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• Roxadustat is being developed by FibroGen, AstraZeneca, and Astellas
• This study was funded by Astellas Pharma, Inc.
• Medical writing/editorial support was provided by Rosalba Satta, PhD, and Elizabeth Hermans, 

PhD, from OPEN Health Medical Communications, Chicago, IL, and funded by the study sponsor
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• Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) are new drugs in development for 
the treatment of anemia in chronic kidney disease (CKD)1

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

• A reduction of hepatic metabolism and transport may occur in CKD patients, and in combination 
with kidney dysfunction, may alter the pharmacokinetics (PK) and metabolic profile of roxadustat2

• This phase 1 study was conducted to investigate the PK, metabolic profile, pharmacodynamics 
(PD), and safety and tolerability of a single dose of 100-mg roxadustat in subjects with normal 
kidney function and different degrees of kidney function impairment

1Gupta N, et al. Am J Kidney Dis. 2017;69:815. 2Liu B, et al. Curr Drug Metab. 2018;19:568.

Background and Aims
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• Primary endpoints included: 
• PK of roxadustat and its metabolites (O-glucuronide-, O-glucoside-, and sulphate of hydroxy-roxadustat) in plasma and 

urinea of subjects with:
• Normal kidney function (predose eGFR ≥90 mL/min/1.73 m2) (Figure 1)
• Severely impaired kidney function (predose eGFR <30 mL/min/1.73 m2; not on dialysis) (Figure 1)
• End-stage renal disease (ESRD) on peritoneal dialysis (CAPD or APD) (same mode for ≥4 months prior to admission) (Figure 1)
• ESRD on hemodialysis (HD) or hemodiafiltration (HDF) (same mode for ≥4 months prior to admission) (Figure 2)

• Effect of dialysis on the PK of roxadustat and its metabolites in subjects with ESRD on HD/HDF 
• Secondary endpoints: PD of roxadustat via EPO concentrations (Days 1-6), and safety and tolerability of roxadustat 

Abbreviations: APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; EPO, plasma erythropoietin; ESV, end-of-study 
visit.
aNon-oliguria/anuria were not included as eligibility criteria.

Methods: Study Design and Assessments

Figure 1. Figure 2.
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• This was a phase 1, open-label study conducted in Germany and the United Kingdom 
(ClinicalTrials.gov: NCT02965040; EudraCT: 2015-002565-28) 

• Of 73 screened subjects, 34 (46.6%) were enrolled and received roxadustat 
• Only one subject on CAPD was enrolled in the ESRD on peritoneal dialysis groupa

Results: Demographics and Baseline Characteristics

Abbreviations: BMI, body max index; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HD, hemodialysis; HDF, 
hemodiafiltration; SD, standard deviation.
aNo further details are provided for this group.

Parameter Normal Kidney Function
(n=12)

Severely Impaired Kidney 
Function (n=9)

ESRD on HD/HDF
(n=12)a

Sex, male, n (%) 5 (41.7) 6 (66.7) 9 (75.0)
Race, white, n (%) 12 (100) 9 (100) 12 (100)
Age, years 60.1 (11.4) 64.3 (6.6) 56.3 (10.8)
Height, cm 169.2 (9.1) 173.6 (9.3) 169.2 (7.7)
Weight, kg  77.73 (12.40) 90.46 (21.08) 76.78 (14.58)
BMI, kg/m2 27.38 (5.52) 30.35 (8.37) 26.72 (4.10)
eGFR (mL/min/1.73m2)b 105.74 (12.32) 16.91 (6.45) 8.59 (2.87)
Data are reported as mean (SD) unless otherwise indicated.
aUrine samples were not available for four subjects due to their renal failure.
bCalculated using the Modification of Diet in Renal Disease equation.
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• Slower absorption and initial distribution/elimination phase were observed in subjects with kidney 
impairment versus normal kidney function 

• No major differences in PK profile were observed between subjects with severely impaired kidney 
function and ESRD on HD/HDF; the subject with ESRD on CAPD was also comparable (no further 
analyses conducted)

Results: Plasma PK of Roxadustat

Abbreviations: CAPD, continuous ambulatory peritoneal dialysis; ESRD, end-stage renal disease; HD, hemodialysis; HDF, hemodiafiltration.
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• The exposure to roxadustat was approximately double in subjects with severely impaired kidney 
function or with ESRD on HD/HDF compared with those with normal kidney function; Cmax was not 
affected

• HD/HDF did not significantly affect the PK of roxadustat

Results: Primary Plasma PK of Roxadustat

Abbreviations: AUCinf, area under the plasma concentration-time curve from time of dosing extrapolated to infinity; CI, confidence interval; Cmax, 
maximum concentration; ESRD, end-stage renal disease; HD, hemodialysis; HDF, hemodiafiltration; SD, standard deviation.

Parameter Normal Kidney Function 
(n=12)

Severely Impaired Kidney Function 
(n=9)

ESRD on HD/HDF  
Period 1 (n=12)a

ESRD on HD/HDF  
Period 2 (n=12)b

Cmax (ng/mL) 6780 (1460) 6730 (1310) 6950 (1850) 6910 (1290)

AUCinf (ng·h/mL) 39800 (8780) 82500 (18300) 77400 (29500) 76600 (28200)

Kidney Functionc Dialysisd

Geometric least-square mean ratio (90% CI), %

Parameter Severely Impaired Kidney Function/ 
Normal

ESRD on HD/HDF 
(Period 1)/Normal Period 2/Period 1

Cmax (ng/mL) 107 (87, 133) 102 (84, 123) 102 (91, 114)

AUCinf (ng.h/mL) 223 (185, 268) 195 (165, 229) 99 (92, 106)
Data are expressed as mean (SD) unless otherwise indicated.
aSubjects received a single roxadustat (100 mg) administration 2 hours after completion of a dialysis session on Day 1. 
bSubjects received a single roxadustat (100 mg) administration 2 hours prior to the start of a dialysis session on Day 1.
cAnalysis of variance with kidney function as a fixed effect and age, sex, and weight as covariates was used to analyze the natural logarithmic-transformed Cmax and AUCinf.
dA mixed-effects analysis of variance model with treatment period as a fixed effect and subject as a random effect was used to analyze the natural logarithmic-transformed Cmax and AUCinf.
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• Roxadustat:
• Median tmax was shorter in subjects with normal kidney function (1 hour) versus other groups (2-3 hours)

• No differences in t1/2 between groups

• Clearance and volume of distribution were lower in subjects with impaired renal function, whereas fu of 
roxadustat in plasma was higher; however, fu was still considered low, with mean values around 1%  

• O-glucuronide-roxadustat, O-glucoside-roxadustat, and sulphate of hydroxy-roxadustat:
• In all groups, the plasma concentrations of all three metabolites were low compared with roxadustat

• MPR <1% for O-glucuronide-roxadustat and O-glucoside-roxadustat

• MPR <10% for sulphate of hydroxy-roxadustat 

• For all three metabolites, the mean AUCinf and the mean t1/2 were higher in subjects with severely 
impaired kidney function and with ESRD on HD/HDF versus normal kidney function

Results: Plasma PK of Roxadustat and Metabolites

Abbreviations: AUCinf, area under the plasma concentration-time curve from the time of dosing extrapolated to time infinity; fu, fraction unbound in 
plasma; MPR, metabolite to parent ratio; t1/2, terminal elimination half-life; tmax, time of maximum concentration.
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• Urine PK of roxadustat and metabolites
• Mean Aeinf (around 10% of dose) and CLR of roxadustat were low in subjects with normal kidney function
• O-glucuronide-roxadustat was the main metabolite in the urine of subjects with normal kidney function 
• Mean Aeinf and CLR of roxadustat and its metabolites decreased in subjects with severely impaired kidney function or with ESRD on HD/HDF 

• Dialysate concentrations of roxadustat and metabolites
• The concentrations of roxadustat and metabolites were low, suggesting that clearance via dialysis membrane is minimal

• PD of EPO concentrations in plasma
• EPO AUCE,last and Emax were higher in subjects with severely impaired kidney function or with ESRD on HD/HDF versus normal kidney function; 

median tmax was comparable between kidney function groups 
• In line with the increased roxadustat plasma concentrations, the levels of EPO remained above baseline longer in subjects with kidney impairment 

versus normal kidney function

• Safety
• No deaths or treatment-emergent AEs leading to treatment withdrawal occurred during the study
• One subject with severely impaired renal function had a serious treatment-emergent AE of anemia that occurred after a urinary tract infection; the 

event was considered resolved after the study completion
• Treatment-emergent AEs reported by ≥1 subject across the study were headache, diarrhea, nausea, asthenia, and urinary tract infection

Results: Urine PK, Dialysate PK, EPO PD, and Safety

Abbreviations: AE, adverse event; Aeinf, cumulative amount of drug excreted in urine from time of dosing extrapolated to time infinity; AUCE,last, area under the effect-
time curve up to the last quantifiable sample corrected for baseline; CLR, renal clearance; Emax, baseline-corrected maximum observed effect; EPO, erythropoietin; tmax, 
time of maximum concentration.
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• Roxadustat exposure was approximately double in subjects with severely impaired renal function or with ESRD on 
HD or HDF compared with those with normal renal function; Cmax and terminal t½ were not affected by renal function

• The mean plasma concentration-time profiles of roxadustat showed a slower absorption and initial 
distribution/elimination phase in subjects with impaired kidney function versus those with normal kidney function

• The plasma levels of the three metabolites were low; the mean MPR was <10% in all kidney function groups

• In subjects with normal or severely impaired kidney function, roxadustat was mainly excreted as metabolites in urine; 
the excretion of roxadustat itself was low

• The exposure of roxadustat and its metabolites was not affected by HD/HDF

• Compared with subjects with normal renal function, those with severely impaired kidney function had higher EPO 
AUCE,last and Emax, and EPO levels that remained above baseline for a longer time

• A single dose of 100-mg roxadustat was well tolerated in subjects with different degrees of renal function

Conclusions

Abbreviations: AUCE,last, area under the effect-time curve up to the last quantifiable sample corrected for baseline; Cmax, maximum concentration; 
Emax, baseline-corrected maximum observed effect; EPO, erythropoietin; MPR, metabolite to parent ratio; t½, terminal elimination half-life. 
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