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Introduction: We aimed to investigate whether a lower starting dose of roxadustat (w1–1.4 mg/kg) con-

verted from erythropoiesis-stimulating agent (ESA) could achieve a comparable hemoglobin (Hb) target

($100 and #120 g/l) compared with the standard weight-based dose (w1.5–2 mg/kg) at week 12 through a

peritoneal dialysis (PD) cohort.

Methods: A 12-week multicenter randomized, parallel-controlled, open-label, pilot clinical trial enrolled

adult patients who had undergone PD treatment for >3 months with renal anemia. Participants were

randomized in blocks of 4 in a 1:1 ratio to either the standard-dose group (n ¼ 50) or the low-dose group

(n ¼ 50). The primary end point was the proportion of patients achieving the Hb target at week 12.

Results: Baseline demographic and clinical characteristics of the 2 groups were comparable. There was no

difference in the proportion of patients who met the Hb target at week 12, that is, 26 patients (52%) versus

31 patients (62%) in the low-dose group and standard-dose group, respectively (P ¼ 0.31). The Hb levels

significantly increased in both groups from baseline to week 12; the median change of Hb levels was

5.0 (0.0–14.3) g/l (P < 0.001) for the standard-dose group and 6.0 (�3.3 to 16.3) g/l for the low-dose group

(P ¼ 0.005) (P ¼ 0.581 for between groups).

Conclusion: This study suggests that a lower starting dose of roxadustat effectively achieves the Hb target

as standard-dose does among patients on PD. (ClinicalTrials.gov number, NCT04454879).
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R
enal anemia is a common complication in patients
with chronic kidney disease (CKD)1 and is associ-

ated with increased risks of mortality and comorbid-
ity.2 Recent studies have reported on the management
of renal anemia using a hypoxia-inducible factor prolyl
hydroxylase inhibitor, such as roxadustat.3–7 Several
phase III clinical trials have verified the efficacy and
safety of roxadustat as a therapy for anemia in non–
dialysis-dependent and dialysis-dependent patients.5,8–
11 Of note, previous phase II and III trials indicated the
dose-effect relationship of roxadustat and correction of
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anemia,6,12 where Hb levels rapidly increased by
approximately 10 g/l within the first 4 to 5 weeks with
a weight-based initial dose, that is, 1.5 to 2 mg/kg 3
times per week.6,7,13 This phenomenon in turn
explained why the mean weekly dose of roxadustat
was reduced after 4 weeks of treatment in some
dialysis-dependent recipients with 100 to 110 g/l of Hb
at baseline, indicating dose reduction due to Hb
overshooting.5

In the PD patients, it was noticed that ESA
requirement to obtain the same Hb level was much less
as compared with their hemodialysis (HD) counter-
parts.14–16 Explanations include better ESA respon-
siveness and slower declining rate of residual kidney
function in PD patients, and that HD patients experi-
ence more chronic blood loss because of red blood cell
destruction or catheter blood coagulation. The recent
worldwide data showed that the proportions of PD
455
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patients achieving Hb between 100 g/l and 130 g/l were
46% to 62%, and even 4% to 12% of patients had an
Hb level $130 g/l.17 It is hypothesized that roxadustat
requirement might be less in the relatively good con-
dition of anemia management in PD patients with ESA
maintenance therapy.

We aimed to investigate whether a lower weight-
based dose (w1–1.4 mg/kg) of roxadustat could ach-
ieve a comparable Hb target compared with the stan-
dard weight-based dose (w1.5–2 mg/kg) as per the
recommendations. Therefore, we undertook a 12-week
multicenter randomized control pilot study involving
patients on PD to investigate this issue.

METHODS

Study Design and Setting

This multicenter, parallel-controlled, open-label ran-
domized clinical trial (RCT) exclusively involving pa-
tients on PD was conducted at Peking University First
Hospital, Beijing Haidian Hospital, and Beijing Hospital
of Traditional Chinese Medicine. The study protocol
adhered to the “Standard Protocol Items: Recommen-
dations for Interventional Trials” statement.18

Ethical Approval

Our study was approved by the Ethics Committees of
Peking University First Hospital and accepted by the
other 2 hospitals and registered on ClinicalTrials.gov
on July 2, 2020, and updated on April 3, 2021
(NCT04454879).

Study Population

We screened all adult patients who had undergone PD
treatment >3 months owing to end stage kidney dis-
ease between July 6, 2020, and December 28, 2020.
Patients with an Hb level $90 g/l and <120 g/l were
enrolled. Patients using ESAs of 3000 U and 10,000 U
single strength treatment were required to discontinue
ESAs for at least 3 days and 7 days, respectively, and
were then converted to roxadustat. Patients not using
ESAs were enrolled directly. We excluded patients
with a body weight (BW) >110 kg or <45 kg and
patients with a diagnosis of active hepatitis or hepatic
failure, uncontrolled hypertension, a history of tumor
and radiotherapy or chemotherapy in the past 6
months, a life expectancy of <6 months, anemia not
related to CKD, or a recognized allergy to roxadustat.
Pregnant or breastfeeding women were also excluded.
All patients provided written informed consent.

Randomization and Blinding

Patients from 3 hospitals were assigned in blocks of 4 in
a 1:1 ratio to receive either a standard initial dose
(standard-dose group) or a lower initial dose (low-dose
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group) in a consecutive BW range. An external statis-
tical consultant undertook randomization via SAS 9.4
software package (SAS 9.4 Institute Inc., Cary, NC) and
put the grouping information in the sealed envelopes.
When the patient was enrolled, sealed envelopes would
be opened by someone who was blinded to this
assignment. As a pilot study, each group enrolled 50
patients. All laboratory parameters and evaluations in
the case report form for each patient were measured
and recorded by medical workers who were blinded to
treatment assignment. Blinding of the treatment
assignment to investigators and patients was not
possible because of the dose adjustment of roxadustat.

Intervention

Both groups of patients received roxadustat for 12
weeks. In the standard-dose group, patients with a BW
45 kg to 60 kg and $60 kg received an initial dose of
roxadustat 100 mg and 120 mg 3 times per week,
respectively. Accordingly, patients with a BW between
60 kg and 80 kg (25th–75th percentile) actually
received an initial dose of w1.5 to 2 mg/kg.

In the low-dose group, patients with a BW 45 kg to
50 kg, 50 kg to 70 kg, 70 kg to 90 kg, and 90 kg to 110
kg received an initial roxadustat dose of 50 mg, 70 mg,
90 mg, and 110 mg 3 times per week, respectively, at
w1 to 1.4 mg/kg. All patients were required to follow
the dose adjustment rule according to the Hb response
outlined in the study by Chen et al.5 (Supplementary
Table S1).

For both groups, dialysis prescription and treatment
for hypertension, diabetes mellitus, and mineral bone
disease were adjusted according to current guidelines
and recommendations. Oral or i.v. iron supplementa-
tion was permitted during the study period, and total
iron element intake from iron supplementation was
calculated for each patient.

Baseline Evaluation and Follow-Up

Data collection comprised 2 phases: a baseline evalua-
tion and a follow-up. All data were recorded by a
responsible physician using a uniform case report form.
An overview of the data collection schedule during
baseline evaluation and follow-up was shown in
Supplementary Table S2.

Baseline Evaluation

Demographics were recorded, including age, sex,
duration of PD, height, BW, body mass index, primary
disease, and the Charlson comorbidities index.19

Medication regimens concerning the management of
anemia, hypertension, diabetes and dyslipidemia, and
mineral bone disease were recorded. Pre-enrollment
ESA dosages were expressed as U/kg/d. Laboratory
variables included complete blood counts, reticulocyte
Kidney International Reports (2022) 7, 455–464
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Figure 1. Flowchart of the study. Standard-dose, 100 mg and 120 mg thrice-weekly respectively for patients <60 kg and$60 kg; low-dose, initial
dose was 50 mg, 70 mg, 90 mg, and 110 mg thrice-weekly for patients weighing $45 kg and #50 kg, >50 kg, and #70 kg, >70 kg and #90 kg,
and >90 kg and #110 kg, respectively. *(Reasons for patients) not meeting inclusion criteria (n ¼ 130): PD duration <3 months (n ¼ 20); Hb
>130 g/l or <90 g/l (n ¼ 59); weight <45 kg (n ¼ 4); with history of malignancy (n ¼ 1); anemia not related to CKD (n ¼ 1); uncontrolled
hypertension (n ¼ 2); taking roxadustat or allergy to roxadustat (n ¼ 43).
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counts, and biochemical indexes such as liver enzymes,
serum albumin, lipids spectrum, uric acid, urea,
creatinine, serum iron, ferritin, total iron binding ca-
pacity, transferrin saturation, high-sensitive C-reactive
protein, and intact parathyroid hormone. Biochemical
profiles were investigated using an automatic Hitachi
chemistry analyzer. High-sensitive C-reactive protein
was measured using immune rate nephelometric anal-
ysis. Small solute clearance and residual kidney func-
tion were measured through collecting 24-hour urine
and dialysate. Small solute clearance was defined as
total urea clearance (total Kt/V) and total creatinine
Kidney International Reports (2022) 7, 455–464
clearance. Residual kidney function was estimated us-
ing the average kidney clearance of urea and
creatinine.

Follow-Up

Patients were followed up for 12 weeks, with in-person
visits at weeks 2, 4, 8, and 12. According to the Hb
level at each time point, all patients were required to
adjust the roxadustat dose according to the Hb
response outlined in the study by Chen et al.5

(Supplementary Table S1). Serial complete blood and
reticulocyte counts were tested at each time point.
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Biochemical indexes were collected at baseline and at
week 12. Adherence to roxadustat was investigated
through a check of dispensed and remaining tablets.
Details concerning other clinical information and
medications were collected. All outcomes and adverse
events were recorded.

End Points

The primary end point was the proportion of patients
achieving the Hb target (i.e., $100 g/l and #120 g/l) at
week 12. Secondary end points were the change of
average Hb level of weeks 12 from baseline, the pro-
portion of patients achieving Hb >120 g/l and <100 g/
l, variations in Hb levels during follow-up (SD divided
by the mean Hb level), and the ratio of Hb over-
shooting (Hb >130g/l during the follow-up). Compar-
isons between groups and within each group
concerning changing trends in Hb levels, roxadustat
dose, iron parameters, and lipid spectrum over the 12-
week period were investigated.

Adverse Events

We obtained information regarding adverse events at
each visit including but not limited to symptoms,
clinically significant laboratory results, and physical
examination findings. Potential causes of each adverse
event in relation to roxadustat were assessed and
categorized into 6 grades (unrelated, unlikely-related,
possibly-related, most-likely-related, definitely-
related, and unable-to-assess). Patients in undeter-
mined categories were discussed, and their status was
confirmed by principal investigators and pharmacists
from the study hospitals.

Statistical Analysis

Parametric data are presented as mean � SD.
Nonparametric data are presented as median values
with an interquartile range. Categorical variables are
expressed as percentages or ratios. Missing data were
otherwise imputed using last-observation-carried-
forward method. Student t, Mann–Whitney U, and
the c2 tests were used to compare differences in base-
line characteristics between the groups as appropriate.
Missing data due to the drop out patients were imputed
using last-observation-carried-forward imputation. A
c2 test was used to compare between the groups in
terms of the proportions of patients achieving the Hb
target (target Hb level, $100 g/l and #120 g/l) and
those with Hb >120 g/l or <100 g/l and was performed
on an intention-to-treat analysis, which comprised
patients who completed randomization. A Student t
test was utilized to compare the rate of Hb variation
over the 12-week period between groups. A paired t
test was used to compare the iron parameters and lipid
458
spectrums between baseline and week 12 in each
group. Changing trends in Hb levels, roxadustat dose,
iron parameters, and lipid spectrums between baseline
and week 12 were compared between groups and
within each group using a mixed-model analysis of
variance, adjusting for baseline values of the outcome
variables and additionally, total elemental iron or
defined daily dose of b-Hydroxy b-methylglutaryl-co-
enzyme A reductase inhibitors,20 as appropriate. The
primary and second analysis were also performed on
per-protocol population as sensitivity analysis. The
per-protocol population comprised patients who
completed randomization and had baseline and each
time point Hb values assessed.

With regard to sample size calculation, we did not
find any data on the efficacy of low-dose Roxadustat in
PD patients in previous literatures, which preclude us
from calculating the size for the present trial on com-
parison of two-dosing strategies.

All probabilities were 2-tailed, and the level of sig-
nificance was set at 0.05. Statistical analysis was per-
formed using SPSS software package version 20.0
(SPSS, Chicago, IL).
RESULTS

Baseline Characteristics and Follow-Up

We screened 266 patients between July 2020 and
December 2020 and recruited 100 patients in the study
(Figure 1). Demographic data and baseline character-
istics were compared between the standard-dose and
low-dose groups (Table 1 and Supplementary
Table S3). Ninety-six patients used ESAs before
administrating roxadustat, with a median dosage of
15.6 U/kg/d. There were 2 patients temporarily not
using ESAs in each group. Baseline Hb levels, iron
status, total iron element supplementation, and epoetin
dosages were comparable between the groups (P >
0.05). No significant differences were found between
the groups in other variables including sex, age,
weight, primary kidney disease, Charlson index, PD
duration, serum albumin, lipids spectrums, residual
kidney function, and high-sensitive C-reactive protein
(P > 0.05).

During the 12-week study period (Figure 1), 10 pa-
tients discontinued roxadustat owing to adverse
events, 6 patients withdrew their consent, 2 patients
had kidney transplantation, and 1 patient died of car-
diovascular disease. Totally, 24 patients (24%) reported
adverse events (Supplementary Table S4), including 14
patients (28%) in the standard-dose group and 10 pa-
tients (20%) in the low-dose group. Adverse events
were considered to be related to the drug in 17
patients, among which gastrointestinal symptoms (n ¼
Kidney International Reports (2022) 7, 455–464



Table 1. Comparison of baseline characteristics between the 2 roxadustat initial-dose groups
Variables Total (N ¼ 100) Standard-dose groupa (n ¼ 50) Low-dose groupb (n ¼ 50) P

Male, n (%) 61 (61.0) 27 (54.0) 34(68.0) 0.15

Age, years 51.4 � 13.0 52.0 � 12.9 50.7 � 13.2 0.62

Weight, kg 69.0 � 13.6 66.8 � 14.1 71.3 � 12.8 0.10

Height, cm 166.9 � 8.6 166.2 � 7.9 167.5 � 9.3 0.45

Body mass index, kg/m2 24.7 � 4.7 24.0 � 4.0 25.5 � 5.2 0.11

Primary kidney disease, n (%)

Glomerulonephritis 44 (44.0) 21 (42.0) 23 (46.0) 0.82

Diabetic nephropathy 28 (28.0) 14(28.0) 14(28.0)

Hypertension 14 (14.0) 9(18.0) 5(10.0)

Miscellaneous 5 (5.0) 2 (4.0) 3 (6.0)

Unknown 9 (9.0) 4 (8.0) 5 (10.0)

Diabetes mellitus, n (%) 33(33.0) 16(32.0) 17(34.0) 0.83

Charlson index 3.5 (2.0–6.0) 4.0 (2.0–6.0) 3.0 (2.0–5.3) 0.93

PD duration, mo 26.0 (14.5–59.3) 30.5 (18.8–64.3) 23.0 (11.0–51.0) 0.17

SBP, mmHg 137.3 � 16.0 136.2 � 16.8 138.3 � 15.3 0.52

DBP, mmHg 81.7 � 11.3 80.8 � 12.0 82.6 � 10.6 0.41

Hemoglobin, g/l 108.0 � 6.6 107.8 � 6.8 108.1� 6.5 0.85

Reticulocyte, 109/l 65.6 � 32.1 62.2 � 30.1 68.8 � 33.9 0.31

Albumin, g/l 37.5 � 3.4 37.8 � 3.6 37.2 � 3.3 0.39

Hs-CRP, mg/l 1.4 (0.5–5.0) 1.3 (0.4–5.1) 1.7 (0.7–5.1) 0.42

Urea, mmol/l 21.5 � 5.8 22.2 � 5.4 20.7 � 6.1 0.21

Serum creatinine, mmol/l 991.0 � 252.3 948.0 � 227.0 1033.9 � 270.9 0.09

RKF, ml/min 0.4 (0–1.0) 0.2 (0–0.9) 0.4 (0–1.1) 0.38

Triglyceride, mmol/l 1.7 (1.2–2.3) 1.6 (1.3–2.1) 1.7 (1.2–2.8) 0.51

Total cholesterol, mmol/l 4.2 � 1.0 4.1 � 0.9 4.3 � 1.0 0.30

HDL, mmol/l 0.9 � 0.3 1.0 � 0.3 0.9 � 0.3 0.22

LDL, mmol/l 2.2 � 0.7 2.2 � 0.6 2.2 � 0.7 0.98

Ferritin, ng/ml 279.1 (147.0–396.4) 291.0 (151.7–386.9) 273.7 (129.8–405.2) 0.57

Serum iron, mmol/l 15.2 � 6.5 14.5 � 7.1 15.8 � 5.9 0.33

TIBC, mmol/l 45.7 � 7.1 45.7 � 7.5 45.7 � 6.7 0.95

TSAT, % 34.0 � 15.1 33.0 � 17.1 35.0 � 13.0 0.52

Iron supplementation, n (%) 65 (65.0) 31 (62.0) 34 (68.0) 0.53

Total iron element, mg/wk 420.0 (0–840.0) 420.0 (0–840.0) 630.0 (0–840.0) 0.71

ESA administration, n (%) 96 (96.0) 48 (96.0) 48 (96.0) 1.00

Daily epoetin dosage, U/kg/d 15.6 � 10.1 16.0 � 10.2 15.2 � 10.2 0.71

DBP, diastolic blood pressure; ESA, erythropoiesis-stimulating agent; HDL, high density lipoprotein; Hs-CRP, high-sensitive C-reactive protein; LDL, low density lipoprotein; PD, peritoneal
dialysis; RKF, residual kidney function; SBP, systolic blood pressure; TIBC, Total iron binding capacity; TSAT, Transferring saturation.
aStandard-dose, 100 mg and 120 mg thrice-weekly, respectively, for patients <60 kg and $60 kg.
bLow-dose, initial dose was 50 mg, 70 mg, 90 mg, and 110 mg thrice-weekly for patients weighing $45 kg and #50 kg, >50 kg and #70 kg, >70 kg, and #90 kg, >90 kg and #110 kg,
respectively.
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10) and fatigue (n ¼ 3) were reported most often, and 7
patients discontinued roxadustat.

Hb Response to Roxadustat

At baseline, no difference was found in the Hb level
between the standard-dose group and low-dose group
(107.8 � 6.8 g/l vs. 108.1 � 6.5 g/l, P ¼ 0.85) (Figure 2).
Compared with baseline, Hb levels significantly
increased in both groups at week 12. The median
change of Hb levels of weeks 12 from baseline was 5.0
(0.0–14.3) g/l in the standard-dose group (P < 0.001)
and 6.0 (�3.3 to 16.3) g/l in the low-dose group (P ¼
0.005). The mean change of Hb at week 12 from base-
line was not significantly different between the 2
groups (P ¼ 0.581). Overall, there was no difference in
the changing trend of Hb after adjusting for baseline
Hb levels between the groups (P ¼ 0.25) or when
Kidney International Reports (2022) 7, 455–464
comparing on Hb levels at each visit (P > 0.05) in the
intention-to-treat population (Figure 2). And in the per-
protocol population, main results were consistent with
the results of intention-to-treat analysis, except that the
Hb level was significantly higher in the standard-dose
group than low-dose group at week 4 (117.3 � 12.8 g/l
vs. 111.2 � 13.3 g/l, P ¼ 0.029) (Supplementary
Figure S1).

In terms of the proportion of patients who met the
Hb target ($100 g/l and #120 g/l), there was no dif-
ference in the proportion of patients who met the Hb
target at baseline and week 2, 4, and 12 (P range ¼
0.31–0.84; Table 2). At week 12, a total of 26 patients
(52%) in the low-dose group versus 31 patients (62%)
in the standard-dose group achieved the Hb target (P ¼
0.31). The ratio of Hb overshooting was similar be-
tween these 2 groups at week 2, 4, 8, and 12 (P > 0.05).
459



Figure 2. Comparison of hemoglobin responses between the standard-dose group and the low-dose group.
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In addition, the proportions of patients with Hb >120
g/l at each time point (P range ¼ 0.190–0.668) were
comparable between the groups, although the pro-
portions of patients with Hb <100 g/l were higher in
low-dose group at week 8 and 12 (P range ¼ 0.014–
0.037) in the intention-to-treat population. No signifi-
cant difference was found between the variation in Hb
levels in the standard- and the low-dose groups (6.3%
and 6.7%, respectively; P ¼ 0.57). There was no sig-
nificant correlation between baseline ESA dose and
roxadustat dose at week 12 (r ¼ 0.245, P ¼ 0.05).
Proportion of patients with Hb at different levels in the
two roxadustat dose groups, either conversion from
ESA treatment (Supplementary Table S5) or the per-
protocol analysis had similar results (Supplementary
Table S6).
Changing Trends of Actual Roxadustat Dose

Changing trends in the actual roxadustat dose in
both groups are shown in Figure 3. A significantly
different trend was observed between the groups
after adjusting for the baseline roxadustat dose (P <
0.001). There was a significant roxadustat dose
decrease in the standard-dose group (P < 0.001),
whereas no significant change in dose in the low-
dose group was observed (P ¼ 0.32). Compared
with the low-dose group, roxadustat doses at baseline
and at week 4 and average roxadustat dose during
the study in the standard-dose group were signifi-
cantly higher (P < 0.001), while roxadustat doses
were comparable at week 8 and 12 (P > 0.05).
460
Changing Trends in Iron Parameters and in the

Serum Lipid Spectrums

There were no significant differences in terms of
changing trends in iron parameters including serum
iron, ferritin, total iron binding capacity, and trans-
ferrin saturation between the groups after adjusting for
baseline corresponding iron parameters and total iron
element consumption (P > 0.05) (Table 3). Compared
with the baseline, the total iron binding capacity value
markedly increased in both groups (P < 0.001), but
transferrin saturation value significantly decreased only
in the low-dose group (P ¼ 0.02). No significant differ-
ences in serum iron and ferritin levels between baseline
and week 12 were found in either group (P > 0.05).

There was significantly different changing trend in
triglyceride level between groups after adjustment for
baseline value and the defined daily dose of b-Hydroxy
b-methylglutaryl-coenzyme A reductase inhibitors
(P ¼ 0.04) (Table 4). A mildly significant decrease in
triglyceride level was only observed in the standard-
dose group (P ¼ 0.03). Total cholesterol and high
density lipoprotein levels at week 12 significantly
decreased from baseline in both groups (P < 0.05). No
differences were found in the changing trends in total
cholesterol and high density lipoprotein levels between
the groups after adjustment (P > 0.05).
DISCUSSION

This open-label 12-week pilot RCT was the first
comparative study on different roxadustat regimens
exclusively involving patients on PD. Among our
Kidney International Reports (2022) 7, 455–464



Table 2. Number and proportion of patients with Hb at different levels in the 2 roxadustat dose groups
Time point Hb (g/dl) Standard-dose group n (%) Low-dose group n (%) Pa

Baseline

<100 7 (14.0) 7 (14.0) 1.00

$100 and #120 43 (86) 43 (86) 1.00

>120 0 (0) 0 (0) —

Week 2

<100 4 (8) 10 (20) 0.08

$100 and #120 38 (76) 36 (72) 0.65

>120 8 (16) 4 (8) 0.22

>130 2(4) 1(2) 0.56

Week 4

<100 4 (8) 9 (18) 0.14

$100 and #120 28 (56) 29 (58) 0.84

>120 18 (36) 12 (24) 0.19

>130 5(10) 3(6) 0.46

Week 8

<100 2 (4) 10 (20) 0.01

$100&#120 33 (66) 23 (46) 0.04

>120 15 (30) 17 (34) 0.67

>130 5(10) 6(12) 0.75

Week 12

<100 3 (6) 10 (20) 0.04

$100 and #120 31 (62) 26 (52) 0.31

>120 16 (32) 14 (28) 0.66

>130 2(4) 5(10) 0.24

Hb, hemoglobin.
aAt each time point, comparisons between groups were performed at each category of Hb level range by 2 � 2 crosstabs.
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subjects converted from ESA treatment, standard-dose
and low-dose regimens could achieve comparable pro-
portions of Hb-target met. The mean change of Hb at
week 12 from baseline was not significantly different
between the 2 groups.
Figure 3. Comparison of actual roxadustat dose between the standard-dos
dose group and the low-dose group.

Kidney International Reports (2022) 7, 455–464
Till now, phase II and III studies of roxadustat have
mainly focused on patients with non–dialysis-depen-
dent CKD or HD, and only limited data in patients un-
dergoing PD have been reported.21–23 These studies
verified that roxadustat was well tolerated and effective
e group and the low-dose group. *P < 0.001 between the standard-
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Table 3. Changes in the iron parameters between baseline and week 12 in the 2 roxadustat initial-dose groups

Variable

Standard-dose group Low-dose group

P for trendBaseline Week 12 P Baseline Week 12 P

Serum iron 14.5 � 7.1 15.2 � 6.0 0.54 15.8 � 5.9 15.2 � 5.0 0.56 0.42

Ferritin 313.3 � 240.1 286.6 � 234.8 0.11 288.1 � 200.5 267.6 � 194.8 0.16 0.61

TIBC 45.7 � 7.5 50.2 � 8.2 <0.001 45.7 � 6.7 53.3 � 9.9 <0.001 0.26

TSAT 32.9 � 17.1 31.0 � 12.9 0.46 35.0 � 13.0 29.8 � 12.2 0.02 0.82

TIBC, total iron binding capacity; TSAT, transferring saturation.
P for trend compared the change trend between roxadustat initial-dose groups; P, compared between baseline and week 12.
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in maintaining target Hb levels for those who were
previously treated or not treated with ESA but did not
provide the evidence on the comparisons of different
dose regimens of roxadustat. Our study thus provided
the first-hand evidence on the effectiveness and feasi-
bility of low-dose regimen in the PD population.

The dose-effect relationship between roxadustat and
Hb response has been repeatedly reported.5,7,13 A
phase II clinical trial involving nondialyzing patients
with CKD showed that Hb response rates (>100 g /l)
within 6 weeks were 58%, 40%, 91%, and 100% with
0.7 mg/kg, 1 mg/kg, 1.5 mg/kg, and 2 mg/kg of rox-
adustat, respectively.12 At a higher dose of roxadustat
(1.5 mg/kg–2.5 mg/kg), the Hb level could increase by
10 to 20 g/l during 4 weeks in patients with CKD and
HD.6 In our study, PD patients had a good condition of
anemia management with relatively lower dose of ESA
at baseline than their HD counterparts.14,24 This is why
patients in the low-dose group could achieve as high a
proportion of Hb-target met and Hb response rate (if
defined by Hb >100 g/l as previous studies) as that of
patients in the standard-dose group. Of note, their Hb
level (108 g/l) and mean ESA dose (15.6 U/kg/d) were
also comparable to their PD peers as the Peritoneal
Dialysis Telemedicine-assisted Platform cohort
including 27 centers’ data in PR China reported (15.4
U/kg/d).17 This clue indicates that low-dose regimen
verified through our preliminary study is possibly
applicable to more PD patients.

Of note, despite a comparable proportion of Hb-
target met, patients in the low-dose group were more
likely to have Hb <100 g/l at weeks 8 and 12. This
finding should not be considered as a dissenting
opinion of low-dose regimen owing to several reasons.
First, on the basis of a preset dose adjustment rule
Table 4. Changes in the lipid levels tween baseline and week 12 in the 2

Variable

Standard-dose group

Baseline Week 12 P

Triglyceride 1.6 (1.3–2.1) 1.3 (1.1–2.2) 0.03

Total cholesterol 4.1 � 0.8 3.6 � 0.9 0.01

HDL 1.0 � 0.3 0.9 � 0.2 0.01

LDL 2.0 � 0.5 2.0 � 0.6 0.37

HDL, high density lipoprotein; LDL, low density lipoprotein.
P for trend compared the change trend between roxadustat initial-dose groups; p, compared
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according to Hb response, we found a significant
decrease in the roxadustat dose in the standard-dose
group. In a phase III clinical trial involving patients
on dialysis, a group that was administrated the protocol
same to the standard-dose group in our study also re-
ported a 0.5 mg/kg of reduction in roxadustat dose at
the fifth week.5 We considered that the low-dose group
underwent less dose adjustment and consumption may
lead to a smoother and cost-efficient strategy. Second,
we cannot preclude the inappropriateness of current
dosing-adjustment strategy. At 120 to 130 of Hb levels,
it is recommended to decrease the drug dose no matter
the change of Hb was >10 g/l or �10w10 g/l. This
regimen led to a quick reduction in Hb levels from the
peak in some individuals, even in the low-dose group.
Third, recent meta-analysis indicated that standard-
dose roxadustat therapy could increase serious in-
cidences of treatment-emergent adverse events
compared with ESA in non–dialysis-dependent CKD
population.25,26 Taken together, more heterogeneous
and long-term interventional studies should be per-
formed to observe the effectiveness and safety of
different initial-dose regimens and dosing-adjustment
strategies for anemia correction.

From baseline to week 12, we found an increasing
trend in the total iron binding capacity levels in both
groups and a comparable changing trend in all iron
parameters after adjusting for total iron element sup-
plementation between groups, suggesting mildly
improvement in iron metabolism in both groups. These
findings supported previous studies proving that
hypoxia-inducible factor prolyl hydroxylase inhibitor
stimulates endogenous erythropoietin production
while simultaneously coordinating iron
bioavailability.5,6,8,12,13,23,27 Without measurement of
roxadustat initial-dose groups
Low-dose group

P for trendBaseline Week 12 P

1.7 (1.2–2.8) 1.7 (1.2–3.4) 0.95 0.04

4.3 � 1.0 4.0 � 1.1 0.03 0.29

0.9 � 0.3 0.8 � 0.3 0.002 0.33

2.2 � 0.7 2.0 � 0.7 0.051 0.31

between baseline and week 12.
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hepcidin, iron metabolism associated with hepcidin
was not provided.

Moreover, significant decreasing trends in total
cholesterol and high density lipoprotein in both groups
and a decreasing trend in triglyceride levels in the
standard-dose group were found over the 12-week
period. These findings again supported that roxadu-
stat has some metabolic benefits.5,6 One previous study
even showed a decreasing trend in these 4 components
of the lipid panel over a 27-week follow-up,5 suggest-
ing a possibly prolonged effect on lipid of roxadustat.

Our study is the first postmarketing RCT on dose-
regimen exploration of roxadustat in PD population,
adding to the body of knowledge concerning initiating
roxadustat administration in the setting of ESA con-
version. A tight study design with a closely monitored
follow-up period undertaken in a multicenter setting is
likely to enhance reliability and completeness of data.
The findings indicated a necessity for designing larger
and more dedicated RCTs involving different dosing
strategies for individuals with varied characteristics,
such as different Hb levels, iron status, inflammation
status, and EPO responsiveness at baseline.

This study had some limitations. First, this small-
size and short-term interventional study had weak
power to identify the performance of different dose
regimes. Second, despite multicenter RCT design and
comparable baseline characteristics, the study
enrolled relatively stable, young, and nonobese pa-
tients on PD. We should improve the generalizability
through further interventional trials. Third, nearly all
patients used ESAs before the study and converted to
roxadustat with different initial-dose regimens.
Although the participants were required to have
stopped ESA administration for 3 to 7 days, effect of
ESA was likely to lag behind. However, baseline
characteristics including ESA administration were
even between groups on the basis of the RCT design.
Third, it is worth noting that about 30% patients had
Hb >120 g/l or 130 g/l during the research. We were
not sure whether there would be some long-term ef-
fects of ESA. Last, while our findings suggested that
drug costs on roxadustat might be reduced in the low-
dose group, more pharmaco-economic indicators such
as whole medical expenditure and healthcare resource
utilization should be considered in future studies.

In terms of practical clinical interest, our findings
suggest that a lower starting dose of roxadustat effec-
tively allowed the Hb target to be met with less dose
adjustment and consumption. This finding provided a
possibility of low-dose regimen except for the current
weight-based protocol. Starting patients on PD in a
clinically stable status with a lower dose of roxadustat
appears feasible.
Kidney International Reports (2022) 7, 455–464
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