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Abstract
Background. This study was conducted to evaluate the efficacy and safety of once-monthly continu-
ous erythropoietin receptor activator (CERA) for maintenance of stable haemoglobin (Hb) levels in
adult chronic renal anaemia patients on dialysis according to local clinical judgment in Turkey.
Methods. This was a prospective, open-label, single-arm, multi-centre study conducted in 20 centres
in Turkey. After a 4-week screening period, eligible patients receiving conventional erythropoiesis-
stimulating agents were converted to monthly intravenous CERA and entered a 16-week CERA dose-
titration period (DTP) followed by an 8-week efficacy evaluation period (EEP) and a 4-week safety
follow-up. The primary endpoint was the proportion of patients whose Hb concentration remained
stable within ±1.0 g/dL of their reference Hb and within the range of 10.0–12.0 g/dL during the EEP.
Results. A total of 173 patients were screened, 132 entered the DTP and 84 completed the study.
Thirty-nine patients [46.4% (95% confidence interval: 35.5–57.7%)] maintained stable target Hb con-
centrations. The mean change in time-adjusted average Hb concentration was 0.29 ± 1.08 g/dL
between baseline and the EEP. The mean CERA monthly dose was 112.4 ± 76.78 µg during the EEP,
and the CERA dose was adjusted in 39 patients (36.4%). Eleven patients (8.4%) reported 13 treat-
ment-related adverse events, the most frequent adverse events being infections and infestations,
gastrointestinal and vascular disorders.
Conclusions. Once-monthly CERA maintains stable Hb concentrations in chronic renal anaemia
patients on dialysis in Turkey. The study results confirm the known efficacy and safety profile of CERA.
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Introduction

Erythropoiesis-stimulating agents (ESAs) are a well-ac-
cepted treatment option for anaemia of chronic kidney
disease (CKD) [1–5]. Two types of recombinant human
erythropoietin have been available for clinical use since
ESAs first became available on the market: epoetin alpha

and epoetin beta [6, 7]. Both epoetin alpha and epoetin
beta are effective but short-acting. Subsequently, ESAs with
an extended duration of action were developed—darbepoe-
tin alfa andmethoxy polyethylene glycol-epoetin beta.
In contrast to erythropoietin, continuous erythropoietin

receptor activator (CERA) shows a different activity at the
receptor level characterized by a slower association to and
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faster dissociation from the receptor, which results in
a considerably increased half-life allowing longer (one-
month) dosing intervals [8–11]. CERA has a prolonged
half-life after intravenous (i.v.) and subcutaneous (s.c.)
administration [12].

In Phase III trials, CERA has demonstrated efficacy in
anaemia correction when administered every 2 weeks [13,
14] and every 4 weeks [15] and maintaining haemoglobin
(Hb) concentrations within the target range when adminis-
tered once-monthly for Hb maintenance in patients with
renal anaemia [16–19].

In this study, we aimed to assess the maintenance of
stable Hb concentrations with once-monthly i.v. CERA in
haemodialysis patients with chronic renal anaemia previ-
ously treated with ESAs. We also aimed to evaluate the
safety and tolerability of once-monthly i.v. CERA in these
patients.

Materials and methods

Study design and population

This single-arm, open-label study was performed in 20
centres in Turkey. The inclusion criteria were as follows: age
18 years or older, diagnosis of chronic renal anaemia Hb
concentration between 10.0 and 12.0 g/dL, adequate iron
status [serum ferritin >100 ng/mL and transferrin saturation
(TSAT) >20% or hypochromic red cells <10%], continuous i.v.
or s.c. maintenance of epoetin alpha, epoetin beta or darbe-
poetin alpha therapy with the same dosing interval during
the previous month and no change in total (calculated)
weekly dose, regular long-term haemodialysis therapy with
the same mode of dialysis for at least the previous
3 months, Kt/V ≥1.0 or urea reduction ratios of ≥55% at
screening for haemodialysis patients. Exclusion criteria were
as follows: transfusion of red blood cells during the previous
2 months, poorly controlled hypertension, significant acute
or chronic bleeding, active malignant disease, haemolysis,
haemoglobinopathies, folic acid deficiency, vitamin B12 de-
ficiency, platelet count >500 × 109/L or <100 × 109/L, pure
red cell aplasia, epileptic seizure during previous 6 months,
congestive heart failure (New York Heart Association Classifi-
cation Class IV), myocardial infarction or stroke, severe
or unstable coronary artery disease, severe liver disease at
investigator’s discretion, during the previous 3 months, un-
controlled hyperparathyroidism or symptomatic secondary
hyperparathyroidism, pregnancy or lactation period, women
of childbearing potential without effective contraception,
participation in a clinical trial during the previous 3 months,
known hypersensitivity to recombinant human erythropoi-
etin, polyethylene glycol or to any constituent of the study
medication, planned elective surgery during the study
period, temporary (untunneled) dialysis access catheter,
active serious infection and/or use of injectable antibiotics
during the previous 8 weeks and known clinically significant
hypercoagulability states.

Written informed consent was provided from all pa-
tients included in the study. The study was conducted in

compliance with the Declaration of Helsinki and Good
Clinical Practice. The study was approved by the Ankara
University Faculty of Medicine Ethics Committee and the
Ministry of Health.

After a 4-week screening period, during which mean Hb
levels were maintained between 10.0 and 12.0 g/dL on
their current ESA treatment, eligible patients were con-
verted to once-monthly i.v. CERA. Patients entered a 16-
week CERA dose-titration period (DTP) followed by a 8-week
efficacy evaluation period (EEP) and 4-week safety follow-up
(Figure 1).

Efficacy and safety parameters

The primary efficacy parameter was the proportion of pa-
tients in the per protocol (PP) population who maintained
their mean Hb concentration within ±1.0 g/dL of their ref-
erence Hb and between 10.0 and 12.0 g/dL during the EEP.
Secondary efficacy parameters were the percentage of
patients whose Hb concentrations remained within the
range of 10.0–12.0 g/dL throughout the EEP, the median
time spent in the target Hb range of 10.0–12.0 g/dL during
the EEP, the mean change in time-adjusted average Hb
concentration between baseline and the EEP or DTP and
the mean monthly and cumulative CERA dose to maintain
target Hb level throughout the EEP.

The safety parameters evaluated in the study included
incidence of adverse events, changes and abnormalities
in laboratory safety parameters and incidence of red
blood cell transfusions during the CERA treatment phase.

Study medication

CERA (MIRCERA®, Roche, Istanbul, Turkey) was adminis-
tered i.v. on Day 0 and Weeks 4, 8, 12, 16 and 20. Starting
dose of CERA was 120 µg when previous weekly epoetin
<8000 IU or darbepoetin alpha <40 µg, 200 µg when pre-
vious weekly epoetin 8–16 000 IU or darbepoetin alpha
40–80 µg and 360 µg when previous weekly epoetin
>16 000 IU or darbepoetin alpha >80 µg. The dose of
CERAwas adjusted to maintain the individual patient’s Hb
within a range of ±1.0 g/dL of the reference Hb concentra-
tion and between 10.0 and 12.0 g/dL throughout the DTP
and the EEP (Weeks l–24).

Iron supplementation

Patients were required to be iron replete to enter into this
study and were required to maintain an adequate iron
status throughout the study period. Patient iron status
was monitored by assessing serum ferritin and TSAT. Initi-
ation or intensification of iron supplementation was per-
mitted in the case of iron deficiency during the study. Iron
deficiency was defined as serum ferritin <100 ng/mL and
TSAT <20% (or percentage of hypochromic red blood cells
>10%).

Iron supplementation was performed according to indi-
vidual centre practice. To avoid iron toxicity, iron

Fig. 1. Study design. ESA, erythropoiesis-stimulating agent; DTP, dose-titration period; EEP, efficacy evaluation period.
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supplementation was temporarily discontinued in patients
with serum ferritin >800 ng/mL or TSAT >50% until serum
ferritin decreased to <800 ng/mL and TSAT to <50%.

Statistical analysis

The sample size calculation was based on an initial esti-
mate of 72% for patients maintaining Hb concentration
within ±1.0 g/dL and a two-sided 95% confidence interval
(CI). The sample size of 200 patients was calculated for
the study protocol before the first patient was screened.
However, there were only 173 patients screened and 132
patients treated with CERA. With 132 patients, the power
of the study is reduced to 65%.

Patients who received at least one dose of CERA (Week 0)
and for whom data for at least one follow-up variable were
available were included in the intention-to-treat (ITT) popu-
lation. The safety population was defined as all patients
who received at least one dose of the trial medication and
underwent a safety follow-up, whether withdrawn prema-
turely or not. The PP population was all patients in the
safety population with the exception of patients with <3 re-
corded Hb values during the EEP, patientsmissing an admin-
istration of CERA during Weeks 16–24, patients withdrawn
before the end of the EEP, patients with inadequate iron
status defined as mean serum ferritin <100 ng/mL or mean
TSAT ≤20% or mean hypochromic red blood cells ≥10%
during EEP.

For the primary endpoint, the reference Hb value was
defined on the basis of all assessments at Weeks 4, 3, 2, 1
and 0. For Hb measurements H0,… , Hn taken at time
point’s t0,… , tn, the time-adjusted average Hb value was
calculated. Data missing at the end of the EEP was
handled using the last observation carried forward
method, including any data missing due to withdrawal of
patients following red blood cell transfusion.

Results

Study population

A total of 173 patients were screened for eligibility to par-
ticipate in the trial. Of these, 33 failed screening, 6 refused

treatment, did not cooperate or withdrew consent, and 2
experienced an adverse event. Thus, 132 were enrolled in
the trial and entered the DTP (Figure 2). Thirty patients dis-
continued the study treatment prematurely. Five patients
withdrew from the study due to adverse events [ischaemic
stroke, anaemia, renal transplantation, gastrointestinal
haemorrhage (two patients)].
The mean age of 127 patients in the ITT population was

50.5 ± 13.9 years, and the most common aetiology for
CKD was hypertension (34.4%). The mean baseline Hb
level was 11.1 ± 0.6 g/dL. The mean Kt/V and urea reduc-
tion ratio were 1.6 ± 0.4 and 68.1 ± 20.6, respectively,
showing that dialysis was generally adequate (Table 1).
There was no patient with Kt/V < 1.0. Among the safety
population, the most commonly prescribed ESA prior to
commencement of CERA was epoetin alpha followed by
epoetin beta and darbepoetin alpha.

Efficacy results

Thirty-nine patients [46.4% (95% CI: 35.5–57.7%)] in the
PP population maintained a mean Hb concentration within
±1.0 g/dL of the reference Hb concentration and between
10.0 and 12.0 g/dL during the EEP. This proportion of
patients in the ITT population during the EEP was 34.7%
(44 patients; 95% CI: 26.4–43.6%) (Figure 3). The percent-
age of patients whose Hb concentrations remained within
the range of 10.0–12.0 g/dL throughout the EEP was 51.2%
(65 patients), with a 95% CI of 42.2–60.2%. Thirty-three
patients maintained all individual Hb values between 10.0
and 12.0 g/dL throughout the EEP. The median time spent
in the target range of 10.0–12.0 g/dL was 38 days (mean:
33.1 ± 16.89 days) during the EEP and 62 days (mean:
60.4 ± 32.69 days) during the DTP.
Figure 4 shows the mean Hb concentration during the

DTP and EEP. The mean change in time-adjusted average
Hb concentration was 0.29 ± 1.08 g/dL between baseline
and the EEP, and 0.52 ± 0.90 g/dL between baseline and
DTP (Figure 4). The successive change in Hb concentration
was 0.46 ± 0.41 g/dL during the DTP and 0.45 ± 0.63 g/dL
during the EEP.
The mean CERA monthly dose was 121.6 ± 47.13 µg

during the DTP and 112.4 ± 76.78 µg during the EEP

Fig. 2. Study population. ITT, intent to treat; PP, per protocol.

466 N. Duman et al.



(Table 2). The median monthly dose decreased from 120
µg during the DTP to 100 µg during the EEP. The mean cu-
mulative total dose up to Week 20 was 703.2 ± 313.24 µg.
The mean CERA dose of patients who maintained all indi-
vidual Hb values between 10.0 and 12.0 g/dL throughout
the EEP was 103.5 ± 46.95 µg.

The mean serum ferritin level was 675.7 ± 413.79
and 682.9 ± 447.08 µg/L, and TSAT was 34.8 ± 15.7 and
36.5 ± 17.6% at baseline and final evaluation, respectively.

Safety results

Forty-four patients (33.6%) reported a total of 73 adverse
events during treatment with CERA, and 11 patients (8.4%)

had 13 treatment-related adverse events (Table 3). The
most affected body system classes were infections and in-
festations (11% of all patients), gastrointestinal disorders
(6%) and vascular disorders (5%). The most frequently oc-
curring adverse events were hypertension (4%) and bron-
chitis (2%). Thirteen patients (9.9%) reported 15 serious
adverse events. Two serious adverse events (ischaemic
stroke and vomiting) were considered related to treatment
with CERA, 12 serious adverse events occurred during the
DTP (one occurred twice in one individual during the DTP)
and 3 serious adverse events occurred during the EEP.

Table 1. Demographics and baseline data of study patients

Result

Age (years), mean ± SD 50.5 ± 13.9
Gender, n (%)

Female 63 (49.6%)
Male 64 (50.4%)

Aetiology of CKD, n (%)
Hypertension 45 (34.4%)
Unknown 34 (26.0%)
Diabetes 29 (22.1%)
Glomerulonephritis 14 (10.7%)
Interstitial nephritis/pyelonephritis 12 (9.2%)
Others 20 (15.3%)

Dosage of ESA before switch to CERA, mean ± SD (n)
Darbepoetin alpha 40.7 ± 54.4 µg (n = 23)
Epoetin alpha 6540 ± 5358 IU (n = 65)
Epoetin beta 7698 ± 2932 IU (n = 43)

Laboratory findings, n (%)
Hb (g/dL) 11.1 ± 0.6
Haematocrit (fraction) 0.33 ± 0.02
Erythrocyte MCV (fL) 90.5 ± 6.14
White blood cell number (109/L) 6.7 ± 1.7
Platelet number (109/L) 214.2 ± 67.1
Serum ferritin (µg/L) 675.7 ± 413.8
TSAT (g/L) 34.8 ± 15.7
Iron concentration (µmol/L) 12.4 ± 4.7
Total iron-binding capacity (µmol/L) 34.8 ± 11.4
TSAT (%) 34.8 ± 15.7
Albumin (g/L) 39.9 ± 4.8
Creatinine (µmol/L) 712.7 ± 232.31
C-reactive protein (mg/L) 11.4 ± 27.1
Phosphate (mmol/L) 1.5 ± 0.5
Potassium (mmol/L) 5.1 ± 0.9
Kt/V 1.6 ± 0.4
Urea reduction ratio 68.1 ± 20.6

Fig. 3. Percentage of patients with a mean Hb concentration within ±1.0
g/dL of the reference Hb concentration and between 10.0 and 12.0 g/dL.

Fig. 4. Mean Hb concentration of patients over time.

Table 2. Dosage of CERA

CERA dose (μg/month), mean ± SD (median) Result

DTP 121.6 ± 47.13 (120.0)
EEP 112.4 ± 76.78 (100.0)

Cumulative CERA dose (μg), mean ± SD (median)
Baseline 144.0 ± 38.7 (120.0)
Week 24 703.2 ± 313.24 (695.0)

Dose adjustment requirement, n (%)
DTP
Total 96 (75.6%)
Dose decreased 38 (29.9%)
Dose increased 18 (14.2%)
Dose decreased + increased 40 (31.5%)

EEP
Total 39 (36.4%)
Dose decreased 23 (21.5%)
Dose increased 16 (15.0%)

Table 3. Summary of adverse events in the safety population (n = 131)

Patients (%)

Any adverse event 44 (33.6%)
Serious adverse events 13 (9.9%)
Adverse events leading to withdrawal 5 (3.8%)
Treatment-related adverse events 11a (8.4%)
Treatment-related serious adverse events 2b (1.5%)
Withdrawals 29 (22.1%)
Deaths 0 (0.0%)

aSteal syndrome, hypertension (four patients), arteriovenous fistula
occlusion (two patients), leucopoenia, rhinitis, thrombocytopenia and
white blood cell count decreased.
bIschaemic stroke, vomiting.
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Discussion

This single-arm, open-label study demonstrates that
stable Hb concentrations can be maintained in CKD pa-
tients on haemodialysis after switching from shorter-
acting ESAs to once-monthly CERA.

CERA was created by integrating a large methoxy poly-
ethylene glycol polymer chain into the erythropoietin
molecule [8]. CERA has distinct binding properties at the
erythropoietin receptor and a long half-life of ∼130 h,
which allow administration of CERA at extended intervals
(once-monthly) [12]. Extended dosing intervals may
result in a more convenient and manageable schedule of
administration than the more frequent dosing options
available for currently available epoetin treatments [12].
Less frequent dosing regimens may also be associated with
smoother control of Hb concentrations [14].

In the present study, the starting dose of CERA was
120–360 µg based on the dose of ESA, which is the start-
ing dose preferred in the previous studies. In a study by
Dellanna et al. [20], CERA starting dose was 125–200 µg in
haemodialysis patients converting from short-acting ESAs
to once-monthly CERA. Minutolo et al. [21, 22], however,
reported that lower doses of CERA (75–100 µg/month)
maintains Hb levels in non-dialysis CKD disease. Since we
preferred standard initial dose of CERA, we cannot
comment on the efficacy of lower conversion dose CERA.

The dose of CERA was adjusted to maintain Hb levels
within a range of ±1.0 g/dL of the reference Hb concentra-
tion and between 10.0 and 12.0 g/dL. Similar to our study,
in the STRIATA study, CERA doses were adjusted to main-
tain Hb levels within ±1.0 g/dL of baseline and between
10.0 and 13.5 g/dL [23].

Primary and secondary endpoints of the present study
were also in agreement with previous studies such as Hb
levels within 1 g/dL of the baseline Hb value [16, 17, 24],
Hb levels within a target range [17] and mean change in
Hb level between baseline and evaluation period [16, 17].

The results of this study show similarities with previous-
ly published studies demonstrating that CERA once-
monthly provides maintenance of stable Hb levels within
target range in CKD patients with chronic renal anaemia
[16–18, 25]. Sulowicz et al. [17] and Levin et al. [16] re-
ported that 66.1 and 68% of renal anaemia patients on
dialysis treated with CERA once-monthly maintained Hb
values within ±1 g/dL from baseline during the evaluation
period. In a similar patient population, Carrera et al. [18]
found that 64.1% of patients maintained average Hb
levels ≥10.5 g/dL which did not decrease by >1 g/dL from
baseline values, whereas this proportion was 40.1% in pa-
tients treated with once-monthly darbepoetin alfa. In a
study with very similar study design and patient popula-
tion to ours, Fliser et al. [25] reported 30.8 and 74.9% of
patients achieved Hb levels within 11–12.5 and 10–13 g/
dL during an 8-week evaluation period, with 82.9% of pa-
tients maintaining Hb concentration within ±1.0 g/dL of
their mean Hb concentration. Results from these studies
cannot be directly compared with results from our study,
as the definition of Hb stability in our study was different;
we found that 46.4% of patients in the PP population
maintained their mean Hb concentration within ±1.0 g/dL
of their reference Hb value and between 10.0 and 12.0 g/
dL during the EEP and that 51.2% of patients in the ITT
population maintained a mean Hb concentration between
10.0 and 12.0 g/dL throughout the EEP. In spite of some
differences in study design and the definition of Hb

stability of our study from those of previous studies, our
findings supported the reports in literature that CERA
once-monthly is effective in maintaining stable Hb levels
within target range in CKD patients with chronic renal
anaemia.
The mean change in time-adjusted average Hb concen-

tration between baseline and the EEP in the ITT population
was 0.29±1.08 g/dL. Sulowicz et al. [17] found that the
mean change in Hb from baseline to the evaluation period
was lower (0.131 g/dL) for once-monthly CERA.
Hb values remained stable throughout the evaluation

phase in our study population. Similarly, in the previous
clinical studies, CERA was shown to have comparable effi-
cacy and safety profile to existing conventional ESAs or
darbepoetin alfa in both dialysis and non-dialysis patients
[13, 15, 17, 21, 25]. For example, In STRIATA study, i.v.
CERA once every 2 weeks was found clinically non-inferior
to darbepoetin alfa in maintaining Hb levels in patients on
dialysis [23]. The PROTOS study, a randomized Phase III
study in 572 patients, showed that s.c. CERA once or twice
monthly successfully maintained stable Hb levels in pa-
tients who were on dialysis and randomly converted dir-
ectly from epoetin [17]. The MIRACEL study showed that
conversion from epoetin or darbepoetin to monthly CERA
administration was practical, convenient and offer good
control of Hb levels, regardless of the previous type of
therapy or dosing frequency in over 400 haemodialysis pa-
tients [25]. The ARCTOS study showed that CERA once
every 2 weeks was as effective as darbepoetin alfa once
weekly for correcting anaemia in 324 ESA-naïve patients
with CKD not on dialysis [13]. Minutolo et al. [21] also re-
ported that conversion of darbepoetin to CERA maintains
Hb levels in non-dialysis CKD patients. In a randomized
controlled study, Roger et al. [15] compared monthly CERA
and darbepoetin alfa once weekly or every 2 weeks in 307
non-dialysis CKD patients and reported that CERA success-
fully corrects anaemia and maintains stable Hb levels in
non-dialysis CKD patients. CERA administered s.c. was also
reported to be a good alternative for treating chronic
anaemia in patients with CKD and intolerance to epoetin
beta and darbepoetin alpha (single case report) [26].
The results from clinical studies showed comparable

safety profile of CERA with conventional ESAs. In a pooled
analysis in patients with CKD (n = 1789), CERA showed a
safety profile comparable with that of other ESAs [27]. The
present study also confirmed the good safety and toler-
ability profile of CERA. Less than 10% of patients reported
treatment-related adverse events.
One of the limitations of this study was the low number

of patients who completed the study according to protocol
(84 patients). Another limitation was that iron supplemen-
tation was left to the discretion of the individual study
centres. Inflammation and oxidative stress can limit or
prevent the uptake of oral iron in the intestine [28]. Since
CKD patients on dialysis often present with high levels of
inflammation and oxidative stress [29], they are often
limited in their ability to oral iron uptake. Thus, in centres
where oral rather than i.v. iron was given to correct for iron
deficiency, the patients’ responses to CERA may have
been limited by iron levels too low for efficient erythropoi-
esis. In spite of these limitations, the present study is the
first study evaluating CERA treatment in patients with
chronic renal anaemia undergoing haemodialysis in Turkey.
As a conclusion, the results of this study confirm that

once-monthly CERA treatment maintains stable Hb con-
centrations with a good safety and tolerability profile in
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patients with chronic renal anaemia undergoing haemo-
dialysis.
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