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Abstract

Background: Anemia is a prevalent situation in patients with chronic kidney disease (CKD) and can be well managed
with erythropoiesis-stimulating agents (ESAs). Continuous erythropoietin receptor activator (CERA) has a long half-life
that allows to be administered once monthly. The lowest recommended dose for patients with non dialysis CKD is 120
pg per month. The objectives were to assess the efficacy of subcutaneous monthly dosing of CERA in CKD stages 4 and
5 not on dialysis, and to determine the equivalent dose to epoetin § and darbepoetin a.

Methods: This is a cohort study. A 30-patient group that ESAs was changed to CERA (pg/month) was used as treatment
group. We used the following clinically-based equivalent dosing: epoetin § (IU/week) and darbepoetin a (png/week):
3000/15= 50; 4000/20=75; 6000/30=100; 8000/40=150. Another group of 30 patients with similar characteristics was
used as control group and received the same epoetin § and darbepoetin o doses.

Results: The mean CERA initial dose and at 6 months was 81.9 + 35.2 and 82.0 + 37.82 pg/month (p=0.37). The mean
erythropoietin resistance index (ERI) and hemoglobin at baseline and at 6 months in the CERA group and in the control
group were not statistically significant.

Conclusion: Monthly dosing treatment with CERA is safe and effective. A dose of 75-100 pg/month is enough to main-

tain stable levels of hemoglobin. Hippokratia 2014; 18 (4): 315-318.
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Introduction

Anemia is a frequent complication in chronic kidney
disease (CKD) that progresses as the glomerular filtration
rate (GFR) decreases, requiring treatment in many cases
from CKD stages 3 and 4'2.

There are several treatment options with erythropoi-
esis-stimulating agents (ESAs) that have helped to im-
prove the quality of life of these patients. Continuous
erythropoietin receptor activator (CERA) is a new ESA
that using a polyethylene glycol acid group that confers it
a lower affinity for the endogenous erythropoietin recep-
tor, grants the drug a longer half-life>>. This is particular-
ly beneficial in the outpatient CKD population, patients
on peritoneal dialysis or those with kidney transplants,
who usually receive ESAs subcutaneously.

The summary of product characteristics of CERA
recommends using the same monthly dose for patients
with CKD previously receiving doses <8000 IU/week of
epoetin B or <40 pg/week of darbepoetin a, which is an

excessively wide range for this population.

The objectives of the present study were to assess the
efficacy of subcutaneous monthly dosing of CERA in pa-
tients with stages 4 and 5 CKD not on dialysis, and to
determine the equivalent dose of CERA to epoetin 3 and
darbepoetin a.

Material and Methods
Selection of patients

In this retrospective study we selected 30 consecutive
patients and switched their regular ESA for CERA (meth-
oxy polyethylene glycol-epoetin beta, MIRCERA®,
Hoffman-La Roche Ltd, Basel, Switzerland) according
to the equivalent doses provided in Table 1, based on
previous unpublished data. We subsequently selected 30
additional patients who comprised the control group. All
patients included in the study signed an informed consent
form. Follow-up period was 6 months.

Inclusion criteria were prevalent patients who at-
tended, with advanced chronic kidney disease (ACKD),
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Table 1: Dose conversion to continuous erythropoietin
receptor activator (CERA).

Epoetin Darbepoetin a CERA (pg/month)
(IU/week) (ng/week)

3000 15 50

4000 20 75

6000 30 100

8000 40 150

CERA: continuous erythropoietin receptor activator, IU: interna-
tional units, pg: micrograms.

a monographic clinic (specialized in patients with stage
4 and 5 CKD not on dialysis with a GFR lower than 30
ml/min/1.73 m? body surface) and receiving from 3000 to
8000 IU/week of epoetin 3, or equivalent doses of darbe-
poetin a (15-40 pg/week), with stable hemoglobin (vari-
ation in hemoglobin level less than + 0.5 g/dL in the three
months prior to initiation of the study) and stable iron
deposits, demonstrated by a transferrin saturation index
greater than 20%. The exclusion criteria were: suspected
or confirmed active bleeding, active malignancy, hospi-
tal admission or severe inflammatory disease in the three
months prior to initiation of the study.

Variables analyzed

We identified age, sex, etiology of kidney disease,
presence of arterial hypertension defined as blood pres-
sure greater than 130/85 mmHg or treatment with antihy-
pertensive drugs regardless of the blood pressure value,
diabetes mellitus, weight, height, body mass index and
weekly doses of epoetin  or darbepoetin a.

Laboratory tests were performed every three months,
starting from the three months prior to initiation of the
study, these tests included hemoglobin (g/L), hematocrit

(%), ferritin (ug/L), Transferrin saturation index (TSI,
%), kidney function expressed by means of serum creati-
nine levels (mg/dL) and estimated glomerular filtration
rate (eGFR) calculated by means of the CKD-EPI for-
mula, serum albumin (g/dL) and proteinuria (g/24h).

Using the same time intervals, the erythropoietin
resistance index (ERI) (IU/kg/week/g/dL) or equivalent
dose of darbepoetin o using a dose conversion ratio of
1:200 was calculated. For the estimation of the ERI in
patients treated with CERA, the mean equivalent doses
of CERA and the rest of the ESAs were estimated ac-
cording to table 1 (1 pg/week: 225 TU/week) with respect
to epoetin f.

In every visit, patients were questioned about possible
adverse effects. Intravenous (IV) iron was administered
as ferric hydroxide sucrose (5 mL vial containing 20 mg/
mL of elemental iron) at varying intervals to maintain a
TSI > 20% and ferritin > 100 pg/L.

Statistical analysis

Normally distributed quantitative variables are ex-
pressed as mean and standard deviation (SD) and quali-
tative variables as percentages. Student’s t-test for in-
dependent samples was used to compare quantitative
variables and the chi-square test was used for qualitative
variables. P-values less than 0.05 were considered sig-
nificant. Data processing and analysis was performed us-
ing the Statistical Package for the Social Sciences (SPSS)
version 15.0 (SPSS Inc., Chicago, IL, USA).

Results
Baseline characteristics

The baseline characteristics of the overall population
and of each individual subgroup (CERA and control)

Table 2: Demographic and clinical baseline data of the study group consisting of patients receiving CERA and control

group receiving epoetin B and darbepoetin o.

Total CERA group Control group p*
(n=60) (n=30) (n=30)
Age (years) 679+ 13.8 66.7+13.2 69.1£145 0.38
Male (%) 533 38.8 64.5 0.07
Diabetes (%) 41.6 50 28 0.15
BMI (kg/m2) 29.0+6.1 309+ 6.3 27.1£ 5.4 0.02
eGFR (mL/min/1.73m2) 21.0+7.4 23.0+9.0 19.1+£5.1 0.08
Proteinuria (g/24h) 1.3+2.0 1.2+1.6 1.4+24 0.07
Hemoglobin (g/dL) 120+ 1.0 123+1.0 11.7+0.9 0.02
TSI (%) 27.0+8.9 27.2+8.0 26.8+9.8 0.32
Ferritin (mg/dL) 201 £ 189 232 +238 173 + 126 0.21
Hypertension (%) 87.9 87.5 88.0 0.34
Baseline ERI (IU/kg/week/g/dL) 4.8+2.6 53+22 41+33 0.09
Albumin (g/dL) 3.5+0.6 3.5+0.6 3.6+0.7 0.23

p*: p value between data from CERA and control groups, NS: non significant, CERA: continuous erythropoietin receptor activator, BMI: body
mass index, eGFR: glomerular filtration rate, TSI: transferrin saturation index, ERI: erythropoietin resistance index.
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are shown in Table 2. Percentage of patients receiving
epoetin f was 46.6% (28 patients received a mean dose
of 3678 + 1067 IU/week). Percentage of patients receiv-
ing darbepoetin o was 53.3% (32 patients), mean dose
of 31.0 + 12.9 pg/week. Both ESAs were administered
subcutaneously.

The most common etiology of chronic kidney disease
was diabetic nephropathy (32.8%), followed by unknown
etiology (19%) and chronic glomerulonephritis (15%),
showing no significant differences between both study
groups.

Clinical course of each group

The mean baseline dose of CERA was 81.9 + 35.2
pg/month and 82.0 + 37.8 png/month six months later (p =
0.37). In the control group mean baseline dose of epoetin
B was 3264 = 1685 IU/week and 3866 + 1683 IU/week
at 6 months (p = 0.12). Mean dose of darbepoetin o was
18.5 £ 8.7 pg/week at baseline and 19.4 + 8.9 pg/week at
6 months (p =0.11).

Table 3 shows the variations of the GFR estimated

of darbepoetin a. In view of these results, we propose
the use of a mean dose of 80-85 pg/month in patients
with advanced CKD (ACKD), which is approximately
30% lower than that established in the drug’s summary
of product characteristics. This would allow the 75 and
100 mcg dose formulations to be adjusted according to
the patient weight and hemoglobin level.

Most studies looking into the clinical use of CERA
have been designed to successfully demonstrate the effi-
cacy and safety of the drug in patients with ACKD, those
on peritoneal dialysis or hemodialysis and kidney trans-
plant recipients®!'. However, there are very few studies
on dose equivalence between CERA and other ESAs.
The only published study to date on dose equivalence in
ACKD shows results similar to ours'?.

It is common for patients with stage 4 and 5 of ACKD
to show fluctuations of their hemoglobin levels during
short periods of time; these are mainly caused by a pro-
gression in their kidney disease, but can also be a conse-
quence of other added factors such as inflammation, in-
fections, malnutrition, arteriosclerosis or hospital admis-

Table 3: Change in hemoglobin, kidney function and erythropoietin resistance index in both study groups during the

follow-up period.

-3 months 0 (baseline) 3 months 6 months p
CERA Hb (g/L) 12.0+0.9 123+ 1.1 11.6+1.3 11.8+1.4 0.13
n=27
( ) eGFR 235+72 23.0+9.0 23.5+7.2 20.8+9.9 0.17
(mL/min/1.73m?)
ERI 52+22 53+23 53+23 52+23 0.62
Control Hb (g/L) 11.6+1.0 11.7+0.9 11.7+1.0 11.7+1.4 0.55
(n=28)
eGFR 20.1 +£6.8 19.1+5.0 19.1+5.1 18.6 +5.8 0.27
(mL/min/1.73m?)
ERI 45+29 4.1+23 4.7+3.7 4.8+3.7 0.28

CERA: continuous erythropoietin receptor activator, Hb: Hemoglobin, eGFR: glomerular filtration rate estimated by CKD-EPI equation,

ERI erythropoietin resistance index.

by the CKD-EPI formula and the change in hemoglobin
levels in both groups during the follow-up period. He-
moglobin levels remained stable and there were no sig-
nificant changes in the eGFR in either of the two study
groups.

During the 6 months of follow up, three patients from
the CERA group and two patients from the control group
started dialysis treatment and dropped-out from the study.
No adverse effects related to ESAs were observed in ei-
ther of the two study groups.

Discussion

To our knowledge, this is the first study that estab-
lishes dose equivalences between monthly administration
of CERA and more frequent dosing of epoetin 3 or darbe-
poetin o in patients with ACKD.

The summary of product characteristics of CERA es-
tablishes a fixed dose of 120 pg/month for patients receiv-
ing either <8000 IU/week of epoetin B, or <40 pg/week

sions'*15, Such cases may require higher doses of ESAs.
Thus, we consider that the most appropriate parameter
to assess the anemia and its response to treatment is the
erythropoietin resistance index (ERI), as shown in sev-
eral studies'®'. In our study, the ERI calculated in both
groups remained stable throughout the follow-up period,
therefore confirming the validity of the equivalent doses
proposed in this study, as both the ERI and the hemo-
globin level are two effective parameters of assessment in
this respect. The ERI in patients treated with CERA was
calculated using a correction factor derived from our pre-
liminary experience (unpublished data), which is 1:225
with respect to epoetin 3. Although this dose equivalence
should be corroborated in other studies, we may assume
its validity as the possible bias is constant and the clini-
cal significance lies within its variations over time. In pa-
tients treated with CERA, there were no changes in the
ERI during the study period.

The two study groups were not totally homogene-
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ous as the levels of darbepoetin a were higher than the
equivalent levels of epoetin f in the CERA group. How-
ever, there were no significant differences between the
CERA group and the control group, therefore making it
possible to compare both study groups. We also found
that the overall doses of darbepoetin a were higher than
the doses of epoetin 3, which we put down to a treatment
bias resulting from the tendency to prescribe darbepoetin
o to patients with greater ESAs requirements, allowing
higher doses to be administered at longer intervals. In any
case, we consider that this does not invalidate the study
since in the group treated with CERA there were patients
treated with both types of ESAs.

CERA showed to be a safe drug as no drug-related
side effects were recorded during our follow-up period.
A very low proportion of mild adverse effects are doc-
umented in previous publications, such as headache or
vomiting'. Possible medium or long-term adverse effects
remain to be assessed.

Our study determines a more exact and stratified
ESAs dose conversion for patients with stage 4 and 5
of chronic kidney disease than that which appears in the
drug’s summary of product characteristics, and we con-
sider it may be useful in clinical practice when dealing
with this group of patients.

Nevertheless, we are aware that our study has some
limitations: first, the follow-up period was short and
probably with a longer follow-up results could have been
more accurate. Second, the small sample size. Third, the
computation of equivalent dose of ESAs used in their
study. Fourth, there is a lack of homogeneity among their
study groups. Fifth is the period of inclusion criteria was
aleatory chosen and longer or shorter periods could have
offered different results. Sixth, three months interval can
be a long time period especially to determine variations
in hematocrit and hemoglobin. For all that reasons, fur-
ther studies are needed to confirm these results.

In view of these results, we conclude that monthly
dosing treatment with C.E.R.A. is both safe and effective
in maintaining hemoglobin levels in patients with stage
4 and 5 CKD.

For most patients with ACKD, the proposed dose of
75 to 100 pg/month is sufficient to maintain stable he-
moglobin levels, which may represent a significant sav-
ing with respect to the dose indicated in the summary of
product characteristics.
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