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ABSTRACT 

Aim: This observational clinical study tested the effect of injection frequency of the biosimilar epoetin zeta on the 
weekly dose needed to maintain stable hemoglobin levels in chronic kidney diseases (CKD) patients on intermittent 
high-flux hemodialysis (HD). Patients and Methods: CKD patients (n = 33) on regular HD therapy 3 times a week 
were treated for 18 months with epoetin zeta i.v. The hemoglobin levels, the weekly dose as well as the injection fre-
quency of epoetin zeta were monitored at least every two weeks. Patients were followed in three time periods: 1) ex-
tended follow-up (months 1 - 18); 2) intervention phase (months 19 - 21); and 3) post intervention observation phase 
(months 28 - 30). During extended follow-up the majority of patients (n = 21) received only one injection of epoetin 
zeta per week. During the intervention phase, injection frequency was increased to 3 injections per week in all patients 
accompanied by a reduction in weekly doses of approximately 20% - 30%. Following a 9-month period of dose adjust-
ment all parameters were monitored again in the post-intervention phase. Results: During the first 18 months of epoetin 
zeta therapy the mean hemoglobin level was stable between 11 and 12 g/dl. The mean weekly dose of epoetin zeta was 
7939 IU/week in month 6 and 7909 IU/week in month 18 (p = not significant). The mean frequency (injections/week) 
was 1.27 in month 6 and 1.29 in month 18 (not significant). Compared to month 18, at the end of the observation at 
month 30, hemoglobin levels were stable, mean injection frequency increased to 2.25 (p < 0.001) and the mean weekly 
dose decreased to 5469 IU/week (−31.7%, p < 0.001). Conclusions: Increasing the injection frequency of the short act-
ing biosimilar epoetin zeta to two to three injections per week reduces the weekly dose and thereby the costs of ESA 
therapy of renal anemia significantly.  
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1. Introduction 

The biosimilar epoetin zeta has recently been introduced 
as a new drug to treat patients with chronic kidney dis-
eases (CKD) and renal anemia. First studies proved a 
high degree of similarity of epoetin zeta with epoetin alfa 
leading to approval of epoetin zeta to be biosimilar to 
epoetin alfa by the EMEA [1-4]. Epoetin zeta is a short- 
acting erythropoiesis-stimulating agent (ESA) and is 
recommended to be used with a frequency of 3 injections 
per week either intravenously or subcutaneously.  

In our first clinical observational study CKD patients 
on intermittent hemodialysis (n = 18) were switched 
from established ESAs (80% darbepoetin alfa) to epoetin 
zeta and followed for 6 months [5]. In monthly controls, 
mean hemoglobin levels were maintained stable at 11 - 
12 g/dl throughout the follow-up period, but the weekly 
dose (using the converting factor: 1 µg darbepoetin alfa = 
200 IU epoetin zeta) tended to increase by up to 25% (p 
= 0.16, non significant). A surprising result of this small 

study was that the injection frequency which was one per 
week or even one in two weeks with the long-acting dar-
bepoetin alfa could be kept in most of the patients after 
the switch to the short-acting epoetin zeta [5]. The price 
for keeping the injection frequency low was a slight in-
crease in the weekly dose which was non-significant in 
our study but may be higher and significant in the hands 
of other investigators [6,7].  

In the present study we tested the effect of injection 
frequency of intravenously administered epoetin zeta on 
the weekly dose of this biosimilar ESA.  

2. Patients and Methods 

2.1. Study Design 

Stable CKD patients (n = 33; 15 women, 18 men) on 
intermittent high-flux hemodialysis (three times a week 
for 4 - 5 hours each) were enrolled in the study after hav-
ing given informed consent. The mean age (range) at the 
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start of the study was 68.9 (38 - 83) years and the time on 
intermittent hemodialysis was 45.3 (1 - 156) months. The 
causes of end-stage renal diseases were chronic glome-
rulonephritis (n = 11), vascular nephropathy/nephro- 
sclerosis (n = 13), interstitial nephritis (n = 3), diabetic 
nephropathy (n = 4), polycystic kidney disease (n = 1) 
and unknown (n =1). After the switch from established 
ESAs (82% darbepoetin alpha) to epoetin zeta all pa-
tients were followed for three consecutive time periods: 1) 
extended follow-up period (months 1 - 18); 2) interven-
tion period (months 19 - 21); and 3) post-intervention 
observation period (months 28 - 30). Hemoglobin levels, 
the weekly dose and the injection frequency of the ESAs 
were documented at least twice a month during the run-in 
phase of 2 months and during the 18 months of follow-up. 
During follow-up, the majority of patients (n = 21, 64%) 
received only one injection of epoetin zeta per week, 
only two patients received 3 injections per week. During 
the intervention phase(months 19 - 21) the frequency of 
epoetin zeta injections was increased to 3 per week in all 
patients accompanied by a moderate reduction in weekly 
dose. For example, a patient receiving 1 × 8000 IU per 
week was switched to 3 × 2000 IU per week, an other 
from 1 × 4000 IU to 3 × 1000 IU per week, or a further 
patient from 2 × 8000 IU to 3 × 4000 IU per week. Fol-
lowing these three months of adaptation of both fre-
quency and dose, in case of stable hemoglobin >12 g/dl it 
was allowed to skip a dose and go back to 2 injections 
per week. Follow-up was extended to 30 months and three 
time periods were compared: months −2 to 0 (run-in), 
months 16 - 18 (low frequency) and months 28 - 30 (high 
frequency). Parameters measured are frequency of injec- 
tions of epoetin zeta, hemoglobin (g/dl) and weekly dose 
(IU/week as well as IU/kg body weight/week). 

2.2. Statistics 

To describe statistically significant changes, the two 
sided Student’s T-test was applied using paired observa-
tions. The level of significance was set at p < 0.05. 

3. Results 

The mean hemoglobin levels were kept very stable be-
tween 11 and 12 g/dl throughout the extended follow-up 
period of 18 months under the treatment with epoetin 
zeta (Figure 1).  

Also, the weekly dose of epoetin zeta needed to keep 
the hemoglobin leves stable did not change significantly 
during the follow-up period. The mean weekly doses 
(Figure 2) were at month 0: 7121 IU/week, at month 6: 
7939 IU/week and at month 18: 7909 IU/week (p = not 
significant). 

The frequency of ESA injections per week is depicted 
in Figure 3. During the run-in phase of the study when  

 

Figure 1. Hemoglobin levels during extended follow-up of 
epoetin zeta therapy for 18 months. “m” = month, Epoetin 
zeta was started in “m 0”, the bold symbols represent the 
mean values of n = 33 patients.  
 
82% of the patients were treated with the long acting 
darbepoetin alpha, the mean numbers of injections per 
week were between 0.89 and 1.08, indicating that the 
majority of patients received 1 injection per week or even 
only 1 injection in two weeks (see the bars at the level of 
0.5 injections/week in Figure 3). During 18 months of 
epoetin zeta therapy the mean injection frequency was 
never higher than 1.58 in month 13 when 4 out of 33 
patients received 3 injections per week. The majority of 
patients (n = 17) was treated with 0.5 to 1 injections per 
week.  

At the end of the extended follow-up period of one and 
a half years, the mean injection frequency was 1.29 in-
jections/week (Figure 4). 

Following the study protocol, during months 19 - 21 
all patients on epoetin zeta were switched to three injec-
tions per week accompanied by an average dose reduc-
tion of about 25% per week. This reduction was accom-
plished by e.g. switching from 1 × 8000 IE to 3 × 2000 
IE per week, or from 1 × 4000 IE to 3 × 1000 IE per 
week. Monitoring hemoglobin levels every 2 weeks 
made it easy to strictly keep the target level of 11 - 12 
g/dl and to adjust the weekly dose of epoetin zeta. The 
protocol allowed to reduce the injection frequency to 2 
injections per week when the hemoglobin level rose 
above 12 g/dl. After another 6 months of dose and fre-
quency adjustment, frequency was documented during 
months 28 - 30 (Figure 4). The mean frequency of epo-
etin zeta injections was 2.59 in month 28 and decreased 
to 2.25 in month 30, when n = 14 patients received 3 
injections per week, and n = 13 patients 2 injections per 
week. 

Comparing the mean hemoglobin levels in months 16 - 
18 (low injection frequency) to months 28 - 30 (high 
injection frequency) hemoglobin levels remained stable 
within the tide margins (data not shown). 

However, with the high injection frequency, the mean   
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Figure 2. The weekly dose of epoetin zeta during 18 months of extended follow-up. N = 33; the bold symbols represent the 
mean values in IU/week. “m” = month. The mean values of the weekly dose are given in numbers when epoetin zeta was 
started (m 0), after 6 months (m 6) and after 18 months (m 18).  
 

 

Figure 3. Frequency of ESA injections. Epoetin zeta was started in month zero (m 0). The mean injection frequency of n = 33 
patients per month is given in numbers. 
 

 

Figure 4. Frequency of epoetin zeta injections at the end of the extended follow-up period (m 18) and 10 months later (m 28 - 
m 30). In months 19 - 21 all patients (n = 33) switched to 3 injections per week with dose reduction as is explained in the text. 
The numbers represent the mean injection frequency.  
 
weekly dose of epoetin zeta needed to maintain stable 
hemoglobin levels dropped by 31.7% (p < 0.001) (Fig-
ure 5). 

The mean weekly dose during the end of the observa-
tion (months 28 to 30) was compared to that during the 
run-in phase (months −2 to 0) when 82% of the patients 

were treated with darbepoetin alpha. Figure 6 demon-
strates a 21% reduction in the weekly dose of ESA (p = 
0.03) when epoetin zeta with a mean injection frequency 
of 2.31/week was compared with established ESAs with 
a mean injection frequency of 0.89/week. 

No serious adverse events were observed during the  
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Figure 5. Weekly dose of epoetin zeta with increased injec-
tion frequency. With increased injection frequency (see Fig- 
ure 4) the mean weekly dose of n = 33 patients (bold sym-
bols) dropped from 7909 IU/week in month 18 by 31.7% to 
5469 IU/week in month 30 (p < 0.001). 
 

 

Figure 6. Weekly dose of ESAs before the start of epoetin 
zeta (82% darbepoetin alpha, mean frequency 0.89 injec-
tions per week) and after 30 months of epoetin zeta with 
increased injection frequency (mean 2.31 injections per 
week). The mean weekly dose of n = 33 patients (bold sym-
bols) dropped from 7121 IU/week in month 0 by 21.0% to 
5469 IU/week in month 30 (p = 0.03). 
 
observation period, in particular there were no clinical 
signs that were suspicious on pure red cell aplasia. 

4. Discussion 

The present observational clinical study provides new 
information about the treatment of CKD patients with 
biosimilar epoetin zeta in two aspects: 1) during an ex-
tended follow-up of 2 and a half years epoetin zeta 
proved to be safe, well tolerated, and without severe ad-
verse events. 2) Increasing the injection frequency of the 
short-acting epoetin zeta from 1 to 2 - 3 injections per 
week offers the opportunity to reduce the weekly dose 
significantly by approximately 31%. Thus, compared to 
established ESAs (82% darbepoetin alpha) the weekly 
dose of epoetin zeta was 21% lower (p = 0.03).  

These surprising results are in conflict with other stud-
ies comparing the dose efficiency of short-acting epoetin 
alpha with that of darbepoetin alpha claiming that the 
weekly dose of epoetin alpha is almost twice that of dar-
bepoetin alpha [6-9] using the same converting factor to 

transfer micrograms of darbepoetin alpha into I.U. of 
epoetin zeta (1 µg = 200 I.U.).  

Differences in the biological activity and plasma 
half-life of the various ESAs have to be taken into ac-
count when weekly doses and a frequency of injections 
are prescribed. In general, the short acting epoetin zeta is 
recommended to be injected 3 times a week. However, 
our data also suggest that individualized ESA therapy is 
possible. Under controlled clinical conditions with he-
moglobin measurements and iron supplementations on a 
regular basis the frequency of epoetin zeta injections can 
be reduced to two per week in the majority of ESRD pa-
tients and also to one per week in up to 25% of our pa-
tients on chronic intermittent hemodialysis therapy. Op-
timized ESA therapy should consider both the weekly 
dose and the frequency of injections. As a result of our 
clinical experience, patients on epoetin zeta should start 
ESA therapy with a weekly dose of approximately 100 
I.U./kg/week using three injections per week. When a 
stable hemoglobin level of 10 - 12 g/dl is established, 
first step of individualized adaptation should be: “keep 
the frequency, reduce the weekly dose”. The second step 
then could reduce the frequency of injections from three 
per week to two per week and, in a few individuals to 
one per week, subsequently.  

In conclusion, splitting the application of biosimilar 
epoetin zeta in three injections per week reduces the 
weekly dose and thereby the costs of ESA therapy of 
renal anemia significantly. 
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