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ABSTRACT

Safety concerns with erythropoietin analogues and intravenous (IV) iron for treatment of anemia in CKD
necessitate development of safer therapies. Roxadustat (FG-4592) is an orally bioavailable hypoxia-inducible
factor (HIF) prolyl hydroxylase inhibitor that promotes coordinated erythropoiesis through HIF-mediated
transcription. We performed an open-label, randomized hemoglobin (Hb) correction study in anemic (Hb=10.0
g/dl) patients incident to hemodialysis (HD) or peritoneal dialysis (PD). Sixty patients received no iron, oral iron, or
IV iron while treated with roxadustat for 12 weeks. Mean£SD baseline Hb was 8.3+1.0 g/dl in enrolled patients.
Roxadustat at titrated doses increased mean Hb by =2.0 g/dl within 7 weeks regardless of baseline iron re-
pletion status, C-reactive protein level, iron regimen, or dialysis modality. Mean=SEM maximal change in Hb
from baseline (AHbsx), the primary endpoint, was 3.1+0.2 g/dl over 12 weeks in efficacy-evaluable patients
(n=55). In groups receiving oral or IV iron, AHb.x was similar and larger than in the no-iron group. Hb response
(increase in Hb of =1.0 g/dl from baseline) was achieved in 96% of efficacy-evaluable patients. Mean serum
hepcidin decreased significantly 4 weeks into study: by 80% in HD patients receiving no iron (n=22), 52% in HD
and PD patients receiving oral iron (n=21), and 41%in HD patients receiving IV iron (n=9). In summary, roxadustat
was well tolerated and corrected anemia in incident HD and PD patients, regardless of baseline iron repletion
status or C-reactive protein level and with oral or IV iron supplementation; it also reduced serum hepcidin levels.
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Prevalence and severity of anemia in CKD increase
with the severity of CKD.!2 Current treatment of
anemia in CKD requires erythropoiesis-stimulating
agents (erythropoietin analogues) with intrave-
nous (IV) iron supplementation, particularly in
stage 5.2 In 2007, the US Food and Drug Admin-
istration modified safety language to the label/
indication; in 2011 it recommended that hemoglo-
bin (Hb) be further reduced to a target of 10-11 g/dl.
Mean erythropoietin analogue doses and Hb levels
fell in the dialysis population. The proportion of
prevalent hemodialysis (HD) patients with Hb lev-
els <10 g/dl increased from 9% in 2009 to 18%—
20% by the end of 20125; this probably contributed
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to a 30% increase in monthly blood transfusions in
the United States in the first half of 2012 compared
with 2010. The first 4 months after dialysis initia-
tion require the highest doses of erythropoietin
analogue and IV iron use; during this time the mor-
tality rate for the ESRD population is the highest.
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Hepcidin, a key regulator of iron metabolism,® increases
with inflammation and limits iron availability, leading to re-
sistance to erythropoietin analogues. Therefore, safe and more
effective treatments are needed for anemia in incident dialysis
patients.

Hypoxia-inducible factors (HIFs) are transcription factors
that regulate expression of genes in response to reduced oxygen
levels (hypoxia), including genes required for erythropoiesis and
iron metabolism.”~10 At normal oxygen concentrations, a family
of prolyl hydroxylases (HIF-PHs) hydroxylate the HIF-a sub-
unit, resulting in its rapid proteasomal degradation. As oxygen
levels decrease, HIF-PH activity is lessened and HIF-a accumu-
lates, dimerizes with HIF-8, and translocates into the nucleus
activating transcriptional programs in response to hypoxia, re-
sulting in enhanced erythropoiesis.”~® Erythropoiesis results
from increased production of erythropoietin and its receptor
as well as from increases in a variety of proteins needed for
effective iron transport, absorption, and export from cells. An
important component is a reduction in hepcidin levels analo-
gous to that seen during hypoxia at high altitude.!!

Roxadustat (also known as FG-4592) is an oral HIF-PH
inhibitor (HIF-PHI). By inhibiting HIF-PHs and mimicking the
response to a cellular reduction in oxygen levels, roxadustat
increases HIF activity and promotes erythropoiesis. The short
half-life of roxadustat, along with an intermittent dosing
regimen, gives rise to transient bursts of HIF activity, which
are sufficient to stimulate effective erythropoiesis. In our pre-
vious roxadustat phase 1 and phase 212 studies in patients with
CKD who were receiving or not receiving dialysis, roxadustat
transiently increased endogenous plasma erythropoietin con-
centrations, peaking about 1012 hours after dosing, and sub-
stantially decreased hepcidin levels. Herein, we report a phase 2b
formal proof-of-concept study of roxadustat in correcting ane-
mia in newly initiated dialysis patients, naive to erythropoietin
analogues, randomly assigned to different iron supplementation
regimens. The study sought to evaluate exogenous iron require-
ment and effect of roxadustat therapy on hepcidin.

RESULTS

Patient Characteristics and Disposition
In this study, 24 patients undergoing HD received no exogenous
iron supplement, 12 HD recipients and 12 peritoneal dialysis
(PD) recipients received oral iron, and 12 HD recipients were
administered IV iron. Patients receiving oral iron were dosed per
local standard of care once a day or more frequently. The mean=
SD daily iron dose administered to these patients was 7150 mg
(median, 50 mg; range, 50-216 mg). Patients randomized to IV
iron received 50 or 62.5 mg weekly. Demographic and baseline
characteristics did not significantly differ between the HD co-
horts (Table 1). Mean baseline Hb for patients enrolled was
8.3=1.0 g/dL.

Of the 60 patients in the safety population, five (8.3%)
discontinued the study within the first 6 weeks: two because of
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worsening gastritis and dizziness, one because of withdrawn
consent, one because of renal function recovery, and one because of
sudden death (suspected acute heart failure, see section titled
"Safety") unrelated to study medication. The remaining 55 patients
constituted the efficacy-evaluable (EE) population (Figure 1).

Doses of Roxadustat Administered

Adherence to the study drug was 99.0% in the safety pop-
ulation. The mean weekly roxadustat dose (administered thrice
weekly) during week 12 was 4.3 mg/kg versus 4.0 mg/kg during
the first week (starting dose). Mean roxadustat dose require-
ment did not significantly differ among cohorts at any time
point; the mean doses during week 12 were 4.3 mg/kg in the
oraliron HD and PD recipients compared with 4.1 mg/kgin the
IViron HD recipients and 4.5 mg/kg in no-iron HD recipients.
Opverall, four patients had dose frequency reduced to biweekly
oronce-weekly. Dose exceeded 7.5 mg/kg per week in 2 patients
(7.58 and 8.11 mg/kg per week). Starting dose levels and dose
adjustments are further illustrated in Table 2.

Changes in Hb

Mean Hb rose in each group during treatment with roxadustat
(Figure 2). Mean Hb increases of =2 g/dl were achieved within
7 weeks regardless of baseline iron repletion status, iron sup-
plementation regimen, and dialysis modality. A greater Hb
change from baseline (AHb) was observed in the groups re-
ceiving iron supplementation than in the no-iron cohort dur-
ing the remainder of the treatment period.

Overall, the mean*SEM maximum AHb (AHb,,,,) was
3.1%0.2 g/dlamong the EE patients. The mean*=SEM AHb, .«
was 2.8+0.2 g/dlamong HD patients who did not receive iron.
AHD,,,,, for HD patients receiving oral iron was similar to that
for patients receiving IV iron: 3.4£0.5 g/dl and 3.5%+0.4 g/d],
respectively. The mean*SEM AHb,,,, was 3.320.2 g/dl
among PD patients receiving oral iron.

Hb response (Hb increase by =1.0 g/dl) was achieved in
96% of all roxadustat-treated patients (Figure 3). The median
time to Hb response was 3 weeks in each cohort. The rates of
increase in mean Hb during the 12-week treatment period and
the mean Hb levels during the last 4 weeks (HD oral: 11.2 g/dl;
HD1V:11.4 g/dl; PD oral: 11.2 g/dL) were similar between oral
and IV iron cohorts (Figure 2).

Two patients received red blood cell transfusions for symptom-
atic anemia. Both cases were associated with possible gastrointes-
tinal bleeding or gastritis; one occurred at week 2 of treatment in a
patient with a history of gastritis and duodenal ulcer, and the other
case involved gastrointestinal bleeding after the end of treatment.
The latter case is discussed in detail in the "Safety" section.

C-Reactive Protein and Hb Responsiveness to
Roxadustat

Hyporesponsiveness to erythropoietin analogues is associated
with inflammation!314; however, patients with elevated
C-reactive protein (CRP) responded as well to roxadustat as did
patients with normal CRP levels, regardless of iron
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Table 1. Baseline patient characteristics (safety population)
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Characteristic HD, No Iron HD, Oral Iron HD, IV Iron PD, Oral Iron Total (n=60)
(n=24) (n=12) (n=12) (n=12)
Age (yr) 49.6+17.7 46.8+14.6 53.1+12.6 51.4+12.4 50.1+15.0
Men, n (%) 15 (62.5) 9 (75.0) 5(41.7) 2(16.7) 31(51.7)
Race, n (%)

White 23 (95.8) 11 (91.7) 11(91.7) 10 (83.3) 55(91.7)
Other 1(4.2) 1(8.3) 1(8.3) 2(16.7) 5(8.3)
Weight (kg) 73.2+15.6 77.4+13.6 79.9+22.8 59.9+12.1 72.7+17.4

BMI (kg/m?) 25.7+6.1 26.5+5.3 28.6+6.5 22.9+4.7 25.9+59
eGFR at initiation of dialysis (ml/min per 1.73 m?) 10.9x4.7 12.6*x6.1 7.6*x3.3 7.9+3.8 10.0+4.9
Time since first dialysis (mo) 2.2+0.9 2.1+1.1 2.1+0.9 2.2+1.0 2.2+0.9
Hb (g/dl) 8.0+1.2 8.5+0.9 8.3+0.9 8.8+0.7 8.3+1.0
CRP (mg/L) 3.9(0.3-53.5) 1.6 (0.5-23.7) 3.1(0.3-12.7) 3.3(0.3-28.2) 3.6 (0.3-53.5)

Values are expressed as mean=SD, number (percentage), or median (range). The weight was the postdialysis weight for HD patients and the edema-free weight for

PD patients. BMI, body mass index.

Figure 1. Patient disposition. Screened refers to the inclusion and exclusion criteria listed under "Selection of Study Population" in the
Supplemental Material. FU, follow-up period. *The adverse events were dizziness in the no-iron cohorts and worsening gastritis in the
IV iron cohort. ARecovery of renal function. Most study patients (54 of 60 [90.0%]) were enrolled in Russia. The most common causes of
renal failure (all patients combined) were unspecified GN (41.7%), pyelonephritis (21.7%), hypertensive nephropathy (18.3%), and

diabetic nephropathy (15.0%).

supplementation (Figure 4). Furthermore, mean roxadustat
dose requirements in the last 2 weeks of treatment were not
influenced by baseline CRP (Figure 5).

Hepcidin

By 4 weeks, mean hepcidin levels decreased in EE patients in all
iron regimen groups (Table 3). These reductions from baseline
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were largest in HD patients receiving no exogenous iron
(—67.7£12.0 ng/ml; P<0. 001), somewhat smaller in HD and
PD patients receiving oral iron (—56.3%19.2 ng/ml; P<0.008),
and least in HD patients receiving IV iron (—34.7+12.6 ng/ml;
P<C0.02). At end of treatment, hepcidin reduction from baseline
continued to remain significant in the no-iron and oral-iron
cohorts but not in the IV iron cohort, in which 42% of patients
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Table 2. Roxadustat dose levels

Roxadustat Low Weight  Medium Weight Heavy Weight
Dose Levels (40-60 kg) (>60-90 kg) (>90-140 kg)

1 (initial dose) 60 mg 100 mg 140 mg
1.0-1.5 mg/kg 1.1-1.7 mg/kg 1.0-1.6 mg/kg

2 100 mg 140 mg 200 mg
1.7-2.5 mg/kg 1.6-2.3 mg/kg 1.4-2.2 mg/kg

3 140 mg 200 mg 300 mg

2.3-2.5"mg/kg 2.2-2.5°mg/kg  2.1-2.5° mg/kg
Dose adjustments for Hb response: if Hb was <11.0 g/dl and the rate of rise of
Hb was <1.0 g/dl in the previous 4 weeks, the roxadustat dose was escalated
up one dose level. The maximum allowed dose was 2.5 mg/kg. If Hb was
>13.0 g/dl or rate of rise of Hb was =2.0 g/dl in the previous 4 weeks (ex-
cessive response), the roxadustat dose was reduced by one dose level, or by
approximately 30% if the patient was at dose level 1.
“Roxadustat dose subject to a maximum of 2.5 mg/kg thrice weekly.

Figure 2. Mean hemoglobin levels over time are similar through 7 weeks for all
treatment groups and thereafter lower for the no-iron vs oral or IV iron groups. Data are
for the EE population using last-observation-carried-forward imputation for missing
data and are expressed as the mean*SEM Hb value at each time point. Week
0 (baseline) is the mean of three predosing Hb values. *P<0.05 in comparisons be-
tween no-iron cohort to the pooled iron cohorts based on the repeated-measures
analysis of covariance model with baseline Hb and iron repletion status as covariates,

using all observed data collected during treatment.

had higher hepcidin levels at end of treatment than at baseline. At
end of study, hepcidin rebounded significantly beyond baseline
in the IV iron cohort, remained lower than baseline in the no-
iron cohort, and returned to baseline in the oral iron cohorts.

Iron Parameters

Neither transferrin saturation (TSAT) levels nor reticulocyte
Hb content changed significantly in the groups receiving oral
or IV iron, but both decreased in those not receiving iron
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(Table 4). Similarly, serum ferritin levels did not change
significantly in the groups receiving oral or IV iron in the
HD patients but decreased in those not receiving iron.
Transferrin and total iron-binding capacity increased in all
groups.

Safety

Roxadustat was well tolerated in the safety population. Treatment-
emergent adverse events were reported in 30 (50%) of all patients
in the safety population (Supplemental Material). The nature and
severity of the adverse events was typical for patients undergoing
HD or PD. Adverse events with maximum severity character-
ized as severe (n=4), life-threatening (n=0), or fatal (n=2) were
reported in 6 (10%) patients.

Hypertension necessitating increase or
change of antihypertensive medication was
the most frequent treatment-emergent ad-
verse events reported in a total of 6 (10.0%)
patients (four HD and two PD recipients),
followed by decreased TSAT in four (6.7%)
patients, three of them in the no-iron HD
cohorts. The incidences of all other adverse
events were =5%.

Two patients had clinically significant
abnormal electrocardiograms at baseline,
and these remained abnormal by end of
treatment. One patient developed a first-
degree arteriovenous block during therapy
that reverted to normal at end of treatment.

Liver function was monitored during the
entire study. Liver chemistries were tran-
siently elevated in two roxadustat-treated
patients (3.3%) during the 12-week treat-
ment period: One patient in the IV iron
cohort had an alanine aminotransferase
level 3.3 times the upper limit of normal at
predose on day of randomization; this
became normal in a few days and remained
normal while treatment with roxadustat
resumed and continued for the rest of
treatment period. Another patient with
documented gallstones had transient ele-
vation of total bilirubin to 1.5 times the
upper limit of normal associated with
elevated y-glutamyltransferase and alanine
aminotransferase consistent with cholestasis on day 14, fol-
lowed by liver chemistries that returned to normal and re-
mained normal during roxadustat dosing in the rest of the
study. No case met Hy’s law for liver injury.

A total of 12 serious adverse events were reported in seven
patients (11.7%) (Supplemental Material). Two patients
died: one during treatment and one during follow-up. Both
deaths were determined by the investigators as unrelated to
roxadustat. A 67-year-old patient receiving PD with a long history
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Figure 3. Cumulative Hb responses are similar among the cohorts. Data are for the EE
population. Hb response was defined as the first Hb increase from baseline of =1.0 g/dl.

Median time to first response was 3.0 weeks in all cohorts.

Figure 4. AHb,.x during last 10 weeks of treatment (g/dl) is in-
dependent of baseline CRP level. Data are for the EE population.
Baseline CRP was defined as the last value before the first dose
administration. LR, linear regression on log(CRP) with adjustment
of treatment cohort, baseline Hb, and baseline iron repletion.
AHb.« versus log(baseline CRP): regression slope on log(CRP) =
—0.31 (P=0.30). All patients with CRP greater than the upper limit
of normal (ULN=5 g/ml) responded to treatment.

of hypertension was found dead at home (suspected cause: acute
heart failure) 5 days after last roxadustat dose taken on study day
26. A 75-year-old patient in the no-iron cohort with a history of
hypertension, ischemic and congestive heart disease, and cor pul-
monale from chronic obstructive pulmonary disease responded
to initial therapy; week 8 Hb levels were 10.4 g/dl (dose of
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1.33 mg/kg). The patient was hospitalized
on day 72 for worsening heart failure and be-
gan receiving warfarin for atrial fibrillation.
Last roxadustat dose was given on day 84
(end of treatment). On day 85, the patient’s
Hb dropped from 9.9 to 5.5 g/dl from acute
gastric ulcer bleeding, which led to two red
blood cell transfusions. Despite these transfu-
sions, acute myocardial infarction occurred
on day 89. The patient died the next day.

DISCUSSION

This phase 2 clinical trial is the first reported
Hb correction study with an oral HIF-PHI
in erythropoietin analogue—naive anemic
incident dialysis patients. The HIF-PHI
roxadustat increased mean Hb by =2.0 g/dl
within 7 weeks of treatment, indepen-
dent of baseline Hb level, iron-repletion
status, iron supplementation regimen, in-
flammatory status (CRP), and dialysis mo-
dality, while it reduced hepcidin levels, thus
increasing iron availability for erythropoie-
sis. A greater Hb response in the cohorts receiving supplemen-
tal iron (to similar extents with both oral and IV iron) than the
no-iron cohort was observed in the last 4 weeks of the treat-
ment period, during which roxadustat doses did not differ
among cohorts.

An iron-replete state (criteria: TSAT =20% and ferritin
=100 ng/ml) before and during treatment is a requirement
in patients with CKD treated with erythropoietin analogues,
in whom the large IV iron doses often lead to TSAT and ferritin
levels above the upper limit of normal.

In contrast to erythropoietin analogues, roxadustat treat-
ment physiologically triggers modest endogenous erythropoi-
etin elevation while concomitantly addressing iron availability
with oral iron alone. Supplementation with modest doses of
oraliron (median: 50 mg/day) lead to robust Hb responses even
though only 32% of patients in the oral iron cohorts were iron-
replete at baseline. This absence of arepletion requirementis in
stark contrast to a historical ESRD anemia correction study
with erythropoietin analogues, in which 94% of patients were
iron replete.!>!1¢ Roxadustat may obviate or reduce the re-
quirement for IV iron, potentially reducing exposure to the
documented IV iron safety liabilities,!” such as anaphylaxis,
and its dose-associated risk of higher mortality and hospital-
ization rates with long-term use.!8:1°

Opverall, roxadustat reduced hepcidin levels after 4 weeks by
>50% in the EE patients. The magnitude of reduction was great-
est in HD patients who received no exogenous iron (80%) and
least (41%) in HD patients receiving IV iron supplement. This
suppression of hepcidin in concert with roxadustat-induced in-
creases in transferrin, which increase iron-binding capacity, may
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Figure 5. Weekly roxadustat dose during the last 2 weeks of the
treatment period is independent of baseline CRP level. Data are for
the EE population. Baseline CRP was defined as the last value before
the first dose administration. LR, linear regression on log(CRP) with
adjustment of treatment cohort, baseline Hb, and baseline iron re-
pletion. Maintenance dose was defined as total dose during last
2 weeks of treatment. Maintenance dose versus log (baseline CRP):
regression slope on log(baseline CRP) = —0.43 (P=0.38). ULN, upper
limit of normal (5 ng/ml).

explain the sufficiency of low-dose oral iron for anemia correc-
tion. Statistically significant reductions of hepcidin levels by
roxadustat have also been observed in healthy volunteers
(FibroGen, Inc., data on file) and nondialysis patients with
CKD.!2 Lower hepcidin levels foster increased intestinal iron
absorption and macrophage iron release unto transferrin,
thereby increasing iron availability.” Increases in transferrin

Table 3. Hepcidin levels and changes from baseline

Variable HD, No Iron HD and PD, HD, IV Iron
(n=22) Oral Iron (n=21) (n=9)
Baseline
QV (ng/ml) 84.1+13.7 107.4+27.1 85.6+24.4
4 wk
OV (ng/ml) 16.4+3.2 51.1+14.3 50.9+15.6
A (ng/ml) —67.7+12.0 —56.3+19.2 —34.7+12.6
P value* <0.0001 0.0082 0.0252
12 wk (end
of treatment)
OV (ng/ml) 20.7+6.9 59.2+14.2 73.0+£25.9
A (hg/ml) —63.4+13.3 —48.2+18.2 —-12.6*+31.6
P value* <0.0001 0.0156 NS
End of study
OV (ng/ml) 46.0+6.6 136.9+27.7 183.4+45.2
A (ng/ml) —-38.2+13.7 29.6+21.7 97.8+26.5
P value* 0.0112 NS 0.0061

Observed values (OV) and changes from baseline (4) of plasma hepcidin levels
(in ng/ml) are presented as mean+=SEM for the EE population. Missing values were
imputed using the last-observation-carried-forward method. P values are from
paired t test comparing absolute change from baseline. NS, not significant.
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levels likely foster adequate iron delivery to the bone marrow,
as evidenced by maintenance of normal reticulocyte Hb content
in the oral iron cohorts. The lesser hepcidin reduction in the IV
iron cohort at end of treatment, as well as the large post-treat-
ment increase (by end of study), not seen in the other two
groups, is likely attributable to competing feedback loops by
higher circulating iron levels. This difference in hepcidin tem-
poral profile suggests that IV iron disrupts normal iron reg-
ulation and suggests a potential safety advantage of HIF-PHI by
minimizing iatrogenic iron overload from IV iron.

Finally, roxadustat-induced Hb response is independent of
baseline CRP levels. This suggests that roxadustat may be
effective in some patients even when the inflammatory
component of CKD?%2! is present.

No cardiovascular safety signals and no sustained liver enzyme
elevations were noted in roxadustat-treated patients. In dialysis
patients in the United States, the risk of death is highest during the
first few months after initiation of dialysis (about 40 deaths per 100
patient-years).?>23 Similar results were recently reported for the
European Union.?4 In the current study, performed predomi-
nantly in Russia, only 11.7% of patients reported =1 serious ad-
verse events, and 50% reported =1 adverse events. This compares
favorably with the 20-week darbepoetin (NESP) study 211,'>1¢ of
incident dialysis patients in which 41% of darbepoetin-treated
patients and 35% of patients in the epoetin alfa comparator group
had serious adverse events, and 98% with darbepoetin and 100%
with epoetin alfa reported =1 adverse events. In the same study,
42% of darbepoetin- and 29% of epoetin alfa—treated patients
were reported to have had severe, life-threatening, or fatal treat-
ment-emergent adverse events, compared with 10% in the present
study. However, our study was not powered for safety and to de-
termine significant differences in safety profiles between rox-
adustat and erythropoietin analogues, very large global phase 3
studies with roxadustat are under way. These studies will enroll
up to 7500 patients between the predialysis CKD and ESRD
populations.

Roxadustat’s ability to increase Hb is similar to that of
darbepoetin versus epoetin alfa, each with IV iron, in the NESP
study discussed above.!>1¢ The transfusion rate of 3.3% with
roxadustat, compared with 27% with darbepoetin and 16%
with epoetin alfa, suggests that dialysis patients receiving rox-
adustat may require fewer red blood cell transfusions than
those receiving erythropoietin analogues, but only the large
phase 3 studies will answer this definitively.

Limitations of this phase 2 study include its small sample size,
open-label design, length of treatment duration, and lack of
comparator arms with an erythropoietin analogue or oral and IV
iron alone. Of note, historical studies in dialysis patients showed
that IV iron supplementation to erythropoietin analogue led to
statistically significantly greater Hb increases than no iron, oral
iron was as ineffective as no iron,?> and 200 mg of oral elemental
iron was an insufficient supplement to erythropoietin analogue
in maintaining an Hb level of 10 g/dl.2¢

In summary, to our knowledge this study is the first proof-of-
concept that roxadustat, an oral HIF-PHI, is able to correct
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Variable HD, No Iron HD, Oral Iron (n=12) HD, IV Iron (n=10) PD, Oral Iron (n=10) Total (n=55)
Serum iron
Patients (n) 23 12 10 10 55
Baseline (uM) 9.7+0.6 12.8+1.8 10.3x1.0 9.5+0.8 10.4+0.5
Aeot(uM) —-2.1*£0.9 1.2+25 1.4+1.6 0.4+1.6 —-0.3+0.8
P value for EOT 0.031 NS NS NS NS
Ferritin
Patients (n) 23 12 10 10 55
Baseline (ng/ml) 156+13 163+31 182+27 137+27 159+11
Agot(ng/ml) —120+12 —51=+25 —25+34 —65+29 -78*12
P value for EOT <0.001 NS NS 0.054 <0.001
Transferrin
Patients (n) 23 12 10 10 55
Baseline (uM) 26.9+0.9 26.6*0.9 26.7+1.3 26.6+2.4 26.7*0.6
Aeot(uM) 9.5+1.2 57+1.7 55+1.4 5.6+2.9 7.1+0.8
P value for EOT <0.001 0.008 0.004 NS 0.085
TIBC
Patients (n) 23 12 10 10 55
Baseline (uM) 44.7+1.6 45.2+1.7 44.4+21 45.8+4.2 54.0+1.1
Arot(uM) 17.4%2.0 10.1£3.3 9.7+2.4 9.1+4.8 12.9£1.5
P value for EOT <0.001 0.011 0.003 NS <0.001
sTfR
Patients (n) 23 10 10 10 53
Baseline (ng/ml) 3.1*x0.3 3.4+04 3.7*x0.7 3.2+04 3.3x0.2
Aeot(ng/ml) 4.3+0.9 1.8+x1.0 2.5+0.6 2.6+0.8 3.2+0.5
P value for EOT <0.001 NS 0.004 0.011 <0.001
TSAT
Patients (n) 23 10 10 10 53
Baseline (%) 18.8+0.8 19.0+1.0 18.1*+1.5 19.3+1.8 18.8+0.6
Aeor(%) —7.4+1.4 2.6+25 0.7+2.9 —1.6+2.6 —27+1.2
P value for EOT <0.001 NS NS NS 0.026
Iron-deplete®
Patients (n) 23 10 10 10 53
Baseline (%) 16+69.6 8+66.7 8+80.0 7+70.0 39+70.9
EOT (%) 23+100 10+83.3 6+60.0 9+90.0 48+87.3
P value for EOT 0.016 NS NS NS NS
CHr
Patients (n) 21 10 10 10 51
Baseline (pg) 31.0+0.3 31.6*0.5 31.5+0.5 30.5+04 31.1+0.2
Agilpg) -1.3+x04 -0.5+0.5 —-0.4+0.5 —-0.7+0.6 -0.8+0.2
P value for 4 wk 0.005 NS NS NS 0.002
Aeot(pg) —-2.2+0.7 -1.9+0.9 —-1.0+0.6 —-0.2+0.6 —-1.5+0.4
P value for EOT 0.003 NS NS NS <0.001

Unless otherwise noted, data are expressed as mean=SEM for the EE population using the last-observation-carried-forward imputation method. Baseline for iron
variables was defined as the mean available values obtained before the first dose. P values are from paired t test: comparison to baseline values, except for iron-
deplete, for which Pvalue is from McNemar test. Agor, change from baseline at end of therapy; NS, not significant; EOT, values at end of treatment; TIBC, total iron-
binding capacity; sTfR, soluble transferrin receptor; CHr, reticulocyte Hb content; Asuk, change from baseline after 4 weeks.

“Iron-deplete: TSAT <20% or ferritin <100 ng/ml.

anemia in incident dialysis patients with ESRD. Roxadustat
corrected anemia equally well with only moderate oral iron
supplementation as with IV iron. There is no evidence that iron-
replete status, as currently defined, is required. This also appears
to be the first reported clinical study to show hepcidin reduction
by HIF-PHI with no iron as well as oral and IV iron supple-
mentation. Further development in adequate and well-con-
trolled phase 3 studies is underway (NCT02052310).

J Am Soc Nephrol 27: eee—eee, 2015

CONCISE METHODS

Study Design and Conduct
This study was conducted in the United States, Russia, and Hong Kong

in accordance with the Declaration of Helsinki, in patients with signed

informed consent, following approvals of the ethics committees.
Key eligibility criteria included erythropoietin analogue-naive

patients with ESRD who began receiving dialysis between 2 weeks and
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4 months before enrollment, with baseline Hb values =10.0 g/dl, fer-
ritin levels of 50-300 ng/ml, transferrins saturation levels of 10%—-30%,
no IV iron therapy within 4 weeks before randomization, and normal
liver function (see Supplemental Material). Initially, 36 HD recipients
were randomly assigned into three roxadustat-treated cohorts differing
in iron supplementation for a 12-week treatment period: no iron, oral
iron, or IV iron supplementation (cohorts A, B, and C, respectively).
Randomization was stratified by baseline iron status (TSAT =20% and
ferritin =100 ng/ml versus TSAT <20% or ferritin <100 ng/ml).
Twelve patients receiving PD were enrolled into cohort D in parallel
and received oral iron. An additional 12 HD patients were enrolled into
cohort E after the first 6 weeks of data from cohorts A, B, and C had
been evaluated in order to further confirm or refute the feasibility of
no-iron supplementation (Figure 1).

Roxadustat was dosed thrice weekly for 12 weeks. Initial doses
(1.0-1.7 mg/kg per dose) for the first 4 weeks were determined using
three body weight tiers, followed by dose adjustment evaluations
every 4 weeks based on Hb, to a maximum of 2.5 mg/kg (Table 2).
Local standard of care was implemented during 4 weeks follow-up
between end of treatment and end of study.

Safety and efficacy datawere collected weekly during the dosing period
and at 2 and 4 weeks after end of treatment. Safety assessments included
vital signs, physical examinations, treatment-emergent adverse events,
serious adverse events, and complete blood counts and chemistries.

Statistical Analyses
The primary and secondary efficacy analyses were based on the EE

population, defined as patients who received study drug for at least 6
weeks and had corresponding Hb data. The primary endpoint was the
maximum Hb change from baseline during the last 10 weeks of the
dosing period (AHb,,.,). Baseline Hb was the mean of the last three
central laboratory Hb values before first study drug dose. Key sec-
ondary endpoints were percentage of patients with AHb of =1.0 g/dl
(Hb response) and median time to Hb response. Exploratory end-
points included changes in iron parameters of TSAT, ferritin, hepcidin,
soluble transferrin receptor, and reticulocyte Hb content.

A sample size of 60 was considered adequate to assess anemia
correction by roxadustat based on prior studies. Twelve patients per
arm were determined by clinical judgment to be sufficient for evalua-
tion of the effect of the types of iron supplementation.

Significance of change from baseline was assessed using a paired t-test
and similar nonparametric methods. Effects on Hb correction over time
by iron supplementation regimen, dialysis modality, baseline iron reple-
tion status, and baseline CRP were analyzed by repeated-measures analysis
of covariance model using all available data collected during treatment. A
two-sided P value <0.05 was considered to indicate a statistically signifi-
cant difference. No adjustment was made for multiple comparisons. Safety
and efficacy data from both no-iron-supplement cohorts were pooled.
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