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A retrospective study on the efficacy of roxadustat in peritoneal dialysis
patients with erythropoietin hyporesponsiveness
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c on cIu Si on For PD patients with erythropoietin hyporesponsiveness, roxadustat can significantly improve renal anemia.
The efficacy of roxadustat in improving renal anemia was not affected by baseline levels of hs-CRP0 and iPTH.

Background/Aims: Roxadustat, an oral medication for treating renal anemia, is a hypoxia-inducible factor prolyl hydrox-
ylase inhibitor used for regulating iron metabolism and promoting erythropoiesis. To investigate the efficacy and safety of
roxadustat in patients undergoing peritoneal dialysis (PD) with erythropoietin hyporesponsiveness.

Methods: Single-center, retrospective study, 81 PD patients (with erythropoietin hyporesponsiveness) were divided into the
roxadustat group (n = 61) and erythropoiesis-stimulating agents (ESAs) group (n = 20). Hemoglobin (Hb), total cholesterol, in-
tact parathyroid hormone (iPTH), brain natriuretic peptide (BNP), related indicators of cardiac function and high-sensitivity C-re-
active protein (hs-CRP) were collected. Additionally, adverse events were also recorded. The follow-up period was 16 weeks.
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Results: The two groups exhibited similar baseline demographic and clinical characteristics. At baseline, the roxadustat
group had a mean Hb level of 89.8 + 18.9 g/L, while the ESAs group had a mean Hb level of 95.2 + 16.0 g/L. By week 16,
the Hb levels had increased to 118 + 19.8 g/L (p < 0.05) in the roxadustat group and 101 = 19.3 g/L (p > 0.05) in the ESAs
group. The efficacy of roxadustat in improving anemia was not influenced by baseline levels of hs-CRP and iPTH. Cholesterol
was decreased in the roxadustat group without statin use. An increase in left ventricular ejection fraction and stabilization of
BNP were observed in the roxadustat group.

Conclusions: For PD patients with erythropoietin hyporesponsiveness, roxadustat can significantly improve renal anemia.

The efficacy of roxadustat in improving renal anemia was not affected by baseline levels of hs-CRPO and iPTH.

Keywords: Roxadustat; Renal anemia; Peritoneal dialysis; EPO hyporesponsiveness

INTRODUCTION

At present, chronic kidney disease (CKD) is still one of the
most common diseases that threaten global human health.
Its causes and complications are gradually diversified. How
to better prevent and treat CKD is even more important. Re-
nal anemia is one of the common complications, which not
only affects the quality of life but also increases cardiovas-
cular, cerebrovascular, and mortality risks [1,2]. Peritoneal
dialysis (PD) is one of the kidney replacement therapies for
patients with end-stage renal disease; it can mainly be op-
erated by patients at home and can better protect residual
renal function. PD patients account for about 11% of the
global dialysis population [3], so it is particularly important
to focus on the improvement of renal anemia in this special
group.

Erythropoiesis-stimulating agents (ESAs) and iron sup-
plements are the main treatments for renal anemia, but
injection administration not only increases pain but also in-
creases the risk of infection, thus reducing compliance [4]. In
addition, some patients are not sensitive to ESAs [5], which
makes it more difficult to correct anemia in PD patients with
erythropoietin hyporesponsiveness. Not only that, some
studies have found that ESAs are also closely related to
patients’ cardiovascular diseases, elevated blood pressure,
and stroke [6,7]. Moreover, the utilization and absorption
of iron are also difficult to improve [8]. It can be seen that
the traditional ways to improve renal anemia have obvious
drawbacks, and it is necessary to find new ways to improve
renal anemia.

Roxadustat is an oral medication for the treatment of re-
nal anemia; it is a hypoxia-inducible factor prolyl hydroxylase
inhibitor (HIF-PHI). It promotes erythropoiesis by inhibiting
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the HIF prolyl hydroxylase, as well as by mimicking the cel-
lular response to hypoxia, thereby increasing the HIF activity
[9]. Several domestic and foreign studies had proven the
efficacy and safety of the drug for renal anemia. Among
them, the study results of Akizawa et al. [10] showed that
roxadustat could not only improve the Hb of PD patients but
also help maintain Hb in the target range. This was the first
clinical study on this drug for PD groups. Unfortunately, only
56 patients were included in the final study, and the top-
ic of erythropoietin hyporesponsiveness was not involved.
In addition, Chen et al. [11,12] conducted studies on he-
modialysis (HD) groups and CKD patients who had not yet
started dialysis, which also confirmed the effectiveness of
roxadustat in improving renal anemia.

However, the current clinical studies on roxadustat mainly
focus on HD and CKD patients who have not started dialysis,
and there are few studies on this group of PD. In addition,
it is worth noting that studies on roxadustat for the special
group of PD combined with erythropoietin hyporesponsive-
ness are even rarer. This study aims to explore the efficacy of
roxadustat in PD patients with erythropoietin hyporespon-
siveness, and to objectively describe and analyze the adverse
effects of roxadustat during actual clinical application.

METHODS

Patients

We conducted a single-center retrospectivestudy, from
the time of January 2019 to May 2023. All patients with
erythropoietin hyporesponsiveness were divided into the
roxadustat group and ESAs group according to drug use.
PD patients (n = 61) who previously were receiving ESAs
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and switched to roxadustat were defined as the roxadustat
group, and patients (n = 20) were defined as the ESAs group
which they had an increased dose of ESAs or frequency of
administration. All patients had adequate iron levels serum
ferritin (SF) > 100 ng/mL, and transferrin saturation (TSAT) >
20% at the initial treatment stage. We used ESA resistance
index (ERI) as an evaluation measure, which was calculated
as the weight-adjusted weekly ESA dose divided by Hb con-
centration. When ERI > 1 IU/kg/w/g/L, we considered the
presence of erythropoietin hyporesponsiveness. In addition,
these patients had been on adequate ESA treatment for
more than three months, and their anemia-related causes
had been actively treated, but their hemoglobin (Hb) was
still below 110 g/L. The inclusion criteria were: (1) The pa-
tients were aged between 18 and 75 years old; (2) Patients
with CKD associated with renal anemia underwent regular
PD for more than 12 weeks. The exclusion criteria were: (1)
Patients who were transferred to HD, kidney transplanta-
tion during the follow-up period; (2) Patients with other
diseases causing anemia during the follow-up period, such
as hematological disorders, hemorrhagic diseases resulting
from various causes, and so on; (3) Patients who underwent
blood transfusion during the follow-up period; (4) Patients
with other serious chronic diseases, such as severe liver
function impairment, severe heart failure, malignancy, seri-
ous infections, malignant hypertension. The specific screen-
ing scheme is shown in (Fig. 1). The study was approved
by the Medical Ethics Committee of the Second Affiliated
Hospital of Xuzhou Medical University (approval number:
[2023]040601), and also completed Chinese Clinical Trial
Registration (registration number: ChiCTR23000764009).
This study was exempted from obtaining informed consents
due to the retrospective character.

Study design and setting

Only PD patients were included in the study, and the fol-
low-up period was 16 weeks. All patients were given an
initial therapeutic dose of 50-150 IU/kg per week of ESAs
before the presence of erythropoietin hyporesponsiveness
was determined, given by subcutaneous injection 1-3 times
per week. In the roxadustat group, when we considered pa-
tients with erythropoietin hyporesponsiveness, we changed
their anemia correction medication to roxadustat and dis-
continued ESAs. We determined the initial dose of roxadu-
stat according to the drug instructions, giving 100 mg three
times a week orally for subjects weighing 45-60 kg and 120
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mg three times a week for subjects weighing > 60 kg. The
medication dose during the follow-up process was adjusted
according to the comprehensive assessment of the current
Hb level, Hb changes one month after taking the medica-
tion, the patient’s nutritional status, and iron metabolism
level, making the target Hb level 110-130 g/L. In the ESAs
group, we increased the dose of ESAs by 20 IU/kg each time
or increased the frequency of administration as appropri-
ate after the presence of erythropoietin hyporesponsiveness
was determined, but the maximum dose of ESAs was not
more than 2 times the stable dose. We referred to KDOQI
clinical practice guidelines and clinical practice recommen-
dations for anemia in chronic kidney disease: 2007 update
of hemoglobin target [13] and Clinical Practice Guidelines
for Diagnosis and Treatment of renal anemia in China to
determine the Hb target of this study between 110-130 g/L.
During the whole treatment, we timely adjusted the dosage

Patients with renal anemia undergoing PD
from January 2019 to May 2023 (n = 287)

Exclusion criteria: (n = 160)

(1) Patients transferred to HD, kidney
transplantation during the follow-up;

(2) Patients with other diseases causing
anemia during the follow-up;

(3) Patients underwent blood transfusion
during the follow-up;

(4) Patients with other serious chronic
diseases

\ 4

Inclusion criteria: (n = 127)

(1) Ages range from 18 to 75;

(2) With renal anemia;

(3) PD was performed regularly for more than
12 weeks

Follow-up for 16 weeks;
ERI > 1 1U/kg/w/g/L

Follow-up failure: (n = 46)

(1) Death: n = 22;

(2) Transferred to other hospitals: n = 14;

(3) Switched to other anemia correcting drugs:

n=10

Roxadustat group: n = 61;
ESAS group: n = 20

Figure 1. Patient flow diagram. PD, peritoneal dialysis; HD, he-
modialysis; ESA, erythropoiesis-stimulating agent; ERI, ESA resis-
tance index.
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of both drugs, timely controlled inflammation, and followed
up with patients monthly to ensure compliance. When SF
< 100 ng/mL or TSAT < 20%, we started oral iron therapy,
using ferrous succinate tablets 200 mg/d. The target value
of SF was 100-500 ng/mL, and the target value of TSAT
was 20-50%. Iron status was assessed at 1-3 months, and
patients who did not reach the target value or could not
tolerate it orally were switched to intravenous iron supple-
mentation.

Data collection

We collected basic patient information and laboratory test
results from our hospital’s electronic medical record system.
Regarding the adverse events of drugs, we collected rele-
vant data through the electronic medical record system, and
on the other hand, we supplemented relevant data through
telephone follow-up. The primary indicators for adverse
events were as follows: (1) hypertension, characterized by
a substantial increase in blood pressure accompanied by a
rapid elevation in Hb levels, which could be restored to base-
line by reducing the dosage of the medication; (2) hyperka-
lemia, indicated by serum potassium levels exceeding 5.5
mmol/L; (3) hyperbilirubinemia, denoted by serum bilirubin
levels surpassing 17.1 umol/L; (4) as well as other discomfort
experienced after drug administration, including headache,
insomnia, vomiting, diarrhea, and skin issues.

Statistical analysis

RStudio version 1.3 was used for statistical analysis and plot-
ting. When the measurement data conformed to a normal
distribution, it was represented by mean + standard devia-
tion, when it was not normally distributed, it was described
by quartile M (P25, P75), statistical analysis was conducted
by t-test or Wilcoxon-test. Tegorical variables are expressed
as a percentage (%); statistical analysis was conducted by
chi-squared test or Fisher's exact test. The intra-group dif-
ference was compared by analysis of variance. Pearson cor-
relation analysis was used to analyze its correlation. p < 0.05
indicated a statistically significant difference.

RESULTS

Basic information about the patient
A total of 81 patients diagnosed with PD were included in
the research, with 61 individuals in the roxadustat group
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and 20 individuals in the ESAs group. Among the partici-
pants, there were 52 males and 29 females, with an average
age of 57.1 + 15.2 years in the roxadustat group and 60.0
+ 11.3 years in the ESAs group. The average duration of PD
was 18.0 + 8.68 months for the roxadustat group and 21.6
+ 8.98 months for the ESAs group. The initial demograph-
ic and clinical characteristics of both groups did not exhibit
any significant differences (p > 0.05). The basic information
and the baseline values of laboratory indicators are shown
in (Table 1).

The improvement effect on anemia

The baseline Hb levels of roxadustat and ESAs groups were
89.8 £ 189 g/L and 95.2 + 16.0 g/L, respectively, with no
significant difference between groups (p = 0.218). And over
time, the mean Hb levels of roxadustat group increased to
105+ 29.5 g/L at week 4, 107 + 21.8 g/L at week 8, 112
20.3 g/L at week 12, and 118 + 19.8 g/L at week 16, respec-
tively, showing significant differences from baseline values
at all time nodes (p < 0.05). However, in the ESAs group, the
mean Hb value was 96.4+11.4 g/L at week 4, 96.8 + 17.1
g/L at week 8, 98.2 + 19.1 g/L at week 12, and 101 + 19.3
g/L at week 16, all of which did not change significantly
from baseline (p > 0.05) (Fig. 2).

The effect of high-sensitivity C-reactive
protein (hs-CRP) and intact parathyroid
hormone (iPTH) on the improvement of anemia
The laboratory of our hospital determined that the upper
limit of the normal value for hs-CRP is 5 mg/L. We catego-
rized the patients into two subgroups based on their hs-CRP
baseline levels: hs-CRP < 5 mg/L and hs-CRP > 5 mg/L. We
then compared the changes in Hb levels within each sub-
group. The results indicated that in the roxadustat group,
both subgroups (hs-CRP < 5 mg/L and hs-CRP > 5 mg/L)
had significantly higher Hb values at week 16 compared to
their baseline values (122 + 22.4 g/L vs. 93.8 + 17.3 g/L
and 114 £ 15.8 g/L vs. 85.3 £ 19.9 g/L, respectively), with
statistical significance (p < 0.05) (Fig. 3A). However, in the
ESAs group, there were no significant changes in Hb values
within the two subgroups at week 16 compared to their
baseline values p > 0.05) (Fig. 3B).

Additionally, we referred to the 2003 K/DOQI clinical prac-
tice guidelines for bone metabolism and disease in chronic
kidney disease. According to the guideline’s suggested tar-
get for iPTH, we divided iPTH into three subgroups: < 150
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Table 1. Main baseline characteristics of patients included in the study

Parameter Roxadustat (n = 61) ESAs (n = 20) p value
Age (yr) 571 +15.2 60.0+11.3 0.369
Sex

Male 40 (65.6) 12 (60.0) 0.855

Female 21 (34.4) 8 (40.0)
Duration of dialysis (mo) 18.0 + 8.68 216 +8.98 0.144
Etiology of CKD

Chronic glomerular nephritis 18 (29.5) 6 (30.0) 0.999

Diabetic nephropathy 18 (29.5) 6 (30.0)

Hypertensive nephropathy 12 (19.7) 4(20.0)

Other 13 (21.3) 4 (20.0)
Major comorbidity

Hypertension 48 (78.7) 17 (85.0) 0.749

Diabetes 22 (36.1) 8 (40.0) 0.793

Cardiovascular disease 9(14.8) 3(15.0) >0.999

Cerebrovascular disease 5(8.2) 2 (10.0) >0.999
CAPD schemes

1.5% x 3 +2.5% x 1 42 (68.9) 14.(70.0) >0.999

1.5% x 2 +2.5% x 2 19 (31.1) 6 (30.0)
Weekly Kt/V

> 1.7 43 (70.5) 13 (65.0) 0.855

<17 18 (29.5) 7 (35.0)
Total cholesterol (mmol/L) 456 + 1.41 471 +1.20 0.655
Triglyceride (mmol/L) 213 +1.41 212 +1.45 0.966
LDL-cholesterol (mmol/L) 3.46 + 1.61 3.70 £ 1.09 0.454
HDL-cholesterol (mmol/L) 1.40 £ 0.612 1.44 £ 0.503 0.818
Serum iron (umol/L) 10.5+6.23 11.5 + 8.67 0.653
Red blood cell (10'%/1) 3.01 + 0.661 3.08 £ 0.552 0.641
Hemoglobin (g/L) 89.8 + 18.9 95.2 +16.0 0.218
Albumin (g/L) 36.3 +4.01 376 £3.77 0.204
White blood cells (10%/L) 6.72 + 2.49 6.21 +3.01 0.501
hs-CRP (mg/L) 36.8 +479 33+407 0.742
Creatinine (umol/L) 764 + 412 685 + 201 0.255
Urea nitrogen (mmo/L) 276 +£10.2 28.6 +5.01 0.541
Calcium (mmol/L) 2.09+£0.222 2.1 +£0.092 0.654
Potassium (mmol/L) 455 +0.791 431 +0.441 0.093
Phosphorus (mmol/L) 1.61 £ 0.575 1.54 + 0.390 0.531
Sodium (mmol/L) 139 +4.08 140 + 5.08 0.414
Ferritin (ng/ml) 318 + 315 230+ 130 0.080
iPTH (pg/ml) 365 + 600 281+ 211 0.357
Transferrin saturation (%) 248+59 23.6+4.23 0.378
LVEDD (mm) 51.0+2.83 509+ 3.19 0.902
LVESD (mm) 353+472 355+£4.17 0.832

Continuous variables are expressed as mean + standard deviation and categorical variables are represented as number (%).

ESA, erythropoiesis-stimulating agent; CKD, chronic kidney disease; CAPD, continuous ambulatory peritoneal dialysis; Kt/V, urea
clearance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; iPTH, intact para-
thyroid hormone; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension.

The t-test or Wilcoxon-test was used for continuous variables, and chi-squared test or Fisher’s exact test was used for discontinu-
ous variables.
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pg/mL, 150-300 pg/mL, and > 300 pg/mL. We then ana-
lyzed the changes in Hb values within each subgroup. The
results showed that in the roxadustat group, Hb values at
week 16 were significantly higher than baseline values in all
three subgroups (123 + 14.0 g/L vs. 93.1 £ 17.4 g/L, 117
+23.1g/Lvs. 854 +18.1g/L,and 115 = 20.5 g/L vs. 92.1
+ 21.3 g/L), with statistical significance (p < 0.05) (Fig. 3C).
However, no significant differences were observed within
the subgroups of the ESAs group (Fig. 3D).

The effect on cholesterol

We divided the roxadustat group and ESAs group into sta-
tin and non-statin subgroups based on whether or not they
were using statins, and compared changes in total choles-
terol levels, low-density lipoprotein (LDL), and high-density
lipoprotein (HDL) over time. The results showed that total
cholesterol in the roxadustat statin subgroup decreased sig-
nificantly at weeks 12 and 16 compared with the baseline
values (3.78 + 0.951 mmol/L vs. 4.93 £ 1.92 mmol/L and
3.64 £ 0.799 mmol/L vs. 4.93 = 1.92 mmol/L). The specific
values at each time node are shown in Figure 4A. The p val-
ues at week 12, and week 16 compared with the baseline
were 0.048 and 0.011, respectively. Similarly, total choles-
terol decreased significantly from baseline at weeks 12 and
16 in the non-statin subgroup of roxadustat (3.68 + 1.04
mmol/L vs. 4.31 £ 0.833 mmol/L and 3.62 + 1.06 mmol/L
vs. 4.31 £ 0.833 mmol/L), p values were 0.031 and 0.013
compared with the baseline at week 12 and week 16, re-

145 - @ ESAs
¥ Roxadustat
130 H

15

100 +

Mean Hb level (g/L)

85

70

Baseline 4 8 12 16
Time (wk)
Mean Hb Level (g/L) Baseline 4wk 8 wk 12 wk 16 wk

89.8 + 18.9| 105+29.5| 107 +21.8] 112+20.3| 118+ 19.8
952 +16.0/96.4 + 11.4|96.8 + 17.1/98.2 + 19.1| 101 + 19.3

Roxadustat group
ESAs group

Figure 2. Mean hemoglobin levels of Roxadustat and ESAs
groups over time. Hb, hemoglobin; ESA, erythropoiesis-stimulat-
ing agent. ***p < 0.001 versus baseline level, ****p < 0.0001
versus the corresponding baseline level.
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spectively. However, in the ESAs group, only the statin sub-
group had a significant decrease in total cholesterol level at
week 16 compared with the baseline value (3.56 + 0.768
mmol/L vs. 4.80 + 1.37 mmol/L, p = 0.049), and the total
cholesterol value at each time node was listed in detail in
Figure 4B.

LDL values in the non-statins and statins subgroups of
the roxadustat group at week 16 were significantly lower
than the baseline value (2.38 + 1.37 mmol/L vs. 3.39 + 1.48
mmol/L and 2.37 £ 1.19 mmol/L vs. 3.56 + 1.80 mmol/L),
with statistically significant differences (p = 0.024 and 0.04),
and the specific values at each time node were shown in
Figure 4C. However, in the ESAs group, only the statin sub-
group had a significant decrease in LDL level at week 16
compared with the baseline value (2.43 = 0.925 mmol/L vs.
3.64 + 1.09 mmol/L, p = 0.029), and the LDL value at each
time node was listed in detail in Figure 4D. In relation to HDL,
the HDL values within the subgroups of both the roxadu-
stat and ESA groups remained relatively stable throughout
the study period, with no statistically significant differences
(p > 0.05), as illustrated in Figure 4E and Figure 4F.

Effects on cardiac function

A statistical analysis was conducted to examine the impact
of roxadustat on cardiac function. The evaluation indicators
used in this study included brain natriuretic peptide (BNP),
cardiac ejection fraction, left ventricular end-systolic dimen-
sion (LVESD), and left ventricular end-diastolic dimension
(LVEDD). In the group receiving roxadustat, there was a
gradual increase in left ventricular ejection fraction as ane-
mia improved. This increase was significant compared to
the baseline measurements at week 12 and week 16 (54.1
+ 4.4% vs. 49.4 £ 7.08% and 58.5 + 2.74% vs. 49.4 +
7.08%), with statistically significant differences (p < 0.0001
and < 0.0001). However, no significant change in left ven-
tricular ejection fraction was observed in the group receiving
ESAs. The values of left ventricular ejection fraction at each
time point for both groups are presented in Figure 5A. The
BNP values for both groups did not show any significant
changes throughout the follow-up period (o > 0.05), as de-
picted in Figure 5B.

Although there were no significant changes in LVESD val-
ues in both groups throughout the follow-up period, it is
important to note that in the roxadustat group, LVESD grad-
ually decreased as anemia improved and nearly approached
statistical significance compared to baseline at week 16
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(33.0 £4.80 mmvs. 35.3 £ 4.72 mm, p = 0.056). The spe-
cific LVESD values at each time point for both groups are
presented in Figure 5C. Similarly, the LVEDD values did not
show significant changes during the entire follow-up peri-
od for both groups, but there was an overall downward
trend in the roxadustat group, and a near statistical differ-
ence compared to baseline was observed at week 16 (49.2

Roxadustat group
M hs-CRP < 5 mg/L

The Korean Journal of Internal Medicine Vol. 39, No. 3, May 2024

+4.25 mm vs. 51.0 £ 2.83 mm, p = 0.057). The specific
values at each time point are displayed in Figure 5D.

Adverse events

During the entire follow-up period, one patient in the roxa-
dustat group died of severe peritonitis at day 65, but we
did not consider this to be due to adverse drug reactions.

ESAs group
M hs-CRP < 5 mg/L

160 e 150 -
| M hs-CRP > 5 mg/L M hs-CRP > 5 mg/L
| |
[ — ek
= 1
120 —
3 S 100
© o
] ]
= 80 <
x T
< <
= =
40 +
0 0
0 4 8 12 16 0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
Time (wk) Time (wk)
Mean Hb Level (g/L)) Baseline 4wk 8wk 12 wk 16 wk Mean Hb Level (g/L) Baseline 4wk 8 wk 12 wk 16 wk

hs-CRP < 5 mg/L 938+ 173 | 1124275 | 112+21.0 | 118+203 | 122 +224

hs-CRP < 5 mg/L 950+ 17.0 |97.8 £12.5 |999+174 | 103+17.4 | 111 +£193

hs-CRP 2 5 mg/L 853 +19.9 |97.3+30.2 | 100 +21.4 | 106+ 185 | 114 +15.8

hs-CRP 2 5 mg/L 954 +15.8 |95.0+ 10.8 | 93.6 + 17.2 | 93.6 + 20.6 | 91.9 + 14.9

Roxadustat group
M iPTH < 150 pg/mL
M iPTH 150-300 pg/mL

ESAs group
M iPTH < 150 pg/mL
M iPTH 150-300 pg/mL

150 B iPTH > 300 pg/mL 160 B iPTH > 300 pg/mL
120
S 100 3
© o
] ]
- - 80
x T
< <
S i S
s %0 =
40
0 0
0O 4 8 1216 0 4 8 12 16 0 4 8 1216 0O 4 8 12216 0 4 8 12 16 0 4 8 1216
Time (wk) Time (wk)
Mean Hb Level (g/L)) Baseline 4wk 8 wk 12 wk 16 wk Mean Hb Level (g/L) Baseline 4wk 8 wk 12 wk 16 wk

iPTH < 150 pg/mL 93.1+174 | 110+26.1 | 1M10+16.8 | 115+183 | 123 + 14.0

iPTH < 150 pg/mL 96.6 + 155 | 97.8 £9.63 | 99.0 £+ 147 | 101 £13.1 | 107 £ 17.0

iPTH 150-300 pg/mL | 85.4 +18.1 | 103 +32.8 | 106 + 21.4 | 112+22.1 | 117 +23.1

iPTH 150-300 pg/mL | 91.8 + 16.9 | 95.0 + 11.9 | 95.7 + 18.9 | 97.5+ 21.1 | 101 +23.2

iPTH > 300 pg/mL 92.1+21.3 | 103 +£29.5 | 104 +27.3 | 109 +20.4 | 115+ 20.5

iPTH > 300 pg/mL 101 +16.0 | 97.8 + 14.1 | 96.6 + 19.1 | 96.4 + 23.5 | 95.6 + 13.8

Figure 3. Mean hemoglobin levels over time in the roxadustat group (A) and ESAs group (B) according to the hs-CRP subgroup. Mean
hemoglobin levels over time in the roxadustat group (C) and ESAs group (D) according to the iPTH subgroup. Hb, hemoglobin; hs-
CRP, high-sensitivity C-reactive protein; ESA, erythropoiesis-stimulating agent; iPTH, intact parathyroid hormone. *p < 0.05 versus the
corresponding baseline level, **p < 0.01 versus the corresponding baseline level, ***p < 0.001 versusthe corresponding baseline level,

****p < (0.0001 versus the corresponding baseline level.
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Figure 4. Mean total cholesterol levels over time in the roxadustat group (A) and ESAs group (B) according to the statins subgroup. Mean
LDL-cholesterol levels over time in the roxadustat group (C) and ESAs group (D) according to the statins subgroup. Mean HDL-cholesterol
levels over time in the roxadustat group (E) and ESAs group (F) according to the statins subgroup. ESA, erythropoiesis-stimulating agent;

LDL, low-density lipoprotein; HDL, high-density lipoprotein. *p < 0.05 versus the corresponding baseline level.
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No serious thromboembolic disease and cardiovascular ad- appropriate treatment, but we do not have sufficient evi-
verse events occurred. It is worth noting that three patients dence to suggest that it was caused by adverse reactions
developed hyperbilirubinemia and returned to normal after to roxadustat. Five individuals encountered a swift elevation
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ESAs 49.5 +5.61 | 50.6 + 5.72 | 51.2 + 6.29 | 49.5 + 4.84 | 50.9 + 5.05 ESAs 1,100 + 1,020{1,130 + 1,070{1,240 + 1,420(1,100 + 1,240(1,210 + 1,120
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ESAs 35.5+4.17 | 34.0 + 5.48 | 35.1 + 4.53 | 340 + 4.19 | 346 + 5.14 ESAs 50.9 + 3.19 | 50.4 + 3.42 | 50.4 + 3.07 | 50.4 + 3.08 | 50.6 + 3.82
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Figure 5. (A) Changes of left ventricular ejection fraction over time in Roxadustat and ESAs groups. (B) Changes of BNP over time in
Roxadustat and ESAs groups. (C) Changes of LVESD over time in Roxadustat and ESAs groups. (D) Changes of LVEDD over time in Roxa-
dustat and ESAs groups. ESA, erythropoiesis-stimulating agent; BNP, brain natriuretic peptide; LVESD, left ventricular end- systolic dimen-
sion; LVEDD, left ventricular end-diastolic dimension. ****p < 0.0001 versus the corresponding baseline level.

Table 2. Summary of adverse events after 16 weeks

Parameter Roxadustat (n = 61) ESAs (n = 20) p value
Hypertension 5(8.2) 0 (0) 0.326
Hyperkalemia 5(8.2) 0(0) 0.326
Hyperbilirubinemia 3(4.9) 0(0) 0.571
Headache 4 (6.6) 2 (10.0) 0.633
Insomnia 2 (3.3) 1(5.0) >0.999
Vomiting 1(1.6) 1(5.0) 0.435
Diarrhea 1(1.6) 0 (0) >0.999
Skin itch 1(1.6) 1(5.0) 0.435

Categorical variables are represented as number (%).
ESA, erythropoiesis-stimulating agent.
The chi-square test or Fisher’s exact test was used for discontinuous variables.
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in Hb levels and a notable rise in blood pressure from their
initial state, and subsequently, their blood pressure grad-
ually reverted back to the initial levels following a reduc-
tion in drug dosage. Four patients exhibited symptoms of
headaches, which subsided after the reduction in dosage.
A limited number of patients experienced insomnia, vom-
iting, diarrhea, and pruritic skin; however, these symptoms
vanished after receiving treatment. In general, there was no
substantial disparity in the occurrence of unfavorable events
between the roxadustat and ESA groups. The adverse events
are shown in (Table 2).

DISCUSSION

Renal anemia is a common complication of CKD, and tradi-
tional treatment options include ESAs and iron agents, but
thorny problems such as erythropoietin hyporesponsiveness
can also come with it. There were only a few previous con-
ducted clinical studies on the efficacy of roxadustat in PD
patients with erythropoietin hyporesponsiveness, but the
sample size was small (the largest one included 55 patients)
and the study content was relatively simple [14,15]. In the
current study, we aimed to discuss this issue in depth.

The findings of our study indicate that roxadustat has a
significant impact on improving the anemia status of pa-
tients who are unresponsive to erythropoietin. However,
adjusting the dose or frequency of administration of ESAs
did not yield a definitive effect. This discovery will provide
new insights into the treatment of renal anemia in PD pa-
tients who have erythropoietin hyporesponsiveness. Pre-
vious studies have also demonstrated that roxadustat can
inhibit hepcidin and play a role in the entire process of iron
metabolism, including its absorption, transport, utilization,
and recycling [16-18]. The baseline values of serum SF and
TSAT in both groups are presented in Table 1. Our iron
supplementation regimen has been described previously. It
is evident that for PD patients with erythropoietin hypore-
sponsiveness, roxadustat has a superior effect in correcting
anemia compared to ESAs, even at the same level of iron
metabolism. Unfortunately, due to limitations in our testing
equipment, routine assessment of hepcidin was not con-
ducted at our center.

Inflammation promotes the development and progres-
sion of anemia in CKD patients through multiple pathways,
including inhibiting erythroid hyperplasia, enhancing eryth-
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rophagocytosis, inhibiting erythropoietin production, and
increasing liver secretion of hepcidin [19]. Previous studies
have shown that the effect of roxadustat on anemia in both
HD and PD patients is not affected by inflammatory sta-
tus, which is assessed by hs-CRP [16]. Our study revealed
a significant increase in Hb levels among PD patients with
erythropoietin hyporesponsiveness in both the hs-CRP < 5
mg/L and hs-CRP > 5 mg/L subgroups within the roxadu-
stat group. Conversely, no statistical change was observed
in the ESAs group, aligning with the outcomes of previous
research studies. These findings suggest that roxadustat is a
better choice than ESAs for patients with renal anemia in a
microinflammatory state. It is worth noting that in addition
to the inflammatory state, the increase of iPTH will also lead
to the poor effect of ESAs in improving anemia [20,21]. The
specific mechanisms include: the direct effect of increased
iPTH is to inhibit hematopoietic progenitor cells, reduce the
production of erythropoietin, and shorten the life of red
blood cells. The indirect effect is to cause myelofibrosis and
increase alkaline phosphatase. These conditions can lead
to erythropoietin hyporesponsiveness and aggravate renal
anemia [22]. Interestingly, however, we found that the effi-
cacy of roxadustat in improving anemia was not associated
with baseline iPTH levels, which has not been reported in
previous clinical studies on the efficacy of roxadustat in PD
patients, and this is the innovation of our study.

Previous studies have shown that roxadustat can reduce
total cholesterol in PD patients [17], but the specific mecha-
nism is not yet understood, which may be related to the ace-
tyl coenzyme A and the degradation of 3-hydroxy-3-meth-
yl-glutaryl coenzyme A reductase, which is the first step of
cholesterol synthesis required former enzyme [23,24]. It is
worth noting that different HIF-PHI has different effects on
lipid metabolism. For example, a clinical study conducted
on HD patients in Japan found that daprodustat had similar
cholesterol-lowering effects [25], but a study in stage 3-4
CKD patients in the United States found that vadadustat
had no effect on cholesterol and triglycerides [26]. Our re-
sults also found that roxadustat may have a cholesterol-low-
ering effect, which is also beneficial for cardiovascular dis-
ease prevention in patients with CKD.

The probability of anemia in patients with CKD increases
with the progression of the disease, the prevalence of ane-
mia in patients with stage 5 CKD is 90.2%, and the prev-
alence of anemia after dialysis is as high as 98% [27]. The
study of Akaishi et al. [28] found that the left ventricular
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mass index (LVMI) of patients with high Hb level (110 g/L <
Hb < 120 g/L) was > 2 times lower than that of patients with
low Hb level (100 g/L < Hb < 110 g/L), where LVMl is an indi-
cator to evaluate left ventricular function, indicating that the
control of Hb within the target range is conducive to cardiac
function. Moreover, the BNP of those whose Hb reached the
target (110 g/L < Hb < 130 g/L) was 50 pg/mL lower than
that of those whose Hb did not meet the standard [29],
indicating that Hb reaching the standard was conducive
to controlling the stability of BNP. Our results also showed
that, the left ventricular ejection fraction gradually increased
with the improvement of anemiain the roxadustat group,
and the increase in the ejection fraction from the 12th week
was statistically significant, which may be because the av-
erage Hb in this group of patients did not reach the target
until the 12th week. There was no statistical change in BNP
during the whole course of treatment, because the mean
left ventricular ejection fraction was > 50% from week 4,
and the anemia was improved from week 4. At the 16th
week, the roxadustat group exhibited a decrease in both
LVESD and LVEDD measurements compared to the baseline,
nearly approached statistical significance. If the follow-up
period was extended and the sample size was increased, it
is possible that a significant difference could be observed,
aligning with the direction of our follow-up. Conversely, no
statistically significant findings were observed in the ESAs
group. These results imply that roxadustat might offer po-
tential benefits in enhancing cardiac function among PD pa-
tients who exhibit erythropoietin hyporesponsiveness.

At present, there are different opinions on the effect of
roxadustat on serum potassium. Some studies showed that
roxadustat can increase serum potassium [11,12], and some
studies showed that there was no statistical difference in
serum potassium between roxadustat group and control
group [30-32]. Our results showed that a total of 5 (8.2%)
patients developed hyperkalemia, which was not signifi-
cantly different from the ESAs group. In addition, several
studies have found an increased risk of thromboembolic
events with roxadustat, however, we did not find this in our
study, which may be related to our relatively short follow-up
period and relatively small study sample [30,33-36].

Our study has several obvious advantages. First of all,
most of the studies about roxadustat focused on HD or
non-dialysis patients with CKD and relatively few studies
on PD patients. Second, there are very few studies on roxa-
dustat in patients with low erythropoietin responsiveness
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undergoing PD. Compared with previous studies, our study
enrolled more individuals and the content of the study was
more comprehensive. Finally, this is the first clinical study
to investigate the impact of baseline levels of iPTH on the
efficacy of roxadustat and ESAs in treating renal anemia.
This will bring new therapeutic directions and ideas for the
treatment of anemia patients undergoing PD with erythro-
poietin hyporesponsiveness.

Overall, roxadustat can significantly improve renal anemia
in PD patients with erythropoietin hyporesponsiveness. In
addition, the effect of roxadustat on anemia was not affect-
ed by baseline hs-CRP and iPTH values. Finally, roxadustat
has positive effects on lowering total cholesterol and im-
proving heart function in PD patients.

This was a single-center study with a relatively small sam-
ple size and a relatively short follow-up time. Since there
have been many previous articles on roxadustat and iron
metabolism related indicators, our study did not carry out
more research on iron metabolism indicators.

KEY MESSAGE

1. Roxadustat can significantly improve renal anemia
in PD patients with erythropoietin hyporesponsive-
ness.

2. The effect of roxadustat on anemia was not affect-
ed by baseline hs-CRP and iPTH values.

3. Roxadustat has positive effects on lowering total
cholesterol and improving heart function in PD pa-
tients.
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