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ABSTRACT

Introduction: This study was conducted to
elucidate the safety of roxadustat, an oral
medication, in patients with non-dialysis-de-
pendent (NDD) or incident dialysis dialysis-de-
pendent (ID-DD) chronic kidney disease (CKD).

Methods: Safety results from four phase 3, ran-
domized, open-label studies comparing roxadus-
tat to an erythropoiesis-stimulating agent (ESA) in
men and women with NDD or ID-DD CKD with
anemia were pooled and evaluated. Endpoints
were time to major adverse cardiovascular event
(MACE; myocardial infarction, stroke, and all-
cause mortality) and MACE? (MACE plus con-
gestive heart failure or unstable angina requiring
hospitalization), all-cause mortality, 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)
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and 95% confidence intervals (CIs). TEAEs were
descriptively summarized.
Results: In total, 2142 patients were evaluated
(1083 roxadustat; 1059 ESA). Roxadustat was
comparable to ESA for risk of MACE (HR 0.79,
95% CI 0.61–1.02), MACE? (HR 0.78, 95% CI
0.62–0.98), and all-cause mortality (HR 0.78,
95% CI 0.57–1.05). TEAEs were comparable
between roxadustat and ESA groups, including
any TEAE [incidence rate per 100 (IR/100)
patient-exposure years 56.1 vs. 53.5], TEAEs
leading to study drug discontinuation (IR/100
patient-exposure years 6.7 vs. 5.1), and TEAEs
leading to death (IR/100 patient-exposure years
6.9 vs. 7.4).
Conclusion: There was no evidence of
increased risk of cardiovascular events or mor-
tality with roxadustat compared with ESA in
patients with anemia who have NDD or ID-DD
CKD. Although TEAEs occurred commonly in
both the roxadustat and ESA groups, patients
infrequently discontinued the study drug
because of an adverse event.
Clinical Trial Registration Numbers: DOLO-
MITES, 1517-CL-0610 [NCT02021318]; HIMA-
LAYAS, FGCL-4592-063 [NCT02052310]; SIER-
RAS, FGCL-4592-064 [NCT02273726]; and
ROCKIES, D5740C00002 [NCT02174731].

Keywords: Anemia; Chronic kidney disease;
Dialysis-dependent; Erythropoiesis-stimulating
agent; Incident dialysis; Roxadustat

Key Summary Points

Why carry out this study?

The non-dialysis-dependent (NDD) and
incident dialysis (ID) (i.e., initiated
dialysis within the last 4 months) dialysis-
dependent (DD) chronic kidney disease
(CKD) population is a vulnerable
population at increased risk for morbidity
and mortality compared to patients
without CKD, despite significant clinical
advancements in recent years.

A pooled analysis of studies comparing
hemoglobin correction and then
maintenance with roxadustat to
hemoglobin correction and maintenance
with erythropoiesis-stimulating agents in
patients with NDD or ID-DD CKD is
novel, and necessary to further elucidate
the safety of roxadustat versus
erythropoiesis-stimulating agents in a
large, heterogeneous population.

What was learned from the study?

There was no increased cardiovascular
event risk or all-cause mortality risk with
roxadustat compared with erythropoiesis-
stimulating agents in the NDD or ID-DD
CKD populations.

Drug-related treatment-emergent adverse
events and drug-related treatment-
emergent adverse events leading to
discontinuation of the study drug
occurred more frequently with roxadustat;
however, this difference is likely
influenced by investigator awareness of
treatment assignment in these open-label
studies.

INTRODUCTION

The non-dialysis-dependent (NDD) and inci-
dent dialysis (ID) (i.e., initiated dialysis within
the last 4 months) dialysis-dependent (DD)
chronic kidney disease (CKD) population is a
vulnerable population at increased risk for
morbidity and mortality compared to patients
without CKD, despite significant clinical
advancements in recent years [1, 2]. Anemia of
CKD may increase the risk of hospitalization
and mortality, particularly in late-stage NDD-
CKD and during the first year after dialysis ini-
tiation, because, in part, patients at these stages
may need or have just initiated anemia treat-
ment [1]. Treatment of anemia of CKD may
include iron supplementation and a parenteral
erythropoiesis-stimulating agent (ESA) [3].
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Previous trials with ESAs in patients with
NDD-CKD suggested an increased risk of car-
diovascular and/or thromboembolic events
when higher hemoglobin levels, such as 13 g/
dL, were targeted [4–7]. Subsequent analyses
identified that primary factors associated with
these events may have included higher ESA
doses and not achieving the desired hemoglo-
bin target [8–11]. Those patients who do not
respond adequately to an ESA are at the highest
risk of mortality [12]. Therefore, in the NDD
and ID-DD CKD populations that already are at
an increased risk for morbidity and mortality
compared to patients without CKD, further
characterization of the safety profile of novel
agents proposed for anemia of CKD treatment,
such as hypoxia-inducible factor prolyl
hydroxylase inhibitors, is needed.

Roxadustat is an orally administered hypox-
ia-inducible factor prolyl hydroxylase inhibitor
that was developed for the treatment of CKD-
related anemia. Roxadustat has had favorable or
comparable efficacy in phase 3 studies versus
placebo and ESAs, and has been approved in
multiple countries and regions for anemia of
CKD, including in Europe for the treatment of
anemia of CKD in patients on dialysis or not on
dialysis [13–23]. A pooled analysis of studies
comparing hemoglobin correction and then
maintenance with roxadustat to hemoglobin
correction and maintenance with ESAs in
patients with NDD or ID-DD CKD is novel, and
necessary to further elucidate the safety of rox-
adustat versus ESA in a large, heterogeneous
population.

METHODS

Component Studies and Pooling
Methodology

Patients from four randomized, multicenter,
open-label, active-comparator studies were eli-
gible for inclusion in the post hoc, exploratory,
pooled analysis [DOLOMITES, 1517-CL-0610
(NCT02021318); HIMALAYAS, FGCL-4592-063
(NCT02052310); SIERRAS, FGCL-4592-064
(NCT02273726); and ROCKIES, D5740C00002
(NCT02174731); Table 1] [2, 21–23].

Comparable clinical data were collected, and
safety endpoints were evaluated between rox-
adustat and an ESA comparator (darbepoetin
alfa: DOLOMITES, epoetin alfa: HIMALAYAS,
SIERRAS, and ROCKIES).

Participants

All eligible patients were aged C 18 years, had
anemia of CKD, and were either NDD (DOLO-
MITES) or were ID-DD and receiving
hemodialysis or peritoneal dialysis (HIMA-
LAYAS, SIERRAS, and ROCKIES). Patients with
ID-DD CKD were defined as those who initiated
dialysis C 2 weeks to B 4 months prior to ran-
domization. Exclusion criteria included prior
treatment with roxadustat or another hypoxia-
inducible factor prolyl hydroxylase inhibitor,
active or chronic gastrointestinal bleeding,
recent red blood cell transfusion, and antici-
pated elective surgery with expected blood loss.
Included patients were randomized (1:1) to oral
roxadustat three times weekly or ESA, either
epoetin alfa or darbepoetin alfa, by intravenous
or subcutaneous route. Each study used differ-
ent pre-specified factors for stratification during
randomization. Patients receiving ESA at the
time of randomization and randomized to the
ESA treatment arm were recommended to
maintain the same route of administration
during the study. Additional details on partici-
pants are provided in Appendix S1.

Interventions and Rescue Therapy

In patients receiving ESA prior to randomiza-
tion, initial drug dosing was based on the
average weekly ESA dose prior to study inclu-
sion. In ESA-untreated patients, the initial study
drug dose was based on body weight. In general,
dose adjustments for roxadustat-treated
patients were permitted every 4 weeks to
maintain hemoglobin between 10 and 12 g/dL,
and were conducted in accordance with pre-
specified rules; treatment of patients random-
ized to ESA followed the local label. Rescue
therapy included receipt of a red blood cell
transfusion and/or ESAs (for roxadustat-treated
patients only). Additional details on study drug
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dosing and titration procedures and rescue
therapy are provided in Appendix S1.

Safety Endpoints

The two cardiovascular safety endpoints were
time to first major adverse cardiovascular event
(MACE), comprised of all-cause mortality,
myocardial infarction, or stroke, and time to
first MACE plus (MACE?), comprised of MACE
plus unstable angina or congestive heart failure
requiring hospitalization while on treatment up
to 7 days after the last dose (OT-7). Time to all-
cause mortality was also evaluated. These end-
points were defined based on the 2014 Ameri-
can College of Cardiology/American Heart
Association Key Data Elements and Definitions
for Cardiovascular Endpoint Events in Clinical

Trials, and were adjudicated by a central Inde-
pendent Event Review Committee, whose
members were unaware of study group assign-
ments [24]. The adjudication process is described
in Appendix S1.

Treatment-emergent adverse events (TEAEs)
were monitored and evaluated. TEAEs were
defined during the evaluation period from the
first study drug administration up to 28 days
after the last dose (OT-28).

Statistical Analysis

Pre-specified analyses were performed in this
post hoc NDD and ID-DD CKD pooled popula-
tion. The safety population, which included all
randomized patients who received at least one
dose of study drug, was used to describe

Table 1 Inclusion criteria for component studies in pooled analysis

Design feature 1517-CL-0610 FGCL-4592-064 FGCL-4592-063 D5740C00002

Study name DOLOMITES SIERRAS HIMALAYAS ROCKIES

Sponsor company Astellas FibroGen FibroGen AstraZeneca

Region Europe United States Global Global

Randomization 1:1a 1:1 1:1 1:1

Open-label Yes Yes Yes Yes

Comparator Darbepoetin alfa Epoetin alfa Epoetin alfa Epoetin alfa

Patients randomized and included

in individual studies, n
616 741 1043 2106

Non-dialysis-dependent patients

included in pooled analysis (SAF)

616 – – –

Incident dialysis dialysis-dependent

patients included in pooled

analysis (SAF)

– 71 1039 416

Baseline hemoglobin (g/dL)b B 10.5 C 9.0 to B 12.0 B 10.0 \10.0 or\12.0

Hemoglobin target (g/dL) 10.0 to 12.0 10.0 to 12.0c 10.0 to 12.0c 10.0 to 12.0c

SAF safety analysis set
aOriginal study protocol used a 2:1 ratio to receive roxadustat or darbepoetin alfa, which was revised to a 1:1 ratio to receive
roxadustat or darbepoetin alfa
bBaseline hemoglobin varied by erythropoiesis-stimulating agent use at time of randomization
cHemoglobin maintenance target in ESA-treated patients followed local guidelines and labeling
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demographic and baseline characteristics and
all safety- and tolerability-related variables. The
analysis period was the on-treatment period
(i.e., OT-7 for MACE, MACE? , and all-cause
mortality and OT-28 for TEAEs, respectively) in
accordance with European Medicines Agency
guidance. The pooled hazard ratio (HR) and its
upper limit of the 95% confidence interval (CI)
in the time-to-event analysis was used as the
primary statistical measure to determine non-
inferiority of the cardiovascular safety of rox-
adustat (vs. ESA) using previously described
methods [25]. Pooled HRs were calculated for
the entire cohort and subgroup analyses using
the inverse of variance approach over the log-
transformed HRs, and were estimated using a
meta-analytic method to combine the HRs from
the individual studies using a naı̈ve pooling
process. The upper limit of the 95% CI for the
HR against standard of care (ESA) below 1.8 was
pre-specified [26]. Additionally, an improved
precision for the estimate was also considered
(upper limit of the 95% CI of 1.3) because of the
recognized increased cardiovascular risk in
clinical studies with an ESA. The more conser-
vative upper limit is in alignment with the
known cardiovascular risk profile [26, 27].

Patient follow-up time in patient-exposure
years was defined as (last dose date - first dose
date) ? 1/365.25. Clinical characteristics and
demographics were summarized descriptively.
TEAEs were descriptively evaluated using per-
centages and incidence rate (IR) per 100
(IR/100) patient-exposure years, defined as
100 9 number of patients with events per
patient-exposure year. Analyses were performed
using SAS� v.9.3 or higher (SAS Institute, Cary,
NC, USA).

Ethics Compliance

All study protocols for the previously published
studies were approved by institutional review
boards and/or ethics committees for the study
sites, and were conducted in accordance with
the tenets of the Declaration of Helsinki of 1964
and its later amendments, the International
Council for Harmonization guidelines for Good
Clinical Practice, and any other applicable local

health and regulatory requirements. Individual
study sites are available at https://clinicaltrials.
gov/ct2/show/NCT02021318 (DOLOMITES),
https://clinicaltrials.gov/ct2/show/
NCT02273726 (SIERRAS), https://clinicaltrials.
gov/ct2/show/NCT02052310 (HIMALAYAS),
and https://clinicaltrials.gov/ct2/show/
NCT02174731 (ROCKIES). As this was a pooled
post hoc analysis, approval by an ethics com-
mittee was not necessary. All patients provided
written informed consent before enrollment.

RESULTS

Patients with NDD or ID-DD CKD in the safety
population from the four clinical studies were
pooled (roxadustat n = 1083, ESA n = 1059)
[2, 21–23]. Patients with stable DD CKD who
were randomized and included in the SIERRAS,
HIMALAYAS, and ROCKIES studies were not
included in this analysis (Table 1). There were
no differences in the percentage of patients
with ID-DD randomized to roxadustat or ESA
[SIERRAS: roxadustat 36 (50.7%), ESA 35
(49.3%); HIMALAYAS: roxadustat 522 (50.2%),
ESA 517 (49.8%); ROCKIES: roxadustat 202
(48.6%), ESA 214 (51.4%)]. The patient-expo-
sure years for patients randomized to roxadustat
and to ESA were 1617.5 years and 1662.0 years,
respectively. Baseline demographics and clinical
characteristics were generally comparable
between patients randomized to roxadustat or
ESA (Table 2). Most patients were White (rox-
adustat 75.2%, ESA 73.8%) and received care in
Eastern Europe (roxadustat 53.9%, ESA 54.9%).
A minority of patients received a statin (rox-
adustat 14.9%, ESA 15.2%) or ESA treatment
(roxadustat 29.1%, ESA 30.6%) prior to ran-
domization. Around 40% of patients had dia-
betes mellitus (roxadustat 43.6%, ESA 42.4%) or
cardiovascular disease (roxadustat 40.8%, ESA
40.6%), while a smaller percentage of patients
had cerebrovascular disease (roxadustat 8.7%,
ESA 9.3%) or thromboembolic disease (rox-
adustat 1.2%, ESA 1.9%) at baseline. The mean
baseline hemoglobin concentration was
approximately 9 g/dL (roxadustat 9.04 g/dL,
ESA 9.05 g/dL) in both treatment groups, and
approximately one-quarter (roxadustat 27.3%,
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Table 2 Baseline demographics and clinical characteristics
(SAF)

Characteristic Roxadustat
(n5 1083)

ESA
(n5 1059)

Age (years), mean (SD)a 57.5 (15.7) 57.2 (15.4)

Gender (male), n (%) 606 (56.0) 592 (55.9)

Race, n (%)

American Indian or
Alaskan Native

36 (3.3) 46 (4.3)

Asian 125 (11.5) 137 (12.9)

Black or African American 75 (6.9) 69 (6.5)

Native Hawaiian or Other
Pacific Islander

0 1 (0.1)

White 814 (75.2) 782 (73.8)

Other 33 (3.0) 24 (2.3)

Region, n (%)b

Asia 101 (9.3) 102 (9.6)

Eastern Europe 584 (53.9) 581 (54.9)

Western Europe 101 (9.3) 86 (8.1)

Latin America 102 (9.4) 94 (8.9)

United States 195 (18.0) 194 (18.3)

Other 0 2 (0.2)

Body weight (kg), mean
(SD)

75.1 (18.5) 75.9 (18.8)

Body mass index (kg/m2),
mean (SD)

26.9 (5.9) 27.2 (6.0)

Smoking status, n (%)

Current 88 (8.1) 84 (7.9)

Prior 203 (18.7) 176 (16.6)

Never 791 (73.0) 797 (75.3)

Missing 1 (0.1) 2 (0.2)

Prior statin use, n (%) 161 (14.9) 161 (15.2)

Prior ESA treatment, n (%) 315 (29.1) 324 (30.6)

Baseline epoetin alfa (or equivalent) dose, n (%)

No prior ESA treatment 467 (43.1) 459 (43.3)

B 150 IU/kg/week 160 (14.8) 169 (16.0)

[150 IU/kg/week 40 (3.7) 46 (4.3)

Table 2 continued

Characteristic Roxadustat
(n5 1083)

ESA
(n5 1059)

Missing or not availablec 416 (38.4) 385 (36.4)

Time since dialysis initiation
(days), mean (SD)c

70.2 (28.0) 71.5 (26.7)

Dialysis modality, n (%)d

Hemodialysis 680 (62.8) 674 (63.6)

Peritoneal dialysis 80 (7.4) 92 (8.7)

Not applicable 323 (29.8) 293 (27.7)

CKD etiology, n (%)e

Diabetic nephropathy 384 (35.5) 366 (34.6)

Hypertensive nephropathy 324 (29.9) 328 (31.0)

Other 562 (51.9) 535 (50.5)

Diabetes mellitus, n (%) 472 (43.6) 449 (42.4)

Cardiovascular disease, n (%) 442 (40.8) 430 (40.6)

Coronary artery disease,
n (%)

183 (16.9) 178 (16.8)

Congestive heart failure,
n (%)

201 (18.6) 207 (19.5)

Cerebrovascular disease,
n (%)

94 (8.7) 98 (9.3)

Thromboembolic disease,
n (%)

13 (1.2) 20 (1.9)

Baseline hemoglobin (g/dL),
mean (SD)

9.04 (1.15) 9.05 (1.12)

Baseline ferritin (lg/L)

Mean (SD) 387.1
(359.3)

375.3
(312.4)

\100, n (%) 123 (11.4) 137 (12.9)

Baseline TSAT (%)

Mean (SD) 27.4 (10.8) 27.2 (10.4)

\20, n (%) 240 (22.2) 241 (22.8)

Baseline ferritin\100 lg/L
or TSAT\20%, n (%)

296 (27.3) 302 (28.5)
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ESA 28.5%) of patients were iron-depleted at
baseline. Most patients had a baseline
hemoglobin\10 g/dL regardless of prior ESA
use (Supplementary Material Table S1). Less
than half of patients randomized to roxadustat
or ESA were receiving a concomitant agent
acting on the renin-angiotensin system (rox-
adustat 41.8%, ESA 41.0%), an antithrombotic
agent (roxadustat 48.7%, ESA 47.0%), a ß-
blocking agent (roxadustat 46.4%, ESA 46.4%),
a diuretic (roxadustat 34.5%, ESA 34.1%), or a
lipid-modifying agent (roxadustat 32.7%, ESA
31.4%).

Most patients randomized to roxadustat
(66.3%) or ESA (69.2%) completed treatment
(Table 3). The most common reasons for

treatment discontinuation were death (rox-
adustat 8.9%, ESA 8.6%), study withdrawal by
the patient (roxadustat 6.8%, ESA 6.7%), and

Table 2 continued

Characteristic Roxadustat
(n5 1083)

ESA
(n5 1059)

Baseline C-reactive protein
(mg/L)f

Mean (SD) 9.7 (20.3) 11.1 (24.1)

[ULN, n (%) 396 (39.2) 415 (41.8)

Baseline LDL-C (mg/dL),
mean (SD)g

103.4 (39.4) 104.1
(38.6)

CKD chronic kidney disease, ESA erythropoiesis-stimu-
lating agent, IU international units, LDL-C low-density
lipoprotein cholesterol, SAF safety analysis set, SD stan-
dard deviation, TSAT transferrin saturation, ULN upper
limit of normal
aAge at completion of the informed consent (002, 063) or
first dose date (0610)
bRegion: For 0610, Central Europe patients are counted
under Eastern Europe and patients from Israel are counted
under Western Europe
cPatients with missing or not available baseline epoetin alfa
(or equivalent) dose could have been but were not neces-
sarily on prior ESA treatment
dPatients from DOLOMITES were not included as all
patients enrolled in that study were non-dialysis-dependent
ePatients may have more than one CKD etiology
fSample sizes were n = 1011 for roxadustat and n = 992
for ESA
gTo convert to SI units (mmol/L), multiply by 0.0259

Table 3 Patient disposition (SAF)

Characteristic Roxadustat
(n5 1083)

ESA
(n5 1059)

Completed treatmenta 718 (66.3) 733 (69.2)

Discontinued treatment 365 (33.7) 326 (30.8)

Primary reason for treatment discontinuation

Adverse eventb 64 (5.9) 48 (4.5)

Death 96 (8.9) 91 (8.6)

Lack of efficacy 9 (0.8) 2 (0.2)

Lost to follow-up 6 (0.6) 5 (0.5)

Patient relocated/moved 24 (2.2) 29 (2.7)

Noncompliance to

protocolc
6 (0.6) 5 (0.5)

Withdrawal by patient 74 (6.8) 71 (6.7)

Patient decision 14 (1.3) 11 (1.0)

Study/site terminated by

sponsor

5 (0.5) 13 (1.2)

Development of study-

specific discontinuation

criteria

1 (0.1) 0

Physician decision 24 (2.2) 11 (1.0)

Kidney transplant 26 (2.4) 33 (3.1)

Pregnancy 0 1 (0.1)

Other 16 (1.5) 5 (0.5)

Not reported 0 1 (0.1)

ESA erythropoiesis-stimulating agent, SAF safety analysis
set
aPatients who completed the study also included patients
from Study D5740C00002 who died while on the study
drug or after discontinuation of the study drug. Therefore,
patients in this study did not contribute to the death
category as a reason for treatment discontinuation
bAdverse event includes discontinuation reasons of adverse
events and progressive disease
cNoncompliance to the protocol included discontinuation
reasons of noncompliance with study drug, protocol
deviation, and severe noncompliance to the protocol

1552 Adv Ther (2023) 40:1546–1559



TEAEs (roxadustat 5.9%, ESA 4.5%). In total, 11
patients (0.5%) were lost to follow-up, includ-
ing 6 of the 1083 patients (0.6%) who received
roxadustat and 5 of the 1059 patients (0.5%)
who received an ESA.

The times to first event for MACE (HR 0.79,
95% CI 0.61–1.02) and MACE? (HR 0.78, 95%
CI 0.62–0.98) demonstrated no increased risk of
cardiovascular events between roxadustat and
ESA. Additionally, there was no increased risk of
all-cause mortality (HR 0.78, 95% CI 0.57–1.05).

All cardiovascular safety endpoints suggested a
numerically lower risk with patients random-
ized to roxadustat compared to ESA (Table 4).
Comparable results for the risk of MACE,
MACE? , and all-cause mortality in subgroups
stratified by baseline characteristics are pre-
sented in Supplementary Material Figs. S1–S3.

The incidence for any TEAE was similar for
roxadustat and ESA (83.7% vs. 84.0%) while the
incidence for drug-related TEAEs was higher for
roxadustat than ESA (13.8% vs. 10.3%).

Table 4 Safety endpoints (SAF, OT-7)

MACE MACE1 All-cause mortality

Roxadustat ESA Roxadustat ESA Roxadustat ESA

Pooled

No. of patients with an event 105 136 134 171 74 99

IR 6.5 8.2 8.3 10.3 4.6 6.0

HR (95% CI) 0.79 (0.61–1.02) 0.78 (0.62–0.98) 0.78 (0.57–1.05)

ROCKIES

No. of patients with an event 15 25 20 30 10 19

IR 8.1 11.6 10.8 13.9 5.4 8.8

HR (95% CI) 0.66 (0.34–1.29) 0.73 (0.41–1.32) 0.56 (0.26–1.23)

HIMALAYAS

No. of patients with an event 57 66 62 84 41 47

IR 6.4 6.9 7.0 8.8 4.6 4.9

HR (95% CI) 0.93 (0.65–1.33) 0.79 (0.57–1.09) 0.97 (0.64–1.48)

SIERRAS

No. of patients with an event 2 6 6 7 1 4

IR 8.6 27.6 25.9 32.2 4.3 18.4

HR (95% CI) 0.23 (0.04–1.28) 0.55 (0.16–1.86) 0.20 (0.02–1.93)

DOLOMITES

No. of patients with an event 31 39 46 50 22 29

IR 6.0 8.3 8.9 10.6 4.2 6.1

HR (95% CI) 0.70 (0.44–1.12) 0.81 (0.54–1.22) 0.67 (0.39–1.17)

Roxadustat n = 1083, ESA n = 1059
CI confidence interval, ESA erythropoiesis-stimulating agent, HR hazard ratio, IR incident rate per 100 patient-exposure
years, MACE major adverse cardiovascular event, MACE? MACE plus congestive heart failure or unstable angina
requiring hospitalization, n number of events, OT-7 on-treatment plus 7 days, SAF safety analysis set
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Although the incidence for TEAEs leading to
discontinuation of study drug was similar
between roxadustat and ESA (10.0% vs. 8.0%),
drug-related TEAEs leading to discontinuation
of study drug occurred more frequently with
roxadustat (1.6% vs. 0.3%) (Table 5). The most
frequent (IR/100 patient-exposure years) TEAEs
were hypertension (roxadustat 12.9, ESA 12.3);
end-stage kidney disease (roxadustat 6.7, ESA
6.4), which predominately occurred in patients
with NDD-CKD enrolled in the DOLOMITES
study; diarrhea (roxadustat 7.1, ESA 4.9); and
hyperkalemia (roxadustat 4.3, ESA 4.9) (Sup-
plementary Material Table S2). The most fre-
quent serious TEAEs (IR/100 patient-exposure
years) were end-stage kidney disease (roxadustat
6.7, ESA 6.4), predominately in patients with
NDD-CKD enrolled in the DOLOMITES study;
pneumonia (roxadustat 3.5, ESA 3.1); and arte-
riovenous fistula thrombosis (roxadustat 3.3,
ESA 1.9) (Supplementary Material Table S3),
with similar IR/100 patient-exposure years
between groups for grade C 3 TEAEs (Supple-
mentary Material Table S4). Drug-related serious
TEAEs (IR/100 patient-exposure years, roxadus-
tat 1.8, ESA 1.2), as well as drug-related TEAEs

leading to discontinuation of the study drug
(IR/100 patient-exposure years, roxadustat 1.1,
ESA 0.2), occurred infrequently in both groups.
While infrequent, the two most common
(IR/100 patient-exposure years) TEAE categories
leading to study drug discontinuation by organ
class were cardiac disorders (roxadustat 1.2, ESA
1.0) and infections and infestations (roxadustat
2.0, ESA 1.3) (Supplementary Material Table S5).
The IR/100 patient-exposure years for TEAEs
leading to death were similar though numeri-
cally lower for roxadustat (6.9) than ESA (7.4);
the three most common (IR/100 patient-expo-
sure years) TEAE categories leading to death by
organ class were cardiac disorders (roxadustat
2.0, ESA 2.2), infections and infestations (rox-
adustat 1.9, ESA 1.1), and general disorders and
administration site conditions (roxadustat 1.7,
ESA 1.4) (Supplementary Material Table S6).

DISCUSSION

In this pooled analysis of four phase 3 clinical
studies comparing roxadustat to an ESA, there
was no increased cardiovascular event risk or
all-cause mortality risk with roxadustat

Table 5 Overview of TEAEs (OT-28)

Category Roxadustat (n 5 1083) ESA (n5 1059)

n (%),
PEY 5 1617.5

IR/100
PEY

n (%),
PEY 5 1662.0

IR/100
PEY

Any TEAE 907 (83.7) 56.1 890 (84.0) 53.5

Drug-related TEAE 149 (13.8) 9.2 109 (10.3) 6.6

Grade C 3 TEAE 426 (39.3) 26.3 415 (39.2) 25.0

Serious TEAE 527 (48.7) 32.6 499 (47.1) 30.0

Drug-related serious TEAE 29 (2.7) 1.8 20 (1.9) 1.2

TEAE leading to discontinuation of study drug 108 (10.0) 6.7 85 (8.0) 5.1

Drug-related TEAE leading to discontinuation of

study drug

17 (1.6) 1.1 3 (0.3) 0.2

TEAE leading to death 112 (10.3) 6.9 123 (11.6) 7.4

ESA erythropoiesis-stimulating agent, IR incidence rate, IR/100 PEY 100 9 number of patients with events per patient-
exposure year, OT-28 events that occurred during the treatment period and within 28 days of the last dose of study
medication, PEY patient-exposure year [(last dose date - first dose date) ? 1/365.25], TEAE treatment-emergent adverse
event
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compared with ESA in the NDD or ID-DD CKD
population. The combined NDD and ID-DD
CKD population was chosen as this is a popu-
lation representative of the hemoglobin cor-
rection population with similar needs for
hemoglobin control and naı̈ve to ESA treat-
ment, which is a clearly defined group that
requires therapy. Approximately two-thirds of
patients in each group completed treatment.
While 84% of patients experienced at least one
TEAE of any severity, AE development was only
the third most common reason for treatment
discontinuation. Drug-related serious TEAEs
occurred infrequently, with the most common
event being progression of end-stage kidney
disease, which developed in approximately 10%
of patients in each group, with the contributing
events occurring in patients with NDD-CKD.
TEAEs leading to death happened at a numeri-
cally lower frequency and IR/100 patient-expo-
sure years in patients randomized to roxadustat
compared to ESA. Drug-related TEAEs, and
drug-related TEAEs leading to discontinuation
of the study drug, occurred more frequently
with roxadustat; however, this difference is
likely influenced by investigator awareness of
treatment assignment in these open-label stud-
ies. Adverse events may be more likely to be
attributed to the new treatment in open-label
studies when the comparator has been the
standard of care for some time.

The times to first MACE, MACE? , and all-
cause mortality were comparable for roxadustat
and ESA, demonstrating no evidence of
increased cardiovascular risk for the entire
pooled population; outcomes were consistent
for each individual study. These findings are
similar to those described for the ID-DD popu-
lation in a recent four-study pooled analysis
comparing roxadustat to ESA, in which the
cardiovascular and mortality risk for patients
treated with roxadustat was estimated to be
comparable to the cardiovascular and mortality
risk for patients treated with ESA therapy, based
on data from direct comparison of both thera-
pies [25]. An exception exists for MACE? , sug-
gesting the possibility of a favorable risk profile
with roxadustat compared with ESA when hos-
pitalization for congestive heart failure or
unstable angina is also considered, though this

finding is considered hypothesis-generating.
Additionally, the point estimates and upper
limit of the 95% CI for MACE and MACE? were
higher in a pooled analysis of three studies
evaluating roxadustat in patients with NDD-
CKD; however, those results may have been
biased because of differential dropout and the
potential for informative censoring favoring the
placebo group [28]. Although the results in
subgroup analyses for MACE and MACE? were
consistent with the overall findings, future
investigation into subgroups of interest could
be warranted.

A numerically greater percentage of patients
with NDD or ID-DD CKD randomized to rox-
adustat discontinued treatment because of a
TEAE compared with ESA. The IR of TEAEs
leading to study drug discontinuation was
\1/100 patient-exposure years for all organ
classes except for cardiac disorders and infec-
tions and infestations, and only infections and
infestations had numerically greater IR/100
patient-exposure years for roxadustat compared
with ESA. However, the frequencies of serious or
grade C 3 TEAEs in these categories were
numerically similar between roxadustat and
ESA groups, which may suggest that any
potential difference in TEAE leading to discon-
tinuation of roxadustat or ESA may be due to
chance or the result of individualized patient
factors [28]. The most frequent TEAEs among
patients randomized to roxadustat or ESA
included hypertension, progression of end-stage
kidney disease, diarrhea, and hyperkalemia.
Apart from end-stage kidney disease, which had
the same incidence in both groups, the other
three TEAEs had minimal or no presence in the
serious or grade C 3 TEAE lists, suggesting these
TEAEs were predominately concerns of tolera-
bility rather than safety.

Pneumonia development and arteriovenous
fistula thrombosis were the most commonly
occurring serious TEAEs in this analysis, which
may not have been influenced by the assigned
treatment as they are well-established compli-
cations in patients with ID-DD CKD that are
independently affected by other patient- and
treatment-specific factors [29–31]. However,
because variables such as the type of line access,
fistula maturation, and time on use were not
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available for comparison between patients who
received roxadustat or ESA, the arteriovenous
fistula thrombosis rate must be interpreted with
caution. As expected, based on the most fre-
quent serious or grade C 3 TEAEs, the three
categories of TEAEs that comprised the majority
of TEAEs leading to death in this study were
cardiac disorders, infections and infestations,
and general disorders and administration site
condition, which were numerically similar
between groups. Although these TEAEs leading
to death were not classified as specifically rela-
ted to the study drug and are common com-
plications of end-stage kidney disease, critical
evaluation for these TEAEs should be considered
in patients treated with roxadustat or an ESA.

The heterogeneous cohort in this analysis is
representative of a high-risk population of
patients with anemia of CKD, who are either
ESA-naı̈ve or have been treated minimally with
ESA prior to randomization. Nevertheless, this is
a mixed population for which results may not
necessarily be fully generalizable to either sub-
group in the cohort. However, the high-risk
nature of the subgroups in this population, the
comparison of roxadustat to an active ESA
comparator, and the recognition of this popu-
lation in clinical practice are strengths of the
analysis. The focus of this analysis was on
safety, as comparable efficacy of roxadustat
versus ESA has already been confirmed in pre-
vious publications [2, 21–23]. Although this
pooled, post hoc analysis was not powered for
non-inferiority testing, the upper bound limits
for MACE and MACE? evaluations are below
the pre-specified, established non-inferiority
margin. If the upper bound limit for the 95% CI
were 1.25, as was used in studies evaluating the
cardiovascular safety of vadadustat and dapro-
dustat, the interpretation of these findings
would be unaffected because the upper limits
did not exceed 1.05 [29, 32]. Additionally, while
most patients received care in Europe, multiple
other continents were well represented,
increasing the global application of these
results. The safety outcomes evaluated in these
four studies were comparable, which improves
this analysis’s internal validity. Outcomes may
have been affected by study drug dose adjust-
ment frequency, as roxadustat-treated patients

were permitted a dose adjustment every 4 weeks
to maintain hemoglobin between 10 and 12 g/dL
whereas ESA-treated patients followed local label,
and dose adjustments may not have been as
frequent in all patients. While multiple expla-
nations may exist for study drug discontinua-
tion, TEAE development, a potential bias from
the open-label study design, and a comparison
between an investigational drug versus standard
of care may have impacted study drug discon-
tinuation, regardless of the actual concerns
surrounding efficacy, safety, or tolerability.
TEAEs were classified at the discretion of the
investigator, not definitively associated with
study drug, and could have been affected by
patient-specific factors that were not evaluated.
Additionally, some specific TEAEs (e.g., arterio-
venous fistula complications) affected patients
mainly in one subgroup (i.e., ID-DD) and may
not be generalizable to patients in the other
subgroup. While some numerical differences in
the IR of TEAEs may also be statistically signif-
icant, this pooled analysis was not designed to
statistically test those hypotheses.

CONCLUSIONS

There was no evidence of an increased risk of
cardiovascular events or mortality with rox-
adustat compared with ESA in patients with
NDD or ID-DD CKD and anemia. Although
TEAEs were common in both groups, patients
infrequently discontinued the study drug
because of an AE. Further investigation into
patient-specific factors that affect TEAE devel-
opment with roxadustat and ESAs is needed to
meet patient needs in the NDD and ID-DD CKD
population. Roxadustat represents an effica-
cious and well-tolerated oral alternative to ESAs
for correcting and maintaining a target hemo-
globin level for anemia of CKD in patients who
are NDD or ID-DD.
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