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A B S T R A C T

Background. Erythropoiesis-stimulating agents (ESAs) are
currently the mainstay of treatment for anaemia of chronic kid-
ney disease (CKD). Vadadustat is an investigational oral
hypoxia-inducible factor prolyl-hydroxylase inhibitor that stim-
ulates endogenous erythropoietin formation. The INNO2VATE
programme comprises two studies designed to evaluate the
safety and efficacy of vadadustat versus the ESA darbepoetin
alfa in ameliorating anaemia in patients with dialysis-
dependent CKD (DD-CKD). Here we describe the trial design
along with patient demographics and baseline characteristics.
Methods. Two Phase 3, open-label, sponsor-blind, active-
controlled trials enrolled adults with anaemia of CKD who re-
cently initiated dialysis and had limited ESA exposure (incident
DD-CKD trial) or were receiving maintenance dialysis with
ESA treatment (prevalent DD-CKD trial). Study periods in-
clude correction/conversion (Weeks 0–23), maintenance
(Weeks 24–52), long-term treatment (Weeks 53 to end of treat-
ment) and safety follow-up. The primary safety endpoint is the
time to the first major adverse cardiovascular event and the pri-
mary efficacy endpoint is the change in haemoglobin (baseline
to Weeks 24–36).
Results. A total of 369 and 3554 patients were randomized in
the incident DD-CKD and prevalent DD-CKD trials, respec-
tively. Demographics and baseline characteristics were similar

among patients in both trials and comparable to those typically
observed in DD-CKD.
Conclusions. The two INNO2VATE trials will provide impor-
tant information on the safety and efficacy of a novel approach
for anaemia management in a diverse DD-CKD population.
Demographics and baseline characteristics of enrolled patients
suggest that study results will be representative for a large
proportion of the DD-CKD population.
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I N T R O D U C T I O N

Anaemia is a common complication of chronic kidney disease
(CKD) that results primarily from a combination of insufficient
synthesis of erythropoietin (EPO) and EPO resistance [1, 2].
Haemodialysis itself is also associated with blood loss and dam-
age to red blood cells (RBCs) [3, 4]. Half of patients with CKD
Stage G4 and the vast majority of patients on dialysis have anae-
mia [5]. Anaemia of CKD results in diminished health-related
quality of life and is associated with an increased risk of CKD
progression [6, 7], cardiovascular disease (CVD) morbidity and
mortality [8–10].

Over the past three decades, recombinant human EPO and
its derivatives [collectively termed erythropoiesis-stimulating
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agents (ESAs)], together with iron supplementation, have been
the standard of care for treatment of anaemia of CKD [11].
Large randomized clinical trials testing haemoglobin (Hb) tar-
gets in the subnormal range compared with lower targets
[Normal Hematocrit Trial (NHCT) [12], Correction of
Hemoglobin and Outcomes in Renal Insufficiency (CHOIR)
[13]] or placebo [Trial to Reduce Cardiovascular Events with
Aranesp Therapy (TREAT) [14]] suggested an increased risk of
CVD events in patients with CKD targeted to higher Hb targets,
including those dependent and those not dependent on dialy-
sis. It is unclear whether this risk is related to higher Hb con-
centrations or to higher doses of ESAs used, although some
evidence favours the latter hypothesis [15–17]. Of note,
plasma concentrations of ESAs after intravenous (IV) injec-
tion, the most common form of administration, far exceed
the physiological range of circulating endogenously pro-
duced EPO, which could potentially contribute to adverse
events (AEs) in this patient population [18]. In view of the
high prevalence of anaemia of CKD and risks associated with
RBC transfusions and ESA therapy, there remains a need to
optimize anaemia management in patients with CKD.

Recent advances in understanding the role of the
hypoxia-inducible factor (HIF) pathway in regulating
the body’s adaptive response to hypoxia, including stimula-
tion of erythropoiesis [19, 20], have facilitated the
development of a novel therapeutic approach in the treat-
ment of anaemia. The transcription factor HIF-a is subject
to oxygen-dependent proteolysis, mediated by a family of
prolyl-hydroxylases [21]. HIF prolyl-hydroxylase inhibitors
(HIF-PHIs) are a class of agents designed to stabilize HIF-a,
thereby enhancing EPO transcription and resultant endoge-
nous EPO production in the kidneys and liver
(Supplementary data, Figure S1) [22–24].

Vadadustat is an orally administered HIF-PHI currently
in the late stages of clinical development for the treatment of
anaemia of CKD. In Phase 2 trials, vadadustat increased and
maintained Hb concentrations with minimal excursions in
patients with non-dialysis-dependent (NDD)- and dialysis-
dependent (DD)-CKD [25–27]. The vadadustat Phase 3
programme includes four efficacy and cardiovascular safety
outcome trials of vadadustat versus the ESA darbepoetin alfa.
The primary objective of these trials is to investigate the
safety and efficacy of vadadustat compared with darbepoetin
alfa for the treatment of anaemia in patients with DD-CKD
(INNO2VATE trials) or NDD-CKD (PRO2TECT trials).
In this report we describe the design and methodology of
the two Phase 3 INNO2VATE trials (NCT 02865850,
NCT02892149) and summarize demographic and baseline
characteristics of randomized patients; the PRO2TECT trials
will be reported on separately.

M A T E R I A L S A N D M E T H O D S

Study design

The INNO2VATE trials are Phase 3, randomized, open-
label, sponsor-blind, active-controlled trials designed to evalu-
ate the cardiovascular safety and haematological efficacy of
vadadustat versus darbepoetin alfa for the treatment of anaemia
in patients with DD-CKD. Efficacy and safety will be assessed
during and after the attainment of target range Hb concentra-
tions in patients who recently initiated dialysis and had limited
exposure to ESAs (incident DD-CKD trial) or after conversion
from ESA in patients on maintenance dialysis with prolonged
prior exposure to ESAs (prevalent DD-CKD trial). When first
registered in ClinicalTrials.gov, these studies were described as

KEY LEARNING POINTS

What is already known about this subject?

• Erythropoiesis-stimulating agents (ESAs), including recombinant human erythropoietin and its derivatives, are a main-
stay of treatment for anaemia of chronic kidney disease (CKD).

• Vadadustat is an investigational, oral hypoxia-inducible factor prolyl-hydroxylase inhibitor (HIF-PHI) that stimulates en-
dogenous erythropoietin formation and in Phase 2 trials raised and maintained haemoglobin concentrations in patients
with non-dialysis-dependent (NDD) and dialysis dependent (DD)- CKD.

What this study adds?

• The INNO2VATE trials are Phase 3, randomized, open-label, sponsor-blind, active-controlled trials designed to evaluate
the cardiovascular safety and haematological efficacy of vadadustat versus darbepoetin alfa for the long-term treatment of
anaemia in patients with DD-CKD.

• In this report we describe the design and methodology of the two Phase 3 INNO2VATE trials and summarize demo-
graphic and baseline characteristics of randomized patients.

• Importantly, the demographics and baseline characteristics of patients enrolled in the two studies are comparable to those
typically observed in patients with DD-CKD, suggesting the results of the INNO2VATE studies will be generalizable to a
large proportion of the DD-CKD population.

What impact may this have on practice or policy?

• The distinct mechanism of action of vadadustat and other HIF-PHIs may yield a different and potentially improved risk–
benefit profile relative to ESAs.
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“Correction/Conversion” and “Conversion” trials, respectively.
We now use the terms “incident DD-CKD” and “prevalent
DD-CKD” trials, respectively, to avoid confusion and better
represent the study population enrolled in these trials.

Following a screening period of up to 8 weeks, eligible
patients were randomized 1:1 to vadadustat or darbepoetin alfa,
stratified by geographic region (USA versus Europe versus
other regions), New York Heart Association Heart Failure
(NYHA HF) Class (0/I versus II/III) and Hb concentration at
entry (incident DD-CKD trial:<9.5 versus�9.5 g/dL; prevalent
DD-CKD trial:<10 versus�10 g/dL). Patients in both trials en-
tered four sequential study periods for treatment and evaluation
of safety and efficacy: a correction or conversion period (Weeks
0–23); (ii) a maintenance period (Weeks 24–52), comprising
both primary (Weeks 24–36) and secondary (Weeks 40–52) ef-
ficacy evaluation periods; a long-term treatment period (Weeks
53 to end of treatment); and a 4-week safety follow-up period
(Figure 1). The INNO2VATE trials use an event-driven design
and terminate when a prespecified number of major adverse
cardiovascular events (MACEs) accrue across both trials based
on power calculation (vide infra).

Study endpoints

The primary safety endpoint is time to first adjudicated
MACE, defined as the composite endpoint of all-cause mortal-
ity, non-fatal myocardial infarction (MI) or non-fatal stroke.
A key secondary endpoint is time to first expanded MACE, a
composite endpoint of MACE plus hospitalization for heart
failure, or thromboembolic event (excluding vascular access
failure).

The primary efficacy endpoint is a change in Hb between
baseline (mean pre-treatment Hb concentration) and the pri-
mary evaluation period (mean Hb concentration from Weeks
24 to 36). The key secondary efficacy endpoint is a change in
Hb between baseline and the secondary evaluation period
(mean Hb concentration from Weeks 40 to 52). Other efficacy

endpoints include the proportion of patients with Hb concen-
trations within the target range (10–11 g/dL in USA, 10–12 g/
dL in non-USA) during the primary evaluation period (Weeks
24–36), proportion of patients with Hb concentrations within
the target range during the secondary evaluation period (Weeks
40–52) and time to achieve stable Hb concentrations within the
target range. Safety and efficacy assessments involving changes
in Hb concentrations are based on measurements from a cen-
tral laboratory following protocol-specified blood draws.
Exploratory endpoints include changes in the biomarkers hep-
cidin and vascular endothelial growth factor (VEGF).

A listing of safety and efficacy endpoints is provided in
Table 1.

Eligibility

Eligibility criteria were chosen to maximize the generaliz-
ability of results to patients with anaemia of DD-CKD. Eligible
patients were adults (�18 years) with anaemia of DD-CKD,
with serum ferritin �100 ng/mL and transferrin saturation
(TSAT)�20%, who had not received a RBC transfusion within
8 weeks prior to randomization. For the incident DD-CKD
study, patients were required to have initiated maintenance di-
alysis (haemodialysis or peritoneal dialysis) within 16 weeks
prior to screening, with 8–11 g/dL. Initial eligibility criteria
specified Hb <10 g/dL, which was later amended to the current
range. Eligibility also included receipt of limited doses of ESAs.
Initial eligibility criteria excluded patients who had received
more than one dose of long acting ESA (darbepoetin alfa or
methoxy polyethelyene glycol epoetin beta), or two or more
doses of short-acting ESA within 8 weeks prior to screening,
later amended to up to two doses of long-acting and up to four
doses of short-acting ESA. A subsequent protocol amendment
removed the restriction on ESA use in the eight weeks prior and
during the initial to screening period. Patients were excluded if
they met the following criteria for ESA resistance within
8 weeks prior to screening: epoetin >7700 U/dose three times

FIGURE 1: Study design. After a screening period of up to 8 weeks, eligible patients were randomized 1:1 to vadadustat or darbepoetin alfa.
Patients in both trials entered four sequential study periods for treatment and evaluation of safety and efficacy: a correction or conversion pe-
riod (Weeks 0–23), a maintenance period (Weeks 24–52) comprising both a primary (Weeks 24–36) and secondary (Weeks 40–52) efficacy
evaluation period, a long-term treatment period (Weeks 53 to end of treatment) and a 4-week safety follow-up period. aStudy drug is titrated
to achieve target Hb levels (USA: 10–11 g/dL; non-USA: 10–12 g/dL).
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per week or darbepoetin alfa >23 000 U/week, or methoxy
polyethylene glycol-epoetin beta >100 lg every other week or
>200 lg every month.

For the prevalent DD-CKD study, patients were required to
have received maintenance dialysis for at least 12 weeks prior to
screening and to be currently receiving any form of ESA ther-
apy, with Hb 8–11 g/dL (USA) or 9–12 g/dL (non-USA).

In both studies, patients were excluded if their anaemia was
thought to be due to a cause(s) other than CKD, including ac-
tive or recent bleeding, or if they had uncontrolled hypertension
or had recent CVD events (e.g. MI; surgical or percutaneous in-
tervention for coronary, cerebrovascular or peripheral artery
disease; surgical or percutaneous valvular replacement or repair;
sustained ventricular tachycardia or stroke within 12 weeks
prior to or during screening). Eligibility criteria across the two
trials are presented in Table 2.

Dosing

Vadadustat was provided as 150 mg tablets during the study
and will be made available as 150, 300 and 450 mg upon regula-
tory approval. The starting dose for vadadustat was 300 mg
once daily (two 150 mg tablets), with doses of 150, 300, 450 and
600 mg daily available for dose titration during the study after
an initial 4-week fixed-dose period. Darbepoetin alfa was ad-
ministered subcutaneously or intravenously; the initial dose
was based on the prior dose for patients already on darbepoetin
alfa and based on the product label for those not on darbepoetin
alfa prior to randomization. Study drugs were titrated to achieve

target Hb concentrations (USA: 10–11 g/dL; non-USA: 10–
12 g/dL), which were derived from clinical practice guidelines,
regulatory agency discussions and darbepoetin alfa product la-
belling [28]. Dose adjustments were made based on protocol-
specified dose adjustment guideline algorithms, customized by
regional (USA and non-USA) considerations (Supplementary
data, Figure S2). Dose adjustments were based on Hb values
obtained via the HemoCue (HemoCue AB, Ängelholm,
Sweden) point-of-care device for expediency. Hb concentra-
tions were measured via HemoCue every 2 weeks from Weeks 0
to 12, every 4 weeks from Weeks 12 to 52 and on a flexible
monthly schedule from Week 53 to the end of the study.

Data collection

Study visits occurred at baseline and every 2 weeks through
Week 12, every 4 weeks from Weeks 13 to 52 and then every
12 weeks until the end of treatment. Safety parameters
[MACEs, TEAEs, vital signs, complete blood counts, RBC
transfusion and ‘rescue’ assessment (vide infra)], concomitant
medications and drug dispensing records were collected at ev-
ery study visit. Patients who permanently discontinued study
medication early or withdrew from the study prior to Week 52
continued with the schedule of activities and safety assessments
through Week 52 and were followed for safety-only assessments
after Week 52. Patients who stopped study medication after
Week 52 were followed for safety assessments for the remainder
of the study. A schedule of activities is provided in
Supplementary data, Table S1.

Table 1. Primary and key secondary safety and efficacy endpoints and selected endpoints of special interest

Primary safety endpoint Time to first MACE (all cause mortality, non-fatal MI, non-fatal stroke)
Key secondary

safety endpoints
Time to first expanded MACE: MACE plus hospitalization for HF or thromboembolic event, excluding vascular access

failure
Time to cardiovascular mortality, non-fatal MI or non-fatal stroke
Time to cardiovascular mortality
Time to all-cause mortality

Other safety
endpoints

Time to first individual components of MACE: non-fatal MI, non-fatal stroke
Time to non-cardiovascular mortality
Time to first individual component of expanded MACE: MACE plus thromboembolic event; MACE plus thromboembolic

event, excluding vascular access failure; MACE plus hospitalization for HF; MACE plus hospitalization for HF or thrombo-
embolic event

TEAEs and TESAEs
Systolic and diastolic blood pressure
Any value of Hb>12.0, >13.0, >14.0, <9.0 or <8.0 g/dL
An Hb increase >1.0 g/dL within any 2-week interval or >2.0 g/dL within any 4-week interval

Primary efficacy
endpoint

Change in average Hb between baseline and the primary evaluation period (Weeks 24–36)

Key secondary
efficacy endpoint

Change in average Hb value between baseline and the secondary evaluation period (Weeks 40–52)

Other efficacy endpoints Proportion of patients having average Hb value in the geography-specific target range in Weeks 24–36
Proportion of patients having average Hb value in the geography-specific target range in Weeks 40–52
Proportion of patients receiving RBC transfusions

Endpoints of special
interest

Mean and percentage change in hepcidin between baseline and the primary (Weeks 24–36) and secondary (Weeks 40–52)
evaluation periods

Mean and percentage change in ferritin between baseline and the primary (Weeks 24–36) and secondary (Weeks 40–52)
evaluation periods

Mean and percentage change in TSAT between baseline and the primary (Weeks 24–36) and secondary (Weeks 40–52) evalua-
tion periods

TEA, treatment emergent adverse event.
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Iron supplementation and rescue

During the trials, investigators were requested to prescribe
iron supplementation (IV, oral or intradialytic) to maintain fer-
ritin �100 ng/mL or TSAT� 20%. RBC transfusions as rescue
therapy were permitted and did not require discontinuation of
study medication. Starting at Week 6, patients in both treat-
ment arms could receive ESAs as ‘rescue’ therapy if they experi-
enced a worsening of the symptoms of anaemia with a Hb
concentration <9.5 g/dL. While receiving ESAs as rescue ther-
apy, study drugs were temporarily discontinued. ESA rescue
was stopped when Hb concentrations increased to �10.0 g/dL,
at which time study drugs could be restarted. Restarting vada-
dustat followed a protocol-specified interval based on the tim-
ing of the administration of the last dose of the specific ESA

used for rescue (epoetin alfa: 2 days; darbepoetin alfa: 7 days;
methoxy polyethylene glycol-epoetin beta: 14 days).

Power and sample size calculation

The primary safety analysis, prespecified to be pooled from
both trials, will be based upon all events that accrue over the
two DD-CKD trials. The sample size has been determined
based on the number of events needed to demonstrate non-
inferiority of the two-sided 95% confidence interval (CI) for the
hazard ratio (vadadustat versus darbepoetin alfa). We calcu-
lated that 631 MACEs will be required to have 80% power to es-
tablish non-inferiority with the upper bound of the 95% CI not
exceeding 1.25 and >90% power to establish non-inferiority
with a margin of 1.30. A MACE rate of 12% annually is

Table 2. Final eligibility criteria

INNO2VATE incident trial INNO2VATE prevalent trial
NCT02865850 (n¼ 369) NCT02892149 (n¼ 3554)

Adults (�18 years) who initiated chronic maintenance dialysis (either
peritoneal or haemodialysis) for end-stage kidney disease within
16 weeks prior to screening

Adults (�18 years) receiving chronic maintenance dialysis (either perito-
neal or haemodialysis) for end-stage kidney disease for at least
12 weeks prior to screening

Ferritin �100 ng/mL and TSAT �20%
Folate and vitamin B12 measurements greater than or equal to the lower limit of normal at screening

Understands the procedures and requirements of the study and provides written informed
consent and authorization for protected health information disclosure

Hb eligibility
Hb 8–11 g/dL USA: Hb 8–11 g/dL

Non-USA: Hb 9–12 g/dL
ESA treatment

Limited prior exposure to ESA therapy (see text for details)
Cannot have met the following criteria for ESA resistance within

8 weeks prior to or during screening: epoetin >7700 U/dose three
times per week or >23 000 U/week, darbepoetin alfa >100 lg/
week or methoxy polyethylene glycol-epoetin beta >100 lg every
other week or >200 lg every month

Currently maintained on ESA therapy, with a dose received within
6 weeks prior to or during screening

RBC transfusions
No RBC transfusions within 8 weeks prior to randomization

Exclusion of patients with any of the following:
Anaemia due to a cause other than CKD or patients with active bleeding or recent blood loss
History of sickle cell disease, myelodysplastic syndromes, bone marrow fibrosis, haematologic malignancy, myeloma, haemolytic anaemia, thalassemia or pure

red cell aplasia
Aspartate aminotransferase/serum glutamic oxaloacetic transaminase, alanine aminotransferase/serum glutamic pyruvic transaminase or total bilirubin >2.0

times the upper limit of normal during screening; patients with a history of Gilbert’s syndrome are not excluded
Uncontrolled hypertension (defined as confirmed predialysis systolic BP>190 mmHg or diastolic BP>110 mmHg at rest) at or during screening
Severe heart failure (HF) at or during screening (New York Heart Association Class IV)
Acute coronary syndrome (hospitalization for unstable angina or MI), surgical or percutaneous intervention for coronary, cerebrovascular or peripheral artery

disease (aortic or lower extremity), surgical or percutaneous valvular replacement or repair, sustained ventricular tachycardia, hospitalization for HF or
stroke within 12 weeks prior to or during screening

History of active malignancy within 2 years prior to or during screening, except for treated basal cell carcinoma of skin, curatively resected squamous cell
carcinoma of skin or cervical carcinoma in situ

History of DVT or PE within 12 weeks prior to randomization
History of haemosiderosis or haemochromatosis
History of prior organ transplantation or scheduled organ transplant (patients on the kidney transplant wait-list or with a history of failed kidney transplant

are not excluded) or prior haematopoietic stem cell or bone marrow transplant (corneal transplants and stem cell therapy for knee arthritis are not
excluded)

Hypersensitivity to vadadustat, darbepoetin alfa or any of their excipients
Use of an investigational medication or participation in an investigational study within 30 days or 5 half-lives of the investigational medication (whichever is

longer) prior to or during screening
Previous participation in this study or previous participation in a study with HIF-PHI other than vadadustat
Females who are pregnant, breastfeeding or are of childbearing potential who are unable or unwilling to use an acceptable method of contraception
Non-vasectomized male patients who are unable or unwilling to use an acceptable method of contraception
Any other reason, which in the opinion of the investigator, would make the patient not suitable for participation in the study

BP, blood pressure; DVT, deep vein thrombosis; PE, pulmonary embolism.
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anticipated in both treatment arms based on findings from ob-
servational studies and clinical trials [29, 30].

The primary efficacy analysis assumes that the mean change
from baseline in Hb concentrations for vadadustat will be the
same as for darbepoetin alfa, and the common standard devia-
tion (SD) for the mean change from baseline is assumed to be
1.5 g/dL. Non-inferiority will be established based on a two-
sided 95% CI for the difference between vadadustat and darbe-
poetin alfa groups, using a non-inferiority margin of �0.75 g/
dL. The anticipated sample size is 150 patients per treatment
group for the incident DD-CKD study and 1650 patients per
treatment group for the prevalent DD-CKD study and will have
>90% and >99% power, respectively, for the non-inferiority
assessment.

Statistical analyses

The primary safety endpoint, time to the first adjudicated
MACE, will be analysed as (date of first MACE � date of first
dose þ 1) in the safety population (randomized patients who
receive one or more doses of study treatment). Patients without
a MACE at the time of study closure will be censored on the
date of their last study assessment. Analysis of time to the first
MACE will be based on a stratified Cox regression model with
study as a stratification factor. The model will also include cova-
riates of baseline Hb, randomization strata of region (USA,
Europe, non-USA/non-Europe) and NYHA HF (0/I; II/III),
sex, age (>65, �65 years), race (white or non-white), pre-exist-
ing CVD and pre-existing diabetes mellitus. The primary
MACE analysis will be based upon all events that accrue over
both INNO2VATE trials. Pre-specified hierarchical testing will
be conducted on other secondary safety outcomes. MACEs,
thromboembolic events, hospitalizations for heart failure and
for events of vascular access failure are adjudicated by an inde-
pendent adjudication committee, which is blinded to the treat-
ment allocation.

Treatment-emergent adverse events (TEAEs) will be sum-
marized as the number and percentage of patients with TEAEs
for the safety population. Descriptive summaries will also be
provided for serious TEAEs (TESAEs), related TEAEs and
TEAEs leading to early discontinuation of study medication.
Subgroup summaries of TESAEs by age, gender and time since
CKD diagnosis will be conducted. The primary efficacy end-
point, as well as all secondary endpoints, will be summarized
for the randomized population using descriptive statistics by
treatment group, as well as by study visit and/or analysis period.
Primary and key secondary efficacy analyses will use an analysis
of covariance with multiple imputation for missing data. The
primary analysis model will contain treatment group, baseline
Hb concentration and the two stratification factors (region and
NYHA HF class) as predictor variables.

R E S U L T S

In total, 652 patients were screened for the incident DD-CKD
trial and 369 were randomized; of those, 52.8% were in the USA
and the remainder were in Europe and non-USA/non-Europe.
A total of 4944 patients were screened for the prevalent DD-
CKD trial and 3554 were randomized; of those 61.2% were in

the USA and the remainder were in other countries in Europe,
South America and Asia. The most common reason for screen
failure in both trials was an out-of-range Hb concentration.

Baseline demographics and characteristics

Baseline demographics and patient characteristics for the in-
cident DD-CKD and the prevalent DD-CKD trials are pre-
sented in Table 3.

The mean age of patients in the incident DD-CKD and prev-
alent DD-CKD trials was 56.0 (SD 14.7) and 58.1 (SD 13.9)
years, respectively. In both trials, most patients were white (73.4
and 62.8%, respectively) and male (59.6 and 56.1%, respec-
tively). Both study populations were diverse, with representa-
tion of non-White patients in the incident and prevalent DD-
CKD trials including Black/African American (19.8 and 24.6%,
respectively), Asian (5.4 and 4.9%, respectively), Native
Hawaiian or Pacific Islander (0 and 0.5%, respectively),
American Indian or Alaska Native (0.3 and 1.4%, respectively)
and others (0.3 and 2.4%, respectively).

As per design, the mean time on dialysis in the incident DD-
CKD trial was 0.14 (SD 0.21) years, in contrast to 3.96 (4.02)
years in the prevalent DD-CKD trial. Arteriovenous fistula use
in both studies was 45.5 and 72.1%, respectively. The propor-
tion of patients treated by peritoneal dialysis was 9.5 and 7.7%,
respectively.

Baseline characteristics were similar among patients in both
trials, regardless of diabetes (Supplementary data, Table S2) or
CVD history (Supplementary data, Table S3), except for
expected differences (e.g. insulin and lipid-modifying drug use
in patients with diabetes, aspirin use in patients with CVD).

D I S C U S S I O N

The INNO2VATE programme includes two clinical trials that
are designed to evaluate the safety and efficacy of oral vadadu-
stat compared with darbepoetin alfa in patients with anaemia of
DD-CKD who either initiated dialysis within 16 weeks with
limited cumulative ESA use (incident DD-CKD trial) or who
were receiving maintenance dialysis with active ESA treatment
(prevalent DD-CKD trial).

While ESAs have been used successfully to reduce the bur-
den of RBC transfusion in patients with DD-CKD, several stud-
ies targeting Hb concentrations in the (sub)normal range have
highlighted the potential for increased cardiovascular risk in
this vulnerable population. The main goal of the INNO2VATE
studies is to evaluate the cardiovascular safety during long-term
treatment of anaemia with vadadustat as compared with
darbepoetin alfa. To this end, the primary endpoint of the
INNO2VATE programme is a MACE endpoint and the pro-
gramme is designed with enough power to allow for a statistical
comparison of the rates of deaths and cardiovascular events be-
tween the vadadustat and darbepoetin alfa groups. Darbepoetin
alfa was chosen as an active comparator since it is marketed
and available globally and has a defined safety profile. To pro-
vide the most comprehensive safety information, the trials will
assess changes in all-cause mortality rather than solely cardio-
vascular mortality as part of the MACE primary endpoint.
Given the trial population, half of the deaths are expected to be
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Table 3. Demographic and baseline characteristics

INNO2VATE incident trial INNO2VATE prevalent trial

Characteristics US Non-US Total US Non-US Total
(n ¼ 195) (n ¼ 170) (N ¼ 369) (n ¼ 2176) (n ¼ 1378) (N ¼ 3554)

Age (years), mean (SD) 57.8 (15.2) 54.3 (13.8) 56.0 (14.7) 59.0 (13.4) 56.8 (14.4) 58.1 (13.9)
Male, n (%) 124 (63.6) 94 (55.3) 220 (59.6) 1181 (54.3) 813 (59.0) 1994 (56.1)
BMI (kg/m2), mean (SD) 28.4 (6.1) 26.4 (5.6) 27.5 (6.0) 30.1 (7.8) 26.2 (5.4) 28.6 (7.2)
Race, n (%)

White 128 (65.6) 139 (81.8) 271 (73.4) 1167 (53.6) 1064 (77.2) 2231 (62.8)
Black or African-American 56 (28.7) 17 (10.0) 73 (19.8) 779 (35.8) 97 (7.0) 876 (24.6)
Asian 9 (4.6) 11 (6.5) 20 (5.4) 63 (2.9) 112 (8.1) 175 (4.9)
American Indian or Alaska Native 0 1 (0.6) 1 (0.3) 46 (2.1) 3 (0.2) 49 (1.4)
Native Hawaiian or other Pacific Islander 0 0 0 18 (0.8) 1 (0.1) 19 (0.5)
Other 1 (0.5) 0 1 (0.3) 25 (1.1) 62 (4.5) 87 (2.4)
Multiple 0 1 (0.6) 1 (0.3) 7 (0.3) 6 (0.4) 13 (0.4)
Not reported 1 (0.5) 0 1 (0.3) 71 (3.3) 33 (2.4) 104 (2.9)

Smoking, n (%)
Never smoked 112 (57.4) 129 (75.9) 245 (66.4) 1354 (62.2) 877 (63.6) 2231 (62.8)
Former smoker 74 (37.9) 30 (17.6) 104 (28.2) 643 (29.5) 350 (25.4) 993 (27.9)
Current smoker 9 (4.6) 10 (5.9) 19 (5.1) 179 (8.2) 151 (11.0) 330 (9.3)

Geographic region, n (%)
USA 195 (100.0) 0 195 (52.8) 2176 (100.0) 0 2176 (61.2)
Europe 0 42 (24.7) 42 (11.4) 0 404 (29.3) 404 (11.4)
Non-USA/non-Europe 0 128 (75.3) 128 (34.7) 0 974 (70.7) 974 (27.4)

Type of dialysis, n (%)
Haemodialysis 171 (87.7) 154 (90.6) 325 (88.1) 2034 (93.5) 1245 (90.3) 3279 (92.3)
Peritoneal 17 (8.7) 14 (8.2) 35 (9.5) 141 (6.5) 131 (9.5) 272 (7.7)

Years on dialysis, mean (SD) 0.13 (0.26) 0.14 (0.14) 0.14 (0.21) 3.87 (3.86) 4.10 (4.27) 3.96 (4.02)
Vascular access, n (%)a

Arteriovenous fistula 67 (34.4) 101 (59.4) 168 (45.5) 1525 (70.1) 1036 (75.2) 2561 (72.1)
Arteriovenous graft 8 (4.1) 1 (0.6) 9 (2.4) 283 (13.0) 47 (3.4) 330 (9.3)
Temporary (i.e. non-tunnelled dialysis) catheter 18 (9.2) 23 (13.5) 41 (11.1) 33 (1.5) 24 (1.7) 57 (1.6)
Tunnelled dialysis catheter 81 (41.5) 29 (17.1) 110 (29.8) 199 (9.1) 155 (11.2) 354 (10.0)
Not applicable (peritoneal dialysis) 18 (9.2) 16 (9.4) 38 (10.3) 145 (6.7) 135 (9.8) 280 (7.9)
Other 1 (0.5) 2 (1.2) 3 (0.8) 1 (0.0) 2 (0.1) 3 (0.1)

Comorbidities/aetiology of CKD, n (%)a

Autoimmune/glomerulonephritis/vasculitis 8 (4.1) 45 (26.5) 53 (14.4) 94 (4.3) 264 (19.2) 358 (10.1)
Cystic/hereditary/congenital disease 2 (1.0) 12 (7.1) 14 (3.8) 34 (1.6) 98 (7.1) 132 (3.7)
Diabetes 114 (58.5) 47 (27.6) 163 (44.2) 1227 (56.4) 387 (28.1) 1614 (45.4)
Hypertension 117 (60.0) 43 (25.3) 164 (44.4) 1311 (60.2) 490 (35.6) 1801 (50.7)
Interstitial nephritis/pyelonephritis 1 (0.5) 21 (12.4) 22 (6.0) 7 (0.3) 149 (10.8) 156 (4.4)
Neoplasms/tumours 1 (0.5) 0 1 (0.3) 4 (0.2) 10 (0.7) 14 (0.4)
Other 10 (5.1) 28 (16.5) 39 (10.6) 167 (7.7) 233 (16.9) 400 (11.3)

Laboratory values and BP, mean (SD)
Pre-baseline ESA (U/kg/week) 159.5 (123.9) 119.1 (77.9) 149.6 (115.2) 119.5 (122.5) 104.1 (83.0) 113.6 (109.2)
Baseline Hb (g/dL) 9.5 (1.0) 9.0 (1.2) 9.3 (1.1) 10.0 (0.8) 10.6 (0.8) 10.2 (0.8)
Ferritin (ng/mL) 520.4 (319.9) 475.7 (407.5) 499.3 (362.9) 962.8 (499.0) 655.3 (575.0) 843.6 (550.5)
TSAT (%) 33.5 (12.1) 31.8 (10.1) 32.8 (11.3) 38.6 (13.1) 36.7 (13.6) 37.9 (13.3)
TIBC (lg/dL) 219.9 (37.2) 235.1 (42.5) 226.9 (40.3) 206.8 (34.9) 217.3 (37.3) 210.9 (36.2)
Hepcidin (ng/mL) 126.1 (114.4) 123.7 (106.8) 124.7 (110.2) 209.4 (136.6) 164.2 (135.6) 192.0 (138.0)
CRP (mg/dL) 1.0 (1.8) 0.9 (1.4) 0.9 (1.6) 1.1 (2.0) 0.9 (1.7) 1.0 (1.9)
Total cholesterol (mg/dL) 156.6 (42.8) 177.7 (45.6) 167.2 (46.0) 149.2 (40.5) 164.0 (43.9) 154.9 (42.5)
LDL cholesterol (mg/dL) 78.6 (34.5) 97.7 (37.1) 87.8 (37.3) 72.0 (32.9) 86.7 (35.4) 77.7 (34.6)
HDL cholesterol (mg/dL) 46.3 (17.8) 46.3 (17.3) 46.5 (17.6) 46.7 (16.9) 43.4 (15.0) 45.4 (16.3)
Triglycerides (mg/dL) 162.1 (93.5) 178.2 (122.4) 170.1 (107.9) 155.7 (115.4) 171.2 (109.0) 161.7 (113.2)
Systolic BP (mmHg) 143.4 (22.4) 142.2 (19.2) 142.8 (20.9) 145.5 (23.7) 139.3 (20.4) 143.1 (22.7)
Diastolic BP (mmHg) 76.3 (12.7) 79.6 (13.3) 77.8 (13.0) 75.8 (13.5) 77.1 (12.7) 76.3 (13.2)

Prior medications, n (%)
Diuretics 92 (47.2) 60 (35.3) 152 (41.2) 651 (29.9) 393 (28.5) 1044 (29.4)
Beta-blocking agents 134 (68.7) 86 (50.6) 220 (59.6) 1435 (65.9) 702 (50.9) 2137 (60.1)
ACE inhibitors 33 (16.9) 35 (20.6) 68 (18.4) 478 (22.0) 241 (17.5) 719 (20.2)
Angiotensin II receptor blockers 42 (21.5) 41 (24.1) 83 (22.5) 486 (22.3) 331 (24.0) 817 (23.0)
Calcium channel blockers 131 (67.2) 97 (57.1) 228 (61.8) 1132 (52.0) 612 (44.4) 1744 (49.1)
Insulin 74 (37.9) 35 (20.6) 109 (29.5) 813 (37.4) 276 (20.0) 1089 (30.6)
Blood glucose-lowering drugs, excl. insulin 37 (19.0) 15 (8.8) 52 (14.1) 325 (14.9) 94 (6.8) 419 (11.8)
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caused by CVD and CVD mortality is a key secondary safety
endpoint. A criterion of non-inferiority to darbepoetin alfa was
chosen because ESAs are the standard of care.

In completed Phase 1 clinical trials of vadadustat in
healthy volunteers, there were similar numbers of TEAEs in
the placebo and vadadustat treatment arms [31]. In Phase
2 trials, the most frequently reported AEs were gastrointesti-
nal disorders (nausea, diarrhoea and vomiting) [25–27].
Although few cardiovascular TEAEs were reported in the
Phase 2 trials, those trials were neither designed nor ade-
quately powered to find between-group differences in
MACEs [25–27]. In contrast, the INNO2VATE trials have
been designed specifically to address whether the treatment
of anaemia by ESAs and vadadustat are associated with simi-
lar or differential cardiovascular risk.

While Phase 2 trials demonstrated sustained Hb concentra-
tions through 16 weeks [25–27], the INNO2VATE clinical trials
will evaluate the longer-term sustained effect on Hb through
the course of the studies by assessing changes in Hb concentra-
tions from baseline through the primary (Weeks 24–36) and
secondary (Weeks 40–52) evaluation periods. RBC transfusion
and ESA as rescue therapies were allowed for patients
experiencing worsening anaemia and the number of rescues
and specific reasons for administration will be evaluated.

Patients in the Phase 2 trials who received vadadustat experi-
enced a decrease in hepcidin and ferritin and an increase in
TSAT, suggesting improvement in iron utilization relative
to standard therapy with ESA and IV iron [31, 32]. Potential
clinical benefits of such changes include enhanced erythropoie-
sis. The INNO2VATE clinical trials will further elucidate
these effects by assessment of iron profiles and IV iron
requirements.

In addition to erythropoiesis, HIF is involved in gene tran-
scription of numerous metabolic and enzymatic pathways [20,
21, 33] and the full extent of HIF target gene activation through
HIF-PHIs used in doses that are sufficient to stimulate EPO for-
mation is yet to be determined. Although many studies suggest
potential benefits of HIF activation, other preclinical studies
have reported potentially unfavourable effects [34]. Thus the
clinical relevance of non-erythropoietic effects of HIF-PHI
remains unclear. In addition to assessing the overall safety pro-
file, the current studies will assess VEGF concentrations and

other parameters that might indicate non-erythropoietic effects
of HIF-PHIs in humans.

These trials were performed using a parallel-group, open-la-
bel design. The open-label design was chosen because blinding
of the trials would have increased the complexity tremendously
and introduced major practical problems, including the need
for a double-dummy design, potential dosing errors, potentially
inappropriate dose adjustments and delays in dosing. Because
Hb concentrations are objective and are measured via a central
laboratory for all efficacy endpoints, efficacy assessments are
not considered to be subject to bias with an open-label design.
Members of the Endpoint Adjudication Committee, which in-
dependently adjudicates major cardiovascular safety events,
were blinded to the treatment allocation. However, there is an
inherent bias with an open-label design that could bias TESAE
and TEAE reporting.

The starting dose and the proposed dosing algorithm in this
study are designed to maintain Hb concentrations within the
target range in a predictable and controlled manner while mini-
mizing excursions and sharp declines. Of note, in order to avoid
Hb overshoot, a cautious approach was taken with a low vada-
dustat starting dose, fixed for 4 weeks, while patients random-
ized to darbepoetin were dosed based on their established prior
dose requirement.

Patients were assigned using permuted block randomization
with a 1:1 ratio to vadadustat or darbepoetin alfa. To help main-
tain a balance between treatment arms, randomization was
stratified by geographic region, NYHA HF class and Hb con-
centration at study entry.

Being designed as part of the global Phase 3 programme,
patients from 17 countries were enrolled in both studies; more
than half of the overall study population were from the USA,
�11% were from Europe and �30% from other regions.
Demographic data and baseline characteristics of patients in the
two trials appear similar to those of typical populations of
patients with DD-CKD [10, 35]. Among patients from the
USA, the proportion of those with hereditary, congenital, auto-
immune or glomerular kidney disease or vasculitis was lower
than in other regions and the proportion of patients with diabe-
tes was higher. The prevalence of CKD increases dramatically
with age, more than tripling from ages 40–59 to�60 years [35].
Patients in the incident DD-CKD and prevalent DD-CKD trials

Table 3. Continued

INNO2VATE incident trial INNO2VATE prevalent trial

Characteristics US Non-US Total US Non-US Total
(n ¼ 195) (n ¼ 170) (N ¼ 369) (n ¼ 2176) (n ¼ 1378) (N ¼ 3554)

Aldosterone antagonist 3 (1.5) 4 (2.4) 7 (1.9) 30 (1.4) 13 (0.9) 43 (1.2)
HMG CoA reductase inhibitors 99 (50.8) 42 (24.7) 141 (38.2) 1124 (51.7) 365 (26.5) 1489 (41.9)
Lipid-modifying agents 104 (53.3) 46 (27.1) 150 (40.7) 1175 (54.0) 389 (28.2) 1564 (44.0)
Aspirin 63 (32.3) 35 (20.6) 98 (26.6) 904 (41.5) 419 (30.4) 1323 (37.2)
Vitamin K antagonists 6 (3.1) 2 (1.2) 8 (2.2) 126 (5.8) 60 (4.4) 186 (5.2)
Oral iron 16 (8.2) 9 (5.3) 25 (6.8) 195 (9.0) 116 (8.4) 311 (8.8)
IV iron 26 (13.3) 13 (7.6) 39 (10.6) 403 (18.5) 174 (12.6) 577 (16.2)

aParticipants may contribute to multiple categories. BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; HDL, high-density lipoprotein; HMG CoA, 3-Hydroxy-3-
Methylglutaryl-Coenzym-A-Reductase; LDL, low-density lipoprotein; TIBC, total iron binding capacity.
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had mean ages of 56.0 and 58.1 years, respectively, with little
differences across regions.

In the incident DD-CKD and prevalent DD-CKD trials, a
history of CVD (coronary artery disease, MI, stroke and heart
failure) was reported in 38 and 50% of patients, respectively,
which is slightly lower than previously reported for patients
with DD-CKD [35, 36].

Target enrolments for the incident and prevalent DD-CKD
trials were 300 and 3300 patients, respectively, and the random-
ized populations encompass 369 and 3554 patients, respec-
tively. Both trials were completed in January 2020.

While clinical trial programmes of several other HIF-PHIs
are ongoing, so far only two comparatively small Phase 3 stud-
ies of roxadustat conducted in China in 154 patients with
NDD-CKD and 305 with DD-CKD patients have been
published [37, 38].

In conclusion, we enrolled >3900 patients with DD-CKD
into two prospective clinical trials that will be analysed jointly
to assess the safety and efficacy of vadadustat, a novel orally ac-
tive HIF-PHI, relative to darbepoetin alfa. Importantly, the
demographics and baseline characteristics of patients enrolled
in the two studies are comparable to those typically observed in
patients with DD-CKD [10, 36], suggesting the results of the
INNO2VATE studies will be generalizable to a large proportion
of the DD-CKD population.
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