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Abstract

Background and Objective We compared the hemoglobin-

maintaining effects between continuous erythropoietin

receptor activator (CERA) and darbepoetin-a (DA) in

patients with chronic kidney disease (CKD) during the

3 months before dialysis initiation.

Methods This study was conducted with 37 CERA-ad-

ministered patients and 26 DA-administered patients who

had initiated dialysis at a participating facility between

January 2012 and December 2014. We investigated clinical

laboratory data 3 months before and at dialysis initiation,

and compared these data between the CERA and DA

groups.

Results No significant differences in hemoglobin level or

reticulocyte count were found between the two groups

3 months before dialysis initiation. However, at dialysis

initiation, the hemoglobin level (CERA 9.82 ± 1.52 vs.

DA 8.79 ± 1.07 g/dL; P = 0.003) and the reticulocyte

count (CERA 5.21 ± 2.95 vs. DA 3.15 ± 1.62 9 104/lL;
P = 0.004) were significantly higher in the CERA group

than in the DA group. Moreover, the extent of changes in

the erythropoietin resistance index during the 3 months

before dialysis initiation was significantly increased in the

DA group compared with the CERA group.

Conclusions Our results suggest that CERA may be more

effective than DA in maintaining hemoglobin levels in

patients with CKD during 3 months before dialysis

initiation.

Key Points

During 3 months before dialysis initiation, the

hemoglobin level was maintained in the continuous

erythropoietin receptor activator (CERA) group and

decreased in the darbepoetin-a (DA) group.

The reticulocyte count was higher in the CERA

group than in the DA group during 3 months before

dialysis initiation.

The extent of changes in the erythropoietin

resistance index in the 3 months prior to dialysis

initiation was less in the CERA group than in the DA

group.
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1 Introduction

Renal anemia is a known risk factor for development of

cardiovascular events in patients with chronic kidney disease

(CKD); in addition, renal anemia itself also contributes to the

progression of CKD [1, 2]. Further, it has been proposed that

patients with CKD at the pre-dialysis stage may develop

cardiorenal anemia syndrome, in which heart disease, renal

disease, and anemia influence each other [3, 4]. Since the

commercialization of recombinant human erythropoietin

(rHuEPO), an erythropoiesis-stimulating agent (ESA)

designed to treat renal anemia, it has been used to treat renal

anemia in patients with CKD at the pre-dialysis stage.

rHuEPO improves patients’ symptoms of chronic anemia

and quality of life and may also help inhibit the decrease in

renal function and ameliorate cardiac hypertrophy [2, 5–9].

Therefore, ESA use is recommended for the treatment of

renal anemia in patients with CKD at the pre-dialysis stage.

However, using conventional rHuEPO to manage renal

anemia during the pre-dialysis period, especially just prior

to dialysis initiation, is difficult because its dosage is lim-

ited and its half-life is short (epoetin-a: 6.8 h when

administered intravenously and 19.4 h when administered

subcutaneously; epoetin-b: 8.8 h when administered

intravenously and 24.2 h when administered subcuta-

neously [10]). In the Co-JET study, the hemoglobin level

decreased to 8.35 g/dL at dialysis initiation despite

rHuEPO treatment [11]. The long-acting ESA darbepoetin-

a (DA) and epoetin-b pegol, also known as continuous

erythropoietin receptor activator (CERA), have recently

been commercialized. Since these are expected to have an

improvement effect on anemia without significantly

increasing the dosage and frequency of administration

compared with rHuEPO, these are now the mainstream

treatments for renal anemia in non-dialysis CKD patients.

Although there have been several studies on the efficacy of

ESAs in the pre-dialysis stage [12, 13], they have only

shown the difference in the hemoglobin level and did not

mention the extent of changes in transferrin saturation

(TSAT), ferritin, or reticulocyte count. In the present study,

we focused on the efficacy of ESAs during 3 months before

dialysis initiation and we directly compared not only the

hemoglobin-maintaining effects but also reticulocyte count

and iron metabolism between CERA and DA in patients

with CKD during this period.

2 Methods

2.1 Participants

Participants were selected from 97 patients with CKD at

the pre-dialysis stage who had been receiving outpatient

care and initiated dialysis at the facilities participating in

this study between January 2012 and December 2014.

Patients who met the selection criteria outlined below were

selected and divided into CERA (37 participants) and DA

(26 participants) groups. CERA and DA were administered

according to the approved dosage and administration

interval in Japan. In addition, all participants in the present

study were injected with ESA subcutaneously. The

administration interval of ESA in most of participants was

once every 4 weeks and there was no significant difference

in the administration frequency between the CERA and DA

groups. The criteria of the frequency and dosage of CERA

and DA were decided by the attending physician, taking

the clinical situation into consideration. Based on the 2008

Japanese Society for Dialysis Therapy: Guidelines for

Renal Anemia in Chronic Kidney Disease [14], the target

hemoglobin level range was from 11.0 to 13.0 g/dL, and

iron was administered to patients with TSAT B20% and

ferritin B100 ng/mL. Iron was generally given by oral

administration.

Selection criteria were as follows: (1) patients who

received ESA therapy for at least 3 months before dialysis

initiation; (2) patients who had received the same ESA

treatment for a period of 6 months before dialysis initiation

(or from the initiation of ESA therapy until the dialysis

initiation if the patient had been treated with ESA for

3–5 months before dialysis initiation); (3) patients whose

blood test results were available from 3 months before

dialysis initiation, and who had blood tested on the day of

ESA administration; and (4) patients who had not received

an erythrocyte transfusion during the 3 months before

dialysis initiation. Figure 1 shows an overview of the

patient selection.

This study was not supported by any industry funding.

This study followed the Declaration of Helsinki and the

Ethical Guidelines for Medical and Health Research

Involving Human Subjects. This study was approved by

Nagasaki University Hospital’s ethical review board (Ap-

proval Number 15122111).

2.2 Methods

The following data were collected 3 months before and at

dialysis initiation, and a comparative study between the

CERA and DA groups was carried out.

• Patient characteristics: age, sex, primary diseases that

caused the end-stage renal disease (ESRD), co-mor-

bidities, causes for initiating dialysis, timing of ESA

initiation, ESA dosage, erythropoietin resistance index

[ERI (lg/kg per g/dL every 4 weeks) = ESA dosage

per 4 weeks/(weight 9 hemoglobin level)], percentage
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of patients with hemoglobin C10 g/dL, and cardiotho-

racic ratio (CTR).

• Blood tests: hemoglobin level, mean corpuscular vol-

ume, reticulocyte count, albumin, blood urea nitrogen,

creatinine, TSAT, ferritin, C-reactive protein, and

estimated glomerular filtration rate (eGFR).

In addition, the two groups were compared with respect

to the extent of changes in hemoglobin level, ESA dosage,

ERI, TSAT level, ferritin level, eGFR, and the CTR during

3 months before dialysis initiation.

2.3 Statistical Analysis

Nominal variables were compared using Pearson’s Chi

square test or Fischer’s exact test. Continuous variables of

patient characteristics at dialysis initiation were compared

using the Wilcoxon rank sum test. Continuous variables

3 months before dialysis initiation and at dialysis initiation

were compared using one-way repeated-measure analysis

of variance. Changes of continuous variables during

3 months before dialysis initiation were compared using

analysis of covariance. Patient data are displayed as mean

values ± standard deviation. All statistical analyses were

carried out using JMP� version 11 software (SAS Institute

Inc., Cary, NC, USA), and a P value\0.05 was considered

to be statistically significant.

3 Results

3.1 Patient Characteristics

Patient characteristics are shown in Table 1. This study

included some patients with co-morbidities, such as

malignancies, chronic inflammatory diseases, and infec-

tions, which were likely to have caused anemia during the

observation period; however, no significant difference in

these factors was found between the two groups. Neither

group included patients with co-morbid hematological

disorders or gastrointestinal bleeding or who underwent

surgery during the observation period. Among the patient

characteristics at dialysis initiation, no significant differ-

ence was found between the groups in terms of age, sex,

primary diseases of ESRD, percentage of co-morbidities,

causes of initiating dialysis, timing of ESA initiation, or

number of ESA administrations during the 3 months before

dialysis initiation. There were no differences in the blood

test values 3 months before dialysis initiation (Table 2).

No significant difference was found between the groups in

terms of the ESA dosage, ERI, percentage of patients with

hemoglobin C10 g/dL, CTR, or percentage of patients

receiving iron administration.

3.2 Outcomes

Clinical data collected at dialysis initiation are shown in

Table 3. The changes in red blood cell (RBC) count,

hemoglobin level (Fig. 2a), and reticulocyte count

(Fig. 2b) during the 3 months before dialysis initiation

were as follows: in the CERA group, the RBC count

changed from 3.36 ± 0.50 to 3.32 ± 0.50 9 106/lL,
hemoglobin level changed from 9.85 ± 1.21 to

9.82 ± 1.52 g/dL, and reticulocyte count changed from

3.40 ± 2.12 to 5.21 ± 2.95 9 104/lL, whereas in the DA

group, the RBC count changed from 3.24 ± 0.28 to

2.91 ± 0.36 9 106/lL, hemoglobin level changed from

9.84 ± 0.71 to 8.79 ± 1.07 g/dL, and reticulocyte count

changed from 2.12 ± 1.03 to 3.15 ± 1.62 9 104/lL.
When dialysis started, the RBC count (P = 0.0003),

hemoglobin level (P = 0.003), and reticulocyte count

(P = 0.004) were significantly higher in the CERA group

than in the DA group. The changes in ESA dosage

(Fig. 3a) and in the ERI (Fig. 3b) were as follows: in the

CERA group, the ESA dosage changed from

73.81 ± 52.25 to 92.87 ± 63.29 lg/4 weeks and the ERI

changed from 0.154 ± 0.119 to 0.171 ± 0.130 lg/kg/g/
dL/4 weeks, whereas in the DA group, the ESA dosage

changed from 70.58 ± 44.81 to 109.15 ± 61.94 lg/
4 weeks and the ERI changed from 0.132 ± 0.099 to

0.200 ± 0.119 lg/kg/g/dL/4 weeks. In both groups, the

Patients with dialysis initiation 
n 97

CERA group
n 41

DA group
n 35

CERA group
n 37

DA group
n 26

Patients not meeting
criterion (1)

n 15
Patients not meeting

criterion (2)
n 6

Patients not meeting
criterion (3)

n 3
Patients not meeting

criterion (4)
n 1

Patients not meeting
criterion (3)

n 5
Patients not meeting

criterion (4)
n 4

Fig. 1 Flowchart showing the selection of patients for this study.

Selection criteria: (1) patients who received ESA therapy for at least

3 months before dialysis initiation; (2) patients who had received the

same ESA treatment for a period of 6 months before dialysis

initiation (or from the initiation of ESA therapy until the dialysis

initiation if the patient had been treated with ESA for 3–5 months

before dialysis initiation); (3) patients whose blood test results were

available for 3 months before dialysis initiation, and who had blood

tested on the day of ESA administration; and (4) patients who had not

received an erythrocyte transfusion in the 3 months before dialysis

initiation. CERA continuous erythropoietin receptor activator, DA

darbepoetin-a, ESA erythropoiesis-stimulating agent
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ESA dosage increased as the time of dialysis initiation

approached. In the CERA group, the ERI was successfully

maintained until 1 month before dialysis initiation,

whereas the ERI tended to increase in the DA group as the

time of dialysis initiation approached. When dialysis star-

ted, no significant difference was found between the two

groups in terms of the ESA dosage or ERI. When dialysis

started, 47.4% in the CERA group and 19.2% in the DA

group had hemoglobin C10 g/dL, and this difference was

significant. Other laboratory values did not differ between

the two groups.

Table 4 shows the changes in clinical data during

3 months before dialysis initiation. During this time, the

extent of changes in the hemoglobin level (P = 0.006)

decreased significantly more in the DA group than in the

CERA group, whereas the extent of changes in ERI

(P = 0.045) increased significantly more in the DA group

than in the CERA group. The other data did not differ

between the two groups.

4 Discussion

In this study, the RBC count, hemoglobin level, and

reticulocyte count at dialysis initiation, as well as the

percentage of patients with hemoglobin C10 g/dL, were

significantly higher in the CERA group than in the DA

group. In addition, the extent of changes in hemoglobin

level decreased significantly more in the DA group, and the

extent of changes in ERI increased significantly more in the

DA group than in the CERA group. Based on those results,

the hemoglobin level was maintained and the increase in

ERI was suppressed more in the CERA group than in the

DA group during 3 months before dialysis initiation. These

differences between CERA and DA groups might be

caused by several mechanisms: (1) the stronger erythro-

poietic effect of CERA just before dialysis initiation; (2)

the increased efficiency of iron utilization due to the

inhibitory effect of CERA on hepcidin; and (3) the inhi-

bitory effect of CERA on its degradation by PEGylation.

First, this study included a comparison of reticulocyte

count to examine the erythropoietic effect of each ESA and

showed that, starting at 1 month before dialysis initiation,

the reticulocyte count was significantly higher in the CERA

group than in the DA group. These findings indicated that,

even just before dialysis initiation, erythropoiesis was sig-

nificantly more active in the CERA group than in the DA

group. The erythropoietic effect shown in our study also

suggests that CERA might be more beneficial than DA in

the management of anemia just before dialysis initiation.

However, the hemoglobin level was not increased, although

there was a time-dependent increase in the reticulocyte

count in the CERA group. We consider the involvement of

shortened erythrocytes survival due to an increase of uremic

toxins as a possible explanation for this finding. Generally,

erythrocytes are degraded by serum sialidase and seques-

tered in the liver and spleen [15]. Moreover, it has been

reported that serum sialidase activity is elevated and

degradation of erythrocytes is more enhanced in patients

with renal failure as the time of dialysis initiation approa-

ches [15, 16]. Thus, the degradation of erythrocytes might

exceed their production as renal function declines, and the

hemoglobin level was not increased despite an increased

reticulocyte count in the CERA group.

Next, the percentage of iron administration and patients

with low ferritin and low TSAT, which were the criterion

Table 1 Patient characteristics at dialysis initiation

Characteristic CERA

(n = 37)

DA

(n = 26)

P value

Age (years) 67.9 ± 13.4 67.8 ± 13.5 0.95

Sex (male:female) 21:16 17:9 0.49

Primary diseases of ESRD

(%)

0.12

Diabetic nephropathy 43.3 34.6

Chronic glomerulonephritis 5.4 26.9

Renal sclerosis 32.4 26.9

Others 18.9 11.6

Co-morbidities (%)

Malignancies 10.8 7.7 0.99

Infections 5.4 3.8 0.99

Chronic inflammatory

diseases

5.4 0 0.51

Causes of initiating dialysis

(%)

0.93

Volume overload 20.6 23.1

Uremia 29.4 34.6

Decline of eGFR 38.2 34.6

Others 11.8 7.7

Timing of ESA initiation (%) 0.46

C6 months before dialysis

initiation

73.0 84.6

5 months before dialysis

initiation

10.8 11.5

4 months before dialysis

initiation

10.8 3.9

3 months before dialysis

initiation

5.4 0

Number of ESA

administrations during

3 months before dialysis

initiation (times)

3.6 ± 1.1 3.8 ± 1.2 0.41

Values are given as mean ± standard deviation for continuous vari-

ables and frequency (%) for nominal variables

CERA continuous erythropoietin receptor activator, DA darbepoetin-

a, eGFR estimated glomerular filtration rate, ESA erythropoiesis-

stimulating agent, ESRD end-stage renal disease
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Table 2 Clinical data 3 months

before dialysis initiation
Clinical data CERA (n = 37) DA (n = 26) P value

RBC count (9106/lL) 3.36 ± 0.50 3.24 ± 0.28 0.27

Hb level (g/dL) 9.85 ± 1.21 9.84 ± 0.71 0.96

MCV (fL) 90.12 ± 5.90 91.92 ± 4.62 0.23

Ret count (9104/lL) 3.40 ± 2.12 2.12 ± 1.03 0.09

Alb (g/dL) 3.55 ± 0.61 3.60 ± 0.53 0.76

BUN (mg/dL) 73.88 ± 16.64 72.81 ± 19.57 0.86

Cr (mg/dL) 5.31 ± 1.25 5.92 ± 2.00 0.30

TSAT (%) 28.63 ± 11.25 35.27 ± 11.75 0.11

Ferritin (ng/mL) 165.32 ± 140.42 190.16 ± 103.34 0.52

Patients with low TSAT (B20%) and low ferritin

(B100 ng/mL) (%)

8.3 0 0.50

CRP (mg/dL) 0.49 ± 0.73 0.27 ± 0.28 0.74

eGFR (mL/min/1.73 m2) 8.86 ± 2.64 8.35 ± 2.96 0.47

ESA dosage (lg/4 weeks) 73.81 ± 52.25 70.58 ± 44.81 0.81

ERI (lg/kg/g/dL/4 weeks) 0.154 ± 0.119 0.132 ± 0.099 0.50

CTR (%) 50.35 ± 4.55 49.34 ± 7.46 0.57

Iron administration (%) 29.7 11.5 0.13

Patients with Hb C10 g/dL (%) 48.6 42.3 0.62

Values are given as mean ± standard deviation for continuous variables and frequency (%) for nominal

variables

Alb albumin, BUN blood urea nitrogen, CERA continuous erythropoietin receptor activator, Cr creatinine,

CRP C-reactive protein, CTR cardiothoracic ratio, DA darbepoetin-a, eGFR estimated glomerular filtration

rate, ERI erythropoietin resistance index, ESA erythropoiesis-stimulating agent, Hb hemoglobin, MCV

mean corpuscular volume, RBC red blood cell, Ret reticulocyte, TSAT transferrin saturation

Table 3 Clinical data at

dialysis initiation
Clinical data CERA (n = 37) DA (n = 26) P value

RBC count (9106/lL) 3.32 ± 0.50 2.91 ± 0.36 0.0003

Hb level (g/dL) 9.82 ± 1.52 8.79 ± 1.07 0.003

MCV (fL) 89.93 ± 7.03 91.34 ± 4.92 0.24

Ret count (9104/lL) 5.21 ± 2.95 3.15 ± 1.62 0.004

Alb (g/dL) 3.34 ± 0.67 3.38 ± 0.61 0.80

BUN (mg/dL) 88.78 ± 30.74 90.04 ± 19.51 0.83

Cr (mg/dL) 7.71 ± 2.38 8.75 ± 3.25 0.076

TSAT (%) 28.62 ± 16.71 30.10 ± 11.85 0.72

Ferritin (ng/mL) 139.80 ± 115.62 162.00 ± 97.24 0.56

Patients with low TSAT (B20%) and low ferritin (B100 ng/mL)
(%)

16.7 5.6 0.37

CRP (mg/dL) 0.95 ± 1.84 1.48 ± 4.14 0.39

eGFR (mL/min/1.73 m2) 6.11 ± 2.79 5.67 ± 2.36 0.53

ESA dosage (lg/4 weeks) 92.87 ± 63.29 109.15 ± 61.94 0.23

ERI (lg/kg/g/dL/4 weeks) 0.171 ± 0.130 0.200 ± 0.119 0.38

CTR (%) 53.01 ± 5.32 53.66 ± 6.66 0.67

Iron administration (%) 32.4 11.5 0.07

Patients with Hb C10 g/dL (%) 48.6 19.2 0.02

Values are given as mean ± standard deviation for continuous variables and frequency (%) for nominal variables

Alb albumin, BUN blood urea nitrogen, CERA continuous erythropoietin receptor activator, Cr creatinine, CRP
C-reactive protein, CTR cardiothoracic ratio, DA darbepoetin-a, eGFR estimated glomerular filtration rate, ERI
erythropoietin resistance index, ESA erythropoiesis-stimulating agent, Hb hemoglobin, MCV mean corpuscular
volume, Ret reticulocyte, RBC red blood cell, TSAT transferrin saturation
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of iron administration, tended to be higher in the CERA

group than in the DA group during the 3 months before

dialysis initiation in our study. However, no significant

difference in TSAT, ferritin, or the extent of changes in

TSAT and ferritin during the 3 months before dialysis

initiation was found between the two groups. It has been

reported previously that CERA is more effective than DA

in suppressing hepcidin, which inhibits iron utilization

[17]. Thus, these findings suggest that iron metabolism is

more enhanced and there is more likely to be iron defi-

ciency in the CERA group as a result of the increased

efficiency of iron utilization caused by suppression of

hepcidin due to CERA administration, although we did not

examine the hepcidin levels.

Lastly, CERA, which is a PEGylated epoetin-b, may have

the following inhibitory effects on drug degradation [18]: (1)

affinity for epoetin receptors decreases, and its receptor-

mediated intracellular degradation is inhibited; (2)

degradation of sialic acid on the carbohydrate chain of

epoetin-b by serum sialidase is inhibited, and degradation by

the liver is suppressed—in fact, the hematopoietic effect of

CERA, but not rHuEPO, is preserved even when CERA is

exposed to sialidase [19]; and (3) degradation of the protein

moiety of epoetin-b by serum proteolytic enzymes is inhib-

ited. These are features not present in DA. As drug degra-

dation is inhibited, this may have caused the effect of CERA

to persist, andmay have allowed for the erythropoietic effect

to bemaintained even at dialysis initiation; and thismay have

allowed the hemoglobin level to be maintained.

There are several limitations to this study. First, the

conversion ratio between the dosage of CERA and that of

DA has not yet been clearly determined, and they are also

different in terms of receptor affinity and serum half-life;

thus, a simple comparison between the two might be

impossible. Therefore, the conversion ratio CER-

A:DA = 1:1 was used for the analysis conducted in this

study, as in previous reports [12, 13]. During the
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Fig. 2 a Changes in Hb level during 3 months before dialysis

initiation; Hb level was significantly higher in the CERA group than

in the DA group at dialysis initiation. b Changes in Ret count during

3 months before dialysis initiation; Ret count was significantly higher

in the CERA group than in the DA group during 1 month before
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significant difference was found between the two groups in the ERI

during 3 months before dialysis initiation. CERA continuous erythro-

poietin receptor activator, DA darbepoetin-a, ERI erythropoietin

resistance index, ESA erythropoiesis-stimulating agent
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3 months before dialysis initiation, no significant differ-

ence was found between the two groups in terms of ESA

dosage. All of this suggests that the significant difference

in hemoglobin levels at dialysis initiation did not neces-

sarily mean that the dosage used in the CERA group was

greater than that used in the DA group. Second, we did

not examine differences in the hepcidin levels and the

doses of iron administered between the CERA and DA

groups. The percentage of iron administration tended to

be lower in the DA group, which might influence the

lower hemoglobin level at dialysis initiation in the DA

group. We need to investigate the influence of hepcidin

levels or the iron doses administered on the hemoglobin

level in a prospective study in the future. Third, the

patients in the DA group had a numerically higher crea-

tinine level and lower eGFR. Since decreased kidney

function is associated with increased uremic toxins and

decreased endogenous erythropoietin, the hemoglobin

level might be influenced by creatinine or eGFR. Thus,

there may be a possible link between use of DA and an

increased level of sickness, resulting in the DA group

being more resistant to ESA than the CERA group.

Fourth, the frequency of administration should be higher

in the DA group in order to maintain the hemoglobin

level since it is reported that the half-life of DA is shorter

than that of CERA. It cannot be denied that the difference

in the half-life between CERA and DA influenced our

results. In our study, the administration interval for ESA

was once every 4 weeks for most participants and there

was no significant difference in the administration fre-

quency between the CERA and DA group. Thus, we

consider that our results reflect the reality of daily clinical

practice as these patients usually go to hospital monthly

in Japan. Fifth, it is possible that the ERI might not be a

meaningful parameter in our study due to the frequency

of administration. In addition, this is a very small sample

size observational study. There are also differences

between the two groups in terms of patient characteristics.

A comparative study between the CERA and DA groups

using a randomized controlled trial will need to be carried

out in the future.

5 Conclusions

This study showed that the hemoglobin level and reticu-

locyte count were significantly higher in the CERA group

than in the DA group at dialysis initiation. The findings of

this study suggest that CERA may be more effective than

DA in maintaining the hemoglobin level in patients with

CKD in the 3 months before dialysis initiation.
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Table 4 Extent of changes in

clinical data during 3 months

before dialysis initiation

Extent of changes in data CERA (n = 37) DA (n = 26) P value

Hb level (g/dL) -0.03 ± 1.40 -1.05 ± 1.20 0.006

ESA dosage (lg/4 weeks) 19.05 ± 52.27 38.58 ± 66.71 0.21

ERI (lg/kg/g/dL/4 weeks) 0.020 ± 0.076 0.078 ± 0.120 0.045

TSAT (%) -0.09 ± 17.63 -5.17 ± 10.89 0.71

Ferritin (ng/mL) -25.52 ± 78.77 -28.16 ± 65.10 0.82

eGFR (mL/min/1.73m2) -2.75 ± 2.76 -2.68 ± 2.99 0.71

CTR (%) 2.53 ± 4.71 3.45 ± 2.71 0.54

Values are given as mean ± standard deviation

CERA continuous erythropoietin receptor activator, CTR cardiothoracic ratio, DA darbepoetin-a, eGFR
estimated glomerular filtration rate, ERI erythropoietin resistance index, ESA erythropoiesis-stimulating

agent, Hb hemoglobin, TSAT transferrin saturation
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