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Background: Renal anemia is a common complication in patients with end-stage renal disease (ESRD). 
Both roxadustat and recombinant human erythropoietin (rhEPO) are alternative option for patients with 
renal anemia. However, the adverse events of rhEPO limited the wide use of it and the concrete difference 
of real clinical efficacy of rhEPO and roxadustat was still uncertain. This study aimed to assess the clinical 
efficacy of roxadustat for improving renal anemia in patients with chronic kidney disease.
Methods: A retrospective cohort study of 790 consecutive patients with renal anemia treated with 
roxadustat and rhEPO was conducted at the Zhejiang Provincial People’s Hospital. Patients were classified 
into two groups: roxadustat (n=95) and rhEPO (n=695). Baseline characteristics were compared in two 
groups. After propensity-score matching at a 1:3 ratio, we compared the efficacy of roxadustat and rhEPO in 
improving anemia, mainly using the Mann-Whitney U test. The follow-up period lasted 24 weeks.
Results: The baseline characteristics were comparable between the two groups after propensity-score 
matching. There were no significant differences in the hemoglobin levels and estimated glomerular filtration 
rates (eGFRs) of the two groups before roxadustat or rhEPO treatment (P>0.05). The hemoglobin level 
after 4 weeks of treatment was 96 g/L in the roxadustat group, and the increase from baseline was 10 g/L; in 
the rhEPO group, these values were 87 and 6 g/L, respectively (P<0.001). After 12 weeks of treatment, the 
hemoglobin level and change from baseline were 105 and 15 g/L in the roxadustat group and 94 and 11 g/L 
in the rhEPO group, respectively (P<0.001). Similar results were observed after 24 weeks of treatment; the 
hemoglobin level and change from baseline were 105 and 17 g/L in the roxadustat group and 97 and 14 g/L 
in the rhEPO group (P=0.001). 
Conclusions: This retrospective study demonstrated that orally administered roxadustat improved 
hemoglobin levels more than rhEPO in patients with CKD and anemia.
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Introduction

In China, there are an estimated 120 million people with 
chronic kidney disease (CKD) (1), of which 2% will likely 
progress to end-stage renal disease (ESRD). Anemia is a 
common complication of CKD caused by impaired oxygen 
sensing during renal failure. It decreases erythropoiesis, 
influences the survival of red blood cells, induces 
inflammation, and blocks metabolism. More than 90% of 
dialysis patients have been reported to suffer from renal 
anemia (2), which is associated with an increased risk of 
cardiovascular events (3,4) and all-cause mortality (5).

Conventionally, recombinant human erythropoietin 
(rhEPO) is used to treat anemia in patients with CKD. It 
not only improves hemoglobin (Hb) levels but also delays 
the progression of CKD, reduces hospitalization and all-
cause mortality, and improves the quality of life of patients 
with CKD (6). However, the increase in adverse events 
associated with disease progression is disturbing. Owing 
to the frequent incidence of treatment-related adverse 
events, such as tumors, endocrine system dysfunction, and 
cardiovascular events, rhEPO doses are often reduced (7). 
In addition, erythropoietin resistance can occur in some 
patients, resulting in treatment failure, the risk of needle-
stick injury for nurses, and the inconvenience of frequent 
subcutaneous injections (8).

As a hypoxia-inducible factor prolyl hydroxylase 
inhibitor, the novel agent roxadustat may increase 
endogenous erythropoietin concentrations by mediating 
the hypoxia-inducible factor, which is regulated via the 
inhibition of certain activated domains, such as pan-prolyl 
hydroxylase (9). Subsequently, it has been incorporated 
into the therapeutic regimen for anemia in CKD (10). 

Recent randomized, multicenter, double-blind clinical 
studies conducted in China have shown that roxadustat 
significantly improves the Hb levels in patients with CKD 
with or without dialysis (11,12). Other studies have also 
shown that roxadustat can effectively treat renal anemia and 
reduce the need for blood transfusions and intravenous iron 
supplementation (13-15). 

Although some high-quality randomized controlled trials 
(RCTs) had demonstrated the effectiveness of roxadustat 
in the treatment of renal anemia, there were limitations on 
application extension in clinical practice of roxadustat due to 
their strict inclusion criteria (12,16). These RCTs somehow 
limited more types of participants to some extent, such as 
higher age and lower baseline Hb level. These patients 
were encountered in real clinical settings frequently. The 
concrete difference of real clinical efficacy of rhEPO and 
roxadustat was still uncertain. Therefore, this retrospective 
study included more types of participants and aimed to 
assess the real clinical efficacy of roxadustat in the treatment 
of renal anemia in patients with CKD and provide further 
insight. We present the following article in accordance with 
the STROBE reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-709/rc).

Methods

Data sources and processing

This was a single-center observational longitudinal cohort 
study. The study design is depicted as a flowchart in Figure 1. 
We performed a retrospective comparative study, enrolling a 
total of 790 patients with renal anemia, including 95 patients 
who received roxadustat therapy for more than 4 weeks 
and 695 patients who received rhEPO treatment for more 
than 4 weeks. And baseline characteristics were compared 
in the two groups. After propensity-score matching at a 1:3 
ratio, we compared the Hb level of roxadustat and rhEPO 
groups, mainly at weeks of 4, 12 and 24. The concrete dose 
of roxadustat capsules initially administered to each patient 
was decided based on their weight: either 100 mg (weight 
between 45 and 60 kg) or 120 mg (weight ≥60 kg) three 
times a week. rhEPO was subcutaneously administered once 
or twice per week, and the dose was adjusted according to 
the Kidney Disease: Improving Global Outcomes (KDIGO) 
Anemia Guidelines. Both groups were followed up for  
≥24 weeks. 

The primary endpoints were the changes in the median 
Hb level from baseline to weeks 4, 12, and 24. The 
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secondary endpoints were the maximum Hb level during 
the follow-up period, time to reach the maximum Hb level, 
Hb response rate, and the proportion of patients achieving 
the target Hb levels between 100 and 120 g/L. 

The basic information of the included patients 
was collected from the medical records. The baseline 
characteristics of the participants included: (I) history of 
underlying diseases: hypertension and diabetes mellitus 
(DM); (II) personal history: age, sex, smoking and drinking 
habits; (III) medication history: oral iron, oral folic acid, oral 
iron sucrose, and sevelamer hydrochloride; (IV) anemia-
related parameters: Hb, hematocrit (HCT), red blood cell 
count, and platelet count; (V) nutritional and inflammatory 
indicators: high-sensitivity C-reactive protein (Hs-CRP), 
serum albumin, white blood cell count, and glucose; and 
(VI) renal function and serum electrolytes: estimated 
glomerular filtration rates (eGFRs), serum calcium, and 
phosphorus concentrations. We measured the biomedical 
parameters using a biochemical automatic enzyme analyzer 
at the Clinical Laboratory of Zhejiang Provincial People’s 
Hospital. All covariates were measured once at baseline. 
The patients underwent routine blood tests at weeks 4, 
12, and 24. The number of days from treatment initiation 
to maximum Hb level was recorded during the follow-up 
period. 

The Ethics Committee of Zhejiang Provincial People’s 

Hospital approved the study (No. 2022QT346) and it was 
carried out according to the Declaration of Helsinki (as 
revised in 2013). The need for informed consent was waived 
due to the retrospective study design. All data were analyzed 
anonymously to protect patient privacy.

Eligibility criteria

The inclusion criteria were as follows: (I) age >18 years; 
(II) anemia in patients with CKD, defined as Hb values 
from 60–100 g/L during the screening period; (III) 
administration of rhEPO for ≥4 weeks or administration 
of roxadustat for ≥4 weeks. The exclusion criteria were as 
follows: (I) anemia that was not CKD-related, including 
myelodysplastic syndrome, multiple myeloma, hereditary 
hematologic disease such as thalassemia, sickle cell anemia, 
pure red cell aplasia, or other diseases that interfere with 
blood cell metabolism; (II) follow-up time <12 weeks; and 
(III) patients with pre-existing malignancy.

Definitions

According to the 2018 Chinese Guidelines for the 
Prevention and Treatment of Hypertension, hypertension 
was defined as systolic and diastolic blood pressure  
≥140/90 mmHg after 15 min of rest (17). DM was defined 
as fasting plasma glucose ≥126 mg/dL (7.0 mmol/L), 
2-h plasma glucose ≥200 mg/dL (11.1 mmol/L) during 
an oral glucose tolerance test, glycosylated hemoglobin 
A1C ≥6.5% (48 mmol/mol), or random plasma glucose  
≥200 mg/dL (11.1 mmol/L), according to the American 
Diabetes Association: Standards of Medical Care in 
Diabetes-2021 (18). Renal function was calculated using 
the following formula: eGFRs (mL/min−1/1.73 m2) = 186 × 
serum creatinine − 1.154 × age − 0.203 (× 0.742, if female), 
which was derived from the simplified Modification of Diet 
in Renal Disease study for Chinese people (19).

Statistical analyses

Imputation was performed if the missing values were <20%. 
We used predictive mean matching to impute the numeric 
features. Categorical data are presented as numbers (%) 
and were analyzed using the χ2 or Fisher’s exact tests. 
Normally distributed continuous variables are expressed 
as mean ± standard deviation and were compared between 
groups using independent two-sample t-tests; continuous 
data not conforming to a normal distribution are expressed 

Patient with anemia in CKD (n=790)

Roxadustat group (n=95)

Roxadustat group (n=95)

rhEPO group (n=695)

rhEPO group (n=285)

1:3 matching

Age

Hb

Hs-CRP

Albumin

eGFRs

Figure 1 Study flowchart and variables used for propensity-score 
matching. CKD, chronic kidney disease; rhEPO, recombinant 
human erythropoietin; Hb, hemoglobin; Hs-CRP, high-sensitivity 
C-reactive protein; eGFRs, estimated glomerular filtration rates.
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as median and interquartile ranges and were compared 
between groups using the Mann-Whitney U test. 

All statistical analyses were performed using R software 
(version 3.6.2, R Foundation for Statistical Computing., 
Auckland, NZ) and IBM SPSS Statistics (version 26.0, IBM 
Corp., Armonk, NY, USA). Statistical significance was set 
at P<0.05. To minimize the influence of selection bias and 
potential confounders, a 1:3 propensity-score matching 
(PSM) analysis was performed to balance the differences 
between the groups. Propensity scores were calculated using 
an R language model; the variables used as covariates were 
age, Hb, albumin, Hs-CRP, and eGFRs, and the matching 
tolerance was set to 0.1 (Figure 2).

Results

The serum albumin, Hs-CRP, glucose, HCT, red blood 
cell count, white blood cell count, age, and median 
baseline Hb level covariates were different between the 
two groups before PSM. After PSM, the matched cohort 
included 95 and 285 patients in the roxadustat and rhEPO 
groups, respectively. In addition, no differences in clinical 
parameters existed between the two groups, except for 
the proportions of patients with hypertension and DM, 
and patients on medications e.g., oral iron, sucrose, and 
folic acid (Table 1). The propensity score distribution and 
changes in the density of the propensity scores are shown in 
Figure 2.

In the matched cohort, the baseline Hb levels were 85 g/L  
in the roxadustat group and 83 g/L in the rhEPO group, 
which did not represent a significant difference (P=0.164). 
After 4 weeks of treatment, the median Hb level was 96 g/L  
in the roxadustat group and 87 g/L in the rhEPO group 
(P<0.001). After 12 weeks of treatment, the Hb level was 
105 g/L in the roxadustat group, which was significantly 
higher than that in the rhEPO group (94 g/L, P<0.001). 
Similar results were observed after 24 weeks of treatment. 
The Hb level during week 24 was 105 g/L in the roxadustat 
group, which was higher than the median Hb level in the 
rhEPO group (97 g/L, P=0.001) (Figure 3).

After 4 weeks of treatment, the change from baseline 
(CFB) in the median Hb level was 10 g/L in the roxadustat 
group and 6 g/L in the rhEPO group, with a treatment 
difference of 5 g/L [95% confidence interval (CI): 2–9 g/L;  
P=0.002] (Figure 4). At 12 weeks, there was a distinction 
between the levels of Hb exhibited in the roxadustat and 
rhEPO groups (15 vs. 11 g/L, P=0.001), and the treatment 
difference was 7 g/L (95% CI: 3–11 g/L). In addition, at  

24 weeks, the CFB in the median level of Hb was 17 g/L 
in the roxadustat group and 14 g/L in the rhEPO group, 
with an estimated difference of 5 g/L (95% CI: 1–9 g/L; 
P=0.025) between the two groups (Figure 4).

Secondary endpoints

In the matched cohort, the median maximum Hb level was 
108 g/L in the roxadustat group and 101 g/L in the rhEPO 
group (P<0.001). Compared to the rhEPO group (16 g/L), 
roxadustat treatment increased the Hb level to 22 g/L, and 
the difference between the two groups was 6 g/L (95% CI: 
2–10 g/L). However, the time from treatment initiation to 
maximum Hb level was 81 days in the roxadustat group and 
86 days in the rhEPO group, which does not represent a 
significant distinction (P=0.738). A Hb increase of 10.0 g/L  
was considered to indicate a response to the medication, 
resulting in a 12-week response rate of 65.3% in the 
roxadustat group and 50.2% in the rhEPO group (P=0.011) 
(Figure 5). Furthermore, the proportion of patients who 
achieved the target Hb levels in the roxadustat group was 
significantly higher than that in the rhEPO group after  
24 weeks of treatment (52.6% vs. 41.4%, P=0.001) (Table 2).

Discussion

The present study demonstrated that oral roxadustat 
was more effective than the subcutaneous administration 
of rhEPO in patients with renal anemia during a 24-
week follow-up period. The median Hb level and CFB at  
12 weeks were 105 and 15 g/L in the roxadustat group and 
94 and 11 g/L in the rhEPO group, respectively. Despite 
similar baseline levels, the Hb levels in the roxadustat group 
were markedly higher than those in the rhEPO group at 
all three time points. The compliance rate for the target 
Hb level in the roxadustat group was significantly higher 
than that in the rhEPO group. Furthermore, patients in the 
roxadustat group had higher maximum Hb levels than those 
in the rhEPO group at similar time points, suggesting that 
roxadustat could treat anemia more rapidly and efficiently 
than rhEPO. The use of the PSM analysis increased the 
credibility of the results. In previous preliminary studies, 
roxadustat showed promising efficacy for the treatment of 
CKD patients with anemia (11,12), which is consistent with 
our current study.

Owing to uremic toxins, volume overload, nutrient 
loss through dialysis, oxidative stress, and other factors, 
a high proportion of patients with ESRD develop 
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Figure 2 Evaluation of baseline characteristics before and after PSM. (A) Histogram of propensity score distributions in either the matched 
or unmatched groups; (B) dotplot of the propensity score distributions in either the matched or unmatched groups; (C,D) eQQ plots of each 
covariate from two groups before and after PSM. PSM, propensity-score matching; Hs-CRP, high-sensitivity C-reactive protein; eGFR, 
estimated glomerular filtration rate; Hb, hemoglobin; Alb, albumin; eQQ, empirical quantile-quantile.

malnutrition-inflammation complex syndrome (20), which 
is considered an important etiology for erythropoietin 
hyporesponsiveness (21). Other possible causes involve 
insuff icient iron absolution and iron metabolism 

dysfunction, and even nutritional conditions. In the 
current study, there were no differences in the baseline 
characteristics of the two groups, including medication 
history (such as oral iron or sevelamer hydrochloride) and 
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Table 1 Baseline patient characteristics before and after propensity-score matching

Characteristics

Before PSM After PSM

Roxadustat group 
(N=95)

rhEPO group 
(N=695)

P value
Roxadustat group 

(N=95)
rhEPO group  

(N=285)
P value

Gender (male), n (%) 64 (58.7) 409 (58.8) 0.979 54 (56.8) 167 (58.6) 0.764

Age (years) 57 [46–71] 67 [54–82] <0.001 57 [45–69] 58 [47–71] 0.454

Smoking habit, n (%) 29 (26.6) 204 (29.4) 0.557 26 (27.4) 81 (28.4) 0.843

Drinking habit, n (%) 26 (23.9) 136 (19.8) 0.328 21 (22.1) 55 (19.3) 0.554

Hypertension, n (%) 57 (52.3) 332 (47.8) 0.38 53 (55.8) 123 (43.2) 0.032

Diabetes mellitus, n (%) 27 (24.8) 143 (20.6) 0.319 25 (26.3) 45 (15.8) 0.022

Oral iron, n (%) 65 (59.6) 426 (61.3) 0.741 56 (58.9) 173 (60.7) 0.762

Oral folic acid, n (%) 53 (48.6) 475 (68.3) <0.001 46 (48.4) 186 (65.3) 0.004

Oral iron sucrose, n (%) 12 (11.0) 236 (34.0) <0.001 10 (10.5) 93 (32.6) <0.001

Use of sevelamer hydrochloride, n (%) 8 (7.3) 29 (4.2) 0.142 8 (8.4) 10 (3.5) 0.094

White blood cell count, ×109/L 5.69 [4.73–7.29] 6.2 [4.73–8.24] 0.043 5.69 [4.78–7.3] 6.25 [4.83–8.30] 0.074

Red blood cell specific volume, L/L 0.257 [0.224–0.285] 0.235 [0.206–0.27] 0.001 0.257 [0.229–0.279] 0.26 [0.223–0.281] 0.963

Platelet, ×109/L 170 [136–233.5] 163 [116–216] 0.061 170 [137–233] 164 [115.5–215.5] 0.089

Red blood cells count, ×1012/L 2.94 [2.52–3.24] 2.59 [2.29–3] <0.001 2.94 [2.6–3.22] 2.81 [2.52–3.18] 0.264

Hemoglobin, g/L 85 [74–96] 77 [67–87] <0.001 85 [76–93] 83 [73–91] 0.164

Albumin, g/L 34.1 [31.1–38.4] 32 [28.3–35.4] <0.001 34.4 [31.1–38.6] 33.7 [30.2–37.4] 0.183

Glucose, mmol/L 5.05 [4.52–6.03] 5.48 [4.68–7.2] 0.004 5.03 [4.48–6] 5.20 [4.54–6.85] 0.075

Ca, mmol/L 2.145 [2.03–2.27] 2.08 [1.94–2.22] 0.01 2.15 [2.04–2.29] 2.11 [1.98–2.24] 0.115

P, mmol/L 1.65 [1.41–1.98] 1.56 [1.20–1.98] 0.047 1.65 [1.37–1.98] 1.55 [1.20–1.98] 0.128

eGFRs, mL/min 8.42 [4.5–14.11] 7.538 [4.86–11.86] 0.376 9.18 [4.75–15.57] 7.65 [4.93–13.14] 0.287

Hs-CRP, mg/L 4.2 [2.2–11.39] 12.3 [3–39.7] <0.001 3.90 [2.20–10.8] 5.90 [1.925–18.2] 0.138

Data are presented as, n (%) or median [interquartile range]. PSM, propensity-score matching; Ca, serum calcium; P, serum phosphorus; 
eGFRs, estimated glomerular filtration rates; rhEPO, recombinant human erythropoietin; Hs-CRP, high-sensitivity C-reactive protein.
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Figure 4 Changes in CFB in the two groups during the follow-up 
period. I bars and T bars indicate the standard error of the median. 
*P≥0.002 vs. the rhEPO group. **P<0.002 vs. the rhEPO group. 
rhEPO, recombinant human erythropoietin; Hb, hemoglobin; 
CFB, change from baseline.

Figure 3 Hb level at baseline, after 4 weeks, after 12 weeks, and 
after 24 weeks. T bars indicate the standard error of the median. 
*P=0.001 vs. the rhEPO group. **P<0.001 vs. the rhEPO group. 
rhEPO, recombinant human erythropoietin; Hb, hemoglobin.
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nutritional and inflammatory indicators (such as Hs-CRP 
and glucose). Our research methods reduced the incidence 
of erythropoietin hyporesponsiveness to some extent by 
excluding the effects of other factors on anemia, making 
the two treatment groups comparable.

However, there were differences in the proportions 
of patients with hypertension and DM between the two 
groups. Hypertension and DM accounted for a slightly 
higher proportion of the population in the roxadustat group 
than in the rhEPO group. This could be explained by the 
numerous studies confirming hypertension as a common 
but frequently overlooked adverse effect of rhEPO therapy 
(22,23). Furthermore, as an independent influencing 
factor of inflammation, DM seems to be less sensitive than 
Hs-CRP and has been reported to cause erythropoietin 
hyporesponsiveness (24,25). Therefore, in clinical practice, 
patients with hypertension or DM often avoid rhEPO 
injections.

As a hypoxia-inducible factor prolyl hydroxylase 
inhibitor, roxadustat stabilizes hypoxia-inducible factors 

and stimulates the expression of the erythropoietin gene. It 
promotes increases in the concentrations of erythropoietin 
in certain organs, including the kidneys and liver, which 
is beneficial for maintaining Hb levels (26). In our study, 
the convenience of orally administered roxadustat resulted 
in high treatment compliance and led to more effective 
treatment than rhEPO for improving anemia. This may 
provide an advantage for both dialysis-dependent and non-
dialysis-dependent patients with renal anemia by reducing 
the need for frequent hospital visits.

This study has two main advantages over previous 
studies. Firstly, 790 consecutive patients with renal anemia 
were recruited from Zhejiang Provincial People’s Hospital; 
thus, the study included more types of participants, which 
improved the statistical power for detecting differences 
between groups and provided reference for clinical 
application in wider population. Secondly, PSM analysis 
was performed to reduce the effect of selection bias and 
potential confounding factors between the two groups, 
which increased the credibility of the results. 

However, it is important to acknowledge that our study 
has certain limitations. Firstly, this was a retrospective 
study, and some biases may not have been completely 
eliminated, despite performing PSM to reduce the effects of 
selection bias and potential confounding factors. Secondly, 
the single center limits the validity of the conclusions. 
Thirdly, due to the limitation of research condition, the 
concrete data of safety was not complete, which was also a 
limitation of our current study. Fourthly, indicators related 
to iron metabolism, blood lipids, and other nutritional and 
inflammatory indicators, including serum interleukin-6 
and procalcitonin, were not detected owing to the limited 
objective conditions. Thus, to refine the measurement of 
the related indicators, further prospective, multicenter, 
larger sample-size, randomized studies are needed to 
explore the effects of roxadustat on iron metabolism, 
nutritional and inflammatory indicators, and blood lipids 
throughout treatment. In addition, the safety of roxadustat 

Table 2 Secondary endpoints analysis after PSM

Endpoint Roxadustat group rhEPO group P value

The median maximum Hb level (g/L) 108 [96–118] 101 [89–113] <0.001

The time for the maximum Hb level (days) 81.29 [46.64–123.38] 85.83 [35.55–152.03] 0.738

The compliance rate of the target Hb level of 100–120 g/L 50 (52.6) 118 (41.4) 0.001

Data are presented as n (%) or median [interquartile range]. PSM, propensity-score matching; rhEPO, recombinant human erythropoietin; 
Hb, hemoglobin.
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Figure 5 Hb response rate in the two groups during the follow-up 
period. Response was defined as an increase in Hb of ≥10.0 g/L vs. 
the baseline during the treatment period. *P≥0.015 vs. the rhEPO 
group. **P<0.015 vs. the rhEPO group. rhEPO, recombinant 
human erythropoietin; Hb, hemoglobin.
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in the treatment of renal anemia should not be ignored. 
More results from real-world practice are also needed in the 
future.

Conclusions

In summary, the results of the present study suggest that 
roxadustat is superior to rhEPO owing to its therapeutic 
effects on anemia in patients with CKD. Our study provides 
clear evidence for the efficacy of roxadustat in clinical 
practice. Further investigation will be required to firmly 
establish the safety and efficacy profile of roxadustat in this 
patient population.
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