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Abstract

Introduction: Daprodustat is an approved treatment for anemia of chronic

kidney disease (CKD) in Japan.

Methods: This post hoc analysis evaluated pooled safety data for daprodustat

from 3 phase 3 Japanese studies in dialysis-dependent and nondialysis patients

with anemia of CKD.

Results: Median drug exposure duration was 365 days for both daprodustat

(N = 369) and injectable erythropoiesis-stimulating agent (ESA, N = 285). The

incidence per 100 patient-years of on-therapy adverse events (AEs) was 363.1

and 306.4 in the daprodustat and ESA groups, respectively. The incidence per

100 patient-years of thromboembolic and retinal events were 5.55 and 6.91

(daprodustat) and 6.28 and 7.46 (ESA), respectively. Cardiovascular and malig-

nancy events were similar between groups, although analysis of these were

limited by sample size and study duration.

Conclusion: The safety of daprodustat was comparable to ESA in this pooled

analysis, although further large-scale research is needed to evaluate long-term

risks including cardiovascular and malignancy events.
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1 | INTRODUCTION

Patients with chronic kidney disease (CKD) commonly
develop anemia with inadequate erythropoietin pro-
duction serving as a major driver. As kidney function
deteriorates, incidence of anemia of CKD increases
accordingly1,2 and represents a significant burden for

patients, including decreased quality of life and increased
cardiovascular (CV) risk.1,3 Injectable erythropoiesis-
stimulating agents (ESAs) are the standard of care for
the management of anemia of CKD, along with iron
supplementation.4 However, ESAs are associated with
increased thromboembolic and CV risk, especially when
treating to attain higher-than-recommended target
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hemoglobin (Hgb) levels.5 The cause of this risk remains
unknown; possibilities include dose of ESA, achievement
of higher- or lower-than-target Hgb levels, or the rate of
Hgb rise.6–9

Daprodustat is an oral hypoxia-inducible factor-prolyl
hydroxylase inhibitor (HIF-PHI) that has been approved for
use in Japan and has completed five studies of the global
phase 3 ASCEND program, (clinicaltrials.gov identification
NCT03029208, NCT03400033, NCT02879305, NCT02876835,
NCT03409107).10–12 HIF-PHIs increase erythropoiesis within
a physiological range through the inhibition of prolyl hydrox-
ylase domain (PHD) enzymes and activation of hypoxia-
inducible factors (HIFs), which regulate the body's response
to hypoxia. HIFs also regulate the expression of vascular
endothelial growth factor (VEGF) and certain genes involved
directly or indirectly in iron uptake, mobilization, and trans-
port, including duodenal cytochrome b (DCytb), divalent
metal transporter 1 (DMT1), and transferrin.13

The mechanism-of-action of HIF-PHIs suggests sev-
eral potential risks of their use. These risks include
thromboembolic events, as observed with ESAs; ocular
diseases, such as retinopathy; and tumor progression
mediated by VEGF-induced angiogenesis or secondary to
elevated HIF levels.5,13,14 Studies have examined the
safety of HIF-PHIs with regard to CV and thromboem-
bolic risk with inconsistent results. In two large, interna-
tional, randomized phase 3 trials, daprodustat was
noninferior to ESAs with regard to change in hemoglobin
and cardiovascular outcomes in both patients with CKD
undergoing dialysis and not undergoing dialysis.11,12

Conversely, in two pooled analyses of international phase
3 trials with large sample sizes, the HIF-PHI vadadustat
was noninferior compared with ESA with respect to the
relative risk of major adverse cardiovascular events
(MACEs) in patients with CKD who were undergoing
dialysis, but not patients who were not dialysis-depen-
dent.15,16 Recently, the US Food and Drug Administra-
tion's Cardiovascular and Renal Drugs Advisory
Committee has recommended against the use of another
HIF-PHI, roxadustat, for both HD and ND patients due
to an inadequate risk/benefit profile regarding thrombo-
embolic risk;17 however, roxadustat has been approved
by the European Medicines Agency (EMA).18

In Japanese phase 3 studies, oral daprodustat 1–
24 mg once daily achieved and maintained target Hgb
levels in patients with CKD who underwent hemodialysis
(HD), peritoneal dialysis (PD), or nondialysis (ND).19–22

In these studies, daprodustat proved comparable to ESAs
with regard to mean Hgb during weeks 40–52.19,20 The
1-year safety evaluation in Japanese phase 3 studies
showed that daprodustat was generally well tolerated in
patients undergoing HD, PD, or ND. The resulting
adverse event (AE) profile was comparable to ESA.19,20 Due

to small sample sizes, the data from these individual studies
provide limited information on less frequent AEs, such as
thromboembolism, MACEs, and ocular disorders. Further-
more, it has been reported that CV event rates in Japanese
populations are much lower than in European and North
American populations.23 It is therefore crucial to address
the safety profile of daprodustat in Japanese populations.

We conducted a post hoc pooled analysis of Japanese
HD, ND, and PD patients with special focus on adverse
events, including those linked to daprodustat's mechanism
of action. The risk of additional thromboembolic or retinal
events in patients with prior histories of thromboembolism
or pre-existing retinal disease was also assessed.

2 | METHODS

2.1 | Studies included in pooled analysis

Data were pooled from a total of 3 trials: a 52-week ran-
domized open-label phase 3 trial comparing daprodustat
with epoetin beta pegol in Japanese ND patients,19 which
also included a PD cohort22 (ClinicalTrials.gov Identifier:
NCT02791763); a 52-week double-blind randomized active
control study comparing daprodustat with darbepoetin
alfa in Japanese HD patients20 (ClinicalTrials.gov Identi-
fier: NCT02969655); and a 24-week phase 3 open-label
anemia correction study of daprodustat in Japanese HD
patients21 (ClinicalTrials.gov Identifier: NCT02829320)
(Table S1)

2.2 | Safety outcomes

The measured safety outcomes included incidence of AEs
and serious adverse events (SAEs). We also specifically
analyzed AEs based on potential risks associated with
daprodustat's mechanism of action (MOA) and the
known safety profile of ESAs. These included thrombo-
embolic events; MACEs, including all-cause mortality,
myocardial infarction, and stroke; heart failure–related
events; retinal events; and cancer-related mortality,
tumor progression, and tumor recurrence.

2.3 | Evaluation procedure for potential
AEs based on daprodustat MOA

For this post hoc analysis, Standardized Medical Dictionary
for Regulatory Activities (MedDRA) queries (SMQs) were
used to identify thromboembolic events, MACEs, heart
failure–related events, and retinal events. Comprehensive
ophthalmologic exams (best corrected visual acuity,
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intraocular pressure, anterior segment examination, and
funduscopic examination) using the Questions in Ophthal-
mologic Exam Assessment Worksheet (Table S2) were con-
ducted by a study-designated ophthalmology specialist at
baseline, week 12, and week 24 or 48.

An internal safety review team conducted periodic
blinded case reviews to evaluate which events constituted
potential cancer-related mortality and/or tumor progres-
sion and recurrence. Reviews were conducted without
blinding in the single-arm 24 week HD trial and the
open-label PD cohort.

2.4 | Statistical analyses

Adverse events were summarized by treatment group
and expressed as exposure-adjusted event rates per

100 patient-years and frequency (%). Incidence of
thromboembolic events by treatment group were strat-
ified by baseline history of disease related to thrombo-
embolism, infarction, and occlusion. A history of
myocardial infarction, stroke, transient ischemic
attack, catheter thrombosis, arteriovenous graft throm-
bosis, arteriovenous fistula thrombosis, and retinal
vein occlusion were considered. Incidence of retinal
events by treatment group were stratified by presence
of eye diseases at baseline, including retinal vein
occlusion, age-related macular degeneration, macular
edema, or diabetic retinopathy. The adjusted frequency
and relative risks (RRs) for AEs with 95% confidence
interval were calculated using the Cochran–Mantel–
Haenszel method and pooled data from the two ran-
domized controlled trials that compared daprodustat
with an injectable ESA.

TABLE 1 Baseline characteristics

All ND HD PD

Daprodustat ESA Daprodustat ESA Daprodustat ESA Daprodustat

(N = 369) (N = 285) (N = 149) (N = 150) (N = 164) (N = 135) (N = 56)

Sex, n (%)

Male 256 (69) 181 (64) 96 (64) 92 (61) 116 (71) 89 (66) 44 (79)

Age (yrs), mean ± SD 66 ± 10.9 67 ± 10.4 68 ± 11.6 70 ± 9.1 64 ± 10.3 64 ± 10.5 64 ± 9.6

BMI (kg/m2), mean
± SD

22.9 ± 3.67 23.6 ± 4.19 23.2 ± 3.43 24.2 ± 4.15 22.3 ± 3.83 23.0 ± 4.16 24.0 ± 3.55

Prior ESA use, n (%)

ESA-naïve 122 (33) 91 (32) 91 (61) 91 (61) 28 (17) 0 3 (5)

User 247 (67) 194 (68) 58 (39) 59 (39) 136 (83) 135 (100) 53 (95)

Hemoglobin (g/dL),
mean ± SD

10.5 ± 1.06 10.6 ± 0.93 10.3 ± 1.11 10.4 ± 1.04 10.6 ± 1.02 10.8 ± 0.73 10.8 ± 0.96

Iron parameters, mean ± SD

TSAT (%) 30.9 ± 11.7 28.7 ± 10.1 31.8 ± 10.5 31.0 ± 10.6 27.9 ± 11.1 26.23 ± 8.9 37.3 ± 13.4

Ferritin (μg/L) 177.9 ± 154.2 173.4 ± 135.0 205.1 ± 147.3 198.2 ± 132.8 143.8 ± 160.2 146.0 ± 132.5 205.3 ± 135.9

Hypertension, n (%) 347 (94) 270 (95) 141 (95) 145 (97) 152 (93) 125 (93) 54 (96)

Hyperlipidemia, n (%) 195 (53) 165 (58) 91 (61) 105 (70) 70 (43) 60 (44) 34 (61)

Diabetes mellitus, n (%) 152 (41) 124 (44) 65 (44) 71 (47) 74 (45) 53 (39) 13 (23)

CV diseasea, n (%) 161 (44) 142 (50) 57 (38) 62 (41) 75 (46) 80 (59) 29 (52)

Disease-related
thrombus/infarction/
occlusionb, n (%)

87 (24) 63 (22) 30 (20) 32 (21) 46 (28) 31 (23) 11 (20)

Eye diseasesc, n (%) 115 (31) 85 (30) 45 (30) 43 (29) 59 (36) 42 (31) 11 (20)

Abbreviations: BMI, body mass index; CV, cardiovascular; ESA, erythropoiesis-stimulating agent; HD, hemodialysis; ND, nondialysis; PD, peritoneal dialysis;

SD, standard deviation; TSAT, transferrin saturation.
aCV disease: angina pectoris, myocardial infarction, stroke, valvular heart disease, peripheral vascular disease, transient ischemic attack, cardiac arrest,
coronary artery disease, congestive heart failure, arrhythmia, left ventricular systolic dysfunction, left ventricular diastolic dysfunction, left ventricular
hypertrophy, or non-ischemic cardiomyopathy.
bThrombotic disease: myocardial infarction, stroke, transient ischemic attack, catheter thrombosis, arteriovenous graft thrombosis, arteriovenous fistula

thrombosis, or retinal vein occlusion.
cEye disease: age-related macular degeneration, retinal vein occlusion, macular edema, or diabetic retinopathy.
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3 | RESULTS

3.1 | Baseline characteristics

Patient characteristics were generally balanced between
treatment groups in the pooled analysis. The majority of
patients were men, the mean age was 66 years in the
daprodustat group and 67 years in the ESA group, and
mean body mass index (BMI) was 22.9 kg/m2 in the
daprodustat group and 23.6 kg/m2 in the ESA group
(Table 1). Sixty-seven percent of patients in the
daprodustat group and 68% in the ESA group were
treated with an ESA at baseline. The mean baseline Hgb
was 10.5 g/dl (SD 1.06) in the daprodustat group and
10.6 g/dl (SD 0.93) in the ESA group. In the daprodustat
and ESA groups, respectively, 347 of 369 (94%) and
270 of 285 (95%) patients had hypertension; 195 (53%)
and 165 (58%) patients had hyperlipidemia; 152 (41%) and
124 (44%) patients had diabetes mellitus; 161 (44%) and
142 (50%) patients had CV disease; 87 (24%) and 63 (22%)
patients had a history of disease-related thrombus/infarc-
tion/occlusion; and 115 (31%) and 85 (30%) patients had
ocular disease at baseline.

3.2 | Daprodustat exposure

The median duration of exposure was 365 days for both the
daprodustat group and the ESA group (range 6–372 days
for daprodustat and 21–370 days for ESA). The median
daily dose of daprodustat was 4.6 mg/day (range 1–18 mg).

3.3 | Summary of on-therapy AEs

In the overall pooled population, the incidence of on-
therapy AEs was 363.1 per 100 patient-years in the
daprodustat group and 306.4 per 100 patient-years in the
ESA group (Table 2). The most frequent AEs were
nasopharyngitis and gastrointestinal events in both groups.

There was no significant difference in RR for common
AEs (those occurring in ≥5/100 patient-years) in the
daprodustat group versus the ESA group, as the 95% CIs for
all RRs included the point of null hypothesis (Figure S1).

The incidence of on-therapy SAEs and AEs leading to
discontinuation of study treatment was similar between
the two treatment groups. The incidence of on-therapy
drug-related AEs was numerically higher in the
daprodustat group than in the ESA group, though this
affected fewer than 10% of patients in either group: 7%,
or 8.83 per 100 patient-years in the daprodustat group
and 4%, or 4.28 per 100 patient-years in the ESA group
(Table S3).

Three fatal on-therapy AEs were reported in the over-
all pooled population: 1 of 369 (0.3%) patients in the
daprodustat group and 2 of 285 (0.7%) patients in the
ESA group. The patient in the daprodustat group died of
hemorrhagic shock. In the ESA group, 1 patient died of
an arrhythmia, and 1 patient died of an aortic dissection.
The incidence of fatality was 0.32 per 100 patient-years in
the daprodustat group and 0.77 per 100 patient-years in
the ESA group. The incidences of both AEs and drug-
related AEs did not show a clear relationship with
daprodustat dosage or exposure duration (Table S4 and
Table S5).

3.4 | Potential adverse events based on
daprodustat MOA

3.4.1 | Thromboembolic events

The incidence per 100 patient-years of thromboembolic
events was similar in the daprodustat and ESA groups,
5.55 and 6.28, respectively (Table 3). The RR of thrombo-
embolic events in the daprodustat group versus the ESA
group was 0.68 (95% CI: 0.33, 1.44) (Figure S2). The most
common thromboembolic event in the overall pooled
population was shunt occlusion (1.28 and 2.32 per
100 patient-years in the daprodustat and ESA groups,
respectively) (Table 3).

In a subgroup analysis of patients based on thrombo-
embolic disease status at baseline, there was no difference
in the frequency of thromboembolism in patients treated
with daprodustat who had a history of disease-related
thrombus, infarction, or occlusion at baseline (5.45 per
100 patient-years) compared to patients without a history
of disease-related thrombus, infarction, or occlusion at
baseline (5.59 per 100 patient-years) (Table 4).

Two events of thrombosis and/or tissue ischemia sec-
ondary to excessive erythropoiesis (Hgb values exceeded
13 g/dl within a period of �30 to +15 days of the day of
onset) were observed in the daprodustat group (deep vein
thrombosis, exceeded target with Hgb 13.1 g/dl, and myo-
cardial infarction, exceeded target with Hgb 13.3 g/dl).
Both occurred in the open-label PD cohort. No events
were observed in the ESA group.

3.4.2 | Cardiovascular events

The incidence of MACE was similar in patients treated
with daprodustat (2.58 per 100 patient-years) and an ESA
(2.70 per 100 patient-years) (Table 5). The RR for MACE
in the daprodustat versus ESA groups was 0.86 (95% CI:
0.29, 2.52) (Figure S2). The most common MACE was
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stroke, which was reported with a similar incidence in
the daprodustat and ESA groups (Table 5).

The incidence of cardiac failure events was nominally
lower in the daprodustat group than the ESA group, 1.94
per 100 patient-years and 3.87 per 100 patient-years,
respectively. The RR for cardiac failure in the
daprodustat versus ESA groups was 0.2 (95% CI: 0.04,
0.91) (Figure S2). The most common cardiac failure event
in the overall pooled population was congestive heart
failure in both the daprodustat and ESA groups (Table 5).

3.4.3 | Retinal events

The incidence of retinal AEs was similar between the
daprodustat group and the ESA group (6.91 per 100 patient-
years and 7.46 per 100 patient-years in the daprodustat and
ESA groups, respectively) (Table 6). The RR of an on-therapy
retinal event was 0.84 (95% CI: 0.44, 1.6) for daprodustat ver-
sus ESA (Figure S2). The common on-therapy retinal events
in the overall pooled population were retinal hemorrhage
(2.90 and 3.49 per 100 patient-years in the daprodustat and
ESA groups, respectively); macular edema (1.92 and 2.32 per
100 patient-years in the daprodustat and ESA groups,

respectively); and diabetic retinopathy (1.29 and 0.77 per
100 patient-years in the daprodustat and ESA groups, respec-
tively) (Table 6). When patients were stratified by the pres-
ence of ocular disease at baseline, patients in the daprodustat
group who had ocular disease at baseline had a similar inci-
dence of on-therapy retinal events (7.05 per 100 patient-
years) as patients with no ocular disease at baseline (6.84 per
100 patient-years) (Table 7).

Based on ophthalmic examination using the Ophthalmo-
logic Exam Assessment Worksheets, 47 (13%) of the
369 patients in the daprodustat group and 32 of 280 (11%)
patients in the ESA group who had a response to any ques-
tion on the worksheet had an abnormal finding (Table S6).
For the daprodustat group, an abnormal finding was reported
for any question on the worksheet in 29 of 253 (11%) patients
with no ocular disease at baseline and 18 of 114 (16%)
patients with ocular disease at baseline (Table S7).

3.4.4 | Cancer-related mortality and tumor
progression and recurrence

In the overall pooled population, the incidence per
100 patient-years of cancer-related events was 1.28 in the

TABLE 4 Incidence of on-therapy thromboembolic events by disease-related thrombus/infarction/occlusion at baseline

MedDRA preferred terma

History of disease-related thrombus/
infarction/occlusion at baseline:b yes

History of disease-related thrombus/
infarction/occlusion at baseline:b no

Daprodustat
(N = 87)

ESA control
(N = 63)

Daprodustat
(N = 282)

ESA
control (N = 222)

n (%) Ratec n (%) Ratec n (%) Ratec n (%) Ratec

Any event 4 (5) 5.45 6 (10) 11.48 13 (5) 5.59 10 (5) 4.94

Shunt occlusion 0 – 1 (2) 1.86 4 (1) 1.69 5 (2) 2.44

Shunt thrombosis 1 (1) 1.35 0 – 1 (<1) 0.42 1 (<1) 0.48

Transient ischemic attack 0 – 2 (3) 3.78 2 (<1) 0.84 1 (<1) 0.48

Cerebral infarction 1 (1) 1.35 1 (2) 1.87 1 (<1) 0.42 1 (<1) 0.48

Deep vein thrombosis 0 – 0 – 2 (<1) 0.84 0 –

Peripheral arterial occlusive disease 0 – 1 (2) 1.86 1 (<1) 0.42 0 –

Peripheral artery occlusion 0 – 0 – 0 – 1 (<1) 0.48

Venous occlusion 0 – 0 – 1 (<1) 0.42 0 –

Retinal artery occlusion 0 – 0 – 0 – 1 (<1) 0.48

Retinal vein occlusion 1 (1) 1.33 1 (2) 1.86 1 (<1) 0.42 0 –

Pulmonary embolism 0 – 0 – 1 (<1) 0.42 0 –

Myocardial infarction 1 (1) 1.33 0 – 0 – 0 –

Note: Bold values indicate the parent categories.
Abbreviations: ESA, erythropoiesis-stimulating agent; MedDRA, Medical Dictionary for Regulatory Activities.
aThromboembolic events were identified based on Standardized MedDRA Query “Embolic and Thrombotic events_narrow.”
bDisease related to thrombus/infarction/occlusion: Myocardial infarction, stroke, transient ischemic attack, catheter thrombosis, arteriovenous graft
thrombosis, arteriovenous fistula thrombosis, or retinal vein occlusion.
cNumber of patients with adverse events per 100 patient-years.
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TABLE 7 Incidence of on-therapy retinal events by history of ocular disease

MedDRA preferred termb

Ocular diseases at baseline:yesa Ocular diseases at baseline:noa

Daprodustat
(N = 115)

ESA
control (N = 85)

Daprodustat
(N = 254)

ESA
control (N = 200)

n (%) Ratec n (%) Ratec n (%) Ratec n (%) Ratec

Any event 7 (6) 7.05 9 (11) 12.54 14 (6) 6.84 10 (5) 5.47

Macular edema 3 (3) 2.95 5 (6) 6.80 3 (1) 1.42 1 (<1) 0.54

Retinal hemorrhage 2 (2) 1.98 4 (5) 5.40 7 (3) 3.34 5 (3) 2.72

Diabetic retinopathy 3 (3) 2.98 1 (1) 1.31 1 (<1) 0.48 1 (<1) 0.54

Retinal artery occlusion 0 – 1 (1) 1.32 0 – 0 –

Retinal cyst 0 – 1 (1) 1.32 0 – 0 –

Retinal drusen 0 – 1 (1) 1.31 0 – 0 –

Retinal vein occlusion 1 (<1) 0.98 0 – 1 (<1) 0.47 1 (<1) 0.54

Vitreous floaters 0 – 0 – 3 (1) 1.44 0 –

Retinal exudates 0 – 0 – 2 (<1) 0.95 0 –

Dry age–related macular degeneration 0 – 0 – 1 (<1) 0.48 0 –

Neovascular age–related macular degeneration 0 – 0 – 1 (<1) 0.47 0 –

Retinal disorder 0 – 0 – 1 (<1) 0.47 0 –

Retinal tear 0 – 0 – 0 – 1 (<1) 0.54

Serous retinal detachment 0 – 0 – 1 (<1) 0.47 0 –

Visual field tests abnormal 0 – 0 – 0 – 1 (<1) 0.54

Note: Bold values indicate the parent categories.
Abbreviations: ESA, erythropoiesis-stimulating agent; HD, hemodialysis; MedDRA, Medical Dictionary for Regulatory Activities; ND, nondialysis; PD,
peritoneal dialysis; SMQ, Standardized MedDRA Query.
aOcular diseases: age-related macular degeneration, retinal vein occlusion, macular edema, or diabetic retinopathy.
bRetinal events were identified based on SMQ “Retinal disorders_narrow.”
cNumber of patients with adverse events per 100 patient-years.

TABLE 8 Cancer-related mortality and tumor progression and recurrence

MedDRA preferred
terma

All ND HD PD

Daprodustat
(N = 369)

ESA
(N = 285)

Daprodustat
(N = 149)

ESA
(N = 150)

Daprodustat
(N = 164)

ESA
(N = 135)

Daprodustat
(N = 56)

n (%) Rateb n (%) Rateb n (%) Rateb n (%) Rateb n (%) Rateb n (%) Rateb n (%) Rateb

Any Event 4 (1) 1.28 4 (1) 1.53 3 (2) 2.34 3 (2) 2.26 0 – 1 (<1) 0.78 1 (2) 2.10

Lung neoplasm
malignant

1 (<1) 0.32 1 (<1) 0.38 1 (<1) 0.78 1 (<1) 0.75 0 – 0 – 0 –

Breast cancer 1 (<1) 0.32 0 – 1 (<1) 0.78 0 – 0 – 0 – 0 –

Clear cell renal cell
carcinoma

1 (<1) 0.32 0 – 0 – 0 – 0 – 0 – 1 (2) 2.10

Metastases to skin 0 – 1 (<1) 0.38 0 – 1 (<1) 0.75 0 – 0 – 0 –

Ovarian cancer 1 (<1) 0.32 0 – 1 (<1) 0.78 0 – 0 – 0 – 0 –

Pancreatic carcinoma 0 – 1 (<1) 0.38 0 – 0 – 0 – 1 (<1) 0.78 0 –

Rectal cancer 0 – 1 (<1) 0.38 0 – 1 (<1) 0.75 0 – 0 – 0 –

Renal cancer 0 – 1 (<1) 0.38 0 – 1 (<1) 0.75 0 – 0 – 0 –

Note: Bold values indicate the parent categories.
Abbreviations: ESA, erythropoiesis-stimulating agent; HD, hemodialysis; MedDRA, Medical Dictionary for Regulatory Activities; ND, nondialysis; PD,
peritoneal dialysis.
aMedDRA/J ver. 21.1.
bNumber of patients with adverse events per 100 patient-years.
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daprodustat group and 1.53 in the ESA group (Table 8).
The RR for cancer-related events in the daprodustat ver-
sus ESA groups was 0.75 (95% CI: 0.17, 3.32) (Figure S2).
No cancer-related AEs were reported in more than
1 patient in any treatment group or patient population
(ND, HD, PD) per MedDRA preferred term, and there
were no trends identified in the types or locations of can-
cer (Table 8).

4 | DISCUSSION

In this post hoc pooled analysis of Japanese phase 3 trials,
daprodustat was generally well tolerated in patients with
anemia of CKD undergoing HD, PD, or ND, and the AE
profile was comparable for daprodustat and injectable
ESA. No new safety signals were identified, and the
safety profile for daprodustat was similar to previous
international phase 2 studies and consistent with AEs
typical in a CKD patient population.24,25

Our study showed a similar incidence of thromboem-
bolic events between the pooled daprodustat and inject-
able ESA groups, with similar incidence regardless of
baseline history of disease-related thrombus, infarction,
or occlusion in the daprodustat group. Although the
cause of increased thromboembolic risk observed with
ESA treatment has not been elucidated, a rapid increase
in Hgb (>2.0 g/dl/4 weeks) and iron deficiency have been
proposed as contributing factors.26,27 In terms of these
potential risks, the ESA-naïve patients in the ND and HD
groups in our study both had mean Hgb increases of
0.8 g/dl at 4 weeks; only one patient had a hemoglobin
increase >2.0 g/dl after 4 weeks.19,21 In addition, inclu-
sion criteria included transferrin saturation >20% or fer-
ritin >100 ng/ml at screening, and iron supplementation
was provided when indicated. The Japanese phase 3 stud-
ies in our pooled analysis were designed to minimize
thromboembolic risks, resulting in a low number of
events in both the daprodustat and ESA groups; however,
they did not include placebo comparators. Recently, the
FDA Advisory Committee on Cardiovascular and Renal
Drugs recently found that roxadustat posed a higher risk
of thromboembolism versus placebo in both ND and HD
patients;28 however, roxadustat has been approved by the
EMA.18

Data on CV safety with HIF-PHIs is limited, with
inconsistent results for different HIF-PHIs. A recent
pooled analysis of global CV outcome trials of roxadustat
for the treatment of anemia in dialysis-dependent and
nondialysis CKD patients found a comparable risk of
MACE and MACE+ (composite of MACE plus unstable
angina or congestive heart failure requiring hospitaliza-
tion) in patients treated with roxadustat versus epoetin

alpha and placebo, respectively.29 Two recent global CV
outcomes trials of vadadustat demonstrated nonin-
feriority to darbepoetin alpha regarding risk of MACE in
dialysis-dependent but not in nondialysis CKD
patients.15,16 Although we did not adjudicate MACE in
the studies in our pooled analysis, the incidence of MACE
was similar between the daprodustat and ESA groups,
but it should be noted that the reported number of MACE
events overall were very few. Moreover, the studies
included in our pooled analysis had short treatment
periods (<1 year) and enrolled a relatively small number
of patients. In addition, these studies were conducted in
Japan, which has a lower overall incidence of MACE
compared to the United States and European coun-
tries.19–21,23 Two recently completed large CV outcome
trials, ASCEND-D and ASCEND-ND, have demonstrated
that daprodustat posed no increased risk of MACE when
compared with ESA.11,12

Retinal AEs also represent a potential risk for patients
treated with HIF-PHIs due to the role of HIF in regulating
VEGF.30 Increases in local VEGF production have been
linked to the retinal neovascularization observed in dia-
betic proliferative retinopathy, and anti-VEGF agents are
effective treatments for diabetic retinopathy.30,31 VEGF
has also been implicated in the choroidal leakage, edema,
and neovascularization seen in age-related macular degen-
eration.32 Conversely, animal studies have shown that
PHD inhibition and HIF-1α upregulation may actually
serve to prevent oxygen-induced retinopathy.33

In a Japanese phase 2 study, Akizawa et al found that
patients treated with 4–10 mg daprodustat once daily had
no changes in circulating VEGF levels.34 In our pooled
analysis, the overall frequency of retinal AEs in the
daprodustat group was similar to the ESA group. Because
our phase 3 trials included patients with retinal vascular
disorders, we were able to evaluate whether treatment
with daprodustat aggravated symptoms in patients with
pre-existing ocular diseases such as age-related macular
degeneration, retinal vein occlusion, macular edema, and
diabetic retinopathy, compared to patients without ocular
disease. Post hoc analysis showed that there was no dif-
ference in the frequency of retinal events in patients with
or without ocular disease at baseline for the daprodustat-
treated group. This finding suggests that treatment with
daprodustat for up to 1 year poses a low risk of retinal
events, but further research is needed to understand fully
the risk of retinal diseases associated with HIF-PHI–
targeted therapies.

HIF-PHIs also carry a potential risk of cancer-related
mortality, and tumor progression or recurrence as a
result of HIF-induced upregulation of VEGF, which is a
key mediator in tumor angiogenesis.30 Elevated expres-
sion of both HIF-1α and HIF-2α has been associated with
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poor prognosis in a broad range of human cancers.35 In
addition, HIF-2α has been identified as a key driver of
renal cell carcinoma progression, and HIF-2α inhibitors
for renal cell carcinoma are under development.36 Inacti-
vation of the von Hippel–Lindau (VHL) tumor suppres-
sor gene in VHL diseases, which are characterized by
frequent development of benign and malignant tumors,
including clear cell renal cell carcinoma is also associated
with aberrant stabilization of HIF-1α and HIF-2α.37

Somatic biallelic inactivation of VHL also occurs in most
sporadic clear cell renal cell carcinomas.37 Thus, a poten-
tial risk of tumorigenesis by HIF-PHIs is based on consid-
erations of HIF-related biology.

Our analyses revealed that the incidence of cancer-
related AEs was similar between the daprodustat group
(1.28 per 100 patient-years) and the ESA control group
(1.53 per 100 patient-years), and that there was no pattern
linked to the types or location of cancer in either treat-
ment group. These results are consistent with the finding
of Akizawa et al that serum VEGF levels did not increase
in HD patients treated within the clinically approved dose
range of daprodustat.34 In addition, no daprodustat
treatment-related neoplastic findings were observed in
2-year rat (daprodustat alone) or mouse (oral daprodustat
in combination with subcutaneous administration of the
3 major circulating human metabolites) carcinogenicity
studies.38 These findings are also consistent with previous
in vitro human research on Chuvash polycythemia, which
showed that VHL inactivation alone is not sufficient for
spontaneous tumorigenesis. In a mouse model, homozy-
gosity for the VHL R200W mutation induced the up-
regulation of HIF signaling, which resulted in polycythe-
mia but no increased risk of cancer.39,40

Overall, limitations of this study include a short
duration of 1 year and a small sample size. The trials in
this pooled analysis did not include exclusion criteria
related to eye disease. Therefore, patients with eye dis-
ease, regardless of activity and severity level, were eligi-
ble for enrollment in each clinical study. However,
baseline activity and severity of eye disease were not
evaluated in these studies. Further studies are needed to
address the impact of baseline eye disease activity and
severity on eye disease risk after daprodustat treatment.
The current dataset is not sufficient to definitively char-
acterize or refute the potential risk of malignancy posed
by treatment with daprodustat. In addition, patients
with a history of malignancy within 2 years of screen-
ing, or who were currently receiving treatment for can-
cer or complex kidney cysts, were excluded. We were
also unable to conclusively evaluate CV AEs. Post-
marketing surveillance is ongoing to evaluate the over-
all safety risk of daprodustat in routine clinical practice
in Japan.

5 | CONCLUSION

The safety profile of daprodustat in patients undergoing
HD, PD, or ND was comparable to injectable ESA in a
pooled analysis of three Japanese phase 3 studies, and no
new safety signals were identified. Further large-scale
research is needed to evaluate long-term risk, including
CV events and malignancy.
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