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Correction of Anemia with Continuous Erythropoietin Receptor 
Activator in Korean Patients on Long-Term Hemodialysis

Continuous erythropoietin receptor activator (CERA) is an erythropoietin with a long-half 
life. This study investigated the efficacy of CERA for correcting anemia in Korean patients 
on dialysis. Patients (≥ 18 yr) who were not receiving any ESAs for more than 8 weeks 
were randomly assigned to either intravenous CERA once every 2 weeks (n = 39) or epoetin 
beta thrice-weekly (n = 41) during a 24-week correction phase. Hemoglobin (Hb) response 
was defined as increase of Hb by at least 1 g/dL and Hb ≥ 11 g/dL without red blood cell 
(RBC) transfusion. Median dialysis duration was 1.7 (0.3-20.8) and 1.6 (0.4-13.8) yr in 
CERA and epoetin beta group, respectively. Hemoglobin response rate of CERA was 79.5% 
(95% confidence interval [CI], 63.5-90.7). As the lower limit of 95% CI was higher than 
pre-specified 60% response rate, it can be concluded that CERA corrected anemia 
(P < 0.05). Hb response rate of epoetin beta was 87.8% (95% CI, 73.8-95.9) (P = 0.37). 
Median time to response was 12 weeks in CERA and 10.3 weeks in epoetin beta (P = 0.03). 
It is suggested that once every 2 weeks administration of CERA is effective for correcting 
anemia in Korean patients on long-term hemodialysis with longer time-to-response than 
thrice weekly epoetin beta. (ClinicalTrials.gov registry No. NCT00546481)
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INTRODUCTION

Most patients with chronic kidney disease (CKD) develop anemia along with progres-
sive loss of renal function. Anemia is caused by a relative deficiency of erythropoietin 
(EPO). After recombinant human EPO was introduced in 1989, exogenous replace-
ment of EPO became the standard treatment of anemia in patients with CKD (1). How-
ever, difficulties in management of anemia have been involved with frequent adminis-
trations and dose changes of EPOs with short half -life. In patients with CKD on dialy-
sis, treatment of anemia requires life-long replacement with EPOs. Therefore, EPO 
with extended half-life and sustained efficacy may improve the convenience and ther-
apeutic utility of the drug. 
 Continuous erythropoietin receptor activator (CERA) is composed of epoetin beta 
chemically bound to a linear methoxy-polyethylene glycol moiety (2). In contrast with 
short-acting EPOs, CERA shows an increased half life, about 130 hr (3). The ability to 
use CERA and conventional EPOs, with correction or maintenance purposes has been 
examined in six phase III clinical trials (4-9). Among them, there was one phase III cor-
rection study which showed comparable efficacy with once every 2 weeks intravenous 
(IV) administration of CERA to that of 3 times weekly epoetin for hemoglobin (Hb) 
correction in EPO-naïve patients on dialysis (4). As this trial contained the patients on 
the relatively short-term dialysis and small number of Asian patients (less than 10%), 
there is a lack of evidence of efficacy and safety in general dialysis patients and also in 
Korean patient population.
 This study was conducted to demonstrate the efficacy of CERA treatment for correc-
tion of anemia in Korean patients receiving dialysis. 
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MATERIALS AND METHODS

Study design and parameters
This was a multi-center, phase III, open-label, randomized, pro-
spective study with parallel group during 24-week correction 
phase; patients with once every 2 weeks IV CERA versus pa-
tients with three times per week IV epoetin beta. All enrolled 
patients were randomly assigned by 1:1 ratio to either CERA 
group or epoetin beta group. After correction phase, the respon-
ders from both groups were entered to 24-week maintenance 
phase of once monthly CERA IV treatment (Fig. 1). 
 The primary efficacy parameter was Hb response rate in the 
intention-to-treat (ITT) population. Hb response was defined 
as increase of Hb by at least 1 g/dL compared with baseline and 
Hb ≥ 11 g/dL without red blood cell (RBC) transfusion during 
24-week correction phase. Secondary efficacy parameters were; 
1) mean hemoglobin levels and their changes over time from 
baseline, 2) time to Hb response, and 3) RBC transfusion rate 
during 24-week correction phase.
 Safety parameters were vital signs, electrocardiograms (EKG), 
adverse events (AEs), safety laboratory parameters including 
iron, and anti-EPO antibody.

Patients
We screened patients (age ≥ 18 yr) receiving regular dialysis at 
least for 4 weeks before randomization at 7 centers in Korea. To 
be included to the study, patients should be on adequate dialy-
sis, that is, measured Kt/V ≥ 1.2 or urea reduction ratio (URR) 
≥ 65% for hemodialysis (HD). We defined baseline predialysis 
hemoglobin as mean of all values recorded between the day of 
first study dose and the previous 20 days. It must be between 8 
and 11 g/dL. Patients were also required to have adequate iron 
status, defined as serum ferritin ≥ 100 ng/mL or transferrin sat-
uration (TSAT) ≥ 20% (or hypochromic red blood cells < 10%). 
Patients were excluded if they had: previous therapy with re-
combinant human EPO or any other erythropoietic substance 
within 8 weeks prior to screening, overt bleeding which neces-
sitated blood transfusion 8 weeks before screening or during 

screening, failure of kidney transplantation, uncontrolled and 
chronic inflammatory disease, chronic congestive heart failure 
(NYHA class IV), poorly controlled hypertension, uncontrolled 
secondary hyperparathyroidism, or life expectancy of less than 
12 months. 

Study protocol
After a 2-week screening period, eligible patients were random-
ized to receive either CERA or epoetin beta. The starting dose 
was 0.6 μg/kg of CERA IV once every 2 weeks. The starting dose 
of epoetin beta was 40 IU/kg IV, three times per week. During 
24-week correction phase, dose adjustments were performed 
to achieve Hb level ≥ 11 g/dL and an increase of ≥ 1 g/dL from 
each patient’s baseline Hb. CERA doses were adjusted accord-
ing to the predefined protocol, but no more often than once ev-
ery 4 weeks. The predefined protocol as follows; 1) if the Hb in-
creased by < 1 g/dL during 4 weeks compared with baseline, 
doses were increased by 25%; 2) if Hb increased by > 2 g/dL 
versus baseline or was between 12 g/dL and 13 g/dL, doses 
were decreased by 25%; 3) if Hb was greater than 13 g/dL, CERA 
should be stopped temporarily until Hb level decreased to less 
than 12 g/dL, then therapy was resumed at a dose 25% below 
the previously administered dose; 4) if Hb decreased to less than 
baseline value and was less than 9 g/dL, doses were increased 
by 50%. Dose adjustments of epoetin beta were performed ac-
cording to each investigator’s discretion, but not more often than 
once every 4 weeks. 
 At week 25, the responders in both study groups (defined as 
patients who have reached the target Hb at least once during 
the correction phase without RBC transfusion and completed 
correction phase treatment) entered to CERA IV once every 4 
weeks treatment for 24 weeks (weeks 25-52). The starting dose 
of maintenance phase for patients who had received CERA dur-
ing the correction phase was the double dose of week 23. The 
starting dose for patients who had received epoetin beta was 
determined by patients’ previous weekly dose of epoetin beta. 
Starting doses of CERA were either 120, 200, or 360 µg for pa-
tients who had received either less than 8,000, 8,000-16,000, or 
more than 16,000 IU of epoetin beta per week, respectively. Dur-
ing 24-week maintenance phase, dose adjustments were per-
formed to maintain Hb levels in a target range of 11-12 g/dL. IV 
iron supplementation was prescribed to prevent iron deficiency 
during treatment period according to each center’s practice. 

Assessments
Patients were evaluated weekly during the screening, every 2 
weeks during the correction phase, and every 4 weeks during 
maintenance phase and at the final visit. Hemoglobin, hemato-
crit, blood pressure and heart rate were measured at every visit. 
Iron and other safety laboratory parameters were measured dur-
ing screening, and every 6 weeks during the correction phase, 

2 wk 
Sc

24 weeks
Correction phase

24 weeks
Maintenance phase 

CERA 1×/2 wk IV 

1:1R
CERA 1×/4 wk IV

Epoetin beta 3×/wk IV 

Fig. 1. Study design. Sc, screening; wk, week; CERA, Continuous erythropoietin re-
ceptor activator.
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at weeks 25, 37 and at the final visit. Blood samples for detect-
ing anti-EPO antibody were collected at randomization, weeks 
13, 25 and at final visit and were sent to the central laboratory. 
Quality of life was inquired by using the Korean version of Short-
Form-36 Health Survey at randomization and weeks 13 and 25. 
 For all patients who had received at least one dose of study 
drug, adverse events (AEs) were recorded. RBC transfusions, 
iron supplementation, and concomitant medications were re-
corded throughout the study. 

Statistical analyses
This study was designed to test the hypothesis that the efficacy 
of IV CERA every 2 weeks for correction of anemia would be 
greater than 60% in dialysis patients. The epoetin beta group 
was included to provide reassurance that the results observed 
in CERA group are comparable to those seen under an approved 
EPO. The hypothesis was tested by calculating two-sided 95% 
confidence interval (CI) by Clopper-Pearson method. If the 
lower limit of two-sided 95% CI was greater than 60%, it could 
be concluded that every 2 weeks IV CERA treatment was effec-
tive for correction of anemia. The lower limit for the CI for the 
response rates was chosen to be 60%, based on information 
available at the time of the protocol development of the previ-
ous studies (4, 5). Analysis of the primary efficacy parameter 
was performed on the ITT population and was confirmed on 
the per-protocol (PP) population. Among the patients who need-
ed RBC transfusion, the patient who achieved target Hb before 
RBC transfusion was included as responder. The sample size of 
78 patients, 39 patients for each group, was required to prove 
the hypothesis with 80% power.
 Secondary efficacy analyses were performed on the ITT po-
pulation. Mean hemoglobin levels and their changes over time 
from baseline were presented. The time to Hb response was 
analyzed by using Kaplan-Meier method. The occurrence of 
RBC transfusions during 24 weeks was summarized using de-
scriptive method in each group. The post-hoc statistical analy-
ses were provided for primary and secondary efficacy outcomes 
using Fisher’s exact test for hemoglobin response rate and RBC 
transfusions, repeated measures ANOVA for mean Hb levels 
and their changes over time and log-rank test for the time to Hb 
response.
 Safety analyses were performed on all patients who received 
at least one dose of study medication irrespective of drop-out 
from the study. While analyses for the safety were done after all 
patients finished the final visit, primary and secondary efficacy 
parameters were analyzed only on the basis of the data from 
the correction phase. Results of continuous variables are pre-
sented as mean ± SD. 

Ethics statement
This study protocol was reviewed and approved by institutional 

review board of Kangdong Sacred Heart Hospital (IRB No. 07-
30) and the institutional review board of 6 other involved hospi-
tals. All patients gave written informed consent before study 
entry. This trial was registered at ClinicalTrials.gov (www.clini-
caltrial.gov), No. NCT00546481. 
 

RESULTS

Patients
A total of 80 patients were randomized, 39 patients for CERA 
and 41 patients for epoetin beta, and were included in ITT anal-
ysis (Fig. 2). Three patients (1 assigned to CERA and 2 to epoetin 
beta) did not receive any study medication and were excluded 
from the safety analyses. Eleven patients withdrew during the 
correction phase, 6 from CERA and 5 from epoetin beta. Sixty-
nine patients completed the correction phase (33 given CERA 
and 36 given epoetin beta). We excluded 22 patients in the PP 
analysis (13 given CERA and 9 given epoetin beta) who did not 
receive study drug or had major protocol violations such as in-
sufficient Hb measurements ( < 75%), bleeding episodes, RBC 
transfusions or wrong/missed doses. Fifty eight patients were 
included for the PP analysis, 26 of CERA and 32 of epoetin beta 
group. Total 54 patients were eligible for maintenance phase; 25 
patients from CERA group and 29 patients from epoetin beta 
group and 50 patients completed the study. 
 Baseline characteristics were similar between two study groups 
(Table 1). Body weight and body mass index (BMI) were higher 
in epoetin beta group. All of the patients were on HD and most 
of the patients had been on long-term dialysis. Median dialysis 
duration was 1.7 (0.3-20.8) yr and 1.6 (0.4-13.8) yr in CERA group 
and epoetin beta group, respectively. More patients in CERA 
group had arteriovenous graft; 7 (18.0%) vs 2 (4.9%) patients. Be-
fore the trial, 100% of the patients in both groups had previously 
received EPO treatment. Mean baseline Hb concentrations did 
not differ between groups, 9.00 vs 8.97 g/dL, respectively. 

Efficacy
Hb response rates were 79.5% (95% CI, 63.5-90.7) and 87.8% 
(95% CI, 73.8-95.9) for CERA and epoetin beta, respectively (P =  
0.37) (Table 2). It demonstrated that CERA IV once every 2 weeks 
corrected anemia because the lower limit of the 95% CI for the 
CERA response rate was greater than the pre-defined 60% re-
sponse. 
 For the secondary efficacy analysis, Fig. 3A shows biweekly 
mean Hb concentrations and their changes over time during 
the correction phase (P = 0.18). During the first two weeks, mean 
Hb levels of both groups declined, and then they increased stea-
dily towards the peak Hbs. At the end of correction phase, mean 
Hb increased by 2.0 g/dL from baseline in both groups. In epo-
etin beta group, more patients experienced overcorrection of 
Hb (greater than 13.0 g/dL), 9 (23%) in CERA and 15 (37%) in 
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Major protocol violation (n = 8)
   RBC transfusion* (n = 6)
   Wrong or missed doses (n = 2)

Protocol violation (n = 1) 
: no study drug

Withdrew consent (n = 1) 
RBC transfusion* (n = 1)

: no study drug

Major protocol violation (n = 5)
   RBC transfusion* (n = 2)
   Wrong or missed doses (n = 3)
Refused treatment (n = 2)

Withdrawal (n = 4)
   Withdrew consent  (n = 2)
   Kidney transplantation (n = 1)
   Other (n = 1)

Randomization (n = 80)

Maintenance phase (n = 54)
CERA IV 1×/4 weeks

Completion of  maintenance phase (n = 50)

25 patients

Completion of correction phase (n = 33)

Received allocated study drug (n = 38)

Withdrawal (n = 5)§

Withdrew consent* (n = 1)
Insufficient therapeutic response * (n = 1)
Kidney transplantation (n = 2)
Lost to follow-up (n = 1)

CERA IV  1×/2 weeks group (n = 39)

29 patients

Received allocated study drug (n = 39)

Withdrawal (n = 3)§

Withdrew consent (n = 2)
Lost to follow-up (n = 1)

Epoetin beta group IV 3×/week (n = 41)

Completion of correction phase (n = 36)

Fig. 2. Enrollment, randomization, and study completion. *RBC transfusion; §One patient from each group had sufficient Hb measurements ( > 75%) during correction phase 
and was included in per protocol analysis.

epoetin beta group.
 Median time to response was 12 weeks (84.0 days; 95% CI, 
70.0-98.0) in CERA and 10.3 weeks (72 days; 95% CI, 58.0-72.0) 
in epoetin beta (P = 0.03) (Table 2). It showed that the correc-
tion of anemia was slower in CERA group compared with epo-
etin beta group. We got the similar results in the analysis of these 
parameters on the PP population set (data not shown). 
 More patients needed to receive at least one RBC transfusion 
in CERA group (8 patients, 20.5%, total 16 RBC transfusions) 
compared with in epoetin beta group (2 patients, 4.9%, total 10 
RBC transfusions) during 24-week correction phase (P = 0.05). 

Quality of life
At week 13, a meaningful decrease ( ≥ 5 points) was observed 
on physical functioning for CERA group. At week 25, mean scores 
increased on all subscales except role-emotional for CERA group 
and clinically meaningful improvement was observed in vitality 
for CERA group (Fig. 4). 

Safety
Overall and frequently reported AEs during the correction phase 
were comparable between the two study arms (Table 3). Arte-
riovenous fistula or graft complication was reported in 5 pa-
tients from each group during the correction phase. Two pa-
tients were reported with anemia and one patient withdrew 
due to insufficient therapeutic response from CERA group. One 
case from each group was classified as possibly related adverse 
events (headache in CERA; hypertension in epoetin beta). Seri-
ous adverse events were reported 14 events in 10 patients (26.3%) 
in CERA and 7 events in 6 patients (15.4%) in epoetin beta group. 
None of them was judged to be related with study drugs. Dur-
ing maintenance phase, 51 patients (94.4%) had at least one ad-
verse event and 8 patients (14.8%) had serious adverse events. 
There was one patient with decreased Hb level and adminis-
tered RBC transfusion. There were no deaths in both correction 
and maintenance phase. Anti-EPO antibody was not detected 
throughout the study.
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Table 1. Demographic and laboratory data at baseline (Intention-to-treat set)*

Parameters
CERA 

(n = 39)
Epoetin beta 

(n = 41)
P value

Age (yr) 55.0 ± 15.3 54.3 ± 12.8 0.83
Male, No. (%) 21 (53.8) 23 (56.1) 1.00
Weight (kg) 58.2 ± 10.9 64.6 ± 11.1 0.01
BMI (kg/m2) 22.1 ± 2.9 23.8 ± 2.5 0.01
Risk factors, No. (%)

Diabetes
Hypertension
Ischemic heart disease
Congestive heart disease 
Peripheral vascular disease
Cerebral vascular disease

18 (46.2)
32 (82.1)
13 (33.3)
4 (10.2)
2 (5.2)
3 (7.7)

20 (48.8)
33 (80.5)
20 (48.8)
4 (9.7)
2 (4.8)
5 (12.2)

0.83
1.00
0.18
1.00
1.00
0.71

Previous EPO treatment, No. (%)
Mean Hb (g/dL)
Median TSAT (%)
Median ferritin (ug/L)

39 (100)
9.00 ± 0.85

  42.4
365.2

41 (100)
8.97 ± 0.90

  39.9
405.1

0.72
0.63
0.66

Use of ACEI/ ARB, No. (%) 23 (59.0) 30 (73.2) 0.24
Time since start of dialysis  
   (median; min-max, yr)

1.7; 0.3-20.8 1.6; 0.4-13.8 0.93

Vascular access type, No. (%)
Arteriovenous fistula
Arteriovenous graft
Indwelling catheter

30 (76.9)
7 (18.0)
2 (5.1)

39 (95.1)
2 (4.9)
0 (0.0)

0.04

Kt/V 1.55 ± 0.38 1.55 ± 0.32 0.93
Albumin (g/L) 3.7 ± 0.4 3.7 ± 0.4 0.98
C-reactive protein (mg/L) 0.2 ± 0.2 0.4 ± 0.7 0.48
Intact PTH (pg/mL) 200.5 ± 207.0 183.1 ± 127.1 0.56

*Values are mean ± SD or median with range. EPO, erythropoietin; BMI, body mass 
index; Kt/V, single pool Kt/V; ACEI, angiotensin converting enzyme inhibitors; ARB, an-
giotensin II receptor blockers; TSAT, transferrin saturation; PTH, parathyroid hormone; 
CERA, Continuous erythropoietin receptor activator. 

Table 2. Hemoglobin response rate and median time to response in CERA and epoe-
tin beta group during the correction phase (ITT set)

Treatment
CERA IV once 
every 2 weeks

Epoetin beta IV three 
times per week

P value

Number of patients 39 41
Number of hemoglobin response (%)
   95% CI

31 (79.5)*
63.5-90.7

36 (87.8)
73.8-95.9 0.37

Median time to response (days)
   95% CI

84.0
(70.0-98.0)

72.0
( 58.0-72.0) 0.03

*One patient of CERA group who achieved target hemoglobin before RBC transfusion 
was classified as responder. ITT, intention-to-treat; CI, confidence interval; IV, intrave-
nous; CERA, Continuous erythropoietin receptor activator.
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Fig. 3. Mean hemoglobin levels. (A) Changes over time from baseline (BL) during the correction phase in CERA IV once every 2 weeks and epoetin beta IV three times per week 
group (ITT set) (P = 0.18, repeated measures ANOVA). (B) Changes during the maintenance phase. Values are mean ± SD. CERA, Continuous erythropoietin receptor activator.

DISCUSSION

This study demonstrated that intravenous CERA once every 2 
weeks corrected renal anemia of long-term dialysis patients dur-
ing 24 week correction phase. It was accompanied by longer 
time to response and higher RBC transfusion rate in CERA group 
than in epoetin beta group. 

 This study had similar study design to AMICUS study (4). Both 
studies were phase III, randomized, open-label, multicenter 
studies, and had a parallel group of IV epoetin alfa or beta three 
times a week. They were performed to evaluate the efficacy of 
correction of renal anemia with CERA IV every 2 weeks in pa-
tients on dialysis. In AMICUS study the starting dose was 0.4 
μg/kg/2 weeks, and subsequent doses were decided in broader 
adjustment range (-50%). However, the results were different. 
Hb response rates were 79.5% (95% CI, 63.5-90.7) and 87.8% 
(95% CI, 73.8-95.9) for CERA and epoetin beta, respectively in 
the current study. This response rate of CERA group was lower 
than 93% (95% CI, 87.7-96.9) of CERA group in AMICUS study. 
Median time to response in both groups was relatively delayed 
in our patient population. It was 84 days in CERA group and 72 
days in epoetin beta group, which was delayed by approximate-
ly 4 to 6 weeks when compared with those in AMICUS study; 57 
days (95% CI, 50-64) with CERA and 31 days (95% CI, 27-38) 
with epoetin. 
 One of reasons for these discordances might be the differ-
ence of study population. Although both studies were conduct-
ed in patients with CKD on dialysis, median dialysis duration of 
patients in this study was 621 days and 590 days in CERA and 
epoetin beta group, respectively, which was much longer than 
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Table 3. Adverse events during the correction (safety set) and maintenance phase 

Adverse events

Correction Maintenance 
CERA

 (n = 54)
P value*CERA 

(n = 38)
Epoetin beta 

(n = 39)

Any AE
Possibly related AE
Serious AE

34 (89.5%)
1 (2.6%)

10 (26.3%)

39 (100%)
1 (2.6%)
6 (15.4%)

51 (94.4%)
3 (5.6%)
8 (14.8%)

0.06
1.00
0.27

Hypertension 
Anemia
AVF/AVG complications

6 (15.8)
2 (5.3)
5 (13.2)

2 (5.1)
0 (0.0)
5 (12.8)

5 (9.3)
1 (1.9)
7 (12.9)

*Between CERA IV once every 2 weeks group and epoetin beta IV three times per 
week group using Fisher’s exact test. AE, adverse events; AVF, arteriovenous fistula; 
AVG, arteriovenous graft; CERA, Continuous erythropoietin receptor activator.

Table 4. Dose of CERA and epetin beta during the correction phase (safety set)

Week 

CERA Epoetin beta

No.
Median 

(µg/2 wk)
µg/kg/ 
2 wk

No.
Median 
(IU/wk)

IU/kg/wk

  1 38 33.9 0.6 39 7,356 113.5
  4 37 45.4 0.8 39 7,953 122.7
  8 36 48.6 0.8 38 9,981 154.0
12 36 52.8 0.9 38 9,879 152.4
16 35 53.4 0.9 38 5,226 80.6
20 34 40.0 0.7 36 5,958 91.9

CERA, Continuous erythropoietin receptor activator.

Physical functioning

Role-physical
Bodily pain
General health
Vitality

Social functioning
Role-emotional
Mental health

10
8
6
4
2
0

-2
-4
-6

Week 13-baseline
CERA
Epoetin beta

Physical functioning

Role-physical
Bodily pain
General health
Vitality

Social functioning
Role-emotional
Mental health

10
8
6
4
2
0

-2
-4
-6

Week 25-baseline
CERA
Epoetin beta

A B

Fig. 4. Changes in quality of life evaluated by using SF-36 Health Survey. A clinically meaningful change is defined as a change greater than 5 points from baseline. (A) At week 
13. (B) At week 25. CERA, Continuous erythropoietin receptor activator.

those in AMICUS study; 166 days and 113 days in CERA and 
epoetin group respectively. All patients in this study had receiv-
ed EPO therapy before. In contrast, about 30% of patients had 
history of previous EPO treatment in AMICUS. Baseline hemo-
globin concentrations were higher in patients of AMICUS study 
(9.39 ± 0.88 g/dL and 9.40 ± 0.82 g/dL in CERA and epoetin 
group, respectively) in spite of not receiving EPO in the previ-
ous 12 weeks. These facts suggest that overall residual renal 
function (RRF) in the patients of current study was much lower 
than that in AMICUS. RRF is known to decline following the 
initiation of HD. In retrospective study, Vilar et al. (10) reported 
the fraction of HD patients who had a residual renal urea clear-
ance ≥  1 mL/min. At 3 months after initiating HD, this propor-
tion was 85.4%, but it decreased over time to 58.1% at 2 yr and 
31.1% at 5 yr. In patients with RRF < 1 mL/min, weekly EPO 
dose and EPO resistance index were significantly higher from 
12 months after the start of HD than in patients with preserved 
RRF (10). The presence of RRF in chronic dialysis patients con-
tributes to lower EPO requirement in HD patients. In a recent 
study, strong relation between RRF and improved anemia con-
trol in HD patients was reported, suggesting less EPO resistance 
in patients with high GFR (11). It could suggest that long-term 
dialysis patients might need a little higher starting dose of CERA 
than 0.6 μg/kg/2 weeks to overcome their high EPO resistance 

and this plausible reason might cause some part of the lower 
response rate and slower time to response in our study than the 
previous phase II or III correction studies. The starting dose of 
0.6 μg/kg/2 weeks IV of CERA in this study was based on two 
phase III studies conducted in CKD patients on dialysis and not 
on dialysis, AMICUS and ARCTOS, respectively (4, 5). Based on 
this observation, dose of IV CERA started from 0.6 μg/kg/2 weeks 
in our study and followed the dosing protocol. Median dose at 
the time of Hb response went up to 0.9 μg/kg/2 weeks, which 
declined to 0.7 μg/kg/2 weeks at the end of correction phase 
(Table 4). After the first month there was a sharp increase in 
CERA dose by 33% in response to minimal increase of Hb level. 
The clinical studies of CERA have shown a dose-dependent 
erythropoietic response. In two phase II studies, serum concen-
trations of CERA were positively correlated with Hb response 
(12, 13). These studies also showed a trend towards more rapid 
Hb response was evident with higher dose. 
 Another potential reason for less Hb response rate and de-
layed time to response was iron supplementation. Baseline me-
dian TSAT levels were about 40% in both groups and ferritin 
levels were 365 and 405 ng/mL in CERA and epoetin beta, re-
spectively (Fig. 5). After the patients were administered study 
drugs, median TSAT declined to 26 and 28% and median ferri-
tin dropped to 187 and 200 ng/mL at week 13 in CERA and epo-
etin beta, respectively. These parameters increased to a certain 
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degree at the end of the correction phase. During the correction 
phase most patients have taken oral iron and IV iron treatments 
were intermittently prescribed in response to iron deficiency 
according to the criteria covered by national health insurance. 
Iron is essential to support erythropoiesis. Although EPO treat-
ment is greatly effective in correcting Hb levels, absolute or func-
tional iron deficiency causes a state of hyporesponsiveness to 
EPOs. Baseline iron parameters in our study were definitely in 
target range as recommended by current guidelines (14, 15), 
but iron levels decreased due to rapid consumption with initia-
tion of EPO treatment. While most of the patients maintained 
TSAT in range of 20%-50% or serum ferritin in the range 100-
800 ng/mL during the correction phase, there was some pro-
portion of patients in iron deficiency, especially during the first 
13 weeks. It might partially contribute to high dose of study drugs 
at the time of Hb response. These two reasons seem to be relat-
ed with high occurrence of RBC transfusion in CERA group. Five 
patients in CERA group received RBC transfusion in early cor-
rection phase between week 3 and 9.
 Fifty-four patients were included in maintenance phase of 
CERA every 4 weeks. During maintenance phase mean Hb con-
centrations were maintained between 11 to 12 g/dL (Fig. 3B), 
which means that high degree of Hb stability was achieved after 
direct conversion from CERA every 2 weeks or epoetin three 
time per week to CERA once-monthly schedule. While RBC 
transfusion rate was high in CERA group during the correction 
phase, only one patient (2%) was reported to receive RBC trans-
fusion in the maintenance phase. Recent studies showed that 
conversion of a large population of HD patients from epoetin or 
darbepoetin to monthly CERA administration was shown to of-
fer good control of Hb levels using pre-filled syringes (16) and 
once-monthly CERA therapy maintained stable Hb values with 
low intra-individual variability in HD patients under routine 

conditions (17). 
 We acknowledge the limitation of open-label study design, 
which may affect some parameters, such as quality of life or re-
port of any AEs. As it was a small study, it had some limitation 
to reflect the results of the previous bigger ones.
 In summary, CERA IV once every 2 weeks corrected renal 
anemia of prior-EPO treated, long-term hemodialysis patients 
during 24 week correction phase. CERA treatment was well tol-
erated throughout the study. Conversion to once-monthly IV 
CERA maintained mean hemoglobin levels between 11 and 12 
g/dL during 24 week maintenance phase. 
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