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Abstract
Background: Anemia is one of the most prevalent complica-
tions in patients with chronic kidney disease, which is be-
lieved to be caused by the insufficient synthesis of erythro-
poietin by the kidney. This phase III study aimed to compare 
the efficacy and safety of CinnaPoietin® (epoetin beta, Cin-
naGen) with Eprex® (epoetin alfa, Janssen Cilag) in the treat-
ment of anemia in ESRD hemodialysis patients. Methods: In 
this randomized, active-controlled, double-blind, parallel, 
and non-inferiority trial, patients were randomized to re-
ceive either CinnaPoietin® or Eprex® for a 26-week period. 
The primary endpoints of this study were to assess the mean 
hemoglobin (Hb) change during the last 4 weeks of treat-

ment from baseline along with the evaluation of the mean 
weekly epoetin dosage per kilogram of body weight that 
was necessary to maintain the Hb level within 10–12 g/dL 
during the last 4 weeks of treatment. As the secondary objec-
tive, safety was assessed along with other efficacy endpoints. 
Results: A total of 156 patients were included in this clinical 
trial. There was no statistically significant difference be-
tween treatment groups regarding the mean Hb change (p = 
0.21). In addition, the mean weekly epoetin dosage per kg of 
body weight for maintaining the Hb level within 10–12 g/dL 
showed no statistically significant difference between treat-
ment arms (p = 0.63). Moreover, both products had compa-
rable safety profiles. However, the incidence of Hb levels 
above 13 g/dL was significantly lower in the CinnaPoietin® 
group. Conclusion: CinnaPoietin® was proved to be non-in-
ferior to Eprex® in the treatment of anemia in ESRD hemodi-
alysis patients. The trial was registered in Clinicaltrials.gov 
(NCT03408639). © 2018 The Author(s) 

Published by S. Karger AG, Basel

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.



Azmandian et al.Am J Nephrol 2018;48:251–259252
DOI: 10.1159/000493097

Introduction

Anemia is one of the major and prevalent complica-
tions of chronic kidney disease (CKD) [1]. The main rea-
son for anemia in patients with CKD is the insufficient 
synthesis of erythropoietin due to kidney failure.  Since 
the 1980s, erythropoiesis-stimulating agents (ESAs) have 
been used to treat CKD-associated anemia. Most of the 
end-stage renal disease (ESRD) patients need recombi-
nant human erythropoietin or blood transfusions to 
achieve target hemoglobin (Hb) level [2–4]. 

Among several types of ESAs, epoetin alfa and beta, 
2 short-acting ESAs, have shown the same efficacy in 
treating CKD-induced anemia. Some studies suggest 
that subcutaneous (SC) injection of epoetin beta is less 
painful than epoetin alfa [5, 6]. Other studies have dem-
onstrated that elimination half-life of epoetin beta is 
longer than epoetin alfa, which is probably due to dif-
ferent glycosylation. As a result, lower doses may be 
needed to maintain hemoglobin and hematocrit in the 
target level [7–9]. However, the Kidney Disease Im-
proving Global Outcomes (KDIGO) guideline along 
with other evidence suggest that epoetin alfa and beta 
have the same efficacy and require the same dose to be 
administered to patients with CKD-induced anemia 
[10, 11]. 

CKD is one of the most prevalent diseases in Iran. Ac-
cording to a study in 2009, the overall prevalence of the 
disease was 18.9% (among 10,063 participants aged over 
20) in Tehran, Iran [12]. ESRD defines as under stage 5 
of the National Kidney Foundation Kidney Disease Out-
comes Quality Initiative classification of CKD. It refers 
to individuals with an estimated glomerular filtration 
rate less than 15 mL per minute per 1.73 m2 body surface 
area, or patients requiring dialysis without considering 
glomerular filtration rate. The prevalence of ESRD stag-
es 5 has reported 0.1% in Iran [13, 14]. In addition, the 
financial burden of CKD-related complications is esti-
mated to be very high [15]. With respect to epoetin beta 
benefits and prevalence of CKD in Iran, CinnaGen has 
recently produced a biosimilar to the reference epoetin 
beta product (NeoRecormon®, Roche). Due to lack of 
rigorous evidence on how efficient epoetin alfa and beta 
are when compared to each other, we conducted a phase 
III, double-blind, randomized study to compare the ef-
ficacy and safety of epoetin beta biosimilar (CinnaPoi-
etin®) with the efficacy and safety of epoetin alfa 
(Eprex®) in the treatment of anemia in ESRD patients 
on hemodialysis. 

Methods

Study Design
This phase III, randomized, multicenter, prospective, 2-armed, 

parallel, double-blind (patient- and assessor-blinded), active-con-
trolled, and non-inferiority clinical trial was performed in 8 cen-
ters in 3 cities (Tehran, Kerman, Shiraz) of Iran. The study proce-
dures were in accordance with the Good Clinical Practice (GCP) 
guidelines and ethical principles of the Declaration of Helsinki. 
The study was approved by the Ethics Committees of Tehran Uni-
versity of Medical Sciences (IR.TUMS.REC.1394.969) and Shiraz 
University of Medical Sciences (IR.SUMS.MED.REC.1394.s50). 
Written informed consent was obtained from all participants be-
fore the study was initiated. The trial has been registered in Clini-
caltrials.gov (NCT03408639).

Patients were randomized with 1: 1 ratio to receive either Cin-
naPoietin® or Eprex®. Patients who had received epoetin previ-
ously continued to receive the same dose. Both IV and SC injec-
tions were allowed for the patients. The dose was then adjusted 
based on the patient’s response to maintain the Hb level in the 
target range (10–12 g/dL). Administration dose for patients who 
were treated with erythropoietin was similar to the previously ad-
ministered dose (IV or SC without any change). After then, dose 
adjustment was done based on patients’ response. Dose adjust-
ment for patients was performed in the following manner:

Doses should not be increased more frequently than once a 
month. If the hemoglobin level is increasing and reaches 13 g/dL, 
the dose should be reduced by approximately 25–50% (50–75% of 
the previous dose). If the hemoglobin continues to increase, the 
dose should be temporarily withheld until the hemoglobin begins 
to decrease; at this point, therapy should be re-initiated at a dose 
approximately 25–50% below the previous dose. If the hemoglobin 
increases by more than 1 g/dL in any 2-week period, the dose 
should be decreased by approximately 25–50%. In addition, pa-
tients received Nephrovit® (multivitamin for CKD patients) daily 
along with monthly injections of vitamin B12 (100 μg) over a pe-
riod of 26 weeks. Patients were evaluated every 2 weeks for the first 
2 months and then at weeks 12, 20, 22, 24, and 26. The first 2 weeks 
of the trial were considered the washout period, and related data 
were not included in the statistical analysis.

Patients’ background information, medical history, and prior 
medications were recorded at baseline. Also, medication regimens 
were recorded in the entire study. Laboratory examinations were 
performed throughout the trial. Moreover, the incidence of ad-
verse events at each visit was recorded based on patients’ reports 
and laboratory findings.

All injections were administered by experienced nurses at each 
center. All participants were blinded to the allocated treatments. 
Both CinnaPoietin® and Eprex® prefilled syringes were relabeled 
and coded by an independent party to become indiscernible from 
each other. 

Participants
ESRD patients who were on hemodialysis for ≥3 months who 

met the following criteria were included in this clinical trial: age 
between 18 to 70 years; Hb level between 8 and 11.5 g/dL, being on 
adequate hemodialysis, having adequate iron stores, which is de-
fined as serum ferritin ≥200 ng/mL and transferrin saturation 
≥20%; complying with medication use, visits, and procedures as 
judged by the investigator; using an acceptable birth control meth-
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od for females of childbearing potential; and providing written in-
formed consent.

Patients with any of the following criteria were excluded 
from the study: uncontrolled hypertension (pre-dialysis diastolic 
blood pressure ≥100 mm Hg or systolic blood pressure ≥180 mm 
Hg); anemia secondary to other causes apart from CKD; decom-
pensated liver failure; uncontrolled hyperparathyroidism (iPTH 
> 800 pg/mL); class III and IV of heart failure according to New 
York Heart Association classification, unstable angina pectoris, 
active cardiac disease, stroke and/or cardiac infarction within the 
last 6 months; history or active blood coagulation disorders, in-
cluding deep vein thrombosis, pulmonary thromboembolism, 
and native access thrombosis during the last 6 months; platelet 
count > 500,000/µL; platelet count < 100,000/µL; white blood cell 
count < 3,000/µL; white blood cell count > 15,000/µL; recent bleed-
ing (within 3 months before screening), suspected or confirmed 
occult bleeding; clinical evidence of concurrent systemic infection 
or inflammatory disease (e.g., diabetic foot, bed sore, vascular ac-
cess infection, and CRP > 30 mg/L); currently receiving medica-
tion for treatment of epilepsy, major surgery within 3 months pri-
or to randomization and during the clinical trial (except vascular 
access surgery); concomitant immunosuppressive therapy; his-
tory of malignancy within the last 5 years (except excised non-
melanoma skin cancer); pregnancy or breastfeeding; known his-
tory of severe drug-related allergies; known history of drug-relat-
ed allergy to erythropoietin or its ingredients or hypersensitivity 
to mammalian-derived products; receiving transplant within 
1 year prior to the start of the study; simultaneous participation in 
another clinical study or having received an investigational me-
dicinal product within 3 months before randomization in this 
study; having psychiatric, addictive (drugs or alcohol), or any oth-
er disorder comprising the ability to give an informed consent; 
any red blood cell transfusion during the last 3 months; primary 
hematological disorder; known resistance to recombinant human 
erythropoietin defined by requiring more than 450 IU/kg/week by 
IV or 300 IU/kg/week by SC routes, equivalent to approximate-
ly 20,000 IU/week by SC route in the absence of iron deficiency; 
suffering an event of active bleeding in 30 days before the study; 
and having morbid obesity, defined by a body mass index (BMI) 
> 37 kg/m2 in women and > 40 kg/m2 in men.

Efficacy and Safety Assessment
Assessing the mean Hb level change during the last 4 weeks of 

treatment from baseline and evaluation of the mean weekly epo-
etin dosage per kg of body weight during the last 4 weeks of treat-
ment (necessary to maintain the Hb level within 10–12 g/dL dur-
ing the last 4 weeks of the study) were the primary endpoints of 
this study. The secondary endpoints of this study were as follows: 
proportion of patients with any permanent or transient dose 
change during the main study phase (after wash-out period), pro-
portion of patients with any Hb measurement outside the target 
range, proportion of patients who needed blood transfusions, pro-
portion of patients who had successful treatment (Hb concentra-
tion ≥11.0 g/dL and without any blood transfusion within the pre-
ceding 3 months), proportion of patients with maintenance suc-
cess (maintenance of mean Hb concentration of 11.0 ± 1.0 g/dL for 
at least 4 consecutive weeks), the percentage of patients with Hb 
measurements > 10.0 g/dL and hematocrit measurements > 30% 
during the last 4 weeks, along with the evaluation of safety mea-
sures between treatment arms. Safety outcomes in this study in-

cluded the incidence of Hb levels above 13 g/dL, the proportion of 
patients with an increase in Hb concentration of > 1.0 g/dL for 4 
consecutive weeks, and evaluation of the incidence rate of adverse 
drug events. By considering the consumed dose in the last 4 weeks 
of the study, the annual cost of the medicines in both arms was 
predicted and evaluated as a cost-effectiveness parameter. Any ad-
verse events during the study were recorded by the investigators in 
the case report forms. Laboratory tests were performed by autho-
rized laboratories and all of the tests were standardized. The mean 
consumed dose of each epoetin product was analyzed throughout 
the study [16].

Statistical Analysis
The sample size of 144 patients was considered to provide 80% 

power with the assumption of a difference of –0.500 between the 
means for determining non-inferiority by a margin of –1.00. How-
ever, by considering drop out, a total of 156 patients were assigned 
to 2 treatments using the cluster randomization method. The pri-
mary efficacy endpoints were analyzed using the per-protocol (PP) 
analysis. Those patients who did not receive at least one dose of 
study medication for more than 5 weeks or those whose dose was 
not modified correctly were excluded from the PP analysis. Dose 
modification was defined as follows: If the Hb level during a par-
ticular visit exceeded 13 g/dL, the dose in subsequent visits must 
be reduced; otherwise, the patient would be excluded from the PP 
analysis. If the Hb level at the time of a particular visit was less than 
7 g/dL, blood transfusion must be performed; otherwise, the pa-
tient would be excluded from the PP analysis. 

The secondary efficacy endpoints were assessed using the in-
tention-to-treat approach. The safety analysis was conducted us-
ing safety population, meaning those who were randomized and 
received at least one dose of study medication. The efficacy of 
treatment was evaluated by employing the unpaired t test, Pear-
son’s chi-square test, and Fisher’s exact test. p values less than 0.05 
were considered statistically significant. Adverse events were re-
ported as the incidence rate. Moreover, the generalized estimating 
equations model was used to detect the changes in dose over time. 
In this study, all statistical computations were done using STATA 
software 14.0 (Stata Corporation, College Station, TX, USA).

Results

Patients’ Disposition
A total of 648 patients were screened across 8 centers 

in Iran and 156 patients were enrolled in the study. Sixty-
seven patients in CinnaPoietin® arm and 56 patients in 
Eprex® arm completed the 26-week study period. The 
study profile is shown in Figure 1.

The baseline (week 0) characteristics of patients are 
outlined in Table 1. The route of administration of pa-
tients receiving CinnaPoietin® and Eprex® groups dur-
ing the study is shown in online supplementary Table 
S1 (for all online suppl. material, see www.karger.com/
doi/10.1159/000493097). As shown, more patients re-
ceived epoetin in the SC route.
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Efficacy
The mean Hb change in patients was 0.4 ± 1.26 and 

0.74 ± 1.39 for CinnaPoietin® and Eprex® groups, re-
spectively, in the PP population (p = 0.21). The two-sided 
90% CI of the difference in the mean change of Hb be-
tween CinnaPoietin® and Eprex® (–0.79, 0.11) falls with-
in the prespecified non-inferiority margin.

Also, hemoglobin measurement trends of 2 groups 
during the entire study are shown in online supplemen-
tary Figure S1.

The mean weekly epoetin dosage per kg body weight 
of patients during the last 4 weeks of treatment necessary 
to maintain the Hb level within 10–12 g/dL in PP popula-
tion was 117.02 ± 54.5 IU/kg/week and 110.01 ± 49.27 IU/

kg/week for CinnaPoietin® and Eprex® groups respec-
tively (p = 0.63).

A table summarizing data on hemoglobin, hemato-
crit,  and iron status in the period of primary outcome 
analysis (last month) is presented as online Supplemen-
tary Table S2.

Thirteen patients in the CinnaPoietin® arm received 
400 mg IV iron infusions as the median average monthly 
dose during the trial and 40 patients in the Eprex® arm 
received 300 mg IV iron infusions as the median average 
monthly dose during the study.

The proportion of patients with any permanent or 
transient dose change was 90.28% in the CinnaPoietin® 
group and 95.45% in the Eprex® group (p = 0.33). There 

Completed (n = 56)

Withdrawn (n = 22)
 • Death (n = 5)
 • Condition requires a change in treatment (n = 6)
 • Withdrawal of consent by the patient (n = 7)
 • Lost of follow-up (n = 4)

Analyzed PP:
• Analyzed (n = 38)
• Excluded from analysis
 - Dose modification was not implemented
 - The drug was not received for more than 5 weeks
 - Missing values

Analyzed PP:
• Analyzed (n = 61)
• Excluded from analysis
 - Dose modification was not implemented
 - The drug was not received for more than 5 weeks
 - Missing values

Not eligible (n = 492)
• Age out of predetermined range: (n = 148)
• Hemoglobin out of predetermined range (n = 172)
• Hemodialysis less than 3 months (n = 40)
• Lack of consent (n = 49)
• Recent bleeding within 3 months before
 screening (n = 15)
• Sign or symptoms of inflammation or infection
 (n = 19)
• Kidney transplant within 1 year prior to the start
 of the study (n = 5)
• Resistance to epoetin (n = 5)
• Blood transfusion during the last 3 months (n = 34)
• BMI out of predetermined range (n = 5)  

Completed (n = 67)

Withdrawn (n = 11)
 • Death (n = 5)
 • Condition requires a change in treatment (n = 3)
 • Withdrawal of consent by the patient (n = 2)
 • Lost of follow-up (n = 1)

Eprex®CinnaPoietin®

Allocated to intervention
(n = 78)

Allocated to intervention
(n = 78)

n = 648
Patients screened

n = 156
Patients randomized

Analysis

Follow-up

Allocation

Enrollment

Fig. 1. Trial profile, PP per-protocol.
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was a statistically significant difference between treat-
ment groups in the proportion of patients with any Hb 
measurement outside the target range (p = 0.03). How-
ever, this difference was in favor of CinnaPoietin® (Fig. 2). 
There was no statistically significant difference between 
treatment groups in the percentage of hematocrit mea-
surements > 30% in the last 4 weeks (p = 0.27) and the 
proportion of patients with Hb ≥11 g/dL without blood 
transfusion within the preceding 3 months (p = 0.79; 
Fig. 2). Three patients in each group experienced at least 
one blood transfusion (p  = 1.00).

There was a statistically significant difference between 
treatment groups regarding the proportion of patients who 
reached maintenance success (maintenance of mean Hb 
concentration of 11.0 ± 1.0 g/dL) for at least 4 consecutive 
weeks (p= 0.002). However, this difference was in favor of 
CinnaPoietin® (online suppl. Fig. S2). There was no statis-
tically significant difference between treatment groups re-
garding the mean Hb level above 10 g/dL during the last 
4 weeks of treatment (p = 0.48; online suppl. Fig. S2).

The final evaluation of the mean weekly epoetin dose 
during the study demonstrated that it was higher in the 
Eprex® group (mean 20.87 IU/kg/week more than Cin-
naPoietin®, with 95% CI (–4.07 to 45.81)), but this differ-
ence was not statistically significant (p = 0.1; online suppl.  
Fig. S3).

Safety
The proportion of patients who experienced at least 

one Hb measurement above 13 g/dL during the study was 
44.29% and 71.19% in CinnaPoietin® and Eprex® groups 
respectively (p = 0.002). While 61.11% of patients in the 
CinnaPoietin® and 63.08% of patients in the Eprex® 
group witnessed at least one case of increase in Hb con-
centration > 1.0 g/dL for consecutive 4 weeks, there was 
no statistically significant difference between treatment 
arms in this regard (p = 0.81). Among all patients, 41 
(26.28%) patients experienced at least one adverse event 
(AE) during the study. There was no significant differ-
ence between treatment groups regarding the incidence 
of AE (p = 0.36). The summary of AEs based on system 
organ class is presented in Table 2. 

The annual cost of anemia treatment in an ESRD 
patient with CinnaPoietin® is approximately 540 US 
dollars, whereas with Eprex® it is around 1,330 USD.

Discussion

This clinical trial was conducted to compare the effi-
cacy and safety of CinnaPoietin® (epoetin beta) and 
Eprex® (epoetin alfa) in their role as short-acting ESAs. 
The findings suggested that CinnaPoietin® is non-inferi-

Table 1. Summary of the baseline (week 0) characteristics of the patients enrolled

Variable CinnaPoietin® (n = 78) Eprex® (n = 78)

Age, years 55.02±11.38 50.01±12.72
Male, n (%) 45 (57.69) 45 (57.69)
BMI, kg/m2 25.5±5.99 25.09±4.66
Hgb, g/dL 10.41±0.89 10.64±0.82
Hct, % 32.37±3.91 33.12±3.24
Ferritin, ng/mL 674.42±410.88 626.15±320.47
TSAT, % 37.38±23.95 38.15±20.43
CRP 10.03±15.09 9.88±11.26
History of high blood pressure, n (%) 34 (43.59) 14 (17.95)
History of diabetes type 1, n (%) 7 (8.97) 1 (1.28)
History of diabetes type 2, n (%) 16 (20.51) 4 (5.13)
History of Glomerulopathy, n (%) 5 (6.41) 2 (2.56)
Medication, n (%)

Calcium channel blockers 10 (18.18) 2 (5.71)
Statins 6 (10.91) 3 (8.57)
ACE/ARBs* 16 (29.09) 0 (0.00)
Beta blocker 20 (36.36) 1 (2.86)
Iron sucrose IV 3 (5.45) 29 (82.86)

* Angiotensin converting enzyme inhibitors/angiotensin II receptor blockers. 
Values are presented as mean ± SD unless stated otherwise.
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or to Eprex® in terms of efficacy. In addition, both prod-
ucts had comparable safety profiles. 

The mean change in Hb level during the last 4 weeks was 
comparable in CinnaPoietin® and Eprex® arms. The mean 
change in Hb level matched those seen in the B. Gertz et al. 

[17] study that compared 2 different types of short-acting 
ESAs (theta and beta) in the treatment of anemia in CKD 
patients. Another study that compared 2 different types of 
short-acting ESAs showed that with an equivalence range 
of ±1 g/dL, epoetin zeta and alfa have similar efficacy levels 
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[16]. This is in accordance with the KDIGO guideline that 
stated that short-acting alfa and beta ESAs are similar to 
each other in terms of their efficacy levels [10].

The mean weekly epoetin dosage per kg body weight 
of patients during the last 4 weeks of treatment necessary 
to maintain the Hb level within 10–12 g/dL was similar 
between 2 groups. According to the KDIGO guideline, 
epoetin alfa or epoetin beta usually starts at the same dose 
and these 2 types of ESAs have equal efficacy [9]. Few 
studies compared the dose of epoetin alfa with epoetin 
beta in patients with CKD. Ostrvica et al. [11] evaluated 
the efficacy of epoetin alfa and beta for correction of ane-
mia in ESRD patients during 6 months in a prospective 
study. It was concluded that these 2 ESAs have compa-
rable efficacy in the treatment of renal anemia in hemo-
dialysis patients. Also, patients needed approximately 
equal doses of epoetin alfa and beta to achieve and main-
tain the target level of Hb and hematocrit at the end of the 
study. Nevertheless, this study had a small sample size. In 
the present study, we included more patients and we con-
cluded that epoetin alfa and beta have comparable effi-
cacy in the treatment of anemia in hemodialysis patients. 

In another study, Loughnan et al. [8] compared the ef-
ficacy and safety of epoetin beta and epoetin alfa in the 
maintenance phase of hemodialysis patients. Their re-
sults indicated that higher doses of epoetin alfa are re-

quired to maintain Hb in the target level. As previously 
mentioned, the mean dose of epoetin during the whole 
study was higher in the Eprex® group, although this dif-
ference was not significant. 

Krivoshiev et al. [18] compared some parameters re-
lated to the efficacy of 2 types of ESAs (epoetin zeta and 
alfa) in renal anemia. Results of this trial indicated that 
different types of short-acting ESAs have similar efficacy 
in ensuring maintenance success and proportion of pa-
tients outside the target range. In the current trial, the 
proportion of patients with any Hb measurement outside 
the target range in Eprex® was higher than CinnaPoi-
etin®. The difference was statistically significant (p  = 
0.03) and it was in favor of CinnaPoietin®. Since most of 
the patients were in the correction phase, the percentage 
of patients with Hb outside the target range was high in 
both groups, but this percentage was significantly lower 
in CinnaPoietin® group. Also, a higher proportion of pa-
tients with maintenance success in the CinnaPoietin® 
group suggests that CinnaPoietin® is more successful 
than Eprex® in keeping patients in the target range of Hb 
level (10–12 g/dL). 

As indicated in the results, the incidence of Hb levels 
above 13 g/dL in the Eprex® group was significantly high-
er than that in the CinnaPoietin® group. Accordingly, we 
could conclude that CinnaPoietin® was better than 

Table 2. Comparison of adverse events between the 2 groups by organ class

Organ class CinnaPoietin®

(n = 78), n (%) 
Eprex®

(n  = 78), n (%) 

Blood and lymphatic system disorders 0 (0) 1 (1.28)
Cardiac disorders 3 (3.85) 6 (7.69)
Electrolyte and fluid balance conditions 1 (1.28) 0 (0)
Eye disorders 1 (1.28) 0 (0)
General disorders and administration site conditions 7 (8.97) 1 (1.28)
Hepatobiliary disorders 1 (1.28) 0 (0)
Infections and infestations 2 (2.56) 0 (0)
Injury, poisoning and procedural complications 0 (0) 2 (2.56)
Metabolism and nutrition disorders 0 (0) 1 (1.28)
Musculoskeletal and connective tissue disorders 2 (2.56) 2 (2.56)
Nervous system disorders 1 (1.28) 1 (1.28)
Psychiatric disorders 1 (1.28) 0 (0)
Reproductive system and breast disorders 0 (0) 1 (1.28)
Respiratory, thoracic and mediastinal disorders 3 (3.85) 0 (0)
Skin and subcutaneous tissue disorders 0 (0) 3 (3.85)
Surgical and medical procedures 1 (1.28) 1 (1.28)
Vascular disorders 2 (2.56) 0 (0)
Patients with at least 1 AE, total* 23 (29.49) 18 (21.79)

* Statistically not significant (p  = 0.36).
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Eprex® in maintaining the Hb level of patients in the tar-
get level (10–12 g/dL), but in the proportion of patients 
with an increase in Hb concentration of > 1.0 g/dL for 4 
consecutive weeks, there was no statistically significant 
difference between treatment groups.

Regarding the incidence of adverse events, we did not 
notice any significant difference between groups and the 
most common related adverse events during the study 
were general disorders and administration site condi-
tions; therefore, it seems CinnaPoietin® and Eprex® have 
comparable safety profile.

In respect to cost comparison, it is estimated that the 
annual cost for each patient receiving Eprex® is approxi-
mately 2.5 times more than that for each patient receiving 
CinnaPoietin® in Iran. This is an indication that by bio-
similar production, the total cost for the health-care sys-
tem can decrease dramatically, which is in line with the 
FDA biosimilar action plan, which states that producing 
biosimilars potentially lower costs for patients and payors 
and increase access to these novel products [19].

In the present study, we found similar efficacy and 
safety patterns between CinnaPoietin® and Eprex®. 
However, further studies with a larger sample size could 
corroborate our findings. Moreover, comparing local 
pain after the subcutaneous injection of epoetin alfa and 
beta can be investigated in another study. We evaluated 
the dose trend of CinnaPoietin® and Eprex® during the 
study. However, this study was not powered to assess the 
dose difference to maintain Hb in the target range of 10–
12 g/dL in patients during the entire study and in patients 
at maintenance phase. This issue along with the clinical 
judgment of therapy choices and cost-effectiveness as-
sessment can be evaluated in further studies.

Conclusion

This study proved that CinnaPoietin® is non-inferior 
to Eprex® in terms of efficacy. The comparable safety 
profile of these products was also demonstrated in the 
treatment of anemia in ESRD hemodialysis patients. To 
the best of our knowledge, this is the first phase III, pro-
spective, double-blind, randomized, active-controlled 
clinical trial that compares the efficacy and safety of epo-
etin beta and alfa with this adequate sample size.
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