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ABSTRACT

Introduction: This integrated phase 3 analysis
examined efficacy and cardiovascular safety for
roxadustat vs erythropoiesis-stimulating agents
(ESAs) in dialysis-dependent patients.

Methods: Efficacy and safety results from four
phase 3, randomized, open-label studies com-
paring roxadustat to ESAs (PYRENEES, SIERRAS,
HIMALAYAS, ROCKIES) in dialysis-dependent
patients with anemia of chronic kidney disease
(CKD) were evaluated by study, pooled popu-
lation and in two subgroups: incident dialysis
and stable dialysis. The primary efficacy end-
point per study was hemoglobin change from
baseline (CFB) to weeks 28–36 using least-
squares mean difference (LSMD) without rescue
therapy. Pooled safety endpoints included time
to major adverse cardiovascular event (MACE;
myocardial infarction, stroke, and all-cause
mortality [ACM]) and MACE? (MACE plus
congestive heart failure or unstable angina
requiring hospitalization), ACM, and treat-
ment-emergent adverse events (TEAEs). MACE
and MACE? were evaluated for non-inferiority
at 1.8 and 1.3 margins using hazard ratios (HRs)
and 95% confidence intervals (CIs). TEAEs were
descriptively summarized.
Results: In total, 4714 patients were random-
ized (2354 roxadustat; 2360 ESA). Hemoglobin
CFB to weeks 28–36 achieved non-inferiority for
roxadustat vs ESA in each study. Roxadustat was
non-inferior to ESA for risks for MACE and
MACE? in the entire cohort (MACE: HR 1.09,
95% CI 0.95–1.26; MACE? : HR 0.98, 95% CI
0.86–1.11) and similar to the incident dialysis
and stable dialysis subgroups; ACM results were
consistent with MACE and MACE? (HR 1.13,
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95% CI 0.95–1.34). TEAEs were generally com-
parable between groups.
Conclusion: Roxadustat improved hemoglobin
similarly to ESA while demonstrating compara-
ble cardiovascular and overall safety profiles in a
wide spectrum of dialysis-dependent patients
with anemia of CKD. Roxadustat represents an
oral alternative to ESAs for achieving a target
hemoglobin for anemia of CKD in dialysis-de-
pendent patients.

Keywords: Anemia; Cardiovascular; Chronic
kidney disease; Darbepoetin alfa; Dialysis;
Epoetin alfa; Erythropoiesis-stimulating agent;
Roxadustat

Key Summary Points

In four separate trials including 4714
patients (2354 roxadustat; 2360
erythropoiesis-stimulating agent [ESA]),
non-inferiority of roxadustat compared
with ESAs was established for the pivotal
efficacy endpoints of hemoglobin change
from baseline to weeks 28–36 and
proportion of patients who achieved
hemoglobin response at weeks 28–36,
establishing that roxadustat efficacy is
comparable to standard of care

Roxadustat was non-inferior to ESA for
major adverse cardiovascular events
(MACE) in the entire population, though
patients in the incident dialysis subgroup
may have a more favorable risk profile
compared to ESA (hazard ratio 0.83, 95%
confidence interval 0.57–1.19)

Roxadustat was non-inferior to ESA for
MACE? in the entire cohort of dialysis-
dependent patients and in both incident
dialysis and stable dialysis subgroups with
both roxadustat and ESA patients
experiencing minimal hospitalizations for
congestive heart failure or unstable angina

The rate and incidence rate for all
treatment-emergent adverse event
outcomes were similar between
roxadustat and ESA patients and were
generally consistent between trials and
with prior studies in dialysis-dependent
patients

These findings suggest that physicians
may consider oral roxadustat as an
alternative to an ESA in correcting and
maintaining a target hemoglobin level for
anemia of chronic kidney disease in
dialysis-dependent patients

INTRODUCTION

Anemia of CKD is associated with reduced
quality of life and increased risk of hospitaliza-
tion and mortality, particularly during the first
months after dialysis initiation [1, 2]. These
negative outcomes may partially result from
anemia being an independent cardiovascular
(CV) risk factor [3]. Anemia of CKD is initially
managed with oral or intravenous (IV) iron
supplementation and may progress to treat-
ment with a parenterally administered erythro-
poiesis-stimulating agent (ESA); however,
approximately 12% of dialysis-dependent (DD)
patients with anemia of CKD respond inade-
quately to ESAs, necessitating the use of higher
ESA doses to achieve the recommended hemo-
globin target of 10–12 g/dl [4, 5].

Following approval of epoetin alfa and sub-
sequently darbepoetin alfa, multiple trials were
performed to determine optimal hemoglobin
targets and ESA dosing [6–8]. Many of these
trials demonstrated an increased risk of CV and/
or thromboembolic events with ESAs [6–9]
when aiming to achieve higher hemoglobin
levels around 13 g/dl. The US Food and Drug
Administration (FDA) recognized this risk pro-
file and updated ESA product labels in 2011
with a boxed warning for a greater risk of death,
serious adverse CV reaction, and stroke when
targeting hemoglobin levels [ 11 g/dl [10].
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Further analyses suggested that higher ESA
doses rather than higher hemoglobin targets
may have been primarily responsible for the
increased risk of CV events [11–13]. Thus, it is
important to characterize the safety profiles of
novel agents proposed for the treatment of
anemia of CKD.

Roxadustat is an orally administered hypox-
ia-inducible factor (HIF) prolyl hydroxylase
inhibitor (PHI) in development for the treat-
ment of anemia of CKD. During normoxia, HIF
prolyl hydroxylases catalyze the degradation of
HIF-1a subunits [14]. When renal hypoxia
develops, HIF prolyl hydroxylase activity is
suppressed and HIF-1a dimerizes with HIF-1b,
accumulating in the nucleus and leading to
increased erythropoiesis, transferrin receptor
expression, and iron absorption. The transient

inhibition of HIF prolyl hydroxylases by HIF-
PHIs mimics the body’s natural response to
hypoxia in the presence of normal oxygen
levels [14]. Roxadustat has been compared to
placebo and ESAs with favorable efficacy and
safety findings in phase 3 studies, resulting in its
approval in Chile, China, the European Union
(EU), Japan, and South Korea for non-dialysis-
dependent (NDD) and DD CKD [15–26]. The
roxadustat development program included four
studies in the DD population of which three
were similarly designed (SIERRAS, HIMALAYAS,
and ROCKIES) [24–26] and the fourth (PYR-
ENEES) differed in comparator [23]. Although a
study examining CV-related endpoints in the
three studies with the same comparator has
been published [27], an assessment of pooled
data from all four studies provides additional

Table 1 Component studies for inclusion in pooled analysis

Design feature 1517-CL-0613 FGCL-4592-064 FGCL-4592-063 D5740C00002

Study name PYRENEES SIERRAS HIMALAYAS ROCKIES

Sponsor company Astellas FibroGen FibroGen AstraZeneca

Region Europe United States Global Global

Randomization 1:1 1:1 1:1 1:1

Open-label X X X X

Comparator EPO-a or DA EPO-a EPO-a EPO-a

Patients randomized, n 836 741 1043 2106

Incident dialysis subgroup 0 71a 1043 283

Stable dialysis subgroup 836 670 0 1823

Baseline hemoglobin (g/dl) C 9.5 to B 12.0 C 9.0 to B 12.0 B 10.0 \ 10.0b or\ 12.0c

Hemoglobin target (g/dl) 10.0 to 12.0 10.0 to 12.0d 10.0 to 12.0d 10.0 to 12.0d

DA darbepoetin alfa, EPO-a epoetin alfa, ESA erythropoiesis-stimulating agent
a These were incident dialysis patients on ESA for C 4 weeks prior to screening
b For patients in the incident dialysis subgroup
c For patients in the stable dialysis subgroup
d Hemoglobin maintenance target in ESA-treated patients followed local guidelines and labeling
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information in a larger spectrum of dialysis
patients. The purpose of this pooled analysis
was to examine the efficacy and safety of rox-
adustat in the largest possible global population
of DD patients with anemia of CKD.

METHODS

Component Studies and Pooling
Methodology

Four randomized, multicenter, open-label,
active-comparator studies were included in the
pooled analysis (PYRENEES, 1517-CL-0613
[NCT02278341]; HIMALAYAS, FGCL-4592–063
[NCT02052310]; SIERRAS, FGCL-4592–064
[NCT02273726]; and ROCKIES, D5740C00002
[NCT02174731]; Table 1) [23–26]. Studies were
performed to evaluate efficacy and safety end-
points between roxadustat and an ESA com-
parator (epoetin alfa: HIMALAYAS, SIERRAS,
and ROCKIES; epoetin alfa or darbepoetin alfa:
PYRENEES). Studies included patients requiring
hemodialysis or peritoneal dialysis of variable
durations who were either ESA-naı̈ve or pre-
treated with ESA up to several years. Compara-
ble clinical data were collected for all patients,
including baseline hemoglobin, iron repletion
status, and dialysis type, when available. Defi-
nitions for each analysis set are provided in the
Supplementary Appendix.

All study protocols were approved by rele-
vant institutional review boards and/or ethics
committees and were conducted in accordance
with the tenets of the Declaration of Helsinki,
the International Council for Harmonization
guidelines for Good Clinical Practice, and any
other applicable local health and regulatory
requirements. All patients provided written
informed consent before enrollment.

Participants

All eligible patients were aged C 18 years, iron
replete (defined as ferritin C 100 ng/dl, and
transferrin saturation C 20%), had anemia of
CKD, and were on peritoneal dialysis or
hemodialysis. Key exclusion criteria included

recent red blood cell transfusion, prior treat-
ment with roxadustat or another HIF-PHI,
active or chronic gastrointestinal bleeding, and
anticipated elective surgery with expected
blood loss. Included patients were randomized
(1:1) to oral roxadustat three times weekly
(TIW) or either epoetin alfa or darbepoetin alfa
by the IV or subcutaneous route to maintain the
same route of administration prior to random-
ization. Each study used different factors for
stratification during randomization. Hemoglo-
bin values prior to randomization were rela-
tively similar between studies with most
common thresholds for patients treated and
untreated with ESAs at baseline as 9.0–12.0 g/dl
and B 10.0 g/dl, respectively. Two subgroups
were considered within the entire cohort: inci-
dent dialysis (patients on incident dialy-
sis\ 4 months, largely representative of a
population not receiving ESA prior to study
inclusion) and stable dialysis (patients on
stable dialysis C 4 months, largely representa-
tive of a population receiving ESA prior to study
inclusion). Additional details on participants
are provided in the Supplementary Appendix.

Interventions and Rescue Therapy

In ESA-pretreated patients, initial drug dosing
was based on average weekly dose of ESA prior
to randomization. In ESA-untreated patients,
the initial dose was based on body weight. Dose
adjustments for roxadustat-treated patients
were permitted every 4 weeks to maintain
hemoglobin between 10–12 g/dl and were con-
ducted in accordance with prespecified rules;
treatment of patients randomized to ESA fol-
lowed the local label.

Rescue therapy included receipt of a blood
product transfusion and/or ESAs. ESA use was
permitted in roxadustat patients (1) if the
hemoglobin concentration had not adequately
responded in the opinion of the treating clini-
cian based upon the hemoglobin trend after at
least two consecutive dose increases of rox-
adustat or the maximum dose was reached, (2)
if another cause for the lack of a hemoglobin
response was not clinically determined, (3) if
reducing the risk of alloimmunization in
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transplant-eligible patients was desired, and (4)
if hemoglobin on two consecutive measure-
ments drawn at least 5 days apart was\ 8.5 g/dl
(only for SIERRAS and ROCKIES) or\ 9.0 g/dl
(only for PYRENEES). Additional details on
study drug dosing and titration procedures and
rescue therapy are provided in the Supplemen-
tary Appendix.

Efficacy Endpoints

Two primary efficacy endpoints were evaluated
in each individual study. The primary European
Union (European Medicines Agency) efficacy
endpoint was mean hemoglobin change from
baseline (CFB) averaged over weeks 28–36
without rescue therapy. The primary US (FDA)
efficacy endpoint was mean hemoglobin CFB
averaged over weeks 28–52, regardless of rescue
therapy. A secondary endpoint was hemoglobin
response, defined as the proportion of patients
achieving mean serum hemoglobin concentra-
tions between 10.0 and 12.0 g/dl during weeks
28–36 without having received rescue therapy
within 6 weeks prior to and during weeks 28–36.
Further secondary efficacy endpoints included
use of rescue therapy, CFB in low-density
lipoprotein (LDL) cholesterol to weeks 12–28,
and monthly use of IV iron. A post hoc analysis
was performed to quantify the number of
patients who received no IV iron and the IV
iron administrations per patient exposure year
(PEY) over weeks 1–52.

Safety Endpoints

The two composite CV safety endpoints were
time to first major adverse cardiovascular event
(MACE)—a composite of all-cause mortality,
myocardial infarction, or stroke—and time to
first MACE plus (MACE?)—a composite of
MACE plus unstable angina or congestive heart
failure requiring hospitalization up to 7 days
after the last dose [28]. Additional CV safety
endpoints included all-cause mortality and time
to CV-MACE and CV-MACE?, components of
MACE and MACE?, respectively, that included
CV-related mortality rather than all-cause mor-
tality, and the components of MACE and

MACE?. Time to all-cause mortality and time to
CV-death were evaluated. Definitions for all
endpoints were based on the 2014 American
College of Cardiology (ACC)/American Heart
Association (AHA) Key Data Elements and Def-
initions for Cardiovascular Endpoint Events in
Clinical Trials [29]. All CV safety endpoints were
adjudicated by a central Independent Event
Review Committee whose members were una-
ware of study group assignments and were
based on the 2014 ACC/AHA Key Data Elements
and Definitions for Cardiovascular Endpoint
Events in Clinical Trials [29]. The adjudication
process is described in the Supplementary
Appendix. Malignancy-related mortality was an
adjudicated exploratory endpoint.

Adverse Events

Safety was monitored by assessment of treat-
ment-emergent adverse events (TEAEs) in the
safety population (SAF; all randomized patients
who receive C 1 dose of study drug). TEAE was
defined during the evaluation period from the
first study drug administration up to 28 days
after the last dose.

Statistical Analysis

According to the a priori-developed statistical
analysis plan, mean hemoglobin CFBs to weeks
28–36 and weeks 28–52 were evaluated by
comparing least-squares (LS) mean and LS mean
difference (LSMD) and 95% confidence intervals
(CIs) in each study between roxadustat and ESA.
A non-inferiority margin for the difference
between groups for mean hemoglobin CFB was
defined as –0.75. Hemoglobin response was
evaluated by comparing the difference in pro-
portions (DOP) and 95% CI for those who
achieved the target hemoglobin during weeks
28–36. The incidence rate per 100 patient-years
(IR) and hazard ratio (HR) with 95% CI was
determined for use of rescue therapy and
packed red blood cell transfusion. The LS mean
and LSMD with 95% CI between roxadustat and
ESA was compared for CFB in LDL cholesterol,
high-density lipoprotein (HDL) cholesterol, and
LDL/HDL ratio. Clinical characteristics and
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demographics, as well as monthly IV iron and
weekly dose of roxadustat or ESA, were pre-
sented descriptively. Pooled subgroup analyses
of select efficacy endpoints were conducted for
all roxadustat and ESA patients in the four
studies. Pooled analyses included factors for
study and the study-by-treatment interaction.

For CV safety endpoints, the analysis period
was the on-treatment period in accordance with
European Medicines Agency guidance [30]. This
period was defined as the ‘‘on-treatment plus
7 days’’ time frame (OT-7), which included
events that occurred after the date of the first
dose and up to 7 days after the last dose of study
drug [30]. The primary statistical measure to
determine non-inferiority of the CV safety of
roxadustat (vs ESA) was the pooled HR and its
upper limit of the 95% CI in the time-to-event
analysis. Considering the high CV event rate in
this population, it was anticipated that the long
treatment period would allow for the capture of
events sufficient to characterize the risk. In
addition, observation for safety continued after
treatment discontinuation until the planned
study end. Based on the expected number of
MACE and MACE? events, the sizes of the
datasets were planned such that an upper limit
of the CI for the HR against placebo and ESA
(standard of care)\1.8 would be obtained if the
true HR was around 1 [31]. Given the known
increased CV risk in clinical studies with stan-
dard of care (ESA) and the additional event
numbers afforded by the size of the program, an
improved precision for the estimate was also
considered (upper limit of the CI of 1.3), which
is in alignment with the CV reflection paper
recommendation to consider the target popu-
lation and the known CV risk profile and is
informed by the FDA Guidance for Industry on
Diabetes Mellitus-Evaluating Cardiovascular
Risk in New Antidiabetic Therapies to Treat
Type 2 Diabetes (December 2008) [31]. Pooled
hazard ratios were calculated using the inverse
of variance approach over the log-transformed
hazard ratios for the entire cohort and subgroup
analyses.

Incidence and follow-up adjusted incidence
rates (FAIRs) were calculated for safety end-
points by intervention (roxadustat or ESA), and
then the pooled population HR was estimated

using a meta-analytic method to combine the
HRs from the individual studies using a naı̈ve
pooling process. Patient follow-up time in years
(PY) was defined as the sum of each patient’s
time in the analysis set from the first dose of
study drug to last dose or censor date if no event
of interest was observed. FAIR per 100 PY and
the corresponding 95% CI were estimated for
each study using Poisson regression in PROC
GENMOD, modeling event count on treatment,
offset by log (PY). TEAEs and malignancy-re-
lated mortality were descriptively evaluated
using percentages and IRs.

The per protocol set (PPS) included all full
analysis set (FAS) patients who received at least
12 weeks of treatment and did not meet any of
the reasons to exclude a complete patient from
the PPS. In the SIERRAS, HIMALAYAS, and
ROCKIES studies, the PPS consisted of all
patients in the FAS population who received at
least 8 weeks of treatment, had at least one valid
post-dose hemoglobin assessment, and were
without any major protocol violations (Supple-
mentary Appendix) [24–26]. The PPS was used
for the primary endpoint analysis, selected sec-
ondary analyses, and analyses of all disposition,
demography, and baseline characteristics. The
safety analysis set (SAF) included all randomized
subjects who received at least one dose of study
drug and was used to describe demographic and
baseline characteristics and all safety and toler-
ability related variables. Analyses were per-
formed using SAS� Version 9.3 or higher (Cary,
NC).

RESULTS

Demographics and Baseline
Characteristics

The four studies were conducted between
February 2014 and September 2018 [23–26]. In
total, 4714 patients were pooled for analysis in
the entire cohort (roxadustat n = 2354, ESA
n = 2360) of which 58.8% and 67.6% completed
roxadustat and ESA therapy, respectively, with
comparable results in the SAF and PPS (Table 2).
Patients were more commonly male, with an
approximate mean age of 56 years and mean
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weight of 77 kg (Table 3). Greater than 90% of
patients were receiving hemodialysis at baseline
with a mean dialysis vintage of [ 30 months;
patients in the incident dialysis subgroup had
shorter dialysis exposure (Supplementary
Table 1). Most patients were iron replete (ap-
proximately 79% in the incident dialysis and
90% in the stable dialysis subgroups). Mean
baseline hemoglobin was \ 9 g/dl in the inci-
dent dialysis subgroup and [ 10 g/dl in the
stable dialysis subgroup. Diabetic nephropathy
and hypertensive nephropathy were the two
most common etiologies of CKD.

Efficacy Endpoints

Hemoglobin CFB to weeks 28–36 achieved non-
inferiority for roxadustat versus ESA in each
study (Supplementary Table 2) and in the inci-
dent dialysis and stable dialysis subgroups
(Table 4). In an exploratory subgroup analysis,
all demographic and baseline variables were
non-inferior between groups for their effects on
hemoglobin CFB to weeks 28–36 in the
stable dialysis subgroup (Supplementary Fig. 1)
and were non-inferior for their effects on
hemoglobin CFB to weeks 28–52 in the incident
dialysis subgroup (Supplementary Fig. 2). The

Table 3 Pooled sample demographics and baseline characteristics (SAF)

Parameter Pooled sample

Roxadustat (n = 2354) ESA (n = 2360)

Sex (m), n (%) 1365 (58.0) 1379 (58.4)

Age (years), mean (SD) 55.5 (14.9) 56.3 (14.6)

Race, n (%)

White 1581 (67.2) 1584 (67.1)

Black or African American 356 (15.1) 370 (15.7)

Asian 271 (11.5) 266 (11.3)

American Indian or Alaska Native 61 (2.6) 73 (3.1)

Native Hawaiian or Other Pacific Islander 6 (0.3) 6 (0.3)

Other 79 (3.4) 61 (2.6)

Weight (kg), mean (SD) 77.0 (20.2) 77.4 (20.1)

Hemodialysis at baseline, n (%) 2137 (90.8) 2156 (91.4)

Time since dialysis initiation (months), mean (SD) 33.9 (42.7) 33.1 (40.9)

Baseline hemoglobin (g/dl), mean (SD) 9.83 (1.28) 9.86 (1.28)

Iron replete at baseline, n (%) 2042 (86.7) 2052 (86.9)

LDL at baseline (mg/dl), mean (SD) 95.5 (40.0) 94.7 (39.5)

Most likely CKD etiology, n (%)

Diabetic nephropathy 799 (33.9) 813 (34.4)

Hypertensive nephropathy 684 (29.1) 707 (30.0)

Other 1155 (49.1) 1126 (47.7)

CKD chronic kidney disease, ESA erythropoiesis-stimulating agent, LDL low-density lipoprotein, mo month(s), SAF safety
analysis set, SD standard deviation
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proportion of patients who achieved hemoglo-
bin response at weeks 28–36 was similar for
roxadustat and ESA in the PYRENEES, SIERRAS,
and HIMALAYAS studies, but was not evaluated
in the ROCKIES study (Supplementary Table 2),
and was similar in the incident dialysis and
stable dialysis subgroups (Table 4). The IR for
rescue therapy use was similar between rox-
adustat and ESA groups and ranged from
7.1–9.4 (roxadustat) and 7.2–10.3 (ESA) (Sup-
plementary Table 2). The CFB to weeks 12–28 in
LDL cholesterol showed a more substantial
reduction with roxadustat than ESA in all four
studies (Supplementary Table 2). The CFB to
weeks 12–28 in LDL/HDL ratio was improved
with roxadustat compared to ESA in studies for
which these data were available, whereas only
one study evaluated CFB to weeks 12–28 in HDL
cholesterol (Supplementary Table 2). The
monthly IV iron use in roxadustat and ESA
patients in incident dialysis and stable dialysis

subgroups was low, with mean values\100 mg
and median values of 0, though the majority of
patients (80.2–93.5%) received an IV iron infu-
sion during the study period (Table 4). In the
entire cohort, not receiving IV iron was more
common for roxadustat than ESA patients over
weeks 1–52 (63.5% vs 48.2%, difference 15.2%,
95% CI 12.43–18.05%). Roxadustat patients
required a mean (SD) of 5.31 (16.29) IV
administrations per PEY over weeks 1–52 com-
pared with 9.64 (22.33) for ESA patients. The
mean roxadustat and ESA doses decreased from
the beginning to the end of the study in the
incident dialysis subgroup. The mean ESA dose
was increased compared with the initial dose in
the stable dialysis subgroup while the mean
roxadustat dose at the end of the study
remained similar to the initial dose (Supple-
mentary Fig. 3).

Table 4 Efficacy endpoints in the incident dialysis and stable dialysis subgroups (PPS)

Endpoint/parameter Incident dialysis subgroup Stable dialysis subgroup

Roxadustat (n = 673) ESA (n = 669) Roxadustat (n = 1379) ESA (n = 1417)

CFB in hemoglobin (g/dl) to weeks 28–36

Baseline, mean (SD) 8.77 (1.20) 8.82 (1.20) 10.32 (0.99) 10.37 (0.99)

CFB, mean (SD) 2.37 (1.57) 2.12 (1.46) 0.65 (1.15) 0.36 (1.23)

LS mean (95% CI) 2.17 (2.05, 2.30) 1.89 (1.77, 2.02) 0.58 (0.52, 0.64) 0.28 (0.23, 0.34)

LSMD (95% CI) 0.28 (0.11, 0.45) 0.30 (0.23, 0.37)

Proportion of patients who achieved hemoglobin response at weeks 28–36

n (%) 453 (59.9) 452 (59.6) 978 (70.9) 959 (67.7)

95% CI 56.3, 63.4 56.0, 63.1 68.4, 73.3 65.2, 70.1

DOP (95% CI) 0.3 (- 4.5, 5.1) 2.7 (- 0.6, 6.0)

Monthly intravenous iron use over weeks 28–52 (SAF)

n (%) 606/756 (80.2) 621/759 (81.8) 1414/1586 (89.2) 1486/1589 (93.5)

Mean (SD), mg 53.57 (143.10) 70.22 (173.33) 42.45 (229.80) 61.99 (148.02)

Median, mg 0 0 0 0

Minimum, maximum, mg 0, 1600 0, 2800 0, 5504 0, 1589.7

CFB change from baseline, CI confidence interval, DOP difference of proportions, ESA erythropoiesis-stimulating agent, LS
least squares, LSMD least squares mean difference, PPS per protocol set, SD standard deviation
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Safety Endpoints

Roxadustat was non-inferior to ESA for time to
first event for MACE (HR 1.09, 95% CI
0.95–1.26) and MACE? (HR 0.98, 95% CI
0.86–1.11) with consistent findings for all-cause
mortality (HR 1.13, 95% CI 0.95–1.34) (Table 5)
and each individual component of MACE? in
the SAF (Supplementary Table 3). Patients who
received roxadustat compared with ESA in the
incident dialysis subgroup had a numerically
lower risk of all-cause mortality (incident dial-
ysis: HR 0.83, 95% CI 0.57–1.19; stable dialysis:
HR 1.23, 95% CI 1.02–1.49) as well as time to
first event for MACE and MACE? than those in
the stable dialysis subgroup (Table 6).
Roxadustat was non-inferior to ESA for time to
first event for CV-MACE (HR 1.07, 95% CI
0.91–1.26) and CV-MACE? (HR 0.94, 95% CI
0.82–1.09) in the entire cohort as well; findings
for CV mortality (HR 1.14, 95% CI 0.91–1.42)
were consistent with CV-MACE and CV-

MACE? (Supplementary Table 4). Malignancy-
related mortality occurred infrequently in rox-
adustat (n = 5, 0.2%, IR 0.1/100 PY) and ESA
(n = 7, 0.3%, IR 0.2/100 PY) groups.

Incidence rates of TEAEs were comparable
though numerically greater in the roxadustat
group compared with the ESA group (Table 7).
The IR for TEAEs occurring in at least 5% of
patients were generally similar between rox-
adustat and ESA (Supplementary Table 5).
Numerically greater IRs observed for the rox-
adustat group compared to the ESA group
included arteriovenous fistula site thrombosis
(5.7 vs 3.9/100 PY), hypertension (8.3 vs 6.9/100
PY), diarrhea (7.0 vs 5.6/100 PY), headache (5.5
vs 3.8/100 PY), hypotension (5.1 vs 3.9/100 PY),
nausea (5.0 vs 3.7/100 PY), and vomiting (4.3 vs
3.1/100 PY). Development of a pulmonary
embolism (0.3 vs 0.3/100 PY) or deep vein
thrombosis (0.8 vs 0.1/100 PY) occurred infre-
quently in roxadustat and ESA patients.

Table 5 Safety endpoints in the entire cohort (SAF, OT-7)

Outcome/results Roxadustat (n = 2354) ESA (n = 2360)

MACE

Events, n (%) 371 (15.8) 398 (16.9)

FAIR 9.4 8.9

HR (95% CI) 1.09 (0.95, 1.26)

MACE?

Events, n (%) 445 (18.9) 524 (22.2)

FAIR 11.3 11.7

HR (95% CI) 0.98 (0.86, 1.11)

All-cause mortality

Events, n (%) 264 (11.2) 277 (11.7)

FAIR 6.7 6.2

HR (95% CI) 1.13 (0.95–1.34)

CI confidence interval, CV cardiovascular, ESA erythropoiesis-stimulating agent, FAIR follow-up adjusted incidence rate,
HR hazard ratio, MACE major adverse cardiovascular event, MACE ? MACE plus congestive heart failure or unsta-
ble angina requiring hospitalization, OT-7 on-treatment plus 7 days, SAF safety analysis set
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DISCUSSION

In a heterogeneous cohort representative of the
full spectrum of DD patients with anemia of
CKD, roxadustat was non-inferior to ESA for the
efficacy endpoints of hemoglobin CFB to weeks
28–36 and proportion of patients who achieved
hemoglobin response at weeks 28–36 in indi-
vidual studies. Roxadustat also demonstrated
non-inferiority for time to first MACE and
MACE? versus ESA, and all-cause mortality was
consistent with these findings.

For all four studies, non-inferiority of rox-
adustat compared with ESAs was found for the
pivotal efficacy endpoints of hemoglobin CFB
to weeks 28–36 and proportion of patients who
achieved hemoglobin response at weeks 28–36,
establishing that roxadustat is an effective agent
compared to standard of care [32]. The consid-
erable proportion of responders and more
stable mean weekly dose to maintain target

hemoglobin for patients receiving roxadustat
compared to ESA in the stable dialysis subgroup
warrants further investigation. Provenzano
et al. reported a pooled analysis of three (SIER-
RAS, HIMALAYAS, and ROCKIES) of these four
phase 3 studies comparing roxadustat and epo-
etin alfa in patients with CKD incident to dial-
ysis (initiated on dialysis within 2 weeks to
4 months prior to randomization to roxadustat
or epoetin alfa) and found roxadustat was at
least as effective in hemoglobin CFB to weeks
28–52 (LSMD 0.22, 95% CI 0.05–0.40,
P = 0.013) [27]. Identification of subgroups in
the DD population who most benefit from
roxadustat and the study of long-term efficacy
remain research priorities.

Roxadustat was non-inferior to ESA for time
to first MACE and MACE? in the entire DD
cohort, and exploratory all-cause mortality
findings were consistent with these results and
the prior pooled analysis of three studies [27]. In

Table 6 Cardiovascular safety endpoints in the incident dialysis and stable dialysis subgroups (SAF, OT-7)

Outcome/results Incident dialysisa Stable dialysis

Roxadustat (n = 760) ESA (n = 766) Roxadustat (n = 1594) ESA (n = 1594)

MACE

Events, n (%) 74 (9.7) 97 (12.7) 297 (18.6) 301 (18.9)

IR 6.7 8.2 10.4 9.2

HR (95% CI) 0.83 (0.61–1.13) 1.18 (1.00–1.38)

MACE?

Events, n (%) 88 (11.6) 121 (15.8) 357 (22.4) 403 (25.3)

IR 8.0 10.2 12.5 12.3

HR (95% CI) 0.76 (0.57–1.00) 1.03 (0.90–1.19)

All-cause mortality

Events, n (%) 52 (6.8) 70 (9.1) 212 (13.3) 207 (13.0)

IR 4.7 5.9 7.4 6.3

HR (95% CI) 0.83 (0.57–1.19) 1.23 (1.02–1.49)

CI confidence interval, ESA erythropoiesis-stimulating agent, HR hazard ratio, IR follow-up adjusted incidence rate, MACE
major adverse cardiovascular event, MACE? MACE plus congestive heart failure or unstable angina requiring hospital-
ization, OT-7 on-treatment plus 7 days, SAF safety analysis set
a This included 71 patients in the FGCL-4592–064 study who were incident dialysis patients on ESA for C 4 weeks prior
to screening
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an exploratory analysis, results in the incident
dialysis subgroup, representative of an unbiased
head-to-head comparison between roxadustat
and traditional ESA, showed lower HR point
estimates and lower upper limit of the 95% CI
for roxadustat vs traditional ESA on time to first
MACE, MACE ?, and all-cause mortality com-
pared to the overall DD population. In the
stable dialysis subgroup, the HR point estimates
for time to first MACE, MACE?, and all-cause
mortality were slightly elevated compared to
the overall DD population in this exploratory
analysis. Although these analyses were
exploratory in nature, increased risk cannot be
excluded. Risk factors for MACE and CV-MACE
beyond anemia or a prior CV event require
further investigation to elucidate the benefits of
roxadustat in specific patients [3, 33, 34]. The
overall rate and incidence of MACE was lower
than previously reported in initial ESA trials,
likely reflecting improved awareness of negative

CV sequelae and overall improved management
of anemia of CKD, including a lower target
hemoglobin range [6–9].

Inclusion of a higher risk, stable dialysis
population from the PYRENEES study may have
affected the findings, although patients in the
stable dialysis subgroup from the SIERRAS and
ROCKIES studies appeared to have contributed
to the possibly increased risk observed in the
stable dialysis setting compared to the incident
dialysis setting. Patients in the stable dialysis
subgroup were pretreated with ESA on
stable doses and generally had maintained
hemoglobin levels within, or close to, the target
range. Upon randomization and study treat-
ment initiation, those randomized to ESA con-
tinued the same type of treatment, whereas the
patients randomized to roxadustat switched to a
new treatment modality with a different route
of application and a different mechanism of
action. Because of differences in clinical char-
acteristics and patient demographics in the
incident dialysis and stable dialysis subgroups,
outcomes were evaluated separately in both
populations. This conceptual difference
between the study subgroups provides a plau-
sible basis for a potentially design-related dif-
ference in CV safety outcomes between the
stable dialysis and the incident dialysis sub-
groups that is unrelated to roxadustat. The
stable dialysis subgroup represents a selected
patient population with design-related one-
sided fluctuations in anemia management upon
switching over to treatment with roxadustat
and possibly switching back again while the
patients continued on ESA do not undergo
these changes, potentially contributing to dif-
ferences in outcomes with the active-controlled
incident dialysis subgroup. The evaluation of
the stable dialysis subgroup in patients on
dialysis informs a differential risk for CV safety
and mortality. The judicious use of roxadustat
in ESA-converted patients is an important clin-
ical consideration. In contrast, the incident
dialysis subgroup represents an unselected
patient population allowing an unbiased com-
parison between roxadustat and ESA, and the
CV safety and mortality outcomes demonstrate
that roxadustat is non-inferior to ESA.

Table 7 Treatment-emergent adverse events in the entire
cohort (SAF, OT-7)

N (%) IR Roxadustat
(n = 2354)

ESA
(n = 2360)

TEAE 2039 (86.6)

51.6

2030

(86.0)

45.5

Grade C 3 TEAEa 1038 (44.1)

26.3

988 (41.9)

22.1

Serious TEAE 1288 (54.7)

32.6

1260

(53.4)

28.2

TEAE leading to

discontinuation of study

drug

253 (10.7) 6.4 175 (7.4)

3.9

TEAE leading to death 359 (15.3) 9.1 358 (15.2)

8.0

ESA erythropoiesis-stimulating agent, IR incidence rate,
OT-7 on-treatment plus 7 days, SAF safety analysis set,
TEAE treatment-emergent adverse event
a This included adverse events that were severe and
undesirable, life-threatening or disabling, or fatal
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The incidence and IR for all TEAE outcomes
were relatively similar between roxadustat and
ESA patients and were generally consistent with
prior studies in DD patients and the pooled
analysis of three studies [15, 17, 27, 35]. There
was minimal treatment discontinuation due to
a TEAE, with the numerically higher IR for dis-
continuation in the roxadustat group, poten-
tially reflecting the open-label design of the four
included studies [36]. While the rate and IR for
common AEs were similar between roxadustat
and ESA or slightly numerically higher for rox-
adustat than for ESA patients (e.g., nausea,
vomiting, and diarrhea), these AEs have not
been recognized as reasons to avoid roxadustat
use [34]. Notably, though monitoring of serum
potassium is recommended, hyperkalemia
occurred less frequently in this substantially
larger cohort than in a multicenter study by
Chen and colleagues or a pooled analysis of
patients incident to dialysis [15, 27, 34]. Addi-
tionally, the development of venous throm-
boembolism (e.g., deep vein thrombosis or
arteriovenous fistula thrombosis) was infre-
quent, and event rates were numerically higher
for roxadustat compared to ESA though the
significance of this finding is unknown.

The heterogeneous cohort in this four-study
pooled DD population is representative of the
full spectrum of patients requiring dialysis,
ranging from patients who were ESA-naı̈ve to
those pretreated with ESA for several years. Also,
patients with variable duration of dialysis who
were representative of the hemodialysis and
peritoneal dialysis modalities were enrolled.
Therefore, this dataset is representative of the
overall DD population in need of anemia
treatment and, at the same time, is subject to
heterogeneity due to the wide range of patient
characteristics. The four studies examined here
evaluated comparable efficacy and safety out-
comes, which improves the internal validity of
this pooled analysis. Outcomes may have been
affected by the frequency of dose adjustments
for study medications as roxadustat-treated
patients were permitted to adjust the dose every
4 weeks to maintain hemoglobin between
10–12 g/dl, whereas ESA-treated patients fol-
lowed local label, and dose adjustments may
not have been as frequent in all patients.

Additionally, patients more frequently discon-
tinued roxadustat versus ESA, which may reflect
a potential bias of the open-label design with an
investigational drug versus the standard of care.
While the study cohorts were predominately
white, this was a global evaluation of roxadustat
that has generalizability to other populations.
Specific subpopulations and variables were not
evaluated beyond the stable dialysis and inci-
dent dialysis subgroups, such as iron repletion
status and inflammation, but should be inves-
tigated in future analyses based on hypothesis-
generating data in other cohorts [27, 37].
Though fewer patients received IV iron in the
roxadustat group compared to the ESA group,
this post hoc finding requires further investi-
gation. Although post hoc, the analyses in the
stable dialysis subgroup cover two-thirds of the
DD pool, with the remaining one-third coming
from the incident dialysis subgroup, and repre-
sent an adequate sample for assessing safety
outcomes. While this pooled analysis was
powered to test the non-inferiority of roxadus-
tat to ESA, further analyses may clarify rox-
adustat’s place in therapy.

CONCLUSION

Roxadustat corrected and maintained hemo-
globin similarly to ESA while demonstrating a
comparable safety profile, including CV safety,
in a wide spectrum of patients receiving dialysis
with anemia of CKD. The results in patients
switching from ESA should be interpreted with
caution as patients allocated to roxadustat were
switched from ESA at the start of each study,
whereas patients randomized to ESA remained
on the same ESA dose, and the impact of a
potential risk in switching to any new treat-
ment versus remaining on a treatment with a
stabilized hemoglobin may confound the
observed results; thus, any comparison of
treatment effect estimates cannot be reliably
established. These data are consistent with
findings from previous single-study reports.
Roxadustat represents an oral alternative to
ESAs in correcting and maintaining a target
hemoglobin level for anemia of CKD in patients
receiving dialysis.
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