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Roxadustat — a new therapeutic option 
for treatment of anemia in patients 
with chronic kidney disease

INTRODUCTION 

Chronic kidney disease (CKD) is a gro
wing public health problem. It is estimated 
that it affects 8–16% of the global population 
[1]. In Poland, about 200 000 people are diag-
nosed with advanced-stage CKD, and about 
20 000 are dialysis patients [2]. About 2 mil-
lion patients depend on dialysis worldwide. 
Anemia is a very common complication of 
kidney diseases, and its occurrence is associ-

ated with a reduced quality of life, as well as 
increased morbidity and mortality [3, 4]. The 
main causes of CKD-related anemia include 
erythropoietin (EPO) deficiency and iron de-
ficiency (absolute and functional). In addition, 
the bone marrow response to EPO is reduced 
in patients with chronic inflammation, particu-
larly in patients with advanced-stage CKD and 
hemodialysis patients. Since the introduction 
of synthetic erythropoiesis-stimulating agents 
(ESAs; initially epoetin alpha-EPO-α, fol-
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common public health issue. It is estimated that 
it affects 8–16% of the global population. Anemia 
is a very common complication of chronic kidney 
disease, and its occurrence is associated with 
a reduced quality of life, increased morbidity, and 
mortality. The main causes of CKD anemia include 
erythropoietin (EPO) deficiency and iron deficiency 
(absolute and functional). In addition, the bone mar-
row response to EPO is reduced in patients with 
chronic inflammation, which is often present in 
patients with advanced stages of CKD and dialyzed 
patients. According to the current guidelines, the 
treatment of anemia in CKD involves recombinant 
erythropoiesis-stimulating agents (ESAs) along with 
iron supplementation. In some patients, intensive 
correction of anemia requiring high doses of ESA 
and intravenous iron may increase the risk of ad-
verse events. The correction also requires injections, 
outpatient visits, and hospital stays, which is espe-
cially troublesome for pre-dialysis patients.
The discovery of hypoxia-inducible factors (HIFs) 
responsible for stimulating cells to EPO synthesis 
and increased activity of oxygen-dependent genes 
enabled the development of new drugs, so-called 

HIF-PHI inhibitors (hypoxia-inducible factor-prolyl 
hydroxylase inhibitors, prolyl hydroxylase inhibi-
tors). Those compounds reversibly inhibit the activ-
ity of the enzyme responsible for inactivating the HIF 
and thus increase endogenous EPO synthesis and 
affect iron metabolism. This discovery opened new 
options for the treatment of anemia in CKD patients. 
Phase 2 and 3 clinical trials are conducted with sev-
eral drugs: daprodustat (GSK-1278863), roxadustat 
(FG-4592), and wadadustat (AKB-6548). To date, 
only roxadustat has been approved for treatment 
of CKD-related anemia. Roxadustat (FG-4592) is 
a novel orally active, potent, and reversible inhibitor 
of prolyl hydroxylase (PHI), causing functional ac-
tivation of target genes that encode proteins such 
as EPO, EPO receptor, heme biosynthesis enzymes, 
and proteins that enhance iron absorption and trans-
port and thus promote formation and maturation of 
red blood cells (RBCs).
This study aims to summarize the available results 
of studies on the use of roxadustat in both pre- 
-dialysis and dialysis patients with CKD.
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lowed by EPO-β, darbepoetin, and pegylated 
epoetin beta) on the market in the 1980s, it has 
become possible to correct anemia in patients 
with impaired renal function. According to the 
current guidelines, the treatment of anemia in 
CKD includes recombinant ESA together with 
iron supplementation [3, 5, 6]. Initially, this 
treatment was aimed at reducing the need for 
blood transfusions, then studies were under-
taken to see if that full correction of anemia 
improves the quality of life and reduces overall 
and cardiovascular mortality in patients with 
CKD. However, the results of those studies 
were inconclusive, and in some patients, the 
use of ESA in high doses increased the risk 
of cardiovascular events and death [7–9]. This 
resulted in a change in recommendations and 
target ranges for hemoglobin levels in both 
pre-dialysis and dialysis patients [5]. The 
analysis of adverse effects of intensive anemia 
correction showed that one of the important 
factors may be administration of intravenous 
iron, especially in patients with high ferritin 
levels and functional iron deficiency. This re-
sults from increased concentrations of factors 
preventing utilisation of stored iron such as 
hepcidin, and decreased levels of transferrin 
and total iron-binding capacity (TIBC). Treat-
ment with ESA and intravenous iron requires 
injections, outpatient visits, and hospital stays, 
which have a particularly negative effect on 
patients in the pre-dialysis period. Thus, many 
patients treated according to the current stan-
dard of care do not achieve adequate anemia 
correction, and there is a need for additional 
clinical research in many areas [4, 5, 10].

A better understanding of the mecha-
nisms regulating the body’s response to hypox-
ia led to the identification of several transcrip-
tion factors whose activity depends on tissue 
oxygen concentration. The most important fac-
tors include the hypoxia-induced factors (HIF) 
responsible for stimulating cells to synthesize 
EPO and increase the activity of oxygen-de-
pendent genes [11]. Hydroxylation of appro-
priate proline residues in the HIFα subunit 
by a specific enzyme, i.e. prolyl hydroxylase 
(PHD), triggers its inactivation [12, 13]. The 
activity of PHD depends on the oxygen concen-
tration and increases proportionally to oxygen 
content within tissues. Under hypoxia, HIFα 
does not degrade; it translocates to the nucleus 
where it forms a heterodimer with HIFβ and 
activates transcription of various genes. HIF 
factors facilitate oxygen supply and cellular ad-
aptation to hypoxia by regulating a broad spec-

trum of responses to hypoxia responses such as 
angiogenesis, anaerobic glucose metabolism, 
mitochondrial biogenesis, and others [14]. 
PHD/HIF is an important mechanism that is 
involved in adaptation of tissues to low oxygen 
environments, regulates response to hypoxia, 
influences renal and hepatic EPO synthesis, 
controls iron uptake and utilization [15], and 
facilitates maturation and proliferation of ery-
throid cells in the bone marrow [16].

The discovery of HIF-PHI inhibitors 
(hypoxia-inducible factor-prolyl hydroxylase 
inhibitors) that reversibly inhibit PHD hydro
xylation opened new possibilities for treatment 
of anemia in patients with CKD. These mole
cules induce a transient increase in expres-
sion of genes regulated by HIF, including the 
EPO gene in the kidney and liver, and cause 
a moderate increase in plasma EPO in patients 
with end-stage renal failure. Those drugs also 
have a beneficial effect on iron metabolism as 
they lower the levels of hepcidin and ferritin 
and increase TIBC and the level of transfer-
rin in CKD patients [17]. It has been shown 
in clinical trials that drugs from this group, 
apart from stimulating erythropoiesis, induce 
additional effects such as lowering cholesterol 
levels [17–19]. Phase 2 and 3 trials are being 
conducted with several drugs, including dapro-
dustat (GSK-1278863), roxadustat (FG-4592), 
and wadadustat (AKB-6548). Currently, only 
roxadustat has been approved for the treat-
ment of CKD-related anemia [18, 20].

Roxadustat (FG-4592) is a new potent re-
versible inhibitor of prolyl hydroxylase (PHI) 
which is administered orally [9, 21, 22]. Roxa-
dustat can stabilize the HIFα subunits and pre-
vent their degradation by mimicking hypoxia, 
resulting in an increased HIF transcriptional 
activity. This, in turn, leads to functional ac-
tivation of target genes encoding proteins 
such as EPO, EPO receptor, heme biosynthe-
sis pathway enzymes, and proteins enhancing 
iron absorption and transport, which promotes 
formation and maturation of red blood cells 
(RBCs) [23].

This study aims to discuss the results of 
phase 2 and 3 studies on the use of roxadustat 
in pre-dialysis patients with CKD, as well as in 
dialysis patients.

RESULTS IN PRE-DIALYSIS PATIENTS

PHASE 2
The results of preclinical studies of roxa-

dustat made it possible to conduct preliminary 
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phase 2 studies. Besarab et al. [24] recruited 
116 patients into the study focused on the ef-
fects of various doses of the drug (1.0, 1.5, 2.0, 
or 0.77 mg/kg, 2 or 3 times a week) or placebo 
over 4 weeks of treatment and 2 weeks of ob-
servation. Additionally, pharmacokinetic pa-
rameters were assessed in some patients. There 
was a significantly greater increase in hemo-
globin (Hb) level compared to placebo in 
all treatment groups, with 80% and 100% of 
patients in the two highest dose groups, re-
spectively, achieving an increase of > 1 g/dL. 
Approximately 40% of patients received oral 
iron supplementation, and intravenous iron 
supplementation was not allowed. There was 
a significant increase in TIBC and a decrease 
in hepcidin and ferritin levels in the treatment 
groups compared to the placebo group. In 
a few patients, changes in endogenous eryth-
ropoietin levels were measured after adminis-
tering the drug. Significant transient increases 
in erythropoietin levels were observed within 
the first 8 hours after administration. Over-
all, the treatment was well-tolerated, and the 
incidence of adverse events was comparable 
between roxadustat and placebo-receiving pa-
tients [24].

Provenzano et al. [19] conducted a study 
on a group of 145 patients with stage 3 and 
4 CKD aimed to assess the response to differ-
ent drug doses administered 2 or 3 times a week 
for 24 weeks. All subjects had Hb < 10.5 g/dL 
and had not been receiving ESA for at least 
12 weeks before study enrollment. Overall, 
92% of patients responded to treatment and 
the mean increase in Hb was 1.83 (± 0.09) g/dL. 
The observed increases in Hb concentration 
were independent of the initial C-reactive pro-
tein (CRP) level and iron metabolic status. 
The authors also observed a significant reduc-
tion in hepcidin levels and, additionally, to-
tal cholesterol levels, regardless of statin use. 
The study drug was generally well-tolerated, 
57 serious adverse events were reported in 
35 patients, 11 cardiovascular events were re-
ported, and a total of 9 patients died. None of 
those events was classified as drug-related [19].

Szczech et al. [25] conducted another 
randomized double-blind placebo-controlled 
study including 91 patients randomly assigned 
to either 2 different starting doses of roxadu-
stat or placebo, given over 8 weeks. Among 
the participants, 80–87% achieved an increase 
in Hb of more than 1 g/dL, compared to 23% 
in the placebo group. Patients received only 
oral iron supplementation. Hepcidin and cho-

lesterol levels were significantly lower in the 
treatment group, and higher levels of iron, 
transferrin, and TIBC were also observed. The 
incidence of serious adverse events was low 
and comparable in the treated group and the 
placebo group [25].

PHASE 3
Chen et al. [26] conducted a phase 3 ran-

domized double-blind study of roxadustat in 
China. The study was divided into two stag-
es. Patients were initially given roxadustat or 
placebo 3 times a week for 8 weeks (Hb levels 
were tested in both groups between weeks 
7 and 9), and then all volunteers received roxa-
dustat for an additional 18 weeks. Patients 
weighing more than 40 kg and less than 60 kg 
received the dose of 70 mg, and patients weigh-
ing more than or equal to 60 kg — 110 mg. The 
study included 154 patients with CKD who 
had not started renal replacement therapy, 
randomly assigned to treatment with roxadu-
stat (n = 102) or the placebo (n = 52) group. 
The main aim of the study was to evaluate the 
change in Hb levels between the 7th and 9th 
weeks of the study. Other goals included de-
termination of the number of patients with an 
increase in Hb level by more than 1 g/dL, pa-
tients with an Hb level above 10 g/dL between 
the 7th and 9th week of the study, and patients 
with an increase in Hb concentration of at 
least 1 g/dL with baseline Hb > 8 g/dL and an 
increase in Hb of at least 2 g/dL at week 9 of 
the study with baseline Hb < 8 g/dL. Changes 
in serum total cholesterol (TCH), low-density 
lipoprotein cholesterol (LDL-CH), hepci-
din, and serum iron levels between weeks 
7 and 9 of the study were also measured. Af-
ter 9 weeks of treatment, mean Hb levels in-
creased by 1.9 ± 1.2 g/dL in the roxadustat 
group and by 0.4 ± 0.8 g/dL in the placebo 
group. An increase in Hb of more than 1 g/dL 
after 9 weeks of the study was observed in 84% 
of the roxadustat patients; mean Hb levels of 
at least 10 g/dL between week 7 and week 9 of 
the study were reported in 68% of patients re-
ceiving roxadustat and 6% of those receiving 
placebo. There was a reduction in hepcidin 
concentration by 56.14 ± 63.40 ng/mL in the 
roxadustat group and by 15.10 ± 48.06 ng/mL 
in the placebo group. Significant reductions in 
TCH and LDL-CH levels were also observed 
in the roxadustat group compared to placebo. 
Among the adverse events in the roxadustat 
arm, hyperkalemia and metabolic acidosis 
were more frequently observed. There were no 
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significant differences between the groups as 
to the incidence of serious adverse events. One 
hundred and thirty-one patients (87 on roksa-
dustat and 44 on placebo) continued the study 
until week 18. Patients who continued roxa-
dustat maintained stable Hb levels, and in the 
placebo group, after starting the drug, Hb le
vels above 11.0 g/dL were observed in 72% of 
patients. The reduction of TCH and LDL-CH 
was maintained until the end of treatment in 
all patients [26].

Further research was carried out in Ja-
pan and other locations. Akizawa et al. [27] 
in a multicenter study involving 100 patients 
with CKD and eGFR estimated glomerular 
filtration rate < 89 mL/min/1.73 m2 evalu-
ated the effect of roxadustat treatment at an 
initial dose of 50 or 70 mg for 24 weeks. The 
dose was adjusted from week 4 to maintain the 
Hb level in the range of 10–12 g/dL; the maxi-
mum dose could have been 3 mg/kg or 300 mg, 
whichever was reached first. Forty-four per-
cent of patients included in the study had 
eGFR < 15 mL/min/1.73 m2, and the mean 
Hb concentration was 9.82 ± 0.57 g/dL. The 
mean concentrations of ferritin, transfer-
rin, and transferrin saturation  (TSAT) were 
113.79 ± 87.7, 2.04 ± 0.303, and 27.91 ± 8.2%, 
respectively. Ninety-seven percent of patients 
in the 50 mg group and 100% of patients in 
the 70 mg group achieved an increase in Hb 
level of more than 1 g/dL and level of at least 
10 g/dL. The mean Hb concentration in-
creased until week 12 and remained within 
the target range (10–12 g/dL) until the end of 
the study (mean 11.17 ± 0.62 g/dL). In terms 
of iron metabolism, there were no significant 
changes in the level of ferritin, transferrin, 
TIBC, and TSAT. Hepcidin levels decreased 
indiscriminately and were the lowest in the 
first 4 weeks of treatment. The drug was gene- 
rally well-tolerated, with approximately 11% of 
patients having serious adverse reactions. The 
most common included pharyngitis, hyperka-
lemia, diarrhea, and hypertension [27].

The same authors conducted another 
study on 334 pre-dialysis CKD patients pre-
viously treated with ESA. Patients receiving 
EPO-α or darbepoetin (DA) were randomly 
assigned to either roxadustat (132) or DA 
(131); additional 71 patients previously treat-
ed with pegylated erythropoietin switched 
to roxadustat. The main study period was 
24 weeks, and the patients treated with roxa-
dustat were followed up until week 52. The 
primary endpoint was the change in Hb levels 

between weeks 18–24. In addition, secondary 
endpoints were also assessed over the period 
of weeks 18–24 and weeks 44–52, including the 
mean Hb level, percentage of patients achiev-
ing the target Hb level (10–12 g/dL), change in 
Hb level in each week relative to the baseline 
value, and other laboratory tests (parameters 
of iron metabolism and hepcidin level). The 
mean Hb level in the roxadustat group was 
11.14 ± 0.07 over the period of 18–24 weeks, 
and the comparison of mean differences in Hb 
levels between patients treated with roxadustat 
and DA confirmed that roxadustat was non-in-
ferior to DA. The analysis of the secondary 
endpoints showed no significant differences 
between the groups, except for a slightly lower 
proportion of roxadustat-treated patients who 
achieved the Hb target at week 24. The au-
thors explained this by a greater proportion 
of patients with baseline Hb < 10 g/dL in this 
group. Treatment with roxadustat has also been 
shown to be effective for up to 52 weeks. Iron 
levels did not change significantly, transfer-
rin and TIBC levels increased, and hepcidin 
decreased in roxadustat-treated patients. The 
incidence of adverse events was comparable 
across the groups. An interesting aspect of the 
study was the analysis of eye examination in 
relation to the potential risk of angiogenesis 
in patients treated with roxadustat [depend-
ing on VEGF (vascular endothelial growth 
factor) stimulation by HIF-PHI]. There were 
no significant differences between the groups 
in the incidence of new retinal hemorrhage; in 
the roxadustat group, the incidence was even 
slightly lower in absolute terms. It was the first 
study to compare the effect of treatment us-
ing a new drug with an active comparator in 
pre-dialysis patients [28].

The results obtained in the cited studies 
led to registration of roxadustat for treatment 
of anemia in non-dialyzed CKD patients in 
China and Japan. Subsequently, phase 3 stu
dies necessary for drug registration in Europe 
and the United States were conducted.

In the ALPS study, Shutov et al. [29] in-
cluded 594 patients with stage 3–5 CKD. They 
were randomly assigned to treatment with 
roxadustat (n = 391) or placebo (n = 203) 
in a 2:1 ratio for a substantial initial period 
of 52 weeks, then they continued treatment 
for up to 104 weeks. Anemia was defined 
as Hb < 10 g/dL; the patients could not re-
ceive ESA or intravenous iron for 12 weeks 
before randomization. The mean baseline 
Hb level was 9.1 g/dL, whereas eGFR was 
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16.5–17.2 mL/min/1.73 m2. The primary end-
points were changes in Hb levels required 
by the European Medicines Agency (EMA) 
(> 11 g/dL and an increase of 1–2 g/dL de-
pending on the baseline in the first 24 weeks 
of treatment) and the Food and Drug Ad-
ministration (FDA) (change in Hb between 
weeks 28 and week 52). Additionally, arterial 
pressure, selected quality of life parameters, 
and iron balance were assessed. The analysis 
of the results confirmed achievement of both 
primary endpoints (OR 34.75, p < 0.001 for 
the EMA and + 1.692 g/dL, p < 0.001 for the 
FDA). There was also a significant reduction in 
LDL-CH and LDL-CH/high-density lipopro-
tein cholesterol (HDL-CH) ratios in roxadustat 
treated patients compared to placebo. There 
were no significant differences in blood pres-
sure or iron metabolism parameters (hepcidin 
levels were not tested). The drug was generally 
well-tolerated and no statistically significant 
differences in adverse events were noted [29].

ANDES was another international, mul-
ticenter, randomized, placebo-controlled trial 
including 922 patients with stage 3–5 CKD 
[roxadustat (n = 616) and placebo (n = 306)]. 
The primary endpoints were change in hemo-
globin level (weeks 28–52) and proportion of 
patients who achieved a hemoglobin response 
[hemoglobin 11.0 g/dL and increase of 1.0 g/dL 
(baseline > 8.0 g/dL), or an increase of 2.0 g/dL 
(baseline < 8.0 g/dL)] (week 24). Iron metabo-
lism, including hepcidin level, as well as chang-
es in LDL-CH level and LDL-CH/HDL-CH 
ratio, were also assessed. The baseline he-
moglobin level (mean (SD) was 9.10 (0.75) 
and 9.09 (0.69) g/dL respectively, and the 
mean eGFRs were 21.9 (11.5) and 22.4 (11.4) 
mL/min/1.73 m2 respectively for roxadustat 
vs. placebo. The median duration of treatment 
was 95.6 and 52.1 for both groups respectively, 
and the maximum duration of drug exposure 
was 4.5 years. In the final analysis, as in the 
ALPS study, both primary endpoints (for the 
FDA and EMA) were met, regardless of the 
baseline ferritin level. Significant reductions 
in LDL-CH and the LDL-to-HDL-cholesterol 
ratios were observed. Iron and TSAT concen-
trations were lower and TIBC significantly 
higher at the end of treatment in the active 
drug group. Similarly, a significant reduction 
in hepcidin levels was observed from week 4 of 
treatment, which was maintained up to week 44. 
Treatment with roxadustat was generally 
well-tolerated, the incidence of adverse events 
and serious adverse events did not differ be-

tween the groups, and there was no difference 
in the risk of death between the groups [30].

The OLYMPUS study was the lar- 
gest study to date assessing the effective-
ness of roxadustat compared with placebo. It 
was an international multicenter study that 
enrolled 2781 patients with stage 3–5 CKD 
(mean baseline Hb 9.1 ± 0.7 g/dL, eGFR 
19.7 ± 11.7 mL/min/1.73 m2), and the pa-
tients were randomly assigned to treatment 
with either roxadustat (n = 1393) or placebo 
(n = 1388). The starting dose was 70 mg three 
times a week, adjusted every 4 weeks until 
week 52, and then every 8 weeks to maintain 
Hb levels in the range of 11 ± 1 g/dL. The 
total duration of treatment was determined 
by the number of cardiovascular events, as 
the data from this study were to be included 
in the pooled cardiovascular safety analysis 
of 3 clinical trials (a total of 4 000 patients). 
Median drug exposure was 20 months. The 
primary endpoint was the mean change in Hb 
levels over weeks 28–52. A number of secon
dary endpoints were also defined, including 
changes in Hb levels in a group of patients 
with an elevated baseline CRP level, changes 
in LDL-CH levels, necessary rescue therapy 
(intravenous iron administration, ESA, or 
blood transfusion), mean annual change in 
eGFR and assessment of selected aspects of 
quality of life. Changes in iron metabolism pa-
rameters, including hepcidin levels, over the 
first 24 weeks of treatment were also studied. 
The analysis of the results confirmed that the 
primary endpoint was achieved (increase in 
Hb concentration by 1.75 and 0.4 g/dL in the 
roxadustat and placebo groups, respectively). 
A similar increase in Hb levels was observed in 
patients with initially elevated CRP; the treat-
ment effect was independent of the baseline 
iron metabolism. In patients treated with the 
tested drug, a significantly greater reduction 
in LDL-C levels and a slight improvement in 
physical fitness tested with the SF-36 form 
were observed. Hepcidin levels dropped signif-
icantly by 24 weeks of treatment in the treated 
group. As in the previous studies, there was an 
increase in iron and TIBC concentrations and 
a decrease in ferritin; TSAT did not change 
significantly. There were no significant diffe
rences in the incidence of adverse events be-
tween the groups. This also applies to the rates 
of events classified as cardiovascular. The re-
sults of the OLYMPUS study confirmed the 
efficacy of anemia treatment with roxadustat 
in patients with advanced kidney disease [31].
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Contrary to the previously cited studies, 
Barrat et al. [32] conducted another assess-
ment of the efficacy of roxadustat in com-
parison with the active comparator (DA) on 
616 patients with CKD in Europe (baseline 
eGFR 20.3 mL/min/1.73 m2, and hemoglobin 
level 9.55 g/dL), treated for 104 weeks. The 
primary endpoint of the study was a hemoglo-
bin response defined as Hb > 11.0 g/dL and an 
increase in Hb by > 1.0 g/dL in patients with 
baseline Hb > 8.0 g/dL or > 2.0 g/dL in patients 
with baseline Hb < 8 g/dL. Secondary end-
points included assessment of the quality of life 
(tested with the SF-36 form), iron metabolism, 
changes in eGFR, and necessary rescue thera-
py. The results allowed the authors to state that 
roxadustat was not inferior compared to DA 
for all predefined endpoints. As in the previous 
studies, a significant decrease in LDL-CH levels 
and a steady decrease in ferritin and TSAT lev-
els were observed in the roxadustat group. The 
adverse event profile did not differ significantly 
between the groups [32].

The results of the described research 
were the basis for registration of roxadustat 
by the European Medicines Agency (EMA) 
to the treatment of anemia in non-dialysis pa-
tients patients with CKD.

RESULTS IN DIALYSIS PATIENTS

PHASE 2
Phase 2 studies were initially conducted 

in already dialyzed patients, similar to the 
pre-dialysis patients. As in the case of patients 
not yet undergoing dialysis, phase 2 trials were 
initially conducted among CKD patients al-
ready undergoing dialysis. Provenzano et al. 
[18] conducted a multicenter study in the 
United States to compare different doses of 
roxadustat in dialysis patients previously treat-
ed with EPO-α. In the first part of the study, 
54 patients were randomly assigned to either 
the EPO or roxadustat groups. The latter re-
ceived doses of 1.0–2.0 mg/kg for 6 weeks. Part 
2 included 90 patients randomly assigned to 
either treatment with roxadustat (n = 67, with 
different starting doses) or continuation of ep-
oetin alfa therapy (n = 23) for 19 weeks. The 
primary endpoint in Part 1 was the proportion 
of participants in whom the Hb level did not 
drop by 0.5 g/dL from the baseline value, while 
in Part 2 it was the proportion of participants 
whose mean Hb level averaged over the past 
4 weeks was 11 g/dL. Additionally, hepcidin 
levels and iron metabolism parameters, as 

well as serum cholesterol, were measured. In 
the first part, changes in Hb level in the group 
of patients receiving roxadustat at the lowest 
dose (1 mg/kg) did not differ from the group 
treated with EPO-α; for groups of patients 
receiving doses > 1.5 mg/kg, the results were 
better among those treated with roxadustat. 
In the second part, 51% of roxadustat-treated 
patients, compared to 36% of those who con-
tinued EPO-α, had Hb levels > 11 g/dL. In the 
subgroup of patients with initially elevated 
CRP levels, the patients did not require higher 
doses. Hepcidin levels decreased in roxadus-
tat-treated patients in both parts of the study; 
in the groups treated with EPO-α, hepcidin 
levels increased. The concentration of total 
cholesterol changed in a similar way. The safe-
ty analysis showed no significant differences 
between the groups [18].

In the second part of the previously dis-
cussed study from China, Szczech et al. [25] 
randomly assigned 87 dialyzed patients to 
3 different doses of roxadustat (1.1–2.3 mg/kg 
3 times a week) or continuation of EPO-α ad-
ministered for 8 weeks. The results showed that 
in patients treated with low, medium, or high 
dose of roxadustat, 59.1%, 88.9% (p = 0.008), 
and 100% (p = 0.0003), respectively, main-
tained their Hb levels after 5 and 6 weeks 
compared with 50% of patients treated with 
EPO-α. In the roxadustat group, a significant 
reduction in cholesterol levels was noted, 
with an increase in serum iron, TIBC, and 
transferrin (without intravenous iron admin-
istration). Hepcidin levels also decreased in 
a statistically significant dose-dependent man-
ner compared to the EPO-α treated group. 
The incidence of serious adverse events was 
low and comparable in the treated group and 
the placebo group [25].

PHASE 3
The same group conducted another 

study in China on patients with end-stage re-
nal failure treated with renal replacement 
therapy and compared the effectiveness of 
roxadustat and EPO-α. Overall, 305 patients 
(roxadustat, n = 204 and EPO-α, n = 101) 
were enrolled in the study after continu-
ing hemodialysis or peritoneal dialysis for at 
least 16 weeks. The initial dose of roxadustat 
was 100 mg for patients weighing 45–60 kg 
and 120 mg for patients weighing more than 
60 kg. Patients receiving EPO-α were divided 
into subgroups depending on the starting dose 
(< 8 000 and > 8 000 IU/week). Oral iron 
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supplementation was allowed. Administration 
of intravenous iron or RBC transfusion were 
considered a rescue therapy. The study lasted 
for 26 weeks. Its primary purpose was to ana-
lyze changes in Hb levels at 23 and 27 weeks 
from the beginning of the study. Additionally, 
changes in serum lipids, transferrin, ferritin, 
and hepcidin concentrations, as well as chang-
es in blood pressure measured before each 
hemodialysis session, were examined. The ef-
fect of treatment on inflammatory markers 
was also taken into account by monitoring the 
CRP level. Ultimately, 254 patients (162 in the 
roxadustat group and 96 in the EPO-α group) 
completed the study. An increase in Hb level 
by 0.7 ± 1.1 g/dL and 0.5 ± 1.0 g/dL was ob-
served in the roxadustat and EPO groups, re-
spectively; this increase was less than 1 g/dL in 
92.5% in both groups. Hb levels above 10 g/dL 
were achieved in 87% and 88.5%, respective-
ly. In the roxadustat group, serum hepcidin 
level decreased by 30.2 ± 113.3 ng/mL, and 
in the EPO-α group by 2.3 ± 130.7 ng/mL. 
Serum iron concentration was stable, while 
in the patients receiving roxadustat, a greater 
increase in serum transferrin concentration 
(by 0.43 ± 0.05 g/L) was achieved compared 
to the group receiving EPO-α. In week 27 of 
the study, there was a reduction in TCH lev-
els by 22 mg/dL and LDL-CH by 18 mg/dL in 
patients treated with roxadustat compared to 
EPO-α. The higher baseline CRP levels had 
no effect on treatment outcomes and dosage 
in the roxadustat group; in the EPO-α group, 
however, the patients required higher doses 
of the drug and had a worse response to treat-
ment. The incidence of adverse events was 
comparable in both groups, hyperkalemia and 
metabolic acidosis were more frequently re-
ported in patients receiving roxadustat [33].

Akizawa et al. [34] conducted a phase 
3 study in Japan comparing the efficacy of oral 
roxadustat and DA in dialysis patients. Over-
all, 303 patients were randomly assigned to ei-
ther roxadustat (n = 151) or darbepoetin alfa 
(n = 152) group. Doses were adjusted to main-
tain a Hb level of 10–12 g/dL over 24 weeks. The 
primary endpoint was the change in mean 
hemoglobin from the baseline to the value at 
week 18–24. Secondary endpoints included 
mean hemoglobin and the proportion of pa-
tients with a hemoglobin range of 10–12 g/dL 
(the maintenance index) at week 18–24 and 
iron metabolism parameters. In terms of safe-
ty, abnormalities on eye examination were 
additionally taken into account. The analysis 

of the results showed that roxadustat helped 
maintain Hb levels within the 10–12 g/dL 
range in hemodialyzed patients and was not in-
ferior to darbepoetin alfa. Treatment-related 
adverse events were consistent with previous 
reports. The proportion of patients with new 
or worsening retinal hemorrhage was compa-
rable and was 32.4% in the roxadustat group 
and 36.6% in the darbepoetin-α group [34].

Two smaller clinical trials have also been 
conducted in Japan comparing roxadustat ver-
sus ESA in peritoneal dialysis patients. A to-
tal of 95 patients were enrolled in the study. 
Roxadustat was found to be equally effec-
tive in maintaining target Hb levels over the 
24-week treatment period. There was no ef-
fect on the deterioration of the peritoneal 
membrane function. The treatment was well- 
-tolerated, and there were no significant differ-
ences in the frequency of adverse events be-
tween the drugs. In the first of the described 
studies, the levels of hepcidin were also mea-
sured, which decreased significantly in the 
group receiving roxadustat [35, 36].

The results of the described studies al-
lowed for registration of roxadustat for treat-
ment of anemia in dialysis patients with CKD 
in China and Japan. Subsequently, phase 
3 studies necessary for drug registration in Eu-
rope and the United States were conducted.

SIERRAS was a randomized, open-label, 
EPO-α controlled, phase 3 study evaluating the 
efficacy and safety of roxadustat for treatment 
of anemia in CKD patients dialyzed at 76 US 
centers. In this study, 370 patients received 
roxadustat (starting dose 70–200 mg 3 times 
a week, based on prior EPO requirement), 
while 371 continued EPO-α therapy. The dos-
es of both drugs were adjusted at 4-week inter-
vals to maintain Hb levels at around 11 g/dL. 
The primary endpoint was the mean change in 
hemoglobin from baseline to week 28–52 re-
gardless of rescue therapy. The key secondary 
endpoints included the proportion of patients 
with mean hemoglobin > 10.0 g/dL at week 
28–52 (FDA requirement) and the propor-
tion of patients responding to treatment with 
Hb 10.0–12.0 g/dL between weeks 28 and 
36 without a need for rescue therapy in weeks 
28–36 (European Union). Other secondary 
endpoints included, but were not limited to, 
the following: (1) mean change in LDL-CH 
level from baseline over weeks 12–28, (2) 
mean change in hemoglobin level from base-
line in patients with high baseline CRP, (3) 
mean monthly intravenous iron consumption, 
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(4) time since the first RBC transfusion. Ad-
ditionally, changes in hepcidin level up to week 
52 and iron metabolism parameters were exa
mined. For all primary endpoints, there were 
no significant differences between the groups, 
confirming that roxadustat is not inferior to 
EPO-α in this patient population. Roxadustat 
decreased the level of LDL-CH significantly, 
more than EPO-α, especially in the subpopu-
lation with an initial level > 100 mg/dL. Pa-
tients with elevated CRP levels at baseline did 
not require dose escalation of roxadustat; in 
patients treated with EPO, it was necessary to 
significantly increase the doses. Iron consump-
tion was also significantly higher in patients 
treated with EPO-α, and the risk of necessary 
blood transfusions in those patients was also 
higher. The decrease in hepcidin level was 
significantly greater in the group treated with 
roxadustat, and similar changes applied to iron 
levels; other parameters of iron metabolism 
were not different. The analysis of adverse 
events did not show any differences between 
the groups [37].

Another study (PYRENEES) conducted 
mainly in Central Europe covered 836 stable 
dialyzed patients (roxadustat, n = 415; ESA, 
n = 421), randomly assigned to treatment with 
a new drug or continuation of ESA (EPO-α or 
DA), who were followed up to week 104. Pri-
mary endpoints were formulated according 
to the EMA and FDA requirements (as de-
scribed previously). There were also many 
secondary endpoints; the most important in-
cluded changes in LDL-CH level, quality of 
life assessed with the SF-36 form, changes 
in systolic blood pressure, frequency of hos-
pitalization, and hepcidin level. As in the 
previously cited studies, the analysis of the 
primary endpoints led to the conclusion that 
roxadustat is not inferior to ESA. Patients 
treated with roxadustat required blood trans-
fusions less frequently, and the total dose of 
intravenous iron was significantly lower in this 
group. A significant decrease in LDL-CH was 
also observed in patients treated with roxadu-
stat compared to patients treated with ESA. 
There were no differences in the quality of 
life or changes in blood pressure. Hepcidin 
levels were significantly lower in the roxadu-
stat group throughout the treatment period. 
No significant differences in the frequency 
of adverse events were observed, although 
a higher risk of death in the group of patients 
receiving EPO-α before randomization and 
included in the roxadustat group was noted. 

In the discussion, the authors explain this phe-
nomenon by differences in the initial charac-
teristics of the patients [38].

The largest published study on dialysis 
patients to date was the HIMALAYAS study, 
which included 1043 patients (roxadustat, 
n = 522; EPO-α, n = 521) in 19 countries. The 
most important feature distinguishing this 
study from those previously described was the 
fact that only patients starting dialysis treat-
ment (2 weeks to 4 months from the start of 
dialysis) who had not been treated with ESA 
in the previous 12 weeks were enrolled in the 
study. Of the enrolled patients, 10% received 
peritoneal dialysis; the mean baseline Hb con-
centration was 8.4 ± 1.0 g/dL. The primary 
endpoints were redefined in line with Ameri-
can (FDA) and European (EMA) registration 
requirements. Secondary endpoints included, 
but were not limited to, the following: (1) mean 
change from baseline in LDL-CH levels at 
week 12–24, (2) mean change from baseline in 
Hb level in patients with elevated baseline CRP 
level, (3) mean monthly intravenous iron use 
over weeks 28–52, and (4) time to first trans-
fusion during treatment. Additionally, hepci-
din and iron concentrations were measured at 
baseline and during the follow-up period. Once 
again, with regard to the registration require-
ments defined as the primary endpoints, the 
study showed that both therapies were equal. 
The mean increase in Hb was 2.57 ± 1.27 and 
2.36 ± 1.21 at weeks 28–52 for roxadustat and 
EPO-α, respectively; and 88.2% and 84.4% of 
patients responded to treatment, respectively. 
As in previous studies, there was a greater re-
duction in LDL-CH and a greater proportion of 
patients achieving LDL-CH < 100 mg/dL in the 
roxadustat group. The obtained increases in Hb 
levels in patients with elevated CRP were simi-
lar, but higher doses of the drug were required 
in the group treated with EPO; there was no 
need for dose escalation in the group of pa-
tients treated with roxadustat. Patients treated 
with roxadustat required significantly less intra-
venous iron supplementation. Hepcidin levels 
decreased in both groups, with a tendency to 
increase again in the EPO-α group by week 44; 
ferritin, iron, and TIBC levels were significantly 
different at the end of the treatment period. 
No significant differences in treatment safety 
were observed [39].

Two pooled analyzes were also published, 
assessing mainly the risk of cardiovascular 
events among dialysis patients treated with 
roxadustat and ESA. Provenzano et al. [39] 
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analyzed only patients starting dialysis who 
were selected from three clinical trials (SIER-
RAS, PYRENEES, and ROCKIES) to a total 
of 1530. The results of the analysis confirmed 
the equivalent effectiveness of both treatment 
methods in such a selected population. The 
authors also found a lower incidence of com-
posite endpoints (MACE, major adverse car-
diovascular events, MACE+, and CV MACE) 
in the roxadustat group compared to the ESA 
group, as well as a longer time to the first event 
of such a composite endpoint. The authors ad-
mit that such a constructed analysis does not 
answer the question about the mechanism of 
the observed differences; however, they sug-
gest that differences in the form of lower iron 
requirements, lower EPO and LDL-CH levels 
achieved, as well as a better response to treat-
ment in groups of patients with elevated CRP 
during roxadustat treatment, may explain the 
observed lower risk of cardiovascular events 
[40]. Barratt et al. [41] included participants 
from 4 clinical trials (PYRENEES, SIERRAS, 
HIMALAYAS, ROCKIES) in their analysis 
and focused on stable dialysis patients who 
switched from ESA to roxadustat when they 
entered the study. The authors concluded that 
the two analyzed groups (roxadustat or con-
tinuing ESA) were equivalent in terms of inci-
dence of composite cardiovascular endpoints; 
the observed risk was not lower as opposed to 
patients starting dialysis and treatment of ane-
mia at the same time [40].

META-ANALYSIS RESULTS IN PRE-DIALYSIS 
AND DIALYSIS PATIENTS

Recently, several meta-analyses have 
been published summarizing the current re-
search on roxadustat (phase 2 and 3 studies) in 
pre-dialysis patients and those receiving renal 
replacement therapy [42–44]. Earlier publica-
tions of this type did not yet cover the largest 
phase 3 clinical trials. The authors of those 
publications confirmed the efficacy of roxadu-
stat for treatment of anemia in patients with 
advanced CKD, both in comparison to placebo 
and ESA therapy, as well as the drug’s safety 
[42, 43]. The last of the meta-analyses includes 
large phase 3 trials and over 10 000 patients 
in total. Again, the authors showed that roxa-
dustat is an effective drug that increases and 
maintains Hb levels in patients with CKD 
(both pre-dialysis and dialyzed patients) com-
pared to placebo and ESA (EPO-α or DA). At 
the same time, the beneficial effect of this drug 

on iron metabolism was emphasized, mainly by 
lowering the hepcidin level and increasing the 
transferrin and TIBC levels. The estimated 
frequency of adverse events was comparable 
for roxadustat and other types of therapy, 
however, the authors noted that the number of 
serious adverse events was significantly higher 
in patients treated with roxadustat [44].

DRUG DOSAGE

Roxadustat is available under the brand 
name Evrenzo at 20 mg, 50 mg, 70 mg, 100 mg, 
and 150 mg doses. The recommended starting 
dose for patients who have not been treated 
with ESA depends on the body weight (70 mg 
for patients weighing up to 70 kg and 100 mg 
for patients weighing more). The starting dose 
for patients already treated is determined de-
pending on the currently used ESA dose (for 
patients receiving less than 25 µg/week DA 
or less than 5000 IU/week EPO-α, it is 70 mg 
3 times a week). However, according to the 
summary of product characteristics, modifica-
tion of treatment in stable dialysis patients re-
ceiving ESA should only be considered when 
there is a valid clinical reason. The drug should 
be administered orally three times a week. It 
is recommended to modify the dose depend-
ing on the obtained Hb levels at 4-week in-
tervals; early dose modification or temporary 
discontinuation is recommended when there 
is an increase in Hb concentration by more 
than 2 g/dL or a level above 12 g/dL has been 
achieved. Detailed dosing suggestions can be 
found in the drug documentation [45].

SUMMARY

Chronic kidney disease is a significant 
and growing health problem in most coun-
tries. Anemia that develops in the course of 
the disease affects up to 90% of patients in 
the advanced stages of the disease. The cur-
rently available treatment methods, i.e. iron 
supplementation (often intravenously) and 
administration of erythropoiesis-stimulating 
drugs (ESA: EPO-α, DA, and pegylated epo-
etin beta), allow for an effective increase in he-
moglobin concentration in most patients, but 
their use is associated with the risk of side ef-
fects. Response to treatment is usually weaker 
in patients with features of chronic inflamma-
tion, and much higher doses of ESA are nec-
essary. The treatment is also not convenient 
for patients as it requires frequent visits to the 
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hospital or outpatient clinic; it is especially felt 
by pre-dialysis patients. In recent years, a new 
group of oral medications (HIF-PHI) has be-
come available, which have proved effective 
both in patients who have not been previous-
ly treated with ESA, as well as in those who 
have been converted from ESA, regardless of 
whether they are dialyzed or not. In addition, 
the published studies indicate a beneficial ef-
fect on iron metabolism by increasing both 
the availability of the iron absorbed from the 
gastrointestinal tract and the iron stored in 
cells and bone marrow. Roxadustat is the first 
drug of this class that has been approved for 
treatment of anemia in both pre-dialysis and 
dialysis CKD patients in China, Japan, Chile, 
and now also in the European Union. Regis-
tration is underway in the United States. The 
availability of a new therapy is likely to change 

the current treatment guidelines for anemia 
associated with chronic kidney disease. The 
conclusions of the second part of the Kidney 
Disease: Improving Global Outcomes (KDI-
GO) conference focused on controversies in 
the optimal treatment of anemia in CKD are 
expected to be published (the first part of the 
publication deals mainly with iron metabolism 
and treatment with iron supplementation) [10, 
46]. However, patients with CKD already have 
the option of choosing an alternative treat-
ment for anemia. This is especially important 
for patients in the pre-dialysis period, who, 
thanks to the oral route of drug administra-
tion, do not require injections and need fewer 
hospital stays or outpatient visits. A full evalu-
ation of long-term safety is not yet possible and 
requires careful observation after the drug is 
introduced to the market.
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