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Abstract

Aims Hypoxia-inducible factor-prolyl hydroxylase (HIF-PH) inhibitors have been developed for the treatment of renal anae-
mia; however, no study has evaluated the safety and efficacy of HIF-PH inhibitors in patients with heart failure (HF). This study
was designed to evaluate the safety and efficacy of daprodustat, a HIF-PH inhibitor, in patients with HF and renal anaemia.
Methods and results We designed a pilot, multi-centre, open-label, randomized controlled study, in which 50 patients with
HF complicated with chronic kidney disease and anaemia will be randomized 1:1 to either the daprodustat or control group at
seven sites in Japan. Study entry requires New York Heart Association Class II HF symptoms or a history of hospitalization due
to HF, an estimated glomerular filtration rate of <60 mL/min/1.73 m2, and a haemoglobin level of 7.5 to <11.0 g/dl. Patients
randomized to the daprodustat group will be treated with oral daprodustat, and the dose will be uptitrated according to the
changes in the haemoglobin level from previous visits. In this study, we will evaluate the impact of HIF-PH inhibitors on cardiac
function using advanced cardiovascular imaging modalities, including cardiac magnetic resonance imaging. The primary out-
come is the haemoglobin level at 16 weeks of randomization, and all adverse events will be recorded and evaluated for
any association with daprodustat treatment.
Conclusion Considering the hypothetical upside and downside of using HIF-PH inhibitors in anaemic patients with HF and
chronic kidney disease, and because there are virtually no safe and effective treatments for patients with anaemia not caused
by iron deficiency, our study results will contribute significantly to this field.
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Introduction

The number of patients with heart failure (HF) is increasing
worldwide, and it is an important global health issue. Anae-
mia is a major co-morbidity in patients with HF.1 Previous
studies have shown that anaemia is present in 35% of pa-
tients with HF and is associated with a poor prognosis in both
acute and chronic HF.2,3 The pathophysiology of anaemia in

HF is multifactorial, but one of the major causes is renal anae-
mia, which results due to a relative decrease in erythropoie-
tin (EPO) production. Previous studies have shown that renal
failure is a common co-morbidity in patients with HF, and the
mortality rate is higher in patients with coexisting anaemia
and renal failure.4 Erythropoiesis-stimulating agents (ESAs)
are widely used for the treatment of renal anaemia and their
efficacy has been well proven; however, previous studies
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have demonstrated no clinical benefits.5,6 Therefore, there is
practically no approved treatment for patients with HF and
anaemia that is not attributable to an iron deficiency.

Recently, hypoxia-inducible factors (HIFs) have been identi-
fied as key peptides involved in the regulation of EPO synthe-
sis in the kidney.7 Under the hypoxic condition, mainly HIF-2α
subunit is activated and subsequently contributes to increas-
ing EPO production.8 However, under conditions of sufficient
oxygen, the newly translated HIF-1α protein from the mRNA
undergoes hydroxylation at the proline residues, which re-
sults in hydroxylated-proline residue-dependent ubiquitina-
tion by the von-Hippel Lindau system and transport to the
proteasome, the intracellular protein destruction machinery,
for degradation. In this context, HIF-prolyl hydroxylase (HIF-
PH) inhibitors have been developed for the treatment of re-
nal anaemia. HIF-PH inhibitors block the activity of PH, which
degrades HIF alpha (HIFα) and consequently stimulates the
synthesis of endogenous EPO. Moreover, HIF-PH inhibitors
have been demonstrated to increase iron availability by di-
rectly increasing mobilization and absorption and indirectly
decreasing serum hepcidin levels in patients with chronic
kidney disease (CKD).9,10 In patients with HF, abnormally in-
creased hepcidin production may cause impaired iron utiliza-
tion, leading to anaemia even though not all studies support
this hypothesis11 From this perspective, HIF-PH inhibitors
may be an ideal and effective therapeutic option for patients
with HF. Moreover, some additional favourable cardiovascu-
lar effects of HIF-PH inhibitors have been reported.8,12–14

However, as anaemia in patients with HF is multifactorial

and is not caused by renal dysfunction alone, it is unclear
whether HIF-PH inhibitors are as effective and safe in patients
with HF as in patients without HF. Therefore, we designed
and initiated a pilot study aimed at evaluating the efficacy
and safety of daprodustat, a HIF-PH inhibitor, in patients with
HF and renal anaemia.

Study design

Study participants

Patients who meet all the following inclusion criteria and do
not meet any of the exclusion criteria will be enrolled in the
study; these criteria are presented in Table 1. Patients with
HF with New York Heart Association (NYHA) class II symptoms
or a history of HF hospitalization, anaemia, and renal impair-
ment will be included. We will exclude patients with NYHA
class III/IV and those on or expected to be on haemodialysis
or peritoneal dialysis within 6 months. In addition, those
who have been treated with an ESA or have a history of ac-
tive cancer or thromboembolic events will also be excluded.

Randomization and blinding

Eligible patients who agree to be enrolled in this study will be
randomized using a web-based randomization system
constructed by an independent third party, Mebix, Inc., in

Table 1 Inclusion and exclusion criteria

Inclusion criteria
1. Symptomatic NYHA class II heart failure or a history of hospitalization due to heart failure
2. Aged 20–90 years at the time of consent to participate
3. eGFR of 〈60 ml/min/1.73 m2 at screening
4. Patients without atrial fibrillation at screening: BNP > 100 pg/ml or NT-proBNP >600 pg/ml; Patients with atrial fibrillation at

screening: BNP > 150 pg/ml or NT-proBNP >900 pg/ml
5. Haemoglobin level of ≥7.5 and <11 g/dl at screening
6. Ferritin level of ≥100 ng/ml and TSAT ≥20% at screening
7. Folic acid and vitamin B12 levels above the lower limit of normal at screening
8. Provided written consent to participate in the study

Exclusion criteria
1. Severe heart failure (NYHA class III/IV)
2. Haemodialysis or peritoneal dialysis at the time of consent, or scheduled within 6 months
3. Treated with an ESA within 5 weeks before enrolment
4. Red blood cell transfusion within 12 weeks before enrolment, or expected to occur during the study period
5. A history of treatment with HIF-PH inhibitors
6. Anaemia due to reasons other than chronic kidney disease and current bleeding or bleeding within 3 months
7. A history of sickle cell disease, myelodysplastic syndromes, myelofibrosis, haematologic tumours, myeloma, haemolytic anaemia,

thalassaemia, or locus coeruleus tumour
8. History of pulmonary hypertension or polycystic kidney disease
9. Presence of a malignant tumour noted within 2 years, except for treated basal cell carcinoma of the skin, squamous cell carcinoma

cured by resection, and intraepithelial carcinoma of the cervix
10. History of acute myocardial infarction, cerebral infarction, deep vein thrombosis, or pulmonary thromboembolism within 48 weeks

before enrolment
11. Judged by the principal investigator to be inappropriate as a research subject

Abbreviations: BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; HIF-PH,
hypoxia-inducible factor-prolyl hydroxylase; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-brain natriuretic peptide;
TSAT, transferrin saturation
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an open-label fashion. Minimization randomization using
baseline haemoglobin as an adjustment variable will be
applied to ensure balance groups for baseline haemoglobin.
Although no concealment will be performed for the study
procedure, investigators who perform analysis of cardiovas-
cular imaging (i.e. echocardiography and cardiac magnetic
resonance imaging) in core laboratories are blinded for ran-
domization until they finalize their analysis.

Study visits and follow-up

Patients will be screened at their hospital visit and included
after informed consent is obtained (Figure 1). Patients will
be randomized in a 1:1 ratio to either the daprodustat or
control group via a web-based randomization system (Day
0). After randomization, patients will complete regular visits
at 2 weeks (Visit 1), 4 weeks (Visit 2), 8 weeks (Visit 3),
12 weeks (Visit 4), and 16 weeks (Visit 5). Participants ran-
domized to the daprodustat group will undergo automatic

dose adjustments based on a prespecified dose-adjustment
algorithm (Table S1). The detailed schedules and evaluation
items are presented in Table S2. At these visits, efficacy
endpoints and adverse events will be assessed, as along with
patient symptoms and laboratory data. Additionally, echocar-
diography, electrocardiography, and Kansas City Cardiomyop-
athy Questionnaire total symptom score will be evaluated at
Visit 5.

Primary and secondary outcomes

The primary endpoint of this study is the haemoglobin level
at 16 weeks after randomization. The secondary endpoints,
evaluated at 16 weeks after randomization, are listed in
Table 2. For the analysis of the primary endpoint, the differ-
ence in haemoglobin levels between the two groups after
16 weeks of randomization will be tested by an analysis of co-
variance using the baseline haemoglobin level as a covariate.

Figure 1 Study flowchart. Hb, haemoglobin; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire total symptom score.

Table 2 Primary and secondary outcomes

Primary outcome
• Haemoglobin level at 16 weeks after randomization

Secondary outcomes
The following items at 16 weeks after randomization:

• Red blood cell transfusion status
• Number of patients with an increase of at least 5 points on the KCCQ-TSS relative to baseline
• Blood tests: NT-proBNP, high-sensitivity troponin T, serum iron, transferrin, total iron binding capacity, transferrin saturation, ferritin,
hepcidin, high-sensitivity C-reactive protein, total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, TNF-α, IL-1β, and VEGF
(plasma), and angiopoietin

• Echocardiography: left and right ventricular function analysis, performed in the following cross sections, using M-mode, colour
Doppler, tissue Doppler, and strain analysis

• Cardiac MRI: left and right heart function, including strain analysis on cine MRI, native T1 abnormality, and extracellular volume
fraction on T1 mapping

Abbreviations: HDL, high density lipoprotein; IL-1β, interleukin 1 beta; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire total symp-
tom score; LDL, low density lipoprotein; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-brain natriuretic peptide; TNF-α,
tumour necrosis factor alpha; VEGF, vascular endothelial growth factor.
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This analysis will follow the intention-to-treat principle, and
patients will be randomly assigned to treatment groups.

Safety assessment

During the study, all safety information is recorded and col-
lected for adverse events, including liver injury, gastrointesti-
nal disorders, and thrombosis, as well as serious adverse
events such as all-cause mortality, fatal events, and adverse
conditions requiring hospitalization or prolonged hospitaliza-
tion, regardless of whether they are related to the investiga-
tional drug or protocol. When an adverse event is identified
by the investigator, its severity and grade, the procedure per-
formed, the outcome, and its relevance to the investigational
drug are recorded and evaluated. The investigator will
promptly report the occurrence of the adverse event to
the study coordinators, who will immediately contact the
principal investigator. The principal investigator will report
to the authorized clinical research review committee within
15 days.

Sample size calculations

In a previous study, haemoglobin levels in patients with
baseline levels of 7.5–11 g/dl increased after 4 weeks of
daprodustat treatment by 0.47 ± 0.15 g/dl in the 2 mg
daprodustat group and 1.07 ± 0.15 g/dl in the 5 mg
daprodustat group.15 As daprodustat is primarily adjusted to
achieve a haemoglobin level of 11.5–12.5 g/dl, we estimated
the post-treatment difference between the two groups to be
0.75 g/dl at 16 weeks. Among patients enrolled in the JEDI-
AHF, a retrospective registry database of patients with HF re-
quiring hospitalization at the Juntendo University
Department of Cardiology,16 haemoglobin levels were mea-
sured at two time points, with a time interval of 16 ± 2 weeks
in 31 patients with HF who met the inclusion criteria of this
study were evaluated. The standard deviations of the
haemoglobin levels of the first and second measurements
were 0.78 and 0.95 g/dl, respectively, and the correlation
coefficient of these two measurements was 0.54. Conserva-
tively setting the standard deviation and correlation coeffi-
cient to 1.0 g/dl and 0.5, respectively, we calculated a sample
size of 44 patients for an analysis of covariance, using the
baseline haemoglobin value as a covariate, with a power of
80% and a two-sided significance level of 5%. Considering a
10% drop-out rate, the final sample size was defined as 50
patients in total.

Ethics and dissemination

This is a multicentre, open-label, randomized controlled trial
designed to evaluate the clinical benefits and safety of

daprodustat in patients with chronic HF and renal anaemia.
The study has been registered at the jRCT (registration no.
jRCT1051210196) and will be conducted in accordance with
the Declaration of Helsinki and the International Conference
on Harmonisation Good Clinical Practice guidelines. The eth-
ical and safety aspects of the study plan and protocol, and in-
formed consent process have been approved by the certified
review board of Kobe City Medical Center General Hospital
(No. tk2199) on February 9 and seven participating university
and community hospitals in Japan, in advance of the study
commencement. All participants will provide written in-
formed consent before being enrolled in the study. This study
is self-funded and does not use any funds from any particular
company. The study will be monitored by an independent
data safety monitoring committee.

Patient and public involvement statement

It was not feasible or appropriate to involve patients or
members of the public in the design, planning, or conduct
of the planned research.

Discussion

Anaemia is independently associated with increased mortal-
ity and hospitalization in patients with both HF and reduced
and preserved ejection fraction,17,18 and the coexistence of
CKD has been observed to increase mortality by 1.5-fold.19

ESAs have been recommended to treat anaemia in patients
with CKD; however, the optimal treatment for anaemia in pa-
tients with HF and CKD has yet to be determined, considering
the findings of previous studies that examined the clinical
implication of ESAs on anaemia in patients with HF.

The RED-HF trial was a double-blind placebo-controlled
trial that randomized 2,278 patients with NYHA class II to IV
HF, left ventricular ejection fraction of ≤40%, and mild to
moderate anaemia (haemoglobin, 9.0–12.0 g/dl) receiving
guideline-recommended HF therapy to receive either
darbepoetin alfa (to achieve a haemoglobin target of 13 g/
dl) or placebo.66 This study was not confined to those with
CKD, and more than half of the patients had an estimated
glomerular filtration rate of <60 ml/min/1.73 m2. After a me-
dian follow-up of 28 months, darbepoetin did not affect the
primary composite outcome of death resulting from any
cause or hospitalization for worsening HF, and significantly,
more thromboembolic adverse events were observed in the
darbepoetin group than in the placebo group. Moreover,
treatment with darbepoetin alfa was associated with a signif-
icantly higher incidence of ischaemic stroke and embolic/
thrombotic events than that with the placebo. Based on
these findings, the American College of Cardiology Founda-
tion/American Heart Association guidelines provided Class
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III recommendations and the European Society of Cardiology
clearly stated that treatment with an ESA is not recom-
mended for anaemia in patients with HF. Likewise, the Japa-
nese Circulation Society guidelines recommend only red
blood cell transfusion with class IIb recommendations, while
oral iron supplementation and ESAs are classified as class III
for the treatment of anaemia in patients with HF.20 Neverthe-
less, the use of an ESA is commonly accepted in the treat-
ment of anaemic HF with concomitant CKD, as there are no
other treatment options, particularly in patients without an
iron metabolism disorder.

Recently, HIFs have been identified as key peptides in-
volved in the regulation of EPO synthesis in the kidney.7 HIF
activation leads to improved anaemia through EPO produc-
tion, as well as improved iron uptake and utilization; how-
ever, it is rapidly degraded by HIF-PH under normal oxygen
conditions. Novel and orally active HIF-PH inhibitors that
stabilize HIF and increase its activity by preventing its
degradation have recently been developed. Their efficacy
has already been tested in several randomized, double-blind,
placebo-controlled studies, demonstrating improvements in
anaemia in patients with non–end-stage and end-stage renal
diseases. However, their safety and efficacy have not been
evaluated in patients with HF.

From a mechanistic point of view, there is a rationale for
hypothesizing HIF-PH inhibitors as an optimal treatment for
anaemia in patients with HF concomitant with CKD. First,
HIF-PH inhibitors can increase haemoglobin levels, with rela-
tively low levels of EPO.21 The required circulating EPO level
to increase the haemoglobin level is significantly higher in pa-
tients with CKD than in patients without CKD because of the
shortened red cell survival in CKD, necessitating a high-dose
ESA.22 Furthermore, given that HF is associated with chronic
inflammatory status, which is strongly associated with ESA
hyporesponsiveness,23 patients with HF and concomitant
with CKD may require a much higher dose of ESA to achieve
a circulating EPO level high enough to subsequently increase
the haemoglobin level compared with that in patients with
CKD alone. However, several observational studies have
revealed that high-dose ESA is associated with increased
mortality in patients with CKD.24–27 For instance, a
sub-analysis of the Correction of Haemoglobin and Outcomes
in Renal Insufficiency (CHOIR) trial that included non-dialysis
patients with CKD demonstrated that a high dose of epoetin
alpha, not the haemoglobin level, was correlated with the
risk of adverse events, including HF.27 Furthermore, higher
EPO levels are associated with a poor prognosis in patients
with HF.28 In contrast, HIF-PH inhibitors are able to increase
haemoglobin levels with a much lower level of circulating
EPO than that with ESAs,21 independent of baseline inflam-
matory status.8

Second, HIF-PH inhibitors improve iron metabolism with-
out increasing adverse events.29 One of the important
mechanisms contributing to anaemia in patients with HF

and CKD is functional iron deficiency, which may be medi-
ated by increased hepcidin production in the liver,
preventing the release of iron from macrophages to circu-
lating transferrin and inhibiting intestinal iron absorption.11

As HIF-PH inhibitors decrease hepcidin levels in patients
with anaemia and CKD,29–31 it is highly likely that HIF-PH
inhibitors can improve iron uptake even in patients with
HF, independent of its effect on EPO production, and con-
tribute to efficient anaemia correction. This implies that al-
though high-dose oral iron administration alone has no clin-
ical benefit in patients with HF,32 its co-administration with
HIF-PH inhibitors may be an option to improve iron defi-
ciency in this population. In a phase II clinical trial of
roxadustat, patients who were supplemented with oral
and intravenous iron had similar response rates to these
two treatments (in contrast to what has been previously
described in studies on ESAs), whereas patients receiving
intravenous iron typically had better responses.9 Moreover,
as HIF-PH inhibitors can be administered orally and offer
more physiological treatments for functional iron deficiency
than exogenous intravenous iron supplementation, they can
be a preferable treatment for patients with HF. Moreover,
this is advantageous considering that the intravenous ad-
ministration of iron may be associated with some adverse
events.

Lastly, HIF-PH inhibitors may improve cardiac function in-
dependent of EPO production or iron metabolism regula-
tion. Hypoxia is a major component of ischaemic disease.
Moreover, HIF is induced to a variable extent in ischaemic
tissues and activates a range of responses that protect cells
from hypoxic damage and promote re-oxygenation and
repair,33,34 which may contribute to the improvement of car-
diovascular function. Previous studies have demonstrated
additional beneficial effects independent of EPO production
or iron metabolism regulation, such as the ability to allevi-
ate ischaemic injury and improve heart function, vascular
pathology, and diabetic nephropathy.8,13,14 In addition, we
previously demonstrated that HIF inhibition leads to a tran-
sition from cardiac hypertrophy to HF.12 Thus, stabilizing HIF
may directly improve cardiac function and, subsequently, HF
status.

However, there are some concerns regarding the clinical
application of HIF-PH inhibitors to treat anaemia in patients
with HF. For instance, it has been observed that chronic
inflammation, which is a pathophysiological background in
HF, directly reduces EPO production and erythropoiesis in
the bone marrow, which may reduce the impact of
HIF-PH inhibitors on haemoglobin levels.35 In addition, the
overexpression of either HIF-1α or HIF-2α may be
associated with the development of cardiomyopathy.36–38

In this study, we will evaluate the impact of HIF-PH inhibi-
tors on cardiac function using advanced cardiovascular im-
aging modalities, including cardiac magnetic resonance
imaging.
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Considering the hypothetical upside and downside of
applying HIF-PH inhibitors to anaemic patients with HF and
CKD, we designed and initiated a pilot study intended to
evaluate the efficacy and safety of daprodustat in patients
with HF and renal anaemia. Because there are virtually no
safe and effective treatments for patients with anaemia not
caused by iron deficiency, our study results will contribute
significantly to this field.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Dose-adjustment algorithm of daprodustat.
Table S2. Items and schedule of observations and
examinations.
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