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Antonio Corral-Baezb, Leonor Perianez-Parragac, Angel Garcia-Alvarezc, 

 Francisco J. de la Pradad

Abstract

Background: The monthly continuous erythropoietin receptor ac-
tivator (CERA) utilization maintains stable hemoglobin (Hb) after 
conversion from weekly epoetin-β (EB); however, how the different 
pharmacologic properties affect the red blood cell (RBC) size deter-
mined by RBC distribution width (RDW) has not been evaluated yet. 
We assess the potential differences in iron metabolism, plasma eryth-
ropoietin (EPO), hepcidin, and soluble α-Klotho (α-Klotho) levels as 
an emergent hematopoiesis factor.

Methods: Thirty-seven chronic hemodialysis patients were includ-
ed from January 2010 to November 2011 and randomized (1:1) to 
continue with EB or to convert to monthly CERA. Primary outcome 
was the mean change in Hb between groups at months 0, 3 and 6, 
and the percentage of patients who maintained stable Hb (Hb ± 1 g/
dL from baseline level to month 6). Secondary outcomes were the 
influence on the erythropoietic process and iron metabolism mark-
ers. Thirty-one patients completed the study (CERA: n = 15, EB: n 
= 16).

Results: The mean (95% confidence interval (CI)) Hb difference 
between groups was 0.28 g/dL (-0.36 to 0.93). There was no dif-
ference between the percentages of patients with stable Hb levels. 
In the CERA group RDW values increased progressively (interac-

tion erythropoietin-stimulating agent (ESA) type and time on RDW 
values, F (1.57, 45.60) = 17.17, P < 0.01, partial η2 = 0.37) and the 
mean corpuscular volume changed at the different time points, (F (2, 
28) = 29.12, P = 0.03, partial η2 = 0.23). During the evaluation pe-
riod, in the CERA group, EPO was higher, and hepcidin and ferritin 
decreased significantly. α-Klotho decreased in both groups and cor-
related negatively with the changes on the RDW and positively with 
transferrin and serum iron. The number of serious adverse events 
was higher at the CERA group.

Conclusions: Monthly CERA maintained Hb concentrations; how-
ever, it showed a significant effect on RDW, probably due to its im-
pact on the EPO and hepcidin levels. α-Klotho decreased signifi-
cantly in both groups, and its changes correlated with the changes in 
iron metabolism. Whether the RDW evolution was associated with 
the serious adverse events (SAEs) is a feasible hypothesis that needs 
to be confirmed in large studies.

Keywords: ESA half-life; Hemoglobin; Anisocytosis; Hepcidin; 
Erythropoietin; Klotho

Introduction

Hemoglobin variability is a physiologic event, but it is influ-
enced by the use of erythropoietin-stimulating agents (ESAs) 
[1]. There are three generations of ESAs: 1) short half-life (6 
- 9 h) recombinant human erythropoietin, such as epoetin-α 
and epoetin-β (EB) [2]; 2) darbepoetin-α [3], with a long 
half-life (25 h); and 3) the third-generation ESA, methoxy 
polyethylene glycol-epoetin-β, a continuous erythropoietin 
receptor activator (CERA) with a longer half-life (about 130 
h) that facilitates its administration at broader time intervals 
[4].

The effectiveness of CERA for the treatment of anemia 
and maintaining stable Hb levels in hemodialysis patients has 
been largely confirmed in non-inferiority randomized studies 
versus EB [5, 6] and darbepoetin-α [7], as well as in non-dial-
ysis [8], peritoneal dialysis [9] and post-renal transplantation 
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patients [10, 11]. However, CERA showed higher erythropoi-
etic activity in comparison with epoetin [12], which may asso-
ciate different effects on the red blood cell (RBC) assembling, 
increasing the anisocytosis degree.

Although iron and erythropoietic disturbances are deep-
ly evaluated in renal anemia, new factors are gained interest 
in its pathogenesis. An important influence of anti-ageing 
hormone: α-soluble Klotho (α-Klotho) on the erythropoietic 
process [13] and with the accelerated RBC death (eryptosis) 
[14] have been described [14, 15]. The α-Klotho protein is 
produced mainly in the kidneys, and the synthesis is affected 
in early stage of chronic kidney disease (CKD) and corre-
lated with its complications. In CKD patients, short RBC 
life span and lower α-Klotho levels are well described [16]; 
however, little is known about the influence of the α-Klotho 
in iron metabolism parameters in hemodialysis patients and 
the effect of the different ESA’s half-life on α-Klotho levels.

To provide new insights into this crucial issue, we de-
signed a randomized clinical trial to address the effectiveness 
of once-monthly CERA after conversion from EB (1 - 3 times 
weekly) in chronic hemodialysis patients assessing the degree 
of Hb stability and the potential impact on the RBC form. 
The secondary objective was to evaluate the potential differ-
ences in iron metabolism, hepcidin, erythropoietin (EPO), and 
α-Klotho. The safety and tolerability of ESA administration 
were also evaluated.

Material and Methods

Patients

The clinical records of 189 consecutive chronic dialysis pa-
tients (age ≥ 18 years) were reviewed in our clinic from Janu-
ary 2010 to November 2011. The inclusion criteria were: 1) 
same hemodialysis filter during the 12 weeks prior to their 
inclusion; 2) Kt/V ≥ 1.2 (Daugirdas second generation); 3) 
Hb of 10.5 to 12.0 g/dL during the 12 weeks prior to inclu-
sion; 4) stable EB doses: ± 1,000 IU/week, for 3 months be-
fore inclusion; and 5) transferrin saturation (TSAT) ≥ 20% 
and/or serum ferritin > 100 ng/mL. Exclusion criteria were: 
1) New York Heart Association class IV congestive heart fail-
ure; 2) active bleeding or transfusion within 8 weeks prior to 
inclusion; 3) other causes of anemia (malignancies, folic acid 
or vitamin B12 deficiencies, hemoglobinopathies or hemoly-
sis); 4) acute or chronic infectious; 5) uncontrolled inflam-
matory disease; 6) poorly controlled hypertension; 7) immu-
nosuppressive therapy; 8) thrombocytopathies; 9) pregnancy 
or desire for pregnancy.

Intervention

The principal investigator used a random number genera-
tor (SPSS 18.0 statistical software package, IBM, Chicago, 
IL, USA) to create the two arms: 1) control arm: to maintain 
weekly intravenous EB (NeoRecormon®, Roche Farma SA, 
Madrid, Spain); 2) experimental arm: to convert to monthly in-

travenous CERA (Mircera®, Roche Farma SA, Madrid, Spain) 
according to the datasheet. No blinding method was used. The 
graphic program used was Sigma Plot 10.0.

The study design (Fig. 1) was made up of 24 weeks. 
Clinical and laboratory data were collected on a monthly ba-
sis and ESA doses adjusted as follow: 1) 25% increased ESA 
doses for Hb decreases < 2 g/dL or Hb ≥ 9 and < 11 g/dL, 
or 50% increased ESA doses when Hb decreased ≥ 2 g/dL, 
or Hb < 9 g/dL; 2) ESA doses were reduced by 25% for Hb 
increases ≥ 1 g/dL or Hb ≥ 12 and ≤ 14 g/dL, or by 50% for 
Hb increases > 2 g/dL. If Hb was > 14 g/dL, we stopped ESA 
for 1 month and restarted with a 25% reduction of the lowest 
dose previously administered. Intravenous iron supplementa-
tion was prescribed to maintain the TSAT level ≥ 20% during 
the study.

Outcome evaluation

We evaluated Hb stability, including the mean differences be-
tween months 0, 3, and 6. We determined the percentage of 
patients who maintained stable Hb. Hb stability was defined 
as Hb within 1 g/dL of baseline during the study. The per-
centage of patients on stable Hb was calculated as follows: 
((number of patients with Hb stability at each evaluation visit/
number of included patients in each arm of treatment) × 100). 
To determine the heterogeneity of RBCs, we assessed RBC 
distribution width (RDW).

The safety and tolerability of ESA were assessed by an-
alyzing the changes in office blood pressure throughout the 
study and reporting serious adverse events (SAEs).

Ethical issues and informed consent

The study was approved by the Ethical Committee of the 
Balearic Islands (IB 1180/09 PI) and the Spanish Agency for 
Medicines and Health Products. Informed consent was ob-
tained from all patients. The study was performed according to 
the 1964 Helsinki Declaration and its later amendments (trial 
registration and full trial protocol: EudraCT 2009-015511-40-
ES (Clinical Trials Register: 2009-015511-40)).

Figure 1. Study design. CERA: continuous erythropoietin receptor ac-
tivator.
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Assays

Hb and other hematologic indices were performed every 
month before midweek dialysis sessions by flow cytometry 
using the automatic analyzer CELL-DYN Sapphire (Abbott 
Diagnostics®, Abbott Laboratories, Abbott Park, IL, USA). 
Iron metabolism parameters were assessed by standard meth-
ods.

During the evaluation period, serum hepcidin was de-
termined using DRG Hepcidin Prohormone enzyme-linked 
immunoassay (ELISA) Kit; EPO determined by the Quan-
tikine® IVD® Human Epo ELISA, and soluble α-Klotho 
by immunoenzymatic method using the Human Soluble 
α-Klotho Assay Kit-IBL (Immuno-Biological Laboratories, 
Japan).

Data analysis

This was a pilot study for evaluating the influence of the two 

ESAs’ half-life on iron markers, hematologic indices, and on 
the α-Klotho levels. We decided to include 20 patients in each 
group rather than on the basis of a power calculation. This ob-
jective was not reached due to the possibility of a suffering 
shortage of CERA because of manufacturing problems (http://
www.aemps.gob.es/informa/notasInformativas/medicamento-
sUsoHumano/calidad/2012/NI_MUH_01-2012_calidad.htm).

The baseline characteristics of both groups were com-
pared using the t-test, Mann-Whitney U-test, χ2 test, or Fisher 
exact test. The changes in the frequencies were analyzed by 
McNemar’s test or Cochran’s Q test (Cochran, 1950) for eval-
uating more than two time points. The results of comparing 
two dichotomous variables are reported as odds ratio and 95% 
confidence interval (OR: 95% CI).

A two-way mixed analysis of variance (ANOVA) model 
was implemented to assess the changes in the variables ana-
lyzed as a function of follow-up time. We evaluated the inter-
action effect between inter- and intra-subject effects to assess 
the differences in the evolution of the Hb levels in response 
to each treatment. The effect size was computed as partial 

Figure 2. Flow of the study. CERA: continuous erythropoietin receptor activator; EB: epoetin-β.
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eta-squared values (partial η2; small: ≥ 0.01; medium: ≥ 0.06; 
large: ≥ 0.14). All multiple comparisons were adjusted using 
Bonferroni’s correction. Spearman correlation was used for 
evaluating the association between variables.

Thirty-seven patients were included. During 1 month, two 
patients (one in each group) received a higher ESA dose than 
what the protocol indicated. Six patients did not complete the 
study for different reasons (Fig. 2). For the primary objective, 

the results obtained when only considering the patients who 
completed the three visits of the protocol (PP) were also con-
firmed by intention-to-treat (ITT) analysis.

Results

The baseline features are given in Table 1.

Table 1.  Baseline Characteristics of the Patients Who Completed the Study Protocol in Both Treatment Arms

EB (n = 16) CERA (n = 15) P
Age, years 59 ± 16 59 ± 17 0.94
Time in dialysis, months 29 (19 - 45) 32 (24 - 44) 0.54
Weight, kg 78 ± 25 76 ± 15 0.85
BMI, kg/m2 25 (21 - 31) 29 (21 - 33) 0.71
Office systolic blood pressure, mm Hg 123 ± 14 135 ± 18 0.04
Office diastolic blood pressure, mm Hg 75 ± 14 76 ± 15 0.87
Kt/V 1.5 ± 0.2 1.5 ± 0.2 0.44
nPCR, g/kg/day 0.9 ± 0.2 0.9 ± 0.2 0.52
Albumin, g/L 39 ± 4 39 ± 4 0.82
Vitamin B12, pg/mL 574 (385 - 717) 402 (290 - 512) 0.14
Folic acid, ng/mL 19 (2 - 40) 19 (5 - 32) 0.74
C-reactive protein, mg/dL 0.65 (0.43 - 1.90) 0.86 (0.24 - 1.26) 0.45
ESR, mm/h 31 ± 24 31 ± 21 0.96
Corrected calcium, mg/dL 9 ± 0.4 8.9 ± 0.4 0.6
Phosphorus, mg/dL 3.8 ± 1.2 4.4 ± 1.3 0.12
iPTH, pg/mL 228 ± 121 333 ± 196 0.12
25 (OH) vitamin D, ng/mL 17 (11 - 35) 25 (14 - 32) 0.52
1,25 (OH)2 vitamin D, pg/mL 15 (9 - 20) 17 (13 - 23) 0.32
Comorbidities
  Arterial hypertension, n (%) 13 (46) 15 (54) 0.22
  Diabetes mellitus, n (%) 4 (40) 6 (60) 0.45
  Dyslipidemia, n (%) 4 (40) 9 (60) 0.21
  Vitamin D deficiency, n (%) 7 (54) 6 (46) 0.71
  Smoking patients, n (%) 3 (33) 6 (67) 0.25
Concomitant treatments
  Calcifediol, n (%) 8 (47) 9 (53) 0.57
  Paricalcitol, n (%) 11 (48) 12 (52) 0.68
  Cinacalcet, n (%) 3 (30) 7 (70) 0.13
  RAAS inhibitors, n (%) 6 (54) 5 (46) 0.43
  CCB, n (%) 5 (50) 5 (50) 0.9
  Calcium acetate, n (%) 4 (33) 8 (67) 0.1
  Non-calcium chelator, n (%) 13 (57) 10 (43) 0.43

Data are presented as mean ± standard deviation (SD), median (P25 - P75) and raw numbers (percentage). U Mann-Whitney or t-tests were used 
for comparing continuous variables among both groups. Categorical variables were compared using the χ2 or Fisher’s exact tests as necessary. 
Lanthanum carbonate and sevelamer hydrochloride were included as non-calcium chelators. Vitamin D deficiency was defined by circulating concen-
trations < 20 ng/mL. CERA: continuous erythropoietin receptor activator; EB: epoetin-β; BMI: body mass index; CCB: calcium channel blocker; ESR: 
erythrocyte sedimentation rate; iPTH: intact parathormone; nPCR: normalized protein catabolism rate; RAAS: renin-angiotensin-aldosterone system.
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The patients allocated to the CERA group showed higher 
basal serum iron and office systolic blood pressure and a low-
er percentage of patients under intravenous iron supplementa-
tion (Table 2).

Hematologic parameters

Hemoglobin variability

No interaction was found between the arm of treatment and 
follow-up visits ((PP, F (2, 58) = 0.03, P = 0.96; ITT, F (2, 70): 
0.08, P = 0.92); Fig. 3). The difference between EB and CERA 
in the mean change (95% CI) in Hb concentration from base-
line to evaluation was 0.28 g/dL (-0.36 to 0.93) and 0.19 g/dL 
(-0.37 to 0.76) for the PP and ITT analyses, respectively. After 
adjusting for iron supplementation, the mean change was -0.01 
g/dL (-0.76 to 0.74, Fig. 3).

The percentage of patients maintaining stable Hb level 
was similar in both arms of treatment at month 3 (EB vs. 
CERA: 9 (56%) vs. 10 (66%), χ2: 0.4, P = 0.55; OR: 1.55 
(95% CI: 0.36 to 6.69)) and at month 6 (EB vs. CERA: 11 
(69%) vs. 8 (53%), χ2: 0.77, P = 0.37; OR: 0.51 (95% CI: 
0.12 to 2.24)).

In a post hoc analysis of intra-patient Hb variability, the 
mean within-patient standard deviation (SD) for Hb during the 
titration period in the once-monthly CERA and EB groups was 
-0.13 and 0.12 g/dL, respectively (P = 0.40). Within-patient 
SD for Hb during the evaluation period was also similar across 
treatment groups: -0.12 and 0.11 g/dL for once-monthly CERA 
and EB, respectively (P = 0.42).

We found no significant changes in ESA dose in any arm 

of treatment during the study (Fig. 3).

Red cell distribution width

An interaction effect was found between RDW and ESA type 
during the follow-up (F (1.57, 44.5) = 18.3, P < 0.01, partial 
η2 = 0.38). After iron adjustment, the statistical association re-

Table 2.  Baseline Hematological Parameters and Iron Status of the Patients Who Completed the Study Protocol in Both Arms of 
Treatment

EB (n = 16) CERA (n = 15) P

Hb, g/dL 11.9 ± 0.8 11.7 ± 1.0 0.48

Erythrocyte count, ×106/µL 3.69 ± 0.30 3.63 ± 0.31 0.61

RDW, % 13.5 ± 1.1 13.0 ± 0.8 0.21

Fe, µg/dL 54 (51 - 75) 73 (68 - 85) 0.02

TSAT, % 25 (22 - 33) 28 (21 - 38) 0.18

Ferritin, ng/mL 675 (433 - 1,123) 860 (529 - 1,042) 0.54

Transferrin, mg/dL 157 (144 - 183) 166 (143 - 251) 0.40

Total iron deficit calculated, mg 1,559 ± 310 1,566 ± 344 0.95

EB dosage, IU/week 7,000 ± 3,204 6,200 ± 4,195 0.55

ERI, IU/kg /week 9.0 ± 6.8 7.4 ± 5.7 0.48

IV iron supplementation, n (%) 16 (100) 9 (60) < 0.01

Data are presented as mean ± standard deviation (SD), median (P25 - P75) and raw numbers (percentage). U Mann-Whitney or t-tests were used 
for comparing continuous variables among both groups. Categorical variables were compared using the χ2 or Fisher’s exact tests as necessary. Total 
iron deficit was calculated as follows: (10 × (target Hb (g/dL) - actual Hb (g/dL)) × (0.24 × bodyweight (kg))) + mg of iron for body stores, where mg of 
iron for body stores were 0 mg if bodyweight < 35 kg and 500 mg if bodyweight ≥ 35 kg. The erythropoietin resistance index (ERI) was determined as 
the weekly weight-adjusted dose of EPO (IU/kg/week) divided by Hb concentration (g/dL). CERA: continuous erythropoietin receptor activator; EB: 
epoetin-β; Fe: serum iron; IV: intravenous; Hb: hemoglobin; RDW: red cell distribution width; TSAT: transferrin saturation index; EPO: erythropoietin.

Figure 3. Hemoglobin evolution and ESA dosage during the study. 
CERA: continuous erythropoietin receptor activator; Hb: hemoglobin; 
SD: standard deviation.
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mained (Fig. 4a).

Mean corpuscular volume (MCV)

Differences in the CERA group were observed during the 
study (F (1.47, 20.7) = 4.39, P = 0.03, partial η2 = 0.23), while 
no changes were observed in the EB arm (F (1.45, 21.7) = 
0.02, P = 0.94; Fig. 4b). After iron adjustment, the statistical 
association remained.

RBCs count

The RBC count in the CERA group increased progressively, 
but not significantly (3.63 (0.3), 3.76 (0.4) and 3.70 (0.4), for 
the month 0, 3 and 6, respectively (F (2, 28) = 0.12, P = 0.88), 
while the evolution in the EB group were 3.69 (0.3), 3.73 (0.6), 
3.65 (0.4) for the month 0, 3 and 6, respectively (F (2, 30) = 
0.18, P = 0.79).

The changes overserved from month 0 to 6 in the RBC 
correlated with the changes on RDW in the CERA arm (ρ: 
0.53, P = 0.04), while no significant association was observed 
in the EB group (ρ: 0.28, P = 0.29).

Iron supplements and ESA dose requirements

As a whole, there was an interaction between iron utilization 
at the time of the study and ESA doses (F (1.65, 48.07) = 4.79, 
P = 0.01, partial η2 = 0.14]; the mean difference in ESA doses 
throughout the study between those patients with and without 
iron supplements at the time of the inclusion was 36% (95% 

CI: 6 to 66).
The percentage of patients who started the study under 

iron therapy and needed a decrease in ESA dose were similar 
between the EB and CERA groups at month 3 (8 (50%) vs. 4 
(44%), χ2: 0.07, P = 0.79; OR: 0.80 (95% CI: 0.15 to 4.12) and 
at month 6 (6 (38%) vs. 3 (33%), χ2: 1.15, P = 0.43, OR: 2.40 
(95% CI: 0.47 to 12.13)).

The number of patients under iron therapy in the EB group 
decreased from 16 to 12 in the EB group (Q: 6.50, P = 0.03), 
and no changes in the CERA group was observed (Fig. 4c).

Changes in iron metabolism parameters

Circulating ferritin decreased significantly only in the CERA 
group that remained after iron adjustment (Table 3). Transfer-
rin decreased progressively in the CERA group; however, the 
statistical significance disappeared after iron adjustment. The 
other iron markers evolution is given in Table 3.

Hepcidin, EPO and α-Klotho levels during the evaluation pe-
riod

Hepcidin decreased significantly in the CERA group, the me-
dian EPO increased in both groups but did not reach statisti-
cal significance; however, the levels in the CERA were high-
er (about double) than those observed in the EB group. The 
α-Klotho decreased significantly in both groups (Table 4).

As a whole, the changes in α-Klotho levels at the evalua-
tion period were directly correlated with the changes in trans-
ferrin and free serum iron and indirectly with the changes ob-
served on the RDW values (Fig. 5). At the EB arm, α-Klotho 

Figure 4. (a, b) RDW and MCV evolution throughout the study. *, **P < 0.05 respect to baseline. ‡P < 0.05 respect to the CERA 
arm. (c) Iron requirements evolution throughout the study. *P < 0.05, Cochran test. CERA: continuous erythropoietin receptor 
activator; RDW: red cell distribution width; MCV: mean corpuscular volume; SD: standard deviation.
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changes negatively correlated with EPO changes (ρ: -0.59, P = 
0.04), and in the CERA groups strong positively correlate with 
transferrin changes (ρ: 0.79, P < 0.01).

Safety and tolerability

The differences in systolic blood pressure between arms of 
treatment at baseline disappeared at the end of the study, driv-
en by a higher increase in the EB group (9.8 ± 5.2 mm Hg) 

compared with the CERA group (7.1 ± 4.6 mm Hg), independ-
ent of the number of antihypertensive drugs used and with-
out significant changes in the dry weight of patients. No other 
changes in the office blood pressure were observed.

The SAEs requiring hospitalization or emergency room 
care was more common in the CERA arm; however, the sus-
pected SAEs showed no differences (Table 5). Two patients in 
the CERA arm died during the trial, one due to intradialytic 
cardiac arrhythmia and another due to urinary sepsis. Three 
patients in each group discontinued ESA per protocol, and one 
patient in the CERA group required a blood transfusion after 
undergoing surgery for a diabetic ulcer.

Discussion

In this study, we found that monthly CERA was as effective as 
EB in maintaining Hb; nevertheless, a different effect on the 
anisocytosis degree was observed; probably related to the dif-
ferent effect on EPO, hepcidin, and iron metabolism. This is a 
novel finding with significant clinical impact.

The efficacies of monthly CERA in maintaining Hb level 
and the percentage of patients with stable Hb after conversion 
from weekly EB in hemodialysis patients were observed in our 
study in line with previous reports [5, 17, 18]. The method 
used (general linear model) to evaluate changes in Hb indicat-
ed that intra-individual changes were not significant, which in-
forms not only that the recommended CERA doses for switch-
ing from EB were appropriated but also reflects the high Hb 
stability of the patients included in the study.

Table 4.  Hepcidin, EPO and α-Klotho Changes During the 
Evaluation Period

ESA type Month 3 Month 6 P
Hepcidin, pg/mL
  EB 995 (244 - 1,308) 1,103 (161 - 1,345) 0.95
  CERA 1,094 (234 - 1,390) 215 (157 - 922) 0.02
EPO, mIU/mL
  EB 7.7 (4.1 - 11.6) 12.1 (4.1 - 22.4) 0.09
  CERA 13.3 (10.8 - 17.1)* 22.6 (14.5 - 41.9)* 0.08
α-Klotho, pg/mL
  EB 514 (417 - 584) 493 (370 - 526) 0.01
  CERA 540 (455 - 741) 409 (360 - 534) 0.03

Data are presented as median (P25 - P75). *P < 0.05 respect to EB. 
α-Klotho: soluble α-Klotho; CERA: continuous erythropoietin receptor 
activator; EB: epoetin-β; EPO: erythropoietin; ESA: erythropoietin-
stimulating agent.

Table 3.  Iron Status Markers Evolution in Patients Who Completed the Study

ESA type: (n = 16)/
CERA (n = 15)

Months of follow-up
F P Partial η2

0 3 6
TSAT, %
  EB 26 ± 6 24 ± 7 30 ± 19 0.98 0.38
  CERA 35 ± 17 36 ± 14 29 ± 14 1.18 0.32
Ferritin, ng/mL
  EB 755 ± 397 707 ± 439 632 ± 343 0.78 0.45
  CERA 879 ± 542 783 ± 443 561 ± 301a 7.17 < 0.01b 0.33
Transferrin, mg/dL
  EB 161 ± 30 162 ± 22 158 ± 24 0.25 0.77
  CERA 183 ± 50 172 ± 37 164 ± 35a 3.39 0.04 0.19
Fe, µg/dL
  EB 59 ± 16 55 ± 15 67 ± 38 0.77 0.46
  CERA 83 ± 33 83 ± 35 64 ± 27 1.81 0.18
TIDC, mg
  EB 1,559 ± 310 1,565 ± 337 1,580 ± 299 0.05 0.95
  CERA 1,566 ± 344 1,609 ± 382 1,600 ± 364 0.19 0.82

Values are given as mean (standard deviation (SD)). aP < 0.05 respect to baseline. bP < 0.05 after iron adjustment. CERA: continuous erythropoietin 
receptor activator; EB: epoetin-β; ESA: erythropoietin-stimulating agent; Fe: serum iron; TIDC: total iron deficit calculated; TSAT: transferrin satura-
tion index.
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Although the patients at baseline had optimal iron stores, 
over 30% of the ESA dose was needed in those who started 
the trial without iron supplementation, which corresponded to 
a CERA sub-group of patients. Four patients (25%) in the EB 
group stopped significantly iron administration; furthermore, 
the baseline difference between the percentages of patients 
under iron therapy disappeared at the end of the study. Alto-
gether suggest lower iron requirements in the EB group, while 
no changes at the CERA arm was observed.

The most important finding was the effect of the ESA half-
life on RDW evolution. The RDW value is usually provided 
in the blood count and reflects the degree of heterogeneity of 
erythrocyte volume (anisocytosis). The RDW increased pro-
gressively only in those under CERA, and this change was sig-
nificantly even after iron adjusting. Since higher RDW values 
have been associated with iron deficiency [19], erythropoietin 
resistance [20], fistula dysfunction [21] and high mortality risk 
in hemodialysis patients [22], the effect of the monthly CERA 
on RDW should be rigorously evaluated in larger studies.

Classic factors associated with higher RDW in the CERA 
arm, such as iron supplementation, EPO resistance index, and 

nutritional status and dialysis dose, could be reasonably ex-
cluded in our study; and we hypothesized that the continuous 
erythropoiesis stimulation could be a feasible factor related to 
the changes in RDW values.

In order to identify the underline mechanisms involved 
in the RDW changes, we evaluate the MCV evolution for its 
inverse correlation with RDW [23]. The MCV did not change 
in the EB group; but decreased significantly in the CERA arm 
from month 0 to month 3, while unexpectedly remained sta-
ble from months 3 to 6. This condition may be explained by 
the co-occurrence of micro- and macrocytic RBC forms. We 
hypothesized that macrocytic RBC could be a consequence 
of immature forms induced by the over physiologic erythro-
poiesis stimulus [24, 25] and microcytic forms secondary to 
the iron blockage [26]. This scenario has been described in a 
hypoxia disease model by previous authors [27]. Notably, in 
the CERA group, the changes in RBC count correlated directly 
with the changes in the RDW.

Plasma ferritin and hepcidin decreased in those under 
CERA. Theoretically, these benefits consist of lowering the 
high iron stores and favoring physiologic iron absorption 

Figure 5. α-Klotho associations. ∆stands for the changes between month 3 and month 6. RDW: red cell distribution width; CERA: 
continuous erythropoietin receptor activator; EB: epoetin-β; EPO: erythropoietin.

Table 5.  Adverse Events Requiring Hospital Admission or Care in the Emergency Department

All patients (n = 37) Epoetin-β (n = 19) CERA (n = 18) P
AE, n (%) 21 7 (33) 14 (67) < 0.01
Required transfusion(s), n (%) 1 0 1 (100) 1.00
Any SAE, n (%) 7 1 (14) 6 (86) 0.04
Vascular access complicationsa 6 2 (33) 4(67) 0.40
Suspected adverse reaction 7 2 (29) 5 (71) 0.39
Death, n (%) 2 0 2 (100) 0.22

aVascular access complication, fistula or catheter thrombosis, post-dialysis site bleeding. AE: adverse event; SAE: serious adverse event; CERA: 
continuous erythropoietin receptor activator.
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through the intestine due to a potent hepcidin inhibition [28]; 
however, this advantage was neither accompanied by improv-
ing Hb levels nor decreased iron and ESA requirements. The 
slight rise in the RBC count could justify where the iron re-
moved by the iron body stores was reutilized, which could be 
the consequence of the increase in EPO levels in the CERA 
arm and its sustained erythropoietic activity [12].

The EPO levels were higher in the CERA group and in-
creased during the evaluation period, probably determined by 
the slower binding of CERA to the EPO receptor [12]. Con-
versely, the EB dosage slightly decreased, and surprisingly 
EPO levels increased. We have no explanation for this phe-
nomenon, and it needs to be evaluated in future studies.

We observed a significant decrease in α-Klotho in both 
groups; however, the median change decreased at the CERA 
group by about 25%, while in the EB, it only decreased 5%. It 
has been described that the genetic ablation of Klotho in mice 
results in a substantial increase in the erythropoiesis process 
mediated through EPO [13]. In our study, in the EB group, an 
inverse correlation was observed between EPO and α-Klotho 
changes, while in the CERA group, conversely, a positive but 
not significant association was observed. Although no signifi-
cant changes in the ESA doses were observed in any group; 
whoever, the different influence of the different ESA half-life 
therapy on α-Klotho levels could be related to the sustained 
erythropoietic effect and the EPO plasma levels. Lower levels 
of α-Klotho have been associated with high mortality in dialy-
sis patients.

As a whole, an indirect correlation between the changes 
on α-Klotho and RDW was observed, and positively with se-
rum iron and transferrin. Herein, we report that α-Klotho could 
be involved in erythropoiesis through its association with EPO 
and the iron metabolism control. This novel link between 
α-Klotho and RDW may be supported by the fact that both 
α-Klotho deficiency and high RDW are associated with high 
ESA requirements and higher cardiovascular and mortality 
risk CKD patients [22, 29-32].

In our study, monthly CERA treatment was associated 
with a higher number of AEs requiring hospitalization or care 
at the emergency room in comparison with EB treatment, but 
the incidence of suspected adverse reactions showed no dif-
ferences between groups. The numbers of vascular access 
complications were double in the CERA group in comparison 
with EB. Previous reports showed a similar association, but 
this effect did not reach statistical significance [5, 33]. The two 
deaths during the study were in the CERA group but were not 
attributable to ESA use. Recently, controversial information 
was reported about the safety profile of the long-acting ESAs 
in comparison with short-acting ESAs has been described [34-
36]. Hypothetically, according to the bibliography and our 
data, the expected adverse events could be related to throm-
bosis. Anisocytosis influences erythrocyte rheology, a factor 
associated with thrombosis [37]. Whether the RDW evolution 
had a relationship with SAE, and in particular, with the vascu-
lar access complications need to be further evaluated in large 
studies.

Of note, there was an increase in blood pressure values in 
the EB arm, and EB patients were matched at the end of the 
study with CERA patients, whose blood pressure was higher at 

baseline. While this finding does not have a straight forward 
explanation, it might be related to a direct hypertensinogenic 
effect of a higher number of drug administrations in this arm 
of treatment [38].

The main weakness of our study is the small number of 
patients included, so general conclusions should be drawn 
with caution, especially those related to the safety issue. The 
strengths derive from the following factors: the high stabil-
ity of the hematologic parameters and ESA doses at baseline, 
the exclusion of renal anemia causes, its randomized design, 
and its implementation in a real-world clinical practice set-
ting.

Conclusions

Monthly CERA maintains the Hb stability of hemodialysis pa-
tients after the switch from EB; nonetheless, its higher eryth-
ropoietic stimulus may associate a different effect on anisocy-
tosis. This difference may be related to higher EPO levels and 
its strong hepcidin inhibition. The α-Klotho decreased in both 
groups, and their associations suggest a role in the erythropoie-
sis process through mechanisms that involve not only EPO but 
also the iron metabolism in these patients.

The effect of the short- and long-acting ESA utilization 
on RDW needs to be confirmed in future studies because of its 
important clinical implication, and also RDW should be con-
sidered when treating anemia for the high information that it 
brings about the erythropoietic response.
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