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A B S T R A C T

Background. FG-4592 (roxadustat) is an oral hypoxia-
inducible factor (HIF) prolyl hydroxylase inhibitor (HIF-PHI)
promoting coordinated erythropoiesis through the transcription
factor HIF. Two Phase 2 studies were conducted in China to
explore the safety and efficacy of FG-4592 (USAN name: roxa-
dustat, CDAN name: ), a HIF-PHI, in patients with
anemia of chronic kidney disease (CKD), both patients who
were dialysis-dependent (DD) and patients who were not
dialysis-dependent (NDD).
Methods. In the NDD study, 91 participants were randomized
to low (1.1–1.75 mg/kg) or high (1.50–2.25 mg/kg) FG-4592
starting doses or to placebo. In the DD study, 87 were enrolled to
low (1.1–1.8 mg/kg), medium (1.5–2.3 mg/kg) and high (1.7–
2.3 mg/kg) starting FG-4592 doses or to continuation of epoetin
alfa. In both studies, only oral iron supplementation was allowed.
Results. In the NDD study, hemoglobin (Hb) increase�1 g/dL
from baseline was achieved in 80.0% of subjects in the low-dose
cohort and 87.1% in the high-dose cohort, versus 23.3% in the

placebo arm (P< 0.0001, both). In the DD study, 59.1%, 88.9%
(P¼ 0.008) and 100% (P¼ 0.0003) of the low-, medium- and
high-dose subjects maintained their Hb levels after 5- and
6-weeks versus 50% of the epoetin alfa-treated subjects.
In both studies, significant reductions in cholesterol were noted
in FG-4592-treated subjects, with stability or increases in serum
iron, total iron-binding capacity (TIBC) and transferrin (with-
out intravenous iron administration). In the NDD study,
hepcidin levels were significantly reduced across all FG-4592-
treated arms as compared with no change in the placebo arm.
In the DD study, hepcidin levels were also reduced in a
statistically significant dose-dependent manner in the highest
dose group as compared with the epoetin alfa-treated group.
Adverse events were similar for FG-4592-treated and control
subjects.
Conclusions. FG-4592 may prove an effective alternative for
managing anemia of CKD. It is currently being investigated in a
pivotal global Phase 3 program.

Keywords: anemia in chronic kidney disease, erythropoiesis,
erythropoietin, hypoxia-inducible factor, FG-4592
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I N T R O D U C T I O N

Chronic kidney disease (CKD) is a major global public health
challenge affecting over 10% of the population in industrial
countries [1], with an estimated 120 million affected people in
China [1–3]. The prevalence and severity of anemia are higher
at later stages of CKD, with>90% prevalence in Stage 5 CKD.
Anemia is associated with significant morbidity and mortality
[4, 5], progression of kidney disease in patients with diabetes [6]
and higher transfusion rates [7].

In China, anemia in non-dialysis dependent CKD patients
(NDD-CKD) generally remains untreated, reflected by the low
hemoglobin (Hb) levels at dialysis initiation in both rural and
large urban healthcare settings, e.g. mean Hb levels of
7.3 61.8 g/dL (Guangzhou), 8.2 61.8 g/dL (Beijing) and
7.7 61.9 g/dL (Shanghai) [8–11]. In a single-center study, rural
subjects who initiated dialysis with mean Hb levels of
5.9 64.7 g/dL had twice the rate of heart failure (34.4% versus
16.2%) and twice the 1-year mortality rate (42.9% versus 21.9%)
of urban subjects who began dialysis with mean Hb of
8.4 64.5 g/dL [8, 10, 11].

CKD anemia in dialysis-dependent (DD) patients also
appears to be undertreated in China. According to the Chinese
National Renal Data System (2011), the mean Hb in Chinese
dialysis patients is 9.1 g/dL despite the use of recombinant
erythropoiesis-stimulating agents (ESAs) in 82.6% of hemodial-
ysis patients and the Chinese ESA label Hb target of 10–12 g/dL
[12]. Although the USA has a more mature dialysis infrastruc-
ture, half of the US new dialysis patients (50.1%) have Hb levels
<10 g/dL, and approximately 28% have Hb levels<9 g/dL [13].

Exogenous human recombinant erythropoietin (rhEPO)
and derivatives thereof (ESAs) are approved for treating CKD
anemia in most countries, including China. Although ESAs
may improve quality of life [14], several studies in CKD patients
(both NDD and DD) observed higher mortality in higher dose
ESA-treated cohorts when the protocol objective was to treat to
higher target Hb levels [15–18]. Meta-analyses support the asso-
ciation of adverse events with higher ESA dose administration
[19–23]. Increased cardiovascular and/or cerebrovascular risk is
associated with the dose of ESA used rather than with the Hb
level achieved [21, 23]. In addition to these safety concerns,
challenges of administering parenteral products like ESAs out-
side of dialysis centers have limited the use of such therapies in
the NDD-CKD population.

While endogenous erythropoietin (EPO) levels are lower than
expected for the degree of anemia in CKD [24, 25], the retained
ability to increase production of endogenous EPO and the roles
of inflammation and elevated hepcidin support the concept that
anemia in CKD patients is not solely due to endogenous EPO
deficiency but is rather the result of multiple factors [26–28].

Hypoxia-inducible factor (HIF) is a transcription factor that
acts as the body’s main sensor of oxygen tension [29]. HIF indu-
ces expression not only of EPO, but also of the EPO receptor and
of proteins that promote iron absorption and recycling from the
macrophage iron storage system [30]. HIF is regulated by a fam-
ily of prolyl hydroxylases (HIF-PHs), which promote the degra-
dation of HIF under normal oxygen conditions but are inhibited

under hypoxic conditions. FG-4592 (USAN name: roxadustat,
CDAN name: ) is a potent and reversible HIF-PH
inhibitor (HIF-PHI) that transiently induces HIF stabilization
and leads to a functional HIF transcriptional response that
mimics the natural erythropoietic response associated with expo-
sure of humans to intermittent hypoxia. Thus, FG-4592 pharma-
cologically stimulates erythropoiesis via the HIF pathway and in
a manner consistent with the physiological response to hypoxia,
but under normoxic conditions. The intermittent dosing strategy
of FG-4592 for the treatment of CKD anemia [31] permits main-
tenance of the therapeutic effect over time without desensitiza-
tion to treatment [32, 33]. Herein, we report the results of two
randomized, controlled Phase 2 studies of FG-4592 for correc-
tion of anemia or Hb maintenance in Chinese NDD- and DD-
CKD patients, respectively.

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

Ethical considerations

These studies were conducted in accordance with the
Declaration of Helsinki and International Conference on
Harmonization Good Clinical Practice guidelines, approved by
appropriate Ethics Committees, and registered at Clinicaltrials.gov
(NCT01599507 and NCT01596855). Subjects provided informed
consent prior to participation.

Subjects and treatment

NDD study. The double-blinded NDD study included CKD
subjects 18- to 80-years old with an estimated glomerular filtra-
tion rate (eGFR) [34] of 10 to<60 mL/min/1.73 m2, not requir-
ing dialysis, with baseline Hb<10.0 g/dL. Key exclusions were
thromboembolic events, ESA treatment or red blood cell (RBC)
transfusion within 12 weeks or intravenous (IV) iron supple-
mentation within 4 weeks of Day 1 of the study (see
Supplementary data, Table S1). Qualified subjects were
randomized 2:1 to FG-4592 or placebo orally thrice weekly
(TIW) sequentially into first low- (1.1–1.75 mg/kg) and then
high-dose (1.50–2.25 mg/kg) FG-4592 cohorts using weight-
tiered dosing (40–60 kg,>60 to 80 kg or>80 to 100 kg), and
were treated for 8 weeks. Dose increase could occur once (Week
5), while dose reductions for protocol-defined excessive eryth-
ropoiesis could occur at any time (see Supplementary data,
Table S2).

DD study. The open-label DD study included subjects on
hemodialysis whose mean Hb in three screening tests was
between 9.0 and 12.0 g/dL, who received stable doses of epoetin
alfa (administered IV or subcutaneously) during the 7 weeks
prior to randomization, and who were without recent cardiovas-
cular events (Supplementary data, Table S3). Subjects were
stratified by baseline epoetin alfa dose (> or �6000 IU/week)
and randomized 3:1 to FG-4592 or to epoetin alfa [FG-4592
sequentially to 1.1–1.8 mg/kg (low), 1.5–2.3 mg/kg (medium)
and 1.7–2.3 mg/kg (high) per dose TIW on dialysis days], using
weight-based dosing (Supplementary data, Table S4). Subjects
randomized to epoetin alfa continued their pre-randomization

1374 N. Chen et al.

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1


||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
|dose, route and schedule with dose adjustments to maintain sta-

ble Hb level. Dose increase could occur once at Week 5 (see
Supplementary data, Table S4). Dose decreases were allowed at
any time during the dosing period for protocol-defined excessive
erythropoiesis (see legend under Supplementary data, Table S4).

Three additional subjects at each dose level were assigned to
FG-4592 and enrolled in a sub-study of FG-4592 pharmacoki-
netics and pharmacodynamics (PK/PD). These subjects are
included in the safety population, but not in the efficacy-
evaluable (EE) population (see below). The PK/PD data are
expected to be reported in a subsequent manuscript.

Iron use and rescue. In both studies, the protocol allowed
supplementation with oral iron at investigator discretion. The
protocol restricted the use of ESAs, IV iron, androgens or RBC
transfusions through end-of-treatment (EOT). In NDD sub-
jects, rescue therapy with ESAs and/or IV iron was available if
Hb fell below <8.0 g/dL and the investigator felt it was in the
subject’s medical interest. In DD subjects, rescue was available if
Hb decreased to <8.0 g/dL or to <9.0 g/dl with a �1.5 g/dL
decrease from baseline.

Statistical analysis

Statistical methods used in both studies. Analyses were
performed in SAS 9.1.3 (SAS Institute, Cary, NC, USA). A P-
value of<0.05 two-sided was accepted as significant. No adjust-
ments were made for multiple comparisons.

Biological correlates of iron utilization [e.g. total iron-
binding capacity (TIBC), transferrin saturation (TSAT), ferritin
and serum iron], soluble transferrin receptor (sTfR), hepcidin,
C-reactive protein (CRP), red cell parameters [e.g. mean cor-
puscular volume (MCV)] and non-fasting cholesterol [total,
low-density lipoprotein (LDL) and high-density lipoprotein
(HDL) associated] were evaluated in both studies. For Hb, base-
line was defined as the mean of Day 1 Hb and the last two Hb
prior to Day 1 values. For other parameters the laboratory value
obtained immediately prior to the administration of the first
dose of study drug was deemed baseline. The treatment group
comparisons utilized mixed model repeated measure methodol-
ogies, taking into account repeated measurements over time.
Laboratory and safety data were summarized using descriptive
statistics based on data of all subjects. The number of subjects
requiring rescue therapy was also assessed in both studies.

Analysis populations. The intent-to-treat (ITT) populations
included all randomized subjects in each study. The safety pop-
ulations in both studies included all subjects that had received
at least one dose of study drug (FG-4592, placebo or active com-
parator). The pre-specified EE population in the DD study only
consisted of all subjects who received study drug for at least
2 weeks and had corresponding Hb data. All baseline and safety
analyses were done on the safety populations. All efficacy analy-
ses were done on the ITT population in the NDD study, and on
the EE population in the DD study.

Primary endpoint (NDD). The primary efficacy endpoint
for the NDD study was the maximum Hb change from baseline
(DHbmax) at any time from baseline to 8 weeks of treatment. A

sample size of 30 subjects per group provided 80% power to
detect a difference between means of DHbmax of 1 g/dL in the
FG-4592 arms and DHbmax of 0.5 g/dL in the placebo arm,
assuming a common standard deviation of 0.6 g/dL and a 20%
dropout rate, and using a two-group t-test with a 0.05 two-sided
significance level. DHbmax for FG-4592-treated subjects was
compared with that for placebo-treated subjects using the
ANCOVA model with baseline Hb value as covariate. Time to
response was estimated using the Kaplan–Meier method and
compared using the log-rank test.

Other key efficacy endpoints were the proportion of subjects
who were Hb responders (defined as an Hb increase of �1.0 g/
dL from baseline at any time) and the proportion of subjects
who achieved an Hb level of �11.0 g/dL. Fisher’s exact test was
used to compare response rates.

Primary endpoint (DD). The DD study’s primary endpoint
was the percentage of subjects with successful dose conversion
defined as a Hb level maintained at no <0.5 g/dL below mean
baseline value during the last 2 weeks of the 6-week dosing
period in the EE population. This endpoint was compared
between treatment groups using the Cochran–Mantel–
Haenszel test after adjusting for randomization stratification.
The mean change from baseline (CFB) Hb (not due to an RBC
transfusion, protocol-prohibited ESA treatment or IV iron sup-
plementation during the dosing period) after 6 weeks of dosing
was analyzed using the ANCOVA model including baseline Hb
and randomization stratification as covariates. The sample size
of the study was not determined by formal power calculations.

Hepcidin levels were measured at baseline and at EOT using
a competitive ELISA kit from Intrinsic Life Sciences, Inc., La
Jolla, CA, USA (Hepcidin IDxTM ELISA Kit, Cat. No. ICE-007).
High-sensitivity C-reactive protein (hsCRP) assay was per-
formed at baseline by LabCorp Central Laboratories (Beijing,
China) using an immunoturbidimetric method. The assay’s
lowest calibrator concentration (2.5 ng/mL) was used as the
lower limit of quantitation.

R E S U L T S

Subject disposition

In the NDD study, 91 subjects were randomized from
December 2011 to August 2012 to receive either FG-4592
(n¼ 61) or placebo (n¼ 30) at 11 study sites in China
(Figure 1A), constituting both ITT and safety populations. In
the DD study, 87 subjects were enrolled from September 2011
to June 2012 to one of the three FG-4592 dose cohorts or to the
epoetin alfa cohort at nine sites in China (Figure 1B): 74 subjects
were treated with FG-4592 (65 subjects randomized to FG-4592
and 9 PK subjects who were not randomized) and 22 subjects
were treated with epoetin alfa. Of 65 subjects, 5 that were
randomized to FG-4592 withdrew from the study within 2
weeks, including a subject who incorrectly received a single
dose of epoetin-alfa and a subject who developed a Grade 1
rash. The other three early terminations withdrew consent.
Therefore, the pre-specified EE population (see section

H I F - P H I f o r C K D - a n e m i a i n C h i n a 1375

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfx011/-/DC1


FIGURE 1: Patient disposition. (A) NDD study: athe two adverse events in the low dose FG-4592 arm were urinary tract infection and worsen-
ing chronic renal failure. The one placebo subject was discontinued for adverse event of worsening anemia (and received rescue therapy). (B)
DD study: awithdrawn due to having had one dose of epoetin alfa (prohibited medication) administered in error, brash (hypersensitivity). The
latter subject was efficacy evaluable. FU, follow-up.
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‘Materials and methods’) comprised 82 subjects, 60 of whom
were randomized to FG-4592 and 22 of whom were random-
ized to epoetin alfa.

Demographics and baseline characteristics

Baseline characteristics were comparable across treatment
groups, except in the NDD study for the proportion of subjects
baseline eGFR<10 mL/min/1.73 m2 (18.0% of FG-4592-treated
versus 3.3% of the placebo subjects; Table 1).

Efficacy

Hb CFB. Mean [6standard error (SE)] Hb levels over time are
shown for both studies (Figure 2). In the NDD study, the mean
DHbmax at any time to EOT (primary NDD endpoint) was 1.82 g/
dL and 2.59 g/dL in the low- and high-dose cohorts, respectively,
versus 0.65 g/dL with placebo (P< 0.0001 for each cohort versus
placebo, ITT; Table 2, and Figure left panel). At EOT, mean Hb
increased by 1.55 g/dL and 2.38 g/dL in the low- and high-dose
FG-4592 cohorts, respectively, as compared with 0.37 g/dL in the
placebo group (P< 0.0001, for both versus placebo; Figure 2, left
panel).

At EOT in the DD study, Hb levels also increased in a dose-
dependent manner. The low-dose FG-4592 cohort CFB was
0.11 g/dL compared with 0.17 g/dL in the epoetin alfa arm (P-
value not significant) (Table 2). In both the mid- and high-dose
cohorts, Hb increased by 1.10 and 1.42 g/dL, respectively
(P¼ 0.005 for mid-dose and P¼ 0.0002 for high-dose cohort
versus epoetin alfa; Figure 2, right panel; Table 2).

Hb response. In the NDD study, Hb response, defined
as a Hb rise of �1.0 g/dL from baseline at any time, was
dose-dependent and significantly higher in the FG-4592 arms
than in the placebo arm (Figure 3). In the completers (n¼ 82),
Hb response was achieved in 88.5% and 93.1% of the low- and
high-dose cohorts, respectively, versus in 25.9% of placebo sub-
jects (P< 0.0001). The Hb response rates for the ITT popula-
tion were 80.0% in the low-dose and 87.1% in the high-dose
versus 23.3% in placebo cohorts (P< 0.0001 in comparison
with placebo; Table 2). The median time to first Hb response
was 29 days in the low-dose cohort and 16 days in the high-
dose cohort but could not be estimated for the placebo group
(P< 0.0001; Figure 3).

The DD study’s primary endpoint was the number (%) of
subjects in the EE population with successful dose conversion

FIGURE 2: Hb over time and Primary Efficacy Endpoints. NDD study: data are for the ITT population. aThe P-values for DHbmax are from the
CFB lab values comparison of FG-4592 cohort to placebo group based on the ANCOVA model with baseline lab values as a covariate, and these
were �0.0001 at all-time points after Week 2 for the high-dose cohort and after Week 6 for the low-dose cohort. In the low-dose cohort, the P-
values for the difference between mean Hb CFB and placebo were 0.016 at Week 3, 0.003 at Week 4 and 0.0003 at Weeks 5 and 6 (these P-val-
ues are from mixed model for repeated measurements model with baseline as covariate, comparing FG-4592 CFB with placebo CFB). DD study:
data are for the EE population using LOCF for missing data and are the mean (SE) Hb value at each time point. bDefined as a Hb level main-
tained at no less than 0.5 g/dL below mean baseline value during the last two weeks of the 6-week dosing period in the EE population.
cCochran-Mantel-Haenszel test after adjusting for randomization stratification. Zero weeks (baseline) is the mean of three pre-dosing Hb val-
ues. dP¼ 0.005, eP¼ 0.0002, P-values are from the average CFB Hb comparison between FG-4592 Cohorts 1, 2 or 3 and epoetin alfa arm after
6 weeks of treatment, based on the ANCOVA model with baseline Hb and randomization stratification as covariates, and treatment groups as
the classification variable.
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defined as subjects whose Hb levels were maintained at no less
than 0.5 g/dL below their mean baseline value during the last
2 weeks of the 6-week dosing period. A total of 59.1%, 88.9%
and 100% of subjects randomized to the low-, mid- and high-
dose FG-4592 cohorts, respectively, met the primary endpoint
as compared with only 50% of the subjects that continued on
epoetin alfa (Figure 2, right panel; Table 2). The proportion of
subjects who maintained Hb levels was significantly higher in
the FG-4592 mid-dose (P¼ 0.008) and high-dose cohorts
(P¼ 0.0003) than in the epoetin alfa arm. Analyses were also
performed on the ITT (all randomized) subjects, and similar
results were observed.

Fractions of subjects achieving Hb �11 g/dL. In the NDD
study, the proportion of subjects achieving Hb �11 g/dL was
dose-dependent (Figure 3) at 50% in the low-dose and 71% in
the high-dose cohort compared with 6.7% in the placebo-
treated cohort (P¼ 0.0004 and P< 0.0001 versus placebo,
respectively; Table 2).

Leukocyte and platelet counts. Mean leukocyte and platelet
counts did not change during treatment with FG-4592 in either
the NDD or DD studies. However, subjects with the highest pla-
telet counts may have experienced modest decreases in platelet
numbers. In the DD study, the baseline mean platelet counts for
the low, middle and high tertiles were 128� 103/mm3,
185� 103/mm3 and 280� 103/mm3, respectively, compared
with EOT mean platelet counts of 127� 103/mm3, 190� 103/

mm3 and 241� 103/mm3, respectively. The CFB in the high-
dose tertile was significant (P¼ 0.02).

Rescue therapy. In the NDD study, one FG-4592 subject and
one placebo subject required rescue therapy. A severely anemic
FG-4592 subject (low-dose cohort) had a baseline Hb level of
5.8 g/dL at time of randomization, which fell to 5.1 g/dL by 2
weeks of treatment, after which IV iron and ESA therapy were
provided. A placebo subject had a baseline Hb level of 7.0 g/dL,
which fell to 6.3 g/dL; ESA therapy and transfusions were then
provided. In the DD study, no subjects required rescue therapy.

Changes in erythrocyte and iron indices. For both the
NDD and DD studies, the differences in CFB for TSAT, serum
iron, TIBC and transferrin between FG-4592-treated subjects
and the relevant comparator arm followed the same pattern and
need to be interpreted in the context of a difference in red cell
production in the NDD study and the absence of IV iron in the
DD study (Table 2). In the FG-4592-treated arms, serum iron
remained stable or increased, TIBC and transferrin rose signifi-
cantly and TSAT was largely stable with some slight decreases.
Specifically, in the NDD study, the CFBs for serum iron in these
two groups were not significantly different (�4.1 versus 2.7 lg/
mL), while TIBC (84.3 versus 1.2 lg/dL, P< 0.0001) and trans-
ferrin (81.9 versus 2.3 mg/dL, P< 0.0001) rose significantly in
the FG-4592 arms. The CFB for TSAT in FG-4592-treated sub-
jects was �6.35% as compared with 0.24% in placebo
(P¼ 0.001). In the DD study, subjects receiving FG-4592 had

FIGURE 3: Cumulative probability of Hb response and achievement of Hb target in NDD study (ITT population, Kaplan–Meier analysis).
Response was defined as first instance of Hb rise from baseline �1.0 g/dL during the treatment period (full lines). Achievement was defined as
first reaching of Hb level �11.0 g/dL during the treatment period (dashed lines). Empty circles represent censored subjects. P-values (log-rank
test) for Hb response comparison against placebo were <0.0001 for both doses. P-value for comparison of high-dose with low-dose was 0.0665.
P-values (log-rank test) for target achievement comparison against placebo were 0.0034 for the low FG-4592 dose and <0.0001 for the high
dose. The P-value for comparison of high-dose to low-dose was 0.0259. EOT denotes protocol planned end of treatment with study drug.
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|stable serum iron levels as compared with a decline among

those receiving epoetin alfa (CFB 3.1 versus�18.9 lg/mL,
P¼ 0.03). The CFB for TIBC levels (50.5 versus 0.5 lg/dL,
P< 0.0001) and transferrin (49.5 versus 3.3 mg/dL, P< 0.0001)
rose significantly in the FG-4592 arms. There was no significant
difference in TSAT between subjects receiving FG-4592 and
those receiving epoetin alfa (�5.77% versus�8.29%, P¼ 0.74).

Concurrent with these changes in iron stores, the subjects
receiving FG-4592 experienced a greater increase in MCV than
in the comparator arms. In the NDD study, MCV increased by
2.45 fL as compared with 0.30 fL in the placebo arm (P¼ 0.01).
In the DD study, MCV increased by 3.14 fL as compared with
1.12 fL in the epoetin alfa arm (P¼ 0.0045).

Changes in hepcidin. Treatment with FG-4592 resulted in a
decline in serum hepcidin levels in both the NDD and DD stud-
ies. In the NDD trial, the CFB in hepcidin levels was significantly
greater in subjects receiving FG-4592 than in subjects receiving
placebo (�37.5 versus�4.8 ng/mL, respectively, P< 0.0001;
Table 2). In the DD study, the CFB in hepcidin levels was dose-
dependent in the subjects receiving FG-4592 in the low-, middle-
and high-dose cohorts, at�25.7,�86.0 and�102.7 ng/mL,
respectively. The difference between the groups receiving high-
dose FG-4592 and epoetin alfa was statistically significant
(�102.7 versus�77.9 ng/mL, P¼ 0.005). This difference was
maintained when adjusted for CFB in Hb (data not shown).

Serum lipids. Compared with the applicable control, total
cholesterol fell significantly in the FG-4592 group in both the
NDD study (�33.7 versus 8.0 mg/dL, P<0.0001) and the DD
study (�13.3 versus 18.3 mg/dL, P¼ 0.0003) (Table 2). LDL-
and HDL-associated cholesterol levels also decreased with FG-
4592 treatment (Table 2); the effect on LDL cholesterol was
greater, resulting in an increase in the overall HDL/LDL ratio of

0.09 (P¼ 0.0072) in the NDD study and of 0.07 (P¼ 0.019) in
the DD study. The magnitude of change in cholesterol level was
related to baseline cholesterol levels. In the NDD trial, FG-4592
subjects in the highest tertile of baseline total cholesterol (mean
210.9 mg/dL) experienced the greatest absolute decrement of
48.1 mg/dL, while subjects in the middle (mean 165.6 mg/dL)
and lower (mean 126.1 mg/dL) tertiles experienced lesser decre-
ments of 33.8 and 16.4 mg/dL, respectively. In the DD trial, FG-
4592 subjects in the highest tertile of baseline total cholesterol
(mean 212.0 mg/dL) experienced the greatest absolute decre-
ment of 21.9 mg/dL, while subjects in the middle (mean
168.0 mg/dL) and lower (mean 135.0 mg/dL) tertiles experi-
enced lesser decrements of 14.3 and 7.0 mg/dL, respectively.
Total cholesterol returned toward baseline after 4 weeks of
follow-up (data not shown).

Among patients treated with FG-4592 in both NDD and
DD studies, the CFB for total cholesterol did not differ
between those receiving and not receiving concurrent statin
therapy (data not shown).

Safety

Serious adverse events. Treatment-emergent serious adverse
events (SAEs) were reported in four (13.3%) placebo-treated sub-
jects and eight (13.1%) FG-4592-treated subjects in the blinded
NDD study; no SAEs were deemed related to FG-4592. One car-
diovascular SAE of unstable angina was reported in a placebo-
treated subject but no such events were reported in FG-4592-
treated subjects. No SAEs occurred during the DD study. No
deaths or major adverse cardiac events occurred in FG-4592 sub-
jects during either study.

Adverse events. Nineteen (63%) placebo-treated subjects
and 36 (59%) FG-4592 subjects reported at least one treatment-

Table 3. TEAEs occurring in�5% of subjects in a treatment group (safety populations for both studies)

NDD study: FG-4592 DD study: FG-4592 NDD study DD study All FG-
4592

Low dose High dose All Low dose Mid dose High dose All Placebo Epoetin alfa
Preferred terma (n¼ 30) (n ¼ 31) (n¼ 61) (n¼ 25) (n¼ 24) (n¼ 25) (n¼ 74) (n¼ 30) (n¼ 22) (n¼ 135)

Subjects with TEAE(s) [n (%)] 17 (57) 19 (61) 36 (59) 10 (40) 13 (54) 9 (36) 32 (43) 19 (63) 4 (18) 68 (50)

Muscle spasms 0 1 (3) 1 (3) 2 (8) 2 (8) 0 4 (5) 0 3 (14) 5 (4)
Diarrhoea 2 (6.7) 0 2 (3.3) 0 1 (4.2) 0 1 (1.4) 1 (3.3) 0 3 (2)
Vomiting 2 (6.7) 0 2 (3.3) 0 0 0 0 0 1 (5) 2 (1)
Abdominal discomfort 0 0 0 0 2 (8) 1 (4) 3 (4) 1 (3) 0 3 (2)
Nausea 1 (3) 3 (10) 4 (7) 0 0 0 0 1 (3) 1 (5) 4 (3)
Dizziness 3 (10) 0 3 (5) 0 1 (4) 0 1 (1) 3 (10) 0 4 (3)
Headache 0 2 (6.5) 2 (3.3) 0 0 0 0 0 1 (5)
Hypertension 1 (3) 3 (10) 4 (7) 0 2 (8) 1 (4) 3 (4) 0 1 (5) 7 (5)
Hyperkalemia 3 (10) 3 (10) 6 (10) 0 0 0 0 2 (7) 0 6 (4)
Liver injuryb 0 0 0 0 0 2 (8) 2 (3) 1 (3) 0 2 (1)
Decreased appetite 0 0 0 1 (4) 2 (8) 2 (8) 5 (7) 0 1 (5) 5 (4)
TSAT decreased 5 (17) 3 (10) 8 (13) 0 0 0 0 1 (3) 0 8 (6)
Renal failure chronic 1 (3) 3 (10) 4 (7) 0 0 0 0 0 NA 4 (3)
Nasopharyngitis 2 (6.7) 0 2 (3.3) 0 0 0 0 0 0 2 (1)
Upper respiratory tract infections 2 (7) 1 (3) 3 (5) 2 (8) 1 (4) 0 3 (4) 3 (10) 0 6 (4)

aMedDRA version 14.1.
bTwo subjects had transient elevations in ALT and/or AST levels. One-subject had elevations of AST and ALT that were between 1 � and 1.7 � ULN; both values returned to normal
in 33 days. The other patient had ALT elevation up to 2.7 � ULN and AST elevation up to l.5 � ULN; both values returned to normal in 35 days. Neither subject exhibited any symp-
toms associated with the observed levels. Both cases of transaminase elevations resolved without change in study drug administration as per protocol.
NA, not applicable.
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|emergent adverse event (TEAE) in the NDD study, while in the

DD study, 32 subjects (43%) among the total of 74 FG-4592-
treated subjects and 4 subjects (18%) among the total of 22
epoetin alfa-treated subjects reported having at least one TEAE.
The majority of TEAEs in both studies were mild or moderate
in severity. The most common TEAEs did not differ in fre-
quency between the pooled FG-4592 and comparator arms
(Table 3). In the NDD study, one placebo-treated but no FG-
4592-treated subjects had elevations�3� upper limit of normal
of either ALT or AST. Two adverse events of urinary tract infec-
tion and worsening chronic renal failure in the low-dose FG-
4592 arm in the NDD study (a decline in eGFR from 11 mL/
min at screening to 8 mL/min at EOT), and one adverse event
of rash in the mid-dose FG-4592 arm in the DD study led to
treatment discontinuation (Figure 1).

D I S C U S S I O N

The two Phase 2 clinical trials shown here demonstrate the poten-
tial of FG-4592 to effectively treat CKD-related anemia in
Chinese CKD patients on and not on dialysis. The trial of patients
not on dialysis is the first prospective, double-blind, placebo-con-
trolled trial for the assessment of anemia agents reported in a
registrational study in China. The overall median time to Hb
response was 16 and 29 days in the high- and low-dose NDD-
CKD cohorts, respectively. Despite moderately severe anemia at
baseline [mean (6SE) Hb level of 8.8 60.9 g/dL], 67% of the FG-
4592-treated NDD-CKD subjects reached 11.0 g/dL within the
short period of 8 weeks of dosing. In both the NDD study and the
DD study, FG-4592 showed a dose–response effect on Hb levels.
In the DD study, all doses of FG-4592 were at least comparable to
ESAs in maintaining Hb following conversion, as was seen in a
Phase 2 trial with FG-4592 in US hemodialysis patients [28], with
the lowest dose arm maintaining the closest comparability.

FG-4592 appears to affect Hb selectively. Treatment with
FG-4592 was not associated with an increase in platelet levels in
the NDD study. Similarly, in the DD study, there was no
increase in platelet levels in the low-dose and mid-dose FG-
4592-treated cohorts. A small decrease in platelets levels was
observed among FG-4592-treated subjects in the highest base-
line tertile in the dialysis study. As ESAs are known to increase
platelet levels [35], withdrawal of ESA and improved iron uti-
lization with FG-4592 in the DD study may account for that
particular change.

The effect of FG-4592 treatment on iron biomarkers is par-
ticularly noteworthy given that IV iron supplementation was
prohibited in each of the studies. Serum iron levels were clini-
cally stable in FG-4592 subjects despite robust erythropoiesis in
the setting of hepcidin decrements. The comparison between
this stability and the decline in serum iron seen in the group
receiving epoetin alfa should be underscored in view of the fact
that patients on dialysis have an almost universal reliance on IV
iron [36, 37]. In the absence of IV iron, serum iron levels fell in
epoetin alfa subjects and were significantly lower by EOT than
serum iron levels in FG-4592 subjects. The ability of FG-4592 to
also reduce hepcidin should be noted. Hepcidin is increased in
inflammation and in CKD, blocking export from macrophages

of iron that is required for RBC production [28, 38]. In fact,
while optimal erythropoietic response to epoetin alfa requires
IV iron, with oral iron found ineffective [39], in another Phase 2
study with FG-4592 for correction of anemia in incident dialysis
patients, oral iron supplementation has been shown to be as
effective with FG-4592 as IV iron [40]. Accordingly, FG-4592
may reduce the need for IV iron typically required to supple-
ment ESA treatment, potentially limiting patient exposure to
the documented safety liabilities [41] and costs of IV iron asso-
ciated with ESA use.

FG-4592 lowered plasma cholesterol in subjects receiving
FG-4592 in both the NDD and the DD trials. Cholesterol-
lowering has been reported with high altitude exposure [42]
and this result is consistent with results demonstrated in previ-
ously conducted roxadustat studies in healthy volunteers as well
as NDD-CKD and DD-CKD patients [43]. The potential
cholesterol-lowering effect of FG-4592 is independent of statin-
use, and may be mediated, in part, by the effects of HIF on the
degradation of 3-hydroxy-3-methylglutaryl (HMG)-CoA
reductase, a rate-limiting enzyme in cholesterol biosynthesis
[44]. This effect is apparently greater in subjects with the highest
baseline cholesterol levels. While cholesterol reduction with sta-
tins reduces major atherosclerotic events among patients with
CKD [45], further study is required to determine if the choles-
terol reduction mediated by FG-4592 also leads to cardiovascu-
lar benefits in CKD patients.

Taken together, these data suggest that roxadustat
addresses multiple etiologic contributors to anemia in CKD
patients with central common initiators such as inflammation
and/or the failure to respond to hypoxia to the same degree as
people with normal kidney function [26, 46]. It is of some
interest that, in the two China Phase 2 studies presented here,
the relative doses of FG-4592 used to correct anemia in
advanced NDD-CKD patients (84% with eGFR<30 mL/min)
were similar to those used to maintain a desired Hb level in
DD patients. This observation is perhaps predictive of an eas-
ier dose transition between the two CKD states and FG-4592’s
ability to overcome inflammation.

FG-4592 was well tolerated in these populations. No cardio-
vascular safety signals were noted in the FG-4592-treated
patients. The adverse event experience was similar for FG-4592-
and placebo-treated subjects in the blinded NDD trial. In the
DD study, there were no cardiovascular SAEs, deaths or study
drug-related SAEs in FG-4592-treated patients. It should be
underscored that as with all Phase 2 studies, the safety data are
limited in their ability to examine less common potential risks
due to the small sample size and short-term follow-up [48]. A
more conclusive safety assessment is being undertaken in the
much larger Phase 3 trials currently underway.

In summary, 8 weeks of treatment with FG-4592 at a dose
of 1.1–2.2 mg/kg TIW stimulated erythropoiesis and increased
Hb without IV iron in Chinese NDD-CKD patients.
Additionally, FG-4592 successfully maintained Hb levels over
6-weeks in Chinese DD patients, while epoetin alfa did not.
Further, FG-4592 improved the functional delivery of iron to
the erythron in NDD and in DD patients as reflected by stable
iron levels, improved transferrin levels and increased MCV
values. A potential role for hepcidin is suggested in the
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|concurrent decline of levels of this master iron regulator in

both NDD and DD subjects receiving FG-4592. The demon-
strated potential safety and efficacy profile of FG-4592 and the
advantages associated with use of an oral agent (rather than
injectable ESAs) in improving patient access to treatment sup-
port further development in this large, underserved patient
population.
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A B S T R A C T

Background. This study compared the pulmonary embolism
(PE) risks between Asian dialysis patients and a comparison
cohort without clinical kidney disease.

Methods. From the National Health Insurance claims data of
Taiwan, we identified 106 231 newly diagnosed end-stage renal
disease patients undergoing dialysis in 1998–2010 and ran-
domly selected 106 231 comparison subjects, frequency
matched by age, sex and the index year. We further selected
7430 peritoneal dialysis (PD) patients and 7340 propensity
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