks 
12–28

LS Mean Difference (95% CI): −19.83 (−22.16, −17.51)
P<0.001
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Roxadustat (n=2368) Placebo (n=1865)

Results

Mean CFB in LDL-C Averaged Over Weeks 12–28 in Patients With DD-CKD, 
Regardless of Statin Use

 The reduction in mean LDL under roxadustat treatment in patients with NDD-CKD was significant 
regardless if statin was used (LS mean [SE] difference: –21.46 [3.05]; P<0.0001) or not used (LS 
mean [SE] difference: –21.71 [1.59]; P<0.0001).

 The reduction in mean LDL under roxadustat treatment in patients with DD-CKD was significant 
regardless if statin was used (LS mean [SE] difference: –20.21 [4.00]; P<0.0001) or not used (LS 
mean [SE] difference: –16.10 [1.13]; P<0.0001).

LS Mean (SE) 
CFB in LDL-C 

(mg/dL)
Averaged Over 
Weeks 12–28

LS Mean Difference (95% CI): −15.80 (−17.54, −14.06)
P<0.0001

-17.22

-1.42
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Mean LDL-C From Baseline to Week 48 in Patients With DD-CKD

Treatment comparison was made using an ANCOVA model with baseline Hb, baseline LDL as covariates, and study, treatment, study-by-treatment interaction, history of 
cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) and as fixed effects. 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). ANCOVA, analysis of covariance; CFB, change from baseline; CI, confidence interval; DD-CKD, dialysis-
dependent chronic kidney disease; LDL-C, low-density lipoprotein cholesterol; LS, least squares; SD, standard deviation; SE, standard error.

 The reduction in mean LDL under roxadustat treatment in patients with ID-CKD was significant 
regardless if statin was used (LS mean [SE] difference: –21.70 [7.40]; P=0.0036) or not used (LS 
mean [SE] difference: –20.97 [4.20]; P<0.0001).

Mean CFB in LDL-C (mg/dL) Averaged Over Weeks 12–28 in Patients With ID-CKD, 
Regardless of Statin Use

Mean LDL-C From Baseline to Week 48 in Patients With ID-CKD

Treatment comparison was made using an ANCOVA model with baseline Hb, baseline LDL as covariates, and study, treatment, study-by-treatment 
interaction, history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) as fixed effects. 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). ANCOVA, analysis of covariance; 
CFB, change from baseline; CI, confidence interval; ID-CKD, incident dialysis-dependent chronic kidney disease; LDL-C, low-density lipoprotein 
cholesterol; SD, standard deviation; SE, standard error.

LS Mean (SE) 
CFB in LDL-C 

(mg/dL)  
Averaged Over 
Weeks 12–28

LS Mean Difference (95% CI): −17.50 (−22.22, −12.78)
P<0.0001

-23.6

-6.1

-30

-20

-10

0

40

60

80

100

120

0 4 8 12 20 24 28 32 36 40 48

M
ea

n 
LD

L-
C

C
ho

le
st

er
ol

 (m
g/

dL
)

Time (Weeks)

Roxadustat (n=756) Epoetin Alfa (n=759)

Mean LDL-C (mg/dL) Roxadustat 
(n=756)

Epoetin Alfa 
(n=759)

Baseline, mean (SD) 104.77 (39.08) 104.89 (38.13)
Averaged (Weeks 12–
28), mean (SD) 82.66 (34.02) 100.79 (37.63)

Mean LDL-C (mg/dL) Roxadustat 
(n=1929)

Epoetin Alfa
(n=1928)

Baseline, mean (SD) 93.25 (39.78) 93.02 (39.36)
Averaged (Weeks 12–
28), mean (SD) 76.67 (32.95) 91.81 (38.54)

 Although HDL-C levels were significantly reduced from baseline to Weeks 12–28 with roxadustat 
treatment vs placebo in NDD-CKD patients and vs epoetin alfa in DD-CKD and the subset of ID-
CKD patients, importantly, the ratio of LDL-C to HDL-C was also significantly reduced (all P<0.01).
 TC levels were significantly reduced from baseline to Weeks 12–28 relative to placebo in patients 

with NDD-CKD and relative to epoetin alfa in patients with DD-CKD, including the subset of ID-
CKD patients (all P<0.0001).
 TG levels were significantly reduced from baseline to Weeks 12–28 relative to placebo in patients 

with NDD-CKD and relative to epoetin alfa in patients with DD-CKD (all P<0.01).

Treatment comparison was made using an ANCOVA model with baseline Hb, baseline eGFR, and baseline LDL as covariates, and study, treatment, study-by-treatment interaction, 
history of cardiovascular/cerebrovascular/thromboembolic diseases (yes vs no) and region (USA vs Europe vs other) as fixed effects. 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). ANCOVA, analysis of covariance; CFB, change from baseline; HDL-
C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SE, standard error; TC, total cholesterol; TG, triglycerides.

NDD-CKD

DD-CKD

ID-CKD

LS Mean (SE) 
Difference* 27.54 (1.51) -4.14 (0.41) −14.88 (3.361) −0.28 (0.032)

P value* <0.0001 <0.0001 <0.0001 <0.0001
*Roxadustat vs placebo CFB to average Weeks 12–28

LS Mean (SE) 
Difference* −22.69 (1.12) −4.15 (0.32) −8.99 (2.824) −0.19 (0.03)

P value* <0.0001 <0.0001 0.0015 <0.0001
*Roxadustat vs epoetin alfa CFB to average Weeks 12–28

LS Mean (SE) Difference* −23.31 (3.014) −3.85 (0.807) −7.73 (6.344) −0.25 (0.087)
P value* <0.0001 <0.0001 0.2231 0.0040
*Roxadustat vs epoetin alfa CFB to average Weeks 12–28

 Treatment with roxadustat vs placebo lowered LDL-C and LDL-C/HDL-C ratio in patients with NDD-
CKD vs placebo. In addition, TC and TG levels were also decreased with roxadustat vs placebo.
 In both the DD-CKD population and the ID-CKD subgroup, LDL-C and LDL-C/HDL-C ratio decreased 

with roxadustat treatment vs epoetin alfa. In addition, TC and TG were decreased in DD-CKD 
patients and TC was decreased in ID-CKD patients administered roxadustat vs epoetin alfa.
 The results from this pooled analysis were consistent with individual study outcomes and subgroup 

analyses.6–10 

Conclusion

Mean CFB in TC, HDL-C, TG, and LDL-C/HDL-C Ratio Averaged Over Weeks 12–28

 The pivotal phase 3 studies were not controlled for statin or other cholesterol-lowering medication 
use.
 Demographics and baseline characteristics were evaluated using the intent-to-treat (all randomized 

patients) population.
 Mean change from baseline (CFB) averaged over Weeks 12–28 in in LDL-C, TC, HDL-C, TG, and 

LDL-C/HDL-C ratio was evaluated in the full analysis set (FAS; all randomized patients who received 
≥1 dose of study drug and had a baseline and ≥1 post-dose Hb assessment).

 At all post-baseline time points, mean (± standard error [SE]) LDL-C levels were lower in NDD-
CKD patients administered roxadustat vs placebo.

 At all post-baseline time points, mean (±SE) LDL-C levels were lower in ID-CKD patients 
administered roxadustat vs epoetin alfa.

 At all post-baseline time points, mean (±SE) LDL-C levels were lower in DD-CKD patients 
administered roxadustat vs epoetin alfa.
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