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Presenter
Presentation Notes
Thank you for attending this presentation entitled “Roxadustat for the Treatment of Anaemia in Chronic Kidney Disease Patients Not on Dialysis: A Phase 3, Randomised, Open-Label, Active-Controlled Study.”



1Del Vecchio L, et al. Expert Opin Drug Saf. 2016;15:1021; 2Pfeffer MA, et al. N Engl J Med. 2009;361:2019; 3Wong MMY, et al. Clin Kidney J. 2019;1:12; 4Gupta N, et al. Am J Kidney Dis. 2017;69:815.

• Anemia is a common complication of chronic kidney disease (CKD) caused by dysregulation 
in oxygen sensing from the failing kidneys and reduced erythropoietin (EPO)

• Anemia of CKD is commonly treated with traditional erythropoiesis stimulating agents 
(ESAs) in combination with oral or intravenous (IV) iron supplementation1

• The use of EAs in CKD patients has been associated with increased cardiovascular risk2

• A high proportion of non–dialysis-dependent (NDD) CKD patients with anemia do not 
receive treatment for anemia3

• Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) are a new class of drugs in 
clinical development for the treatment of CKD anemia4

Introduction
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Presenter
Presentation Notes
Anemia is a common complication of chronic kidney disease (CKD) caused by dysregulation in oxygen sensing from the kidneys that results in reduced synthesis of erythropoietin. Traditional ESAs and IV or oral iron represent the standard therapy for CKD anemia. However, the use of erythropoietin analogues has been associated with increased cardiovascular risk in some patients. Moreover, a high proportion of non–dialysis dependent CKD patients with anemia remain untreated for their anemia.HIF-PHIs are a new class of drugs for the treatment of CKD anemia. 



• Roxadustat is an orally administered HIF-PHI approved for CKD anemia in dialysis-
dependent (DD) (China and Japan) and NDD (China) patients, and is currently being 
developed internationally

• This phase 3 study evaluated the efficacy and safety of roxadustat compared with 
darbepoetin alfa in the treatment of anemia in NDD CKD patients

Introduction
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Roxadustat is an orally administered HIF-PHI that is approved for the treatment of CKD anemia in dialysis-dependent and non–dialysis-dependent patients in China and in dialysis-dependent patients in Japan. Roxadustat is currently in clinical development internationally.This study was conducted to evaluate the efficacy and safety of roxadustat compared with darbepoetin alfa in the treatment of anemia in non–dialysis-dependent CKD patients.



• Phase 3, multicenter, randomized, open-label, active-controlled study conducted at ~200 sites, mostly in Europe

• Inclusion Criteria

– Patients aged ≥18 years with CKD not receiving dialysis

– Estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2

– Mean of two most recent Hb values during screening ≤10.5 g/dL, with difference of ≤1.0 g/dL

Abbreviations: BL, baseline; CKD, chronic kidney disease; EU, European Union; Hb hemoglobin; IV, intravenous; R, randomization; SC, subcutaneous; SmPC, Summary of Product Characteristics; TIW, three times weekly.

aThe initial dose was weight-based.

Study Design (DOLOMITES)
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The DOLOMITES study was a phase 3, multicentre, randomized, open-label, active-controlled study conducted mainly in Europe.Eligible patients were randomized 1:1 to receive roxadustat or darbepoetin alfa for up to 104 weeks during the treatment period, which comprised an initial correction period followed by a maintenance period. During the correction period, dose adjustments were conducted to achieve hemoglobin levels ≥11.0 g/dL, with an hemoglobin increase from baseline ≥1.0 g/dL, whereas during the maintenance period, dose adjustments targeted hemoglobin levels between 10.0 g/dL and 12.0 g/dL. This study enrolled adult CKD patients with anaemia who were not receiving dialysis.These patients had an estimated glomerular filtration rate of <60 mL/min/1.73 m2 and the mean of the two most recent hemoglobin levels during the screening period of ≤10.5 g/dL, Patients were excluded if, prior to randomisation, they had received erythropoietin stimulating agents within 12 weeks, IV iron within 6 weeks, or red blood cell transfusion within 8 weeks.



Abbreviations: FAS, full analysis set; LDL, low-density lipoprotein; MAP, mean arterial pressure; PPS, per protocol set; SF-36 PF/VT, Short Form-36 Health Survey physical functioning/vitality

aDefined as ≥20 mmHg SBP increase and SBP ≥170 mmHg; or ≥15 mmHg DBP increase and DBP ≥110 mmHg.

• Primary Endpoint
• Hb response (measured at two consecutive visits, ≥5 days apart, during the first 24 weeks of treatment without 

receiving rescue therapy)
• Hb ≥11.0 g/dL and Hb increase from baseline of ≥1.0 g/dL with baseline Hb >8.0 g/dL or
• Hb increase from baseline of ≥2.0 g/dL in patients with baseline Hb ≤8.0 g/dL

• Key Secondary Endpoints
• Hb change from baseline to the average of Weeks 28-36 (PPS)
• Change from baseline to the average of Weeks 12-28 in LDL cholesterol (FAS)
• Time to first use of IV iron during Weeks 1-36 (FAS)
• Changes from baseline to average of Weeks 12-28 in SF-36 PF/VT sub-scores (PPS)
• Change from baseline in (MAP) to the average of Weeks 20-28 (PPS)
• Time to first occurrence of hypertensiona during Weeks 1-36 (PPS)

Efficacy Endpoints
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The primary study endpoint was the hemoglobin response, defined as hemoglobin of ≥11.0 g/dL and a hemoglobin increase from baseline of ≥1.0 g/dL in patients with baseline hemoglobin of >8.0 g/dL, or a hemoglobin increase from baseline of ≥2.0 g/dL in patients with baseline hemoglobin of ≤8.0 g/dL, during the first 24 weeks of treatment without receiving rescue therapy.Key secondary endpoints are listed here and cover, besides hemoglobin, effects on LDL cholesterol, IV iron use, patient reported outcomes and occurrence of hypertension: 



Abbreviations: SAF, safety analysis set.

• Assessed by monitoring treatment-emergent adverse events (TEAEs) and adjudicated 
events, including major adverse cardiovascular events (MACE), MACE+, and individual 
cardiovascular events (SAF)

• MACE was defined as the composite of death, myocardial infarction, and/or stroke

• MACE+ was defined as the composite of death, myocardial infarction, stroke, 
hospitalization for unstable angina, and/or congestive heart failure

• A comparison between roxadustat and darbepoetin was presented using hazard ratios 
and 95% confidence intervals (CIs) calculated using a Cox regression model

Safety
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Safety was assessed by monitoring treatment-emergent adverse events and adjudicated events, including major adverse cardiovascular events, MACE+, and individual cardiovascular events.



Discontinued Treatment: 84 (28.7%)
Death: 30 (10.2%)
Withdrawal by patient: 20 (6.8%)
Adverse events: 8 (2.7%) 
Progressive disease: 15 (5.1%)
Other: 11 (3.8%)

Discontinued Treatment: 108 (33.4%)
Death: 27 (8.4%)
Withdrawal by patient: 32 (9.9%)
Adverse events: 21 (6.5%) 
Progressive disease: 8 (2.5%)
Other: 20 (6.2%)

Completed 2 years of treatment

Screen Failures: 314 

Darbepoetin: 209 (71.3%)Roxadustat: 215 (66.6%)

Darbepoetin: 293 (47.6%) Roxadustat: 323 (52.4%)

Randomized: 616 

Screened: 930

Patient Disposition
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A total of 616 patients were randomized. The proportion of patients who completed the study was 67% in the roxadustat group and 71% in the darbepoetin alfa group.



Parameter Roxadustat, 
n=323

Darbepoetin, 
n=293

Total, 
N=616

Male sex, n (%) 145 (44.9) 129 (44.0) 274 (44.5)

White race, n (%) 306 (94.7) 281 (95.9) 587 (95.3)

Age, years 66.8 (13.6) 65.7 (14.4) 66.3 (14.0)

Time from CKD diagnosis, years 6.101 (6.323) 5.730 (5.754) 5.924 (6.057)

Hemoglobin, g/dL 9.55 (0.75) 9.55 (0.69) –

eGFR, mL/min/1.73m²
Mean (SD) 20.3 (11.5) 20.3 (10.7) –

Median (min, max) 17.5 (3.1, 67.1) 18.5 (3.3, 64.8) –

LDL cholesterol, mg/dL 100.6 (40.0) 102.8 (39.8) –

Blood pressure, mmHg
Systolic 137.2 (15.2) 137.5 (14.8) –

Diastolic 74.9 (10.0) 75.2 (10.4) –

CRP, nmol/L
≤ Upper limit of normal 209 (65.3) 177 (60.4) 386 (63.0)

> Upper limit of normal 111 (34.7) 116 (39.6) 227 (37.0)

Iron repletion at 
baseline, n (%)

Ferritin ≥100 ng/mL and TSAT ≥20% 182 (56.3) 152 (51.9) 334 (54.2)

Others 141 (43.7) 141 (48.1) 282 (45.8)

History of cardiovascular, cerebrovascular, or thromboembolic 
diseases, n (%) 152 (47.1) 142 (48.5) 294 (47.7)

Abbreviations: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; TSAT, transferrin saturation. Data are reported as mean (standard deviation) unless otherwise indicated.

• Demographics and baseline 
characteristics were well-
balanced between groups

• Baseline hemoglobin was 
9.55 g/dL

• Median eGFR was ~18 
mL/min/1.73m2

• Patients were mostly 
European

• ~30% of patients had CKD 
stage 5

Demographics and Baseline Characteristics
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The baseline characteristics were comparable between treatment groups. The mean estimated glomerular filtration rate levels were generally low, with approximately 30% of patients with CKD stage 5.



• Non-inferiority of roxadustat versus darbepoetin alfa was demonstrated for response to treatment during the first 24 weeks in patients 
who had not received rescue therapy 

• The lower limit of the 95% CI of the difference of proportions (roxadustat – darbepoetin alfa) was above the non-inferiority margin 
of -15%

• Non-inferiority of roxadustat versus darbepoetin alfa for Hb response without rescue therapy was confirmed by sensitivity analysis 
(FAS); difference of proportions (roxadustat - darbepoetin alfa), 10.73% (95% CI: 4.97%, 16.49%)

Hemoglobin Responsea During the First 24 Weeks of Treatment (Per Protocol Set)
Roxadustat (n=286) Darbepoetin (n=273)

Patients achieving a responsea, n (%) 256 (89.5) 213 (78.0)

95% CI 85.4, 92.8 72.6, 82.8

Patients not achieving a responsea, n (%) 30 (10.5) 60 (22.0)

Patients with no Hb responseb 29 (96.7) 60 (100.0)

Patients under rescue therapyb 1 (3.3) 0

Difference of proportions (roxadustat – darbepoetin alfa), % (95% CI)c 11.51 (5.66, 17.36)
aResponse defined as Hb ≥11.0 g/dL and Hb change ≥1.0 g/dL if baseline Hb >8.0 g/dL; or change ≥2.0 g/dL if baseline Hb ≤8.0 g/dL at two consecutive visits separated by ≥5 days, without rescue therapy.
bPercentages referred to the number of patients not achieving a response.
cEstimated using a generalized linear model as an approximation for the Miettinen and Nurminen method adjusted for stratification factors.

Abbreviations: CI, confidence interval; FAS, full analysis set; Hb, hemoglobin. 

Hemoglobin Response
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The analysis of the primary endpoint showed that, in patients who had not received rescue therapy, the proportion of patients who achieved response to treatment was 89.5% in the roxadustat group and 78.0% in the darbepoetin alfa group, and the 95% confidence interval of the difference between the proportions in the two groups was above the non-inferiority margin, allowing for conclusion of non-inferiority of roxadustat versus darbepoetin alfa.



LSM LSM Difference 
Total (95% CI)

Non-
inferiority Superiority

Parameter Roxadustat Darbepoetin

Hb change from BL to the average of Weeks 28-36a (g/dL) 1.851 1.836 0.015 (-0.131, 0.162) 

Change from BL in LDL cholesterol to the average of Weeks 12-28 -0.356 0.047 -0.403 (-0.510, -0.296) 

Change in SF-36 PF from BL to the average of Weeks 12-28b 1.028 2.313 -1.284 (-2.423, -0.145) 

Change in SF-36 VT from BL to the average of Weeks 12-28b 3.893 4.350 -0.457 (-1.656, 0.742) 

Change in MAP from BL to the average of Weeks 20-28c (mmHg) 0.480 0.852 -0.372 (-1.587, 0.842) 

Roxadustat 
(n=323)

Darbepoetin 
(n=293)

Hazard Ratio 
(95% CI) P-value Non-inferiority Superiority

Time to first IV iron use (Weeks 1-36)d (event #/100 PEY) 9.9 21.2 0.45 (0.26, 0.78) 0.004 

Time to first occurrence of hypertension (Weeks 1-36)e (event #/100 PEY) 30.0 34.5 0.83 (0.56, 1.22) 0.336 

All key secondary efficacy endpoints were tested in a hierarchical fixed sequence. LSM data were analyzed using a Mixed Model of Repeated Measures. Hazard ratios were calculated using stratified Cox proportional hazards regression 
stratifying on cardiovascular history and region and adjusting on Hb and eGFR at BL as continuous covariate. For superiority test, the null hypothesis was rejected if the upper bound of the 95% CI of difference of LSM was below 0.
aNon-inferiority was concluded if the lower bound of the 95% CI of the difference of LSM was > -0.75. bNon-inferiority was concluded if the lower bound of the 95% CI of the difference of LSM was > -3. cNon-inferiority was concluded if the upper 
bound of the 95% CI of the difference of LSM was <1 mmHg. dSuperiority was declared if the upper bound of the 95% CI was <1.0. eNon-inferiority was declared if the upper bound of the 95% CI was <1.3.

Abbreviations: BL, baseline; CI, confidence interval; Hb, hemoglobin; IV, intravenous; LDL, low-density lipoprotein; LSM, least square mean; MAP, mean arterial pressure; PEY; patient exposure years; PF, physical function; SF-36, Short Form-36; VT, vitality.

• Non-inferiority of roxadustat to darbepoetin was demonstrated for Hb change from BL to Weeks 28-36, changes in SF-36 PF/VT sub-scores from BL 
to Weeks 12-28, change in MAP from BL to Weeks 2-28, and time to first occurrence of hypertension (Weeks 1-36)

• Superiority was demonstrated for change in LDL-C from BL to Weeks 12-28 (P<0.01) and time to first IV iron use (Weeks 1-36)

Key Secondary Efficacy Endpoints
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This slide shows the results of the analyses of the secondary endpoints.Non-inferiority of roxadustat to darbepoetin alfa was demonstrated for hemoglobin change from baseline to the average of Weeks 28-36, and for changes from baseline to Weeks 12-28 in SF-36 Physical Functioning and SF-36Vitality subscores, and change in mean arterial pressure; whereas, superiority of roxadustat to darbepoetin alfa was demonstrated for change in LDL cholesterol from baseline to Weeks 12-28 and of time to first IV iron use during Weeks 1-36. 



Roxadustat (n=323) Darbepoetin (n=293)

TEAE 296 (91.6) 271 (92.5)

Serious TEAE 209 (64.7) 181 (61.8)

TEAE leading to withdrawal of treatment 25 (7.7) 11 (3.8)

TEAE leading to deathb 34 (10.5) 34 (11.6)

Overview of Treatment-Emergent Adverse Eventsa

Data are reported as n (%).
aAdverse events that started after the first administration of the study drug up to 28 days after the last study drug intake.
bTEAEs occurring during the safety-emergent period and leading to death at any time.
Abbreviation: TEAE, treatment-emergent adverse event.

• The occurrence of treatment-emergent adverse events (TEAEs) was comparable between treatment 
groups

• TEAEs leading to withdrawal of treatment were more frequent in the roxadustat than in the darbepoetin 
group

Safety
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The occurrence of treatment-emergent adverse events was similar between treatment groups, whereas, the proportion of subjects reporting treatment-emergent adverse events leading to withdrawal of treatment was higher in the roxadustat group than in the darbepoetin alfa group.



Roxadustat (n=323) Darbepoetin (n=293)

Overall 255 (78.9) 239 (81.6)
End stage renal disease 108 (33.4) 106 (36.2)
Hypertension 96 (29.7) 99 (33.8)
Glomerular filtration rate decreased 55 (17.0) 49 (16.7)
Edema peripheral 49 (15.2) 36 (12.3)
Hyperkalemia 38 (11.8) 42 (14.3)
Nausea 35 (10.8) 25 (8.5)
Viral upper respiratory tract infection 29 (9.0) 25 (8.5)
Diarrhea 28 (8.7) 30 (10.2)
Hyperphosphatemia 28 (8.7) 15 (5.1)
Pneumonia 25 (7.7) 22 (7.5)
Muscle spasms 25 (7.7) 15 (5.1)
Dyspnea 24 (7.4) 12 (4.1)
Iron deficiency 21 (6.5) 25 (8.5)
Urinary tract infection 21 (6.5) 27 (9.2)

Incidence of Common (≥7%) Treatment-Emergent Adverse Events

Data are reported as n (%).

• Other TEAEs reported in 5-7% of patients included constipation, back pain, pruritus, insomnia, cardiac failure, 
atrial fibrillation, arthralgia, arteriovenous fistula thrombosis, dizziness, bronchitis, headache, and vomiting 

Safety
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This table reports the incidence of treatment-emergent adverse events occurring in at least 7% of patients in any treatment group. You can see that peripheral edema, hyperphosphatemia, muscle spasms, and dyspnea were more common in the roxadustat group versus the darbepoetin alfa group, whereas end-stage renal disease, hypertension, hyperkalemia, and urinary tract infection were more common in the darbepoetin alfa group than in the roxadustat group.



Roxadustat 
(n=323)

Darbepoetin 
(n=293) Hazard Ratio (95% CI) P-value

MACEa 38 (11.8) 41 (14.0) 0.81 (0.52, 1.25) 0.339

MACE+b 54 (16.7) 53 (18.1) 0.90 (0.61, 1.32) 0.583

Death 29 (9.0) 31 (10.6) 0.83 (0.50, 1.38) 0.467

Myocardial infarction 11 (3.4) 10 (3.4) 0.96 (0.41, 2.27) 0.931

Stroke 4 (1.2) 7 (2.4) 0.48 (0.14, 1.67) 0.250

Unstable angina requiring hospitalizationc 0 (0.0) 1 (0.3) - -

Congestive heart failure requiring hospitalization 25 (7.7) 21 (7.2) 1.08 (0.60, 1.95) 0.789

Statistical Analysis of Adjudicated Cardiovascular Events During the Safety Emergent Period

Data are reported as n (%).
Hazard ratios were calculated using stratified Cox proportional hazards regression stratifying on region and history of cardiovascular disease, and adjusted on age, baseline hemoglobin, and baseline log-
transformed eGFR as continuous covariates.
aMACE is defined as death, non-fatal myocardial infarction, and/or stroke.
bMACE+ is defined as death, myocardial infarction, stroke, and hospitalization for either unstable angina and/or congestive heart failure.
cNot analyzed by Cox model since non-dialysis patients didn’t have vascular access established at baseline.
Abbreviations: CI, confidence interval.

Comparable Adjudicated Cardiovascular Events 
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As shown in this table, there was no significant difference between the roxadustat and darbepoetin alfa groups in any of the analysed adjudicated cardiovascular events.Although this study was not powered to make definite non-inferiority conclusions, the results do not suggest an increased cardiovascular risk with roxadustat versus darbepoetin alfa.



Abbreviations: BL, baseline; Hb, hemoglobin; IV, intravenous; LDL; low-density lipoprotein; MAP, mean arterial pressure; PF, physical function; SF-36, Short Form-36; VT, vitality.
1Chen N. N Engl J Med. 2019;381:1001; 2Akizawa T. Nephron. 2020.

Endpoints Non-inferiority Superiority

Primary Response to treatment during the first 24 weeks 

Secondary

Hb change from BL to the average of Weeks 28-36 

Change in SF-36 PF and SF-36 VT from BL to the average of Weeks 12-28 

Change in MAP from BL to the average of Weeks 20-28 

Change in LDL cholesterol from BL to the average of Weeks 12-28 

Time to first IV iron use during the first 36 weeks 

• In NDD CKD patients with anemia, non-inferiority or superiority of roxadustat versus darbepoetin was 
demonstrated for the endpoints shown below

• The results of this study are in line with those from previous studies of roxadustat in
NDD patients1,2

Discussion – Efficacy

©(2020) by Jonathan Barratt. Contents not to be distributed, reproduced, presented, or otherwise shared without permission. All rights reserved by copyright holder.

Presenter
Presentation Notes
Overall, this study showed that, in non–dialysis-dependent CKD patients with anaemia, non-inferiority of roxadustat versus darbepoetin alfa was demonstrated for response to treatment during the first 24 weeks, change from baseline to the average of Weeks 28-36, in SF-36 Physical Function subscores, SF-36 Vitality subscores, and mean arterial pressure; superiority of roxadustat to darbepoetin alfa was demonstrated for change in LDL cholesterol from baseline to the average of Weeks 12-28 and time to first IV iron use during the first 36 weeks. These findings are in line with those from previous studies. 



• Safety profiles were similar in the roxadustat and darbepoetin groups and were in line with 
previous studies 

• The occurrence of TEAEs and TEAEs leading to death were comparable between 
groups; TEAEs leading to withdrawal of treatment were more frequent in the roxadustat 
than in the darbepoetin group

• Common TEAEs reported in both treatment groups included events that are common in 
this study population

• The occurrence of adjudication events was comparable in the treatment groups

• Findings from this study suggest that roxadustat is a viable alternative option for the 
treatment of anemia in NDD CKD patients

Discussion – Safety
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The safety profiles of roxadustat and darbepoetin alfa were similar and are in line with previous studies. The occurrence of treatment-emergent adverse events and treatment-emergent adverse events leading to death were comparable between groups, whereas treatment-emergent adverse events leading to withdrawal of treatment were more frequent in the roxadustat group versus the darbepoetin alfa group. Common treatment-emergent adverse events in both treatment groups included hypertension, decreased estimate glomerular filtration rate, peripheral edema, hyperkalemia, and nausea. There was no difference between treatment groups in the occurrence of adjudicated cardiovascular events.Overall, the findings from this study suggest that roxadustat is a viable alternative option for the treatment of anaemia in non–dialysis-dependent CKD patients.



• Roxadustat is being developed by FibroGen, AstraZeneca, and Astellas 
• This study was funded by Astellas Pharma, Inc. Medical writing/editorial support 

was provided by Patrick Tucker, PhD and Elizabeth Hermans, PhD from OPEN 
Health Medical Communications, Chicago, IL, and funded by the study sponsor

Funding Statement
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ePoster # PO0267 – Ophthalmological Effects of Roxadustat in the Treatment of 
Anemia in Dialysis-Dependent and Non–Dialysis-Dependent Chronic Kidney 
Disease Patients: Findings From Two Phase 3 Studies

ePoster # PO0269 – A Phase 3, Multicenter, Randomized, Open-label, Active 
Comparator Conversion Study of Roxadustat in Non–Dialysis-Dependent Patients 
With Anemia in Chronic Kidney Disease

ePoster # PO2369 – Effect of Severe Renal Impairment or End-Stage Renal 
Disease on the Pharmacokinetics and Pharmacodynamics of Roxadustat, an Oral 
Hypoxia-Inducible Factor Prolyl Hydroxylase Inhibitor 

Related Presentations at ASN 2020 on Roxadustat
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Thank you all very much for your attention. The authors would like to thank all the patients who enrolled in the trial and all the study investigators who participated in the study.



THANK YOU FOR
YOUR ATTENTION!
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