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Vadadustat in Healthy Adults

Susan K.Paulson, Jimena Martinez, Rishikesh Sawant, Steven K.Burke, and Ajit Chavan

Abstract

Vadadustat is a hypoxia-inducible factor prolyl-hydroxylase inhibitor being developed for the treatment of anemia in pa-
tients with chronic kidney disease. Sequelae of chronic kidney disease include hyperphosphatemia and anemia,which are
frequently treated with phosphate binders and iron supplements, respectively.Two studies evaluating the pharmacokinet-
ics, safety, and tolerability of a single oral dose of vadadustat coadministered with a phosphate binder or iron supplement
were conducted in healthy adult participants. In study 1, 54 healthy women and men were administered vadadustat (300
mg) alone and 1 hour before, concurrently with, or 2 hours after a phosphate binder (sevelamer carbonate 1600 mg,
calcium acetate 1334 mg, or ferric citrate 2000 mg). In study 2, 10 healthy men were administered vadadustat (450 mg)
alone and concomitantly with the oral iron supplement ferrous sulfate (325 mg [equivalent to 65 mg of elemental iron]).
Vadadustat exposure was reduced by coadministration with sevelamer carbonate, calcium acetate, ferric citrate, or fer-
rous sulfate. Geometric least squares mean ratios for area under the concentration-time curve from time 0 to infinity
were reduced 37% to 55% by phosphate binders and 46% by ferrous sulfate. However, when vadadustat was adminis-
tered 1 hour before phosphate binders, 90% confidence intervals for vadadustat exposure were within the no-effect
boundaries of +50% to –33%, indicating that drug-drug interactions can be reduced by administering vadadustat 1 hour
before phosphate binders. Vadadustat was well tolerated when administered in conjunction with phosphate binders or
an iron supplement.
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Chronic kidney disease (CKD) is a major health bur-
den, with a global prevalence of 697.5 million (9.1%)
in 2017.1 Patients with CKD experience a range of
disease-related complications and have an increased
risk for cardiovascular disease, end-stage renal disease,
infection, and mortality.2

Hyperphosphatemia and anemia are common com-
plications of CKD that become increasingly prevalent
as disease severity increases.2,3 As CKD progresses,
calcium-phosphorus homeostasis becomes increas-
ingly dysregulated, leading to impaired phosphorus
excretion resulting in hyperphosphatemia, which has
been linked to an increased risk of cardiovascular
disease, kidney failure, and mortality in patients with
CKD.3

Management of hyperphosphatemia generally
involves using an oral phosphate binder to reduce
phosphate absorption in combination with dietary
interventions to decrease phosphorus intake, thereby

lowering serum phosphate levels toward the normal
range.4 Several types of phosphate binders can be
prescribed, including calcium- and non–calcium-based
binding agents such as aluminum-, polymer-, and
iron-based agents.3

Anemia is another common complication of CKD
that contributes to symptom burden and may arise be-
cause of iron or erythropoietin deficiency, blood loss,
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or increased erythrocyte turnover.5 Anemia in patients
with CKD is managed by oral or intravenous iron
supplementation and erythropoiesis-stimulating agents
(ESAs).5,6

Vadadustat, an orally bioavailable small-molecule
inhibitor of hypoxia-inducible factor prolyl-
hydroxylases (HIF-PHIs), is in development for the
treatment of anemia in both dialysis-dependent and
non–dialysis-dependent patients with CKD. HIF-PHIs
are a possible alternative to the current standard of
care for patients with CKD and anemia since ESA
use is limited by an increased risk of cardiovascular
events.7–11 By regulating HIF activity, vadadustat
stimulates erythropoietin production and modulates
iron metabolism.12,13 Vadadustat has been shown to
increase and maintain hemoglobin levels in patients
with CKD who are or are not dialysis dependent and
in patients who are treatment naive or converting from
ESA therapy.14,15 Vadadustat also has been shown to
be well tolerated in healthy volunteers and patients
with CKD.13,16,17

Vadadustat demonstrates dose-proportional phar-
macokinetics (PK), with maximum plasma concentra-
tions reached ≈1 to 4 hours after oral administra-
tion. Vadadustat undergoes extensive metabolism, pri-
marily via O-glucuronidation to the inactive metabo-
lite vadadustat-O-glucuronide before being eliminated
in the urine and feces. The terminal elimination
half-life (t 1

2
) of vadadustat is 4.7 hours in healthy

adults but ranges from 7.9 to 9.1 hours in pa-
tients with non–dialysis- and dialysis-dependent CKD,
respectively.18 Among patients with mild or mod-
erate hepatic impairment, single oral administration
of vadadustat has been shown to be well toler-
ated, with no clinically meaningful effect on systemic
exposure.19

As hyperphosphatemia and anemia are common
complications of CKD, phosphate binders and oral
iron supplements are anticipated to be used concomi-
tantly with vadadustat in a clinical setting, suggest-
ing that there is a potential for drug-drug interactions
(DDIs). In particular, by forming a chelation complex
with these agents, vadadustat absorption from the gas-
trointestinal tract may be altered.

Two phase 1 studies were conducted to determine
whether a DDI exists between vadadustat and phos-
phate binders and ferrous sulfate. The first study as-
sessed the effect of a single oral dose of a polymer-
based (sevelamer carbonate [Renvela]), calcium-based
(calcium acetate), or iron-based (branded ferric cit-
rate [Auryxia]) phosphate binder on the plasma PK
of vadadustat. A second study assessed the effect of
concurrent administration of a single dose of ferrous
sulfate on the plasma PK of vadadustat and the in-
active primary metabolite vadadustat-O-glucuronide.

Both studies also aimed to assess the safety and tol-
erability of vadadustat coadministered with phosphate
binders or supplemental iron.

Materials and Methods
Two open-label, phase 1 clinical pharmacology studies
were conducted in healthy volunteers in accordance
with the International Conference on Harmonisation
Good Clinical Practice guidelines, US Food and Drug
Administration regulations, and the principles of the
Declaration of Helsinki. Study protocols were ap-
proved by institutional review boards for each study
site at Advarra Institutional Review Board (Ontario,
Canada) and IntegReview (Austin, Texas). All par-
ticipants provided written informed consent before
enrollment. Both studies were conducted at a single
site; study 1 was conducted at Syneos Health Clinique
Inc. (Quebec City, Quebec, Canada), and study 2 was
conducted at Jasper Clinic (Kalamazoo, Michigan).
Each study was prospectively registered on Clinical-
Trials.gov (ClinicalTrials.gov identifiers NCT04299633
and NCT02327546) before enrolling its first
participant.

Study 1 Design
Study 1 was an open-label, 3-part, fixed-sequence study
to evaluate the effect of a single oral dose of a phos-
phate binder on the PK of a single dose of vadadustat.
In each part, a single dose of vadadustat (2 × 150 mg
oral tablets [300 mg total]) was administered alone and
in combination with a single dose of 1 of 3 phosphate
binders: sevelamer carbonate (2 × 800 mg oral tablets
[1600 mg total]) in part 1; calcium acetate (2 × 667 mg
oral gel capsules [1334 mg total]) in part 2; or ferric cit-
rate (2 × 1 g tablets [2000 mg total]) in part 3. To in-
vestigate the effect of timing of administration of each
study drug, each phosphate binder was administered
in combination with vadadustat on 3 separate occa-
sions, with a 1-day washout period following the day of
administration.

On day 1, vadadustat was administered immediately
after a normocaloric breakfast totaling 665 kilocalo-
ries that included 1 individual cereal box, white bread,
cheese, butter, sugar packet, milk with 2% milk fat, and
1 box of grape juice. On day 3, vadadustat and the phos-
phate binder were administered simultaneously imme-
diately following breakfast. On day 5, vadadustat was
administered after an overnight fast, and the phosphate
binder was administered 1 hour later, followed immedi-
ately by breakfast. On day 7, the phosphate binder was
administered immediately after breakfast, and vadadu-
stat was administered 2 hours later. Participants were
discharged from the study site on day 9, following col-
lection of the final PK blood sample.



Paulson et al 477

Study 1 enrolled healthy women and men aged
18 to 55 years, with a body mass index of 18.0 to
30.0 kg/m2 and a minimum body weight of 45 kg for
women and 50 kg for men. Participants were excluded
if they had a current or past history of cardiovascu-
lar, respiratory, gastrointestinal, hematologic, renal,
hepatic, immunologic, metabolic, urologic, neurologic,
dermatologic, psychiatric, or other major disease, or
clinically significant history of hypercalcemia, iron
overload, liver disease, hyperphosphatemia, ulcerative
colitis, or gastrointestinal bleeding. Other key exclusion
criteria included the use of any prescription medicine,
over-the-counter multivitamin supplement, or nonpre-
scription product (excluding acetaminophen ≤2 g/d)
within 14 days before day –1; use of any cytochrome
P450 or P-glycoprotein inducers or inhibitors within 14
days prior to day –1; daily use of nicotine-containing
products within 6months of screening; or consumption
of any food or drink containing grapefruit juice, apple
or orange juice, Seville or blood oranges, or vegetables
from the mustard-green family within 7 days before
study drug administration. See Table S1 for detailed
inclusion and exclusion criteria.

Study 2 Design
Study 2 was an open-label, randomized, single-dose
study to evaluate the effect of ferrous sulfate on vadadu-
stat PK. Participants were admitted to the study site
≥20 hours before study drug administration. Partici-
pants received a single dose of vadadustat (3 × 150 mg
oral tablets; 450 mg total) alone and in combination
with a single dose of ferrous sulfate (325-mg oral tablet;
equivalent to 65 mg of elemental iron) in a randomized
crossover fashion. The study used a 2-period random-
ized crossover design in which each participant served
as their own control. Study drugs were administered
with water (8 oz [≈240 mL]) following an overnight fast
(10 hours). Fasting continued for 4 hours after dosing,
and water was restricted for 1 hour before and after
dosing. Participants were seated during study drug ad-
ministration and for 2 hours after dosing. There was
a washout period of 4 days between each administra-
tion of the study drug, and participants remained at the
study site until collection of the final PK blood sample.

Enrolled participants were healthy adult men aged
18 to 55 years with a body mass index of 18.0 to
30.0 kg/m2 who were able to and agreed to discontinue
all iron preparations for 14 days before study drug ad-
ministration. Participants were excluded if they had a
current or past history of cardiovascular, cerebrovascu-
lar, pulmonary, renal, or liver disease; a positive test re-
sult for hepatitis B or C, or HIV infection; or a current
or past history of gastric or duodenal ulcers or other
gastrointestinal disease that could interfere with study
drug absorption. Other key exclusion criteria included

use of chronic daily medication, any prescription med-
ication or over-the-counter multivitamin supplements
within 14 days, or use of any herbal supplements within
28 days before admission to the study site; or a known
history of smoking and/or use of nicotine or nicotine-
containing products within 6 months of screening. Par-
ticipants were also required to abstain from consump-
tion of alcohol within 48 hours of admission to the
study site.

Safety and Tolerability Assessments
Safety and tolerability were evaluated in both studies
through adverse event (AE) monitoring (coded accord-
ing toMedicalDictionary forRegulatoryActivities ver-
sion 23.0 for study 1 and version 17.1 for study 2), 12-
lead electrocardiogram (ECG) recordings, vital signs,
physical examinations, and laboratory tests. Telephone
follow-up with participants was conducted by 14 days
after the last dose. The safety population included all
participants who received at least 1 dose of vadadustat.

Pharmacokinetic Sampling
In both studies, blood samples for PK analysis of
vadadustat were taken before dosing and at 0.5, 1, 1.5,
2, 3, 4, 6, 12, 16, and 24 hours after vadadustat dos-
ing. Additional samples were taken at 9 and 48 hours
after dosing in study 1 and 8 hours after dosing in
study 2. Plasma concentrations of vadadustat and its
metabolite vadadustat-O-glucuronide were determined
using validated liquid chromatography with tandem
mass spectrometry; additional details have been pub-
lished previously19 and are also presented in Table S2.
The lower limit of quantification was 100 ng/mL for
vadadustat in both study 1 and study 2 and was 100
and 5.0 ng/mL for vadadustat-O-glucuronide in study
1 and study 2, respectively; samples below the limit of
quantification were reported as 0.

Pharmacokinetic Analyses
PK parameters included vadadustat area under the
plasma concentration–time curve (AUC) from time 0
to the last quantifiable concentration (AUC0-last), AUC
from time 0 to infinity (AUC0-∞), maximum observed
plasma concentration (Cmax), time to maximum ob-
served plasma concentration (tmax), apparent terminal
elimination half-life (t 1

2
), fraction of AUC extrapolated

from time 0 to infinity, and apparent total body clear-
ance (CL/F). PK parameters were also calculated for
vadadustat-O-glucuronide in study 2.

Statistical Analyses
In study 1, a sample size of 18 participants for each
part of the study was selected to provide 90% power
to detect a +50% or –33% difference in vadadustat PK
parameters. These parameters were based on a review
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of vadadustat PK variability finding a coefficient of
variation of 30% for vadadustat and a true geomet-
ric mean ratio of 1, and allowing for 10% dropout.
In study 2, a sample size of 10 participants was se-
lected to provide ≈80% power for confirming that the
90% confidence interval (CI) falls within 80% to 125%
based on a review of vadadustat PK variability (in-
traindividual coefficient of variation in ln-transformed
Cmax of 17.7%). To assess the effect of coadministration
of phosphate binder or ferrous sulfate on vadadustat
PK, an analysis of variance (ANOVA) was conducted
on ln-transformed AUC0-last, AUC0-∞, and Cmax. This
was done at an alpha level of 0.05, including treat-
ment as a fixed effect and participant as a random ef-
fect in study 1, and sequence, participant, period, and
treatment as factors in study 2. The ratio of geometric
means and corresponding 90%CIs were calculated for
vadadustat with and without a phosphate binder us-
ing least squares (LS) means from the ANOVA of ln-
transformed AUC0-last, AUC0-∞, and Cmax. Plasma PK
parameters were estimated using Phoenix WinNonlin
software (version 8.0 in study 1 and version 6.3 in study
2; Pharsight Corporation, Mountain View, California)
or SAS software version 9.2 (SAS Institute, Inc., Cary,
North Carolina).

Results
Participant Disposition and Baseline Characteristics
A total of 54 participants (35 men, 19 women) were en-
rolled in study 1 (18 participants in each part), and 10
male participants were enrolled in study 2. All partici-
pants completed each study per protocol and were in-
cluded in the PK and safety analyses. Study 1 was con-
ducted from May 19, 2020, to August 2, 2020. Study 2
was conducted from December 2, 2014, to December
20, 2014. The demographics and baseline characteris-
tics of participants were well balanced between treat-
ment groups within each study (Table 1).

Effect of Phosphate Binders on the PK of Vadadustat
(Study 1)
Vadadustat plasma PK parameter findings are summa-
rized in Table 2. Plasma concentration–time profiles for
vadadustat alone and when coadministered with seve-
lamer carbonate, calcium acetate, and ferric citrate are
presented in Figure 1. Concomitant administration of
phosphate binders with vadadustat reduced vadadustat
AUC0-last, AUC0-∞, and Cmax compared with adminis-
tering vadadustat alone, whereas tmax and t 1

2
remained

similar and CL/F increased. ANOVA indicated that
concomitant administration of phosphate binders with
vadadustat reduced vadadustat AUC0-last and AUC0-∞
by 37% to 55% and Cmax by 40% to 51% (Figure
2). Specifically, the geometric LS mean AUC0-∞ for

Table 1. Demographics and Baseline Characteristics

Study 1
(N = 54)

Study 2
(N = 10)

Age, y, mean (SD) 38.6 (10.6) 32.5 (7.3)
Sex, n (%)
Male 35 (64.8) 10 (100.0)
Female 19 (35.2) 0 (0)

Race, n (%)
White 48 (88.9) 6 (60.0)
Black or African American 5 (9.3) 3 (30.0)
Asian 1 (1.9) 0 (0)
Native Hawaiian or Pacific

Islander
0 (0) 1 (10.0)

Ethnicity, n (%)
Hispanic or Latino 8 (14.8) 0 (0)
Not Hispanic or Latino 46 (85.2) 10 (100.0)

Height, cm, mean (SD) 170.8 (9.2) 173.6 (5.4)
Weight, kg, mean (SD) 74.8 (11.7) 79.4 (12.9)
BMI, kg/m2 (SD) 25.6 (2.8) 26.2 (3.1)

BMI, body mass index; SD, standard deviation.

concurrent vadadustat and sevelamer carbonate was
113.98 μg · h/mL, with a geometric LS mean ratio of
62.85% (90%CI, 57.96-68.16) compared to vadadustat
alone.When vadadustat was administered concurrently
with calcium acetate, the geometric LS mean AUC0-∞
was relatively lower at 72.44 μg · h/mL, with a geo-
metric LS mean ratio of 45.00% (90%CI, 36.67-55.24)
compared to vadadustat alone. Likewise, the geometric
LS mean AUC0-∞ for concurrent vadadustat and fer-
ric citrate was 80.90 μg · h/mL, with a geometric LS
mean ratio of 47.93% (90%CI, 42.75-53.75) compared
to vadadustat alone.

Administration of vadadustat 2 hours after ferric cit-
rate resulted in a greater reduction in vadadustat expo-
sure comparedwith concomitant administration, which
was not observed with the other phosphate binders.
Specifically, ferric citrate reduced vadadustat AUC0-last

and AUC0-∞ by 78% and Cmax by 66% (Figure 1B).
The geometric LSmeanAUC0-∞ for vadadustat 2 hours
after ferric citrate was 37.47 μg · h/mL, with a geo-
metric LS mean ratio of 22.20% (90%CI, 17.54-28.10)
compared to vadadustat alone. However, when vadadu-
stat was administered 1 hour before ferric citrate, we
observed a smaller 18% reduction in AUC0-last and
AUC0-∞ and an 11% increase in Cmax. Specifically, the
geometric LS mean AUC0-∞ for vadadustat 1 hour be-
fore ferric citrate was 138.00 μg · h/mL, with a geo-
metric LS mean ratio of 81.76% (90%CI, 72.23-92.55)
compared to vadadustat alone.

Effect of Ferrous Sulfate Coadministration on the PK
of Vadadustat (Study 2)
Vadadustat exposure was reduced by concurrent ad-
ministration of ferrous sulfate, with AUC0-last and
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Figure 1. Mean (SD) plasma concentration of vadadustat following coadministration with (A) sevelamer carbonate, (B) calcium
acetate, and (C) ferric citrate. Insets represent data in logarithmic scale. SD, standard deviation.
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Figure 2. Effect of a single dose of phosphate binder on the PK of a single dose of vadadustat (300 mg). Values shown are ge-
ometric least squares mean ratios; the error bars represent the 90% geometric confidence interval. AUC, area under the plasma
concentration–time curve;AUC0-∞, area under the plasma concentration–time curve from time 0 to infinity;AUC0-last, area under the
plasma concentration–time curve from time 0 to last quantifiable concentration; Cmax, maximum observed plasma concentration; PK,
pharmacokinetics.

AUC0-∞ reduced by 54% and Cmax by 51% (Table
3). The geometric LS mean AUC0-∞ for concurrent
vadadustat and ferrous sulfate was 122 μg · h/mL, with
a geometric LS mean ratio of 46.3 μg · h/mL (90%CI,
37.1-57.8) compared to vadadustat alone. Median tmax

was extended to 4 hours when vadadustat was coad-
ministered with ferrous sulfate compared with 3 hours
when vadadustat was administered alone, whereas the
t 1
2
remained similar at ≈5 hours. Mean plasma vadadu-

stat concentrations exhibited a monoexponential de-
cline after Cmax was reached (Figure 3). Although
mean CL/F increased by ≈20% when vadadustat was
coadministered with ferrous sulfate, this was attributed
to the lower AUC estimates rather than changes in
vadadustat elimination. Changes in plasma vadadustat-
O-glucuronide PK reflected changes in the parent drug,
with AUC0-last, AUC0-∞, and Cmax significantly reduced
by≥50%when vadadustat was coadministeredwith fer-
rous sulfate.

Safety
Vadadustat was generally well tolerated when coadmin-
istered with sevelamer carbonate, calcium acetate, or
ferric citrate (Table S3). No AEs were reported when
ferrous sulfate was coadministered with vadadustat.

In the sevelamer carbonate cohort, a total of 35
treatment-emergent AEs (TEAEs) were recorded for
13 (72%) participants, of which 24 were considered to
be related to the study drug. Seven treatment-related
TEAEswere recorded for 5 (28%) participants adminis-
tered vadadustat alone vs 17 treatment-related TEAEs
among 6 (33%) participants administered vadadustat
and sevelamer carbonate.

In the calcium acetate cohort, a total of 36 TEAEs
were reported in 14 (78%) participants, including
23 treatment-related TEAEs. Nine treatment-related
TEAEswere recorded for 7 (39%) participants adminis-
tered vadadustat alone vs 14 treatment-related TEAEs
among 8 (44%) participants administered vadadustat
and calcium acetate.

In the ferric citrate cohort, 37 TEAEs were reported
in 9 (50%) participants overall, including 29 treatment-
related TEAEs. Nine treatment-related TEAEs were
recorded for 5 (28%) participants administered vadadu-
stat alone vs 20 treatment-related TEAEs among 7
(39%) participants administered vadadustat and ferric
citrate.

The most common vadadustat-related TEAEs were
headache, nausea, constipation, and hot flush, whereas
the most frequent phosphate binder–related TEAEs
were headache, nausea, and hot flush. However, all
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Table 3. Summary of Plasma PK Parameters for Vadadustat and Vadadustat-O-Glucuronide Following Administration of Vadadustat
450 mg With or Without Ferrous Sulfate 325 mg (Equivalent to 65 mg of Elemental Iron)

Vadadustat Vadadustat-O-Glucuronide

PK Parameters
Vadadustat
(n = 10)

Vadadustat + Ferrous
Sulfate (n = 10)

Vadadustat
(n = 10)

Vadadustat + Ferrous
Sulfate (n = 10)

AUC0-last,μg · h/mL 260 ± 59.1 123 ± 39.6 42.8 ± 10.8 18.6 ± 8.2
AUC0-∞,μg · h/mL 271 ± 61.5 128 ± 42.2 44.5 ± 11.4 19.7 ± 9.0
%AUC0-extrap 3.7 ± 1.7 4.4 ± 2.2 3.8 ± 1.7 5.3 ± 3.1
Cmax,μg/mL 46.6 ± 11.1 23.7 ± 8.4 6.07 ± 1.2 2.8 ± 1.1
tmax, h 3.0 (1.5, 5.0) 4.0 (1.5, 5.0) 4.0 (3.0, 6.0) 5.0 (3.0, 6.0)
t 1
2
, h 5.2 ± 0.8 5.1 ± 1.0 5.1 ± 0.9 5.5 ± 1.3

CL/F, L/h 1.8 ± 0.5 3.9 ± 1.5 NA NA
GMR AUC0-last 46.0 (36.7-57.6) NC
GMR AUC0-∞ 46.3 (37.1-57.8) NC
GMR Cmax 49.3 (37.8-64.4) NC

AUC0-∞, area under the plasma concentration–time curve from time 0 to infinity; AUC0-last, area under the plasma concentration–time curve from
dosing time 0 to the last quantifiable concentration;%AUC0-extrap, fraction of area under the plasma concentration–time curve extrapolated from time
0 to infinity;CL/F; apparent total body clearance;Cmax,maximum observed plasma concentration;GMR, geometric mean ratio;NA, not applicable;NC,
not calculated; PK, pharmacokinetics; SD, standard deviation; tmax, time to maximum observed plasma concentration.
Values are presented as mean ± SD, except for tmax, which is presented as median (minimum, maximum), and GM ratios (vadadustat + ferrous
sulfate/vadadustat), which are presented as percentages (90% confidence interval).

TEAEs were mild in severity; no moderate or severe
AEs were reported in >2 participants in any treatment
group. Furthermore, no deaths, serious AEs, or TEAEs
leading to discontinuation of the study drug were re-
ported, and there were no clinically significant find-
ings relating to laboratory tests, vital signs, or ECGs in
either study.

Discussion
Hyperphosphatemia and anemia are common com-
plications of CKD. Phosphate binders and iron
supplements may be administered concurrently to pa-
tients receiving vadadustat. Notably, phosphate binders
and iron supplements have been shown to interfere with
the absorption of numerous drugs, including immuno-
suppressants, antiplatelet agents, and antibiotics,20,21

and in some cases, coadministration with phosphate
binders can increase the risk of drug toxicity.20 There-
fore, medications are often administered 1 to 2 hours
before or 3 to 6 hours after a phosphate binder to avoid
DDIs.20 Here, we report the results of 2 studies evaluat-
ing the effect of different classes of phosphate binders
and supplemental iron on the PK, safety, and toler-
ability of a single oral dose of vadadustat in healthy
adults.

In both studies, a potential DDI was observed when
vadadustat was coadministered with the phosphate
binders sevelamer carbonate, calcium acetate, ferric cit-
rate, or ferrous sulfate. DDI with non–iron phosphate
binders can be overcome by administering vadadustat
immediately upon waking, before breakfast, or 2 hours

after administering a phosphate binder (which can con-
tinue to be administered with meals). DDI with fer-
ric citrate can be reduced by administering vadadus-
tat under fasting conditions before an iron-containing
phosphate binder. The median t 1

2
of vadadustat re-

mained unchanged by phosphate binders, irrespective
of class of phosphate binder or the relative staggering
of vadadustat and phosphate-binder dosing. This im-
plies that vadadustat absorption, rather than elimina-
tion, was affected.

The observations in participants administered ferric
citrate and vadadustat may reflect the unique properties
of the branded ferric citrate used in the current study.
The branded ferric citrate has a larger surface area than
nonpharmaceutical, commercial-grade ferric citrate,22

and a phosphate-binding capacity that is greater than
that of calcium carbonate but comparable to calcium
acetate.23 Taken together, there may exist a potential
for substantial vadadustat–ferric citrate complex for-
mation with delayed absorption even when vadadustat
is administered 2 hours after ferric citrate.

The bioavailability of vadadustat was also sig-
nificantly reduced when it was administered con-
currently with ferrous sulfate. Furthermore, PK pa-
rameters for the metabolite vadadustat-O-glucuronide
were similarly reduced by concurrent administration,
while metabolite-to-parent drug ratios for AUC and
Cmax remained comparable, indicating that vadadustat
metabolism was not affected by coadministration.

The potential for DDIs between HIF-PHIs and
phosphate binders has been previously reported. In
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Figure 3. Mean (SD) plasma concentration of (A) vadadustat and (B) vadadustat-O-glucuronide following administration of vadadustat
450 mg with or without ferrous sulfate 325 mg (equivalent to 65 mg of elemental iron). Insets represent data in logarithmic scale.OG,
O-glucuronide; SD, standard deviation.

healthy individuals, roxadustat exposure was markedly
reduced by 67% and 46% when administered con-
comitantly with sevelamer carbonate or calcium ac-
etate, respectively.24 Time-separated roxadustat dos-
ing 1 hour before or 1 hour following phosphate
binder administration was sufficient to overcome
the DDI.24 Similarly, coadministration of molidu-
stat and ferrous sulfate reduced molidustat AUC
by 75% and 51% under fasted and fed conditions,
respectively, whereas administration of molidustat
2 hours after ferrous sulfate reduced molidustat AUC
by 16%.25

Overall, vadadustat was well tolerated when coad-
ministered with phosphate binders. There were no

deaths, serious TEAEs, or TEAEs leading to discon-
tinuation, and no clinically significant changes in lab-
oratory tests, vital signs, or ECGs were observed.
Furthermore, all TEAEs were mild in severity, and
vadadustat-related AEs were consistent with those re-
ported previously.13,16,17,26 Vadadustat was similarly
well toleratedwhen coadministeredwith ferrous sulfate,
with no AEs reported.

The current studies evaluated only a single dose of
vadadustat, phosphate binder, or ferrous sulfate over
a short duration of treatment and in healthy partic-
ipants only. Therefore, the influence of repeat dos-
ing on vadadustat PK, safety, and tolerability was not
determined.
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Conclusion
Coadministration of a single oral dose of vadadus-
tat with a phosphate binder or iron supplement re-
duces vadadustat exposure; however, the impact of
these DDIs can be reduced by administering vadadus-
tat 1 hour before phosphate binders or oral ferrous sul-
fate. Furthermore, vadadustat was well tolerated when
administered in conjunction with phosphate binders or
oral ferrous sulfate.

Acknowledgments
The authors acknowledge the contribution of the study par-
ticipants.

Funding
This study was funded by Akebia Therapeutics, Inc. Medi-
cal writing assistance was provided by Cadent Medical Com-
munications, LLC, a Syneos Health group company, and was
supported by Akebia Therapeutics, Inc.

Conflicts of Interest
S.K.P., J.M., R.S., S.K.B., and A.C. are employees of Akebia
Therapeutics, Inc.

Author Contributions
All authors provided substantial contributions to the con-
ception of the work. All authors substantially contributed
to the acquisition, analysis, or interpretation of data for the
manuscript. All authors participated in drafting, revising,
and critically reviewing the manuscript for important intel-
lectual content. All authors approved the final version of this
manuscript to be published and agree to be accountable for
all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appro-
priately investigated and resolved.

Data-Sharing Statement
Data sharing requests can be submitted to medical-
info@akebia.com and will be reviewed by an independent
review board, with final approval by Akebia. All approved
proposals are subject to a research agreement, and data will
be made available in a third-party vendor software.

References

1. GBD Chronic Kidney Disease Collaboration. Global,
regional, and national burden of chronic kidney disease,
1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet. 2020;395(10225):709-
733.

2. KidneyDisease ImprovingGlobal Outcomes (KDIGO).
Clinical practice guideline for the evaluation and man-

agement of chronic kidney disease. Kidney Int Suppl.
2013;3(1):1-150.

3. Rastogi A, Bhatt N, Rossetti S, Beto J. Management
of hyperphosphatemia in end-stage renal disease: a new
paradigm. J Ren Nutr. 2021;31(1):21-34.

4. Ketteler M, Block GA, Evenepoel P, et al. Executive
summary of the 2017 KDIGO Chronic Kidney Disease-
Mineral and Bone Disorder (CKD-MBD) Guideline
Update: what’s changed and why it matters. Kidney Int.
2017;92(1):26-36.

5. Pergola PE, Fishbane S, Ganz T. Novel oral iron thera-
pies for iron deficiency anemia in chronic kidney disease.
Adv Chronic Kidney Dis. 2019;26(4):272-291.

6. KidneyDisease ImprovingGlobal Outcomes (KDIGO).
KDIGO clinical practice guideline for anemia in chronic
kidney disease. Kidney Int Suppl. 2012;2:279-335.

7. Besarab A, BoltonWK, Browne JK, et al. The effects of
normal as compared with low hematocrit values in pa-
tients with cardiac disease who are receiving hemodialy-
sis and epoetin. N Engl J Med. 1998;339(9):584-590.

8. SinghAK, Szczech L, TangKL, et al. Correction of ane-
mia with epoetin alfa in chronic kidney disease. N Engl
J Med. 2006;355(20):2085-2098.

9. Szczech LA, Barnhart HX, Inrig JK, et al. Secondary
analysis of the CHOIR trial epoetin-α dose and achieved
hemoglobin outcomes. Kidney Int. 2008;74(6):791-798.

10. Pfeffer MA, Burdmann EA, Chen CY, et al. A trial of
darbepoetin alfa in type 2 diabetes and chronic kidney
disease. N Engl J Med. 2009;361(21):2019-2032.

11. Solomon SD, Uno H, Lewis EF, et al. Erythropoietic
response and outcomes in kidney disease and type 2 di-
abetes. N Engl J Med. 2010;363(12):1146-1155.

12. Haase VH. HIF-prolyl hydroxylases as therapeutic tar-
gets in erythropoiesis and iron metabolism. Hemodial
Int. 2017;21(suppl 1):S110-S124.

13. Pergola PE, Spinowitz BS, Hartman CS, Maroni
BJ, Haase VH. Vadadustat, a novel oral HIF
stabilizer, provides effective anemia treatment in
nondialysis-dependent chronic kidney disease. Kidney
Int. 2016;90(5):1115-1122.

14. Eckardt KU, Agarwal R, Aswad A, et al. Safety and ef-
ficacy of vadadustat for anemia in patients undergoing
dialysis. N Engl J Med. 2021;384(17):1601-1612.

15. Chertow GM, Pergola PE, Farag YMK, et al. Vadadu-
stat in patients with anemia and non-dialysis-dependent
CKD. N Engl J Med. 2021;384(17):1589-1600.

16. Martin ER, SmithMT,Maroni BJ, ZurawQC, deGoma
EM. Clinical trial of vadadustat in patients with anemia
secondary to stage 3 or 4 chronic kidney disease. Am J
Nephrol. 2017;45(5):380-388.

17. Haase VH, Chertow GM, Block GA, et al. Effects
of vadadustat on hemoglobin concentrations in pa-
tients receiving hemodialysis previously treated with
erythropoiesis-stimulating agents. Nephrol Dial Trans-
plant. 2019;34(1):90-99.



Paulson et al 485

18. Sanghani NS, Haase VH. Hypoxia-inducible factor ac-
tivators in renal anemia: current clinical experience. Adv
Chronic Kidney Dis. 2019;26(4):253-266.

19. Chavan A, Burke L, Sawant R, et al. Effect of moderate
hepatic impairment on the pharmacokinetics of vadadu-
stat, an oral hypoxia-inducible factor prolyl hydroxy-
lase inhibitor.Clin Pharmacol Drug Dev. 2021;10(8):950-
958.

20. Bover Sanjuan J, Navarro-Gonzalez JF, Arenas MD,
et al. Pharmacological interactions of phosphate
binders. Nefrologia. 2018;38(6):573-578.

21. Tsai HH, Lin HW, Simon Pickard A, Tsai HY, Mahady
GB. Evaluation of documented drug interactions and
contraindications associated with herbs and dietary sup-
plements: a systematic literature review. Int J Clin Pract.
2012;66(11):1056-1078.

22. Ganz T, Bino A, Salusky IB. Mechanism of action and
clinical attributes of Auryxia® (ferric citrate). Drugs.
2019;79(9):957-968.

23. CadaDJ, Cong J, BakerDE. Ferric citrate.Hosp Pharm.
2015;50(2):139-151.

24. Groenendaal-van de Meent D, Kerbusch V, Barroso-
Fernandez B, et al. Effect of the phosphate binders

sevelamer carbonate and calcium acetate on the phar-
macokinetics of roxadustat after concomitant or time-
separated administration in healthy individuals. Clin
Ther. 2021;43(6):1079-1091.

25. Lentini S, Kaiser A, Kapsa S, Matsuno K, van der Mey
D. Effects of oral iron and calcium supplement on the
pharmacokinetics and pharmacodynamics of molidu-
stat: an oral HIF-PH inhibitor for the treatment of
renal anaemia. Eur J Clin Pharmacol. 2020;76(2):185-
197.

26. Nangaku M, Farag YMK, deGoma E, Luo W, Vargo
D, Khawaja Z. Vadadustat, an oral hypoxia-inducible
factor prolyl hydroxylase inhibitor, for treatment of ane-
mia of chronic kidney disease: two randomized phase
2 trials in Japanese patients. Nephrol Dial Transplant.
2021;36(7):1244-1252.

Supplemental Information
Additional supplemental information can be found by click-
ing the Supplements link in the PDF toolbar or the Supple-
mental Information section at the end of web-based version
of this article.


