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Abstract 

Background: Erythropoietin stimulating agent (ESA) has been standard of care in treating renal anaemia for the 
past 20 years. Many patients have limited access to ESA in view of long-term costs leading to suboptimal ESA dosage. 
Biosimilar epoetin is a potential cost-effective alternative to originator for optimal renal anaemia management.

Objective: To determine efficacy and safety of PDA10 in treating renal anaemia in haemodialysis patients, in com-
parison to the originator epoetin-α, Eprex®.

Methods: A phase 3, multicentre, multi-national, double-blind, randomised, active-controlled and parallel group 
study conducted over 40 weeks in Malaysia and Korea. End stage kidney disease patients undergoing regular haemo-
dialysis who were on erythropoietin treatment were recruited. The study has 3 phases, which included a 12-week titra-
tion phase, followed by 28-week double-blind treatment phase and 24-week open-label extension phase.

Results: The PDA10 and Eprex® were shown to be therapeutically equivalent (p < 0.0001) with mean absolute 
change in haemoglobin from baseline of − 0.176 (± 0.91) g/dl and − 0.118 (± 1.114) g/dl, respectively. Weekly dose 
change was 10.01 IU/kg/week in PDA10 group and 10.30 IU/kg/week in Eprex® group, which has no significant differ-
ence. There were no significant differences in the safety profile between PDA10 and Eprex® groups.

Conclusion: This study has confirmed the therapeutic equivalence between PDA10 and Eprex® in terms of efficacy, 
dosage requirement and safety profile in haemodialysis patients with renal anaemia.

Trial registration: The study was registered with the National Medical Research Register (NMRR- 13- 400- 16313). This 
study has been registered retrospectively with Clinical Research Information Service (CRiS), Republic of Korea on 25 
March 2021.
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Background
Anaemia, that is, haemoglobin (Hb) concentration of 
< 12 g/dl in men and < 11 g/dl in women [1], is a com-
mon complication in chronic kidney disease (CKD). As 
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the renal function declines to estimated glomerular filtra-
tion rate (eGFR) of < 60 mL/min/1.73  m2, the prevalence 
of anaemia and its severity increases [1, 2]. Though the 
main pathophysiology of anaemia in CKD is erythro-
poietin deficiency, it is often multifactorial [1–3]. These 
include iron and other micronutritional deficiencies, 
uraemic toxicity, hyperparathyroidism and inflammatory 
mechanisms associated with CKD.

Risk factors for anaemia in CKD are gender, age, stage 
of CKD, serum albumin levels and calcium and phos-
phorus concentrations [2, 4]. Diabetes not only increases 
the risk of anaemia but also its severity in all CKD stages 
compared to those without diabetes [1, 4, 5]. Renal 
replacement therapy with haemodialysis (HD) in end 
stage kidney disease (ESKD) further increases the risk 
of anaemia. Reasons include dialyzer blood loss, clotted 
dialysis membranes, frequent blood sampling and surgi-
cal interventions of vascular access. The consequences 
of anaemia in ESKD patients are compromised quality of 
life and, increased incidence of heart failure, blood trans-
fusion requirement and mortality risk [1].

Some indications for epoetin-containing medicinal 
products are anaemia in CKD, chemotherapy-induced 
anaemia and increasing production of autologous blood. 
Recombinant human erythropoietin (rhEPO) is proven 
beneficial in treating renal anaemia [6–9] and clinical tri-
als [10–12] have indicated an acceptable degree of safety.

Since the introduction of Epogen, an epoetin alfa, 
erythropoietin stimulating agents (ESAs) are the stand-
ard of care (SOC) for renal anaemia for over 20 years [13]. 
As the recommended target Hb level is 10–11.5 g/dl, up 
to 80–90% of dialysis patients require ESAs. The use of 
ESA however, varies depending on a country’s health-
care financial structure (33.7% in Korea, 91% in Malaysia 
and up to 13.1% in the United States of America) [2, 14, 
15]. Though correction of Hb levels is the SOC in renal 
anaemia, current understanding of its risks and benefits 
shows that under and over-treatment can have equally 
poor outcomes [16–18].

All currently available ESAs work through the same 
signalling pathway leading to gene activation promoting 
survival, differentiation, proliferation and maturation of 
red blood cells progenitors and precursors. As cost effec-
tiveness is an important consideration in choice of ESAs, 
a model agent should at a reduced dose frequency, cor-
rect Hb levels evenly and maintain it within target range.

Biosimilars for ESA have more than 10 years of evi-
dence since its approval and are almost exclusively bio-
similars to epoetin-α. PDA10 is a biosimilar epoetin-α, 
indicated for the treatment of renal anaemia. Its active 
substance is a rhEPO of identical primary structure pro-
duced in Chinese Hamster Ovary cells (CHO-DG44). 
Phase 2 clinical study was waived from regulatory 

authorities, because of PDA10 has been proven its bio-
similarity based on results of Phase 1, non-clinical studies 
and analytical similarity studies [19].

This study aims to determine the safety and efficacy of 
PDA10 in renal anaemia in HD patients, compared to the 
originator epoetin-α, Eprex®.

Methods
This is a phase 3, multicentre, multi-national, double-
blind, randomised, active-controlled and parallel group 
study to determine the bioequivalence of PDA10 com-
pared to Eprex® in ESKD patients with anaemia. The 
study was conducted over 40 weeks in 29 sites across 
Malaysia and Korea, from October 2013 till April 2017. 
The study has obtained approval from National Medical 
Research Register Medical Research and Ethics Commit-
tee (NMRR-13-400-16,313) prior to study initiation. All 
methods were carried out in accordance with relevant 
guidelines and regulations. This study has been registered 
retrospectively with Clinical Research Information Ser-
vice (CRiS), Republic of Korea on 25 March 2021.

Study population
Anaemic ESKD patients on chronic HD between 18 
to below 75 years were screened as prospective sub-
jects. Written informed consent in line with Korean and 
Malaysian Good Clinical Practice was obtained prior to 
any study procedures.

Taking into account a 20% drop-out rate, a sample size 
of 316 subjects was planned to achieve sufficient power 
determining bioequivalence. Inclusion criteria were 
ESKD undergoing chronic HD for at least 3 months, 
through a functioning native arterio-venous fistula, at or 
within 5% of their dry weight during baseline period and 
on ESA treatment prior to screening. For female patients, 
those of childbearing age with negative pregnancy tests 
and on contraception or, post-menopausal were included. 
Patients needed to fulfil certain stability criteria in dos-
age of ESA; Hb, serum ferritin and transferrin saturation 
(TSAT) levels and frequency of HD per week prior to 
randomisation.

Other than the general mandatory exclusion criteria, 
patients with hyperkalaemia, epilepsy, malnutrition, cur-
rent diagnosis of anaemia due to other causes and his-
tory of pure red cell aplasia were excluded. Patients with 
dialysis catheters or synthetic grafts were also excluded 
because of higher infection risk among this group of 
patients. Those with uncontrolled hypertension (pre-
dialysis diastolic blood pressure of > 110 mmHg), severe 
hyperparathyroidism (i.e. parathyroid hormone lev-
els > 150 pmol/l) or those who needed blood transfu-
sions, within 12 weeks prior to randomisation were also 
excluded.
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Study design
The study was divided into three phases (Fig.  1). The 
titration phase assessed the patients’ disease stability 
and established their baseline characteristics. In certain 
cases, this was prolonged up to 20 weeks. This included 
an observation (baseline) period during the last 4 weeks.

Patients already on Eprex® with a Hb level of < 10 g/
dl during the screening period or those treated with 
other ESA for at least 12 weeks prior, had to participate 
in the titration phase. Those on Eprex® treatment for 
≥12 weeks with a Hb level of 10–12 g/dl prior to titra-
tion phase and adequate HD thrice weekly with a docu-
mented urea reduction ratio > 65% or delivered Kt/V ≥ 1.2 
required participation only in the 4-week baseline period. 
To be eligible for randomisation and entry into the fol-
lowing phase, all patients had to be on a stable intrave-
nous (IV) Eprex® dose, had a stable Hb level between 
10 and 12 g/dl and serum ferritin and/or TSAT levels of 
≥100 ng/ml and ≥ 20% respectively, during the baseline 
period. A stable IV Eprex® dose was defined as not > 25% 
change in weekly dose and no clinically relevant change 
of HD regime during the baseline period. Titration of IV 
Eprex® dose (up- or down-titration of 25% of starting 
dose or, withholding of dose) was done 4-weekly based 
on the latest 2-weekly Hb levels. More frequent changes 
were made only when the value or rate of Hb change 
was outside the pre-set safety parameters of Hb < 10 g/
dl or ≥ 12 g/dl or, increase of Hb by < 0.3 g/dl or > 1.0 g/
dl every 2 weeks. All patients were also treated with iron 
therapy based on individual iron levels during this phase. 
A guideline for intravenous iron therapy is detailed in 
study protocol (Additional file 1).

The titration phase was followed by a 28-week dou-
ble-blind treatment phase (maintenance phase) which 

included an evaluation period at the last 4 weeks. Eli-
gible patients were randomised to receive one of the 
two study regimens (PDA10 or Eprex®) in a 1:1 ratio 
IV. During this phase, efficacy and safety were evalu-
ated with Hb, haematocrit and IV Eprex® dose moni-
tored 2-weekly and dose adjustments made, if required, 
every 4-weekly based on a pre-set scheme similar to the 
titration phase. A guideline for erythropoietin stimulat-
ing agent injections is detailed in study protocol (Addi-
tional file 1).

Subjects who completed the study at week 28 were 
offered a continuation of PDA10 treatment by enter-
ing a 24-week open-label extension phase for long-term 
safety and tolerability evaluation which is beyond the 
scope of this article.

Treatments
PDA10 or Eprex® was supplied in pre-filled syringes 
(PFS) that had the same external appearance and 
functionality. During the titration phase all patients 
were administered Eprex® for the first 12 weeks. 
Those who met all randomisation criteria were ran-
domised and treated with either the investigational 
product (PDA10 2000 IU/0.5 ml) or reference prod-
uct (Eprex® 2000 IU/0.5 ml) for 28 weeks in a double-
blind fashion.

Both treatments were administered as an IV bolus 
1–3 times a week. The maximum dosage in the titration 
and maintenance phases could not exceed 300 IU/kg/
dose. Only the investigational and reference treatments 
were allowed except during treatment of adverse events 
(AEs) and administration of other medications at the 
discretion of the principal investigators.

Fig. 1 Study schedule. The study schedule was divided into three phases – Titration (12 weeks) which, included a 4-week baseline period at the 
end, Maintenance (28 weeks) which, included a 4-week evaluation period at the end and an open-label extension phase (24 weeks). Subjects were 
randomised at the end of the Titration phase
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Statistical analysis

Sample size calculation There are two co-primary end-
points in this study; the mean change in hemoglobin level 
and the mean change in weekly dose per kg body weight 
from baseline period to the evaluation period. A sam-
ple size of 126 per group was calculated to achieve 90% 
power to detect a difference in the mean change in hemo-
globin level. In the case of weekly dose, it was calculated 
that a sample size of 97 per group is necessary to provide 
90% power. The larger sample size of change in hemo-
globin level (n = 126) was chosen for the trial, which is 
expected to give an overall 80% power for the proof of 
equivalence for primary endpoints. The total number of 
patients to be enrolled was estimated to be 316, including 
an assumed drop-out rate of 20%.

Efficacy endpoints The primary endpoints were mean 
changes in Hb level and weekly dosage/kilogram (kg) 
body weight between baseline and evaluation periods. 
The Hb, haematocrit and treatment dosage for baseline 
period were collected at weeks-0, 2 and 4 and, at weeks-
24, 26 and 28 during the evaluation period.

The secondary endpoints were mean change in haema-
tocrit levels between baseline and evaluation periods, 
proportion of patients with Hb levels within and out of 
target range during evaluation and maintenance peri-
ods respectively, frequency of patients with changes in 
dosage, incidence of blood transfusions and safety end-
points (AEs, occurrence of anti-epoetin antibodies, 
vital signs, physical examination and clinical laboratory 
determinations).

Statistical methods All analyses were performed using 
the data analysis software SAS® Version 9.3 at alfa= 0.05 
level, two-sided, without any adjustment for multiple 
comparisons unless specified. The per protocol set (PPS) 
only included those completing the maintenance phase 
with no major protocol violations whilst the full analy-
sis set (FAS) comprised of all subjects treated with study 
medication for > 4 weeks with ≥1 post-baseline value 
of the primary endpoints. Efficacy analyses were con-
ducted in both sets with the PPS as the primary analysis 
set. The results of both sets were compared to draw final 
conclusion.

For primary endpoints, calculation of the upper and 
lower limits of 95% one-sided confidence intervals (CI) of 
the difference between both treatment groups were done. 
To demonstrate therapeutic equivalence, two one-sided 
tests (TOST) procedures were used where, d was the dif-
ference of the mean change in each endpoint  (dL: lower 

limit and  dU: upper limit of 95% one-sided CI). Both 
were compared with the pre-defined clinically accepted 
ranges for the corresponding parameters (± 0.5 g/dl for 
Hb and ± 45 IU/kg/week for EPO dosage, based on the 
respective reference means). The intervals were calcu-
lated by means of analysis of covariance model including 
treatment group as a factor and study centre and baseline 
values as covariates.

Secondary endpoints were summaries of categorical vari-
ables and included frequency and percentage of patients 
at each level of response. Treatment difference was ana-
lysed using two sample t-test or Wilcoxon rank-sum test 
for continuous and, Chi-square (χ2) test or Fisher’s exact 
test for categorical parameters.

Treatment emergent adverse events (TEAE) during the 
maintenance phase were based on number, percentage 
and the corresponding 95% CI of patients experiencing 
TEAEs in each treatment group. The significance for 
treatment difference was done using χ2-test or Fisher’s 
exact test. All other secondary endpoints used descrip-
tive statistics to represent changes from baseline at 
each visit.

Results
Study population
Of the total 565 patients screened between October 
2013 till June 2016, 298 were eligible for randomisation 
of which two patients, one from each group, were not 
treated (one at patient’s request in the PDA10 group and 
the other lost to follow-up in the Eprex® group). The 
PDA10 group had 150 subjects whilst the Eprex® group 
had 146 subjects who were eventually treated. Mainte-
nance phase was completed by 143 patients in the PDA10 
and 127 in the Eprex® groups. A total of 7 (2 due to AEs) 
and 19 (11 due to AEs) patients were withdrawn dur-
ing the maintenance phase from the PDA10 and Eprex® 
groups, respectively. Of the 296 patients randomised 
and started on the study medications, 290 (147 and 143 
from the PDA10 and Eprex® groups, respectively) were 
included in the FAS. Excluding those who had been with-
drawn and had major protocol deviations from the FAS, 
total 256 subjects (136 in PDA10 group, 120 in Eprex® 
group) were included in the PPS (Fig.  2). Total number 
analysed for safety was 296.

Demographic data and baseline characteristics of the 
PPS are presented by treatment group in Table 1.

The two treatment arms were similar in demograph-
ics and baseline characteristics. The mean age was 
52.64 years (standard deviation [SD] 12.71) and majority 
were males (62.89%). Up to 75.8% of study subjects were 
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from Malaysia and 24.2%, from Korea. Mean duration of 
renal anaemia was 61.23 months.

There were no statistically significant differences 
between treatment groups in the proportion of patients 
with a past medical history and those with concur-
rent diseases. The most common concurrent disease by 

preferred term (PT) was ESKD (100%) followed by renal 
anaemia (96.06%) and hypertension (91.80%). All patients 
in both groups had history of taking anti-anaemic prepa-
rations whilst 96.09% were also on vitamins. The inter-
group difference in the proportion of patients with 
concomitant medications was also not significant.

Fig. 2 The study flow of subjects from screening up to the per-protocol set

Table 1 Demographics and baseline characteristics of the per-protocol set

BMI body mass index, ESKD end stage kidney disease, Hb haemoglobin, IU international unit

PDA-10
(N = 136)

Eprex®

(N = 120)
P value

Mean age (range), years 54.09 (11.26) 51.01 (14.04) NS

Sex [n (%)]

 Male 85.00 (62.50) 76.00 (63.33) NS

 Female 51.00 (37.50) 44.00 (36.67)

Race/Ethnicity [n (%)]

 Korean 35.00 (25.74) 27.00 (22.50) NS

 Malaysian 101.00 (74.26) 93.00 (77.50)

 Mean weight (kg) 64.48 (14.02) 63.49 (12.66)

 Mean BMI (kg/m2) 24.86 (4.58) 24.34 (4.38)

 Mean duration of renal anaemia (range) (month) 64.46 (56.18) 57.58 (49.67) NS

 Mean duration of ESKD (range) (month) 66.01(59.84) 60.16 (52.34)

 Mean baseline Hb (range) (g/dl) 11.01 (0.58) 11.00(0.59)

 Mean baseline dosage of epoetin (range) (IU/week) 107.52 (69.18) 114.58 (73.86)

 Mean baseline ferritin (range) (ng/ml) 692.39 (686.85) 740.18 (602.42)

 Mean baseline transferrin saturation (range) (%) 34.49(20.61) 31.24 (13.49)
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Primary efficacy endpoints
The mean change in Hb level between the baseline 
and evaluation periods in the PPS is presented in 
Table 2. Both the PPS and FAS had no significant dif-
ference in baseline Hb levels. The results in the FAS 
showed a similar trend to those in the PPS i.e. the 
least square mean (± standard error) for the mean 
absolute change in Hb level during the evaluation 
period compared to the baseline period was − 0.283 
(± 0.084) g/dl and − 0.275 (± 0.085) g/dl in the 
PDA10 and Eprex® groups, respectively. Both sets had 
significant difference in mean Hb change between 
treatment groups showing therapeutic equivalence 
(two one sided test result, p < 0.0001).

The weekly dose/kg body weight during the base-
line and evaluation periods and the change in weekly 
dose during the evaluation period from the base-
line period in the PPS are presented in Table  3. In 
the FAS analysis, the least square mean (± standard 
error) for the mean absolute change in the weekly 
dose/kg body weight was 7.77 (± 4.21) IU/kg/week 
and − 7.31 (± 4.25) IU/kg/week in the PDA10 group 
and Eprex® groups, respectively. The results in 
the PPS and FAS showed therapeutic equivalence 
between the test and reference drugs (two one-sided 
test result, p < 0.0001).

Secondary efficacy endpoints
The haematocrit levels during the baseline and evaluation 
periods and their changes are presented in Fig.  3. The 
mean (± SD) change at the evaluation period compared 
to the baseline was − 0.71% (± 2.944) in the PDA10 
group (p = 0.552) and 0.007% (± 3.498) in the Eprex® 
group (p = 0.608) with no statistical significance between 
both groups (p = 0.445). The FAS showed trends similar 
to those of the PPS.

One hundred and eleven (81.62%) and 108 (90.0%) 
patients in the PDA10 and Eprex® groups, respectively 
had a Hb level out of the target range (10–12 g/dl) dur-
ing the maintenance phase and the difference in the pro-
portion between the treatments in both PPS and FAS 
was not statistically significant (p = 0.057). In the PPS, 85 
(62.50%) and 61 (50.83%) of patients in the PDA10 and 
Eprex® groups, respectively were within target range 
during the evaluation period with no difference between 
both groups (p = 0.0600). However, the proportion of 
patients within the target range showed statistical differ-
ence between the treatments in the FAS (p = 0.036). As 
shown in Fig.  4, the mean Hb concentrations and ESA 
dosage were stable throughout the treatment period in 
both treatment arms.

Except for one patient in the PPS PDA10 group, all sub-
jects showed a change in the dose/kg body weight (dry 

Table 2 Mean change in Hb level from baseline to evaluation periods in the PPS

SD standard deviation, LS least square, Hb haemoglobin

PDA-10 (n = 136) Eprex® (n = 120)

Mean baseline Hb (SD) (g/dl) 11.011 (0.577) 11.001 (0.587)

Mean evaluation Hb (SD) (g/dl) 10.835 (0.811) 10.883 (0.985)

Mean absolute Hb change (SD) (g/dl) −0.176 (0.914) −0.118 (1.114)

Least Square mean difference of “PDA10 – Eprex®”

LS mean −0.259 (0.088) −0.194 (0.089)

LS mean for difference −0.066 (0.111)

95% one-sided lower limit (≥ − 0.5) (p value) −0.249 (<.0001)

95% one-sided upper limit (≤ + 0.5) (p value) 0.117 (<.0001)

Table 3 Mean change in weekly dose/kg body weight between the baseline and evaluation periods in the PPS

IU international unit, LS least square

PDA-10 (n = 136) Eprex® (n = 120)

Mean baseline epoetin dosage (IU/kg/week) 107.52 (69.18) 114.58 (73.86)

Mean evaluation epoetin dosage (IU/kg/week) 117.53 (81.35) 104.28 (65.87)

Mean absolute change in epoetin dose (IU/kg/week) 10.01 (44.64) −10.30 (56.09)

Least Square mean difference of “PDA10 – Eprex®”

LS mean 9.55 (4.81) −8.71 (4.82)

LS mean for difference 18.26 (6.02)

95% one-sided lower limit (≥ − 0.5) (p value) 8.31 (< 0.0001)

95% one-sided upper limit (≤ + 0.5) (p value) 28.21 (< 0.0001)
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body weight) during the maintenance phase, i.e. One 
hundred thirty-five patients [99.26%, 491 events] and 120 
patients [100%, 470 events] in the PDA 10 and Eprex® 
groups, respectively. None in the PDA10 group and 1 
patient (0.83%, 5 events) in the Eprex® group received 
blood transfusion (difference between treatments, 
p = 0.469). The results for both these parameters in the 
FAS were similar to the PPS.

Immunogenicity assessment
None of the patients assessed at baseline were positive 
for immunogenicity. At week 28, anti-epoetin antibodies 
were not observed in both treatment groups. The immu-
nogenicity test results of both treatment groups were 
comparable.

Safety assessment
A total of 296 patients (150 and 146 in the PDA10 and 
Eprex® groups, respectively) who met the definition of 
the safety set were included (Table 4).

The mean duration of the study drug admin-
istration by treatment group was 187.3 days and 
176.3 days in the PDA10 and Eprex® groups. There 
was no difference in extent of exposure between 
both groups.

There was no difference in the number of subjects 
experiencing TEAE in both groups. The most com-
mon infection related TEAE was respiratory tract 
infections in 14.00 and 16.44% followed by gastroin-
testinal infections in 4.00 and 2.74% of patients in the 
PDA-10 and Eprex® groups, respectively. This was sta-
tistically not significant. The most common adverse 
drug reactions (ADRs) was “Hypertension” in 0.67% 
(PDA10 group) and 1.37% (Eprex® group). Other 
than one patient each reporting “blood pressure inad-
equately controlled” and “rash” in the PDA10 group, 
there were no other ADRs reported. In this study, all 
clinically significant abnormal laboratory findings 
were reported as AEs and were found to be unrelated 
to the study products. There were also no deaths or 
serious AEs reported in both groups that were related 
to the study products.

Fig. 3 Mean change in haematocrit levels between the baseline and evaluation periods in the PPS. The mean haematocrit levels (in percentage) 
in subjects of the per-protocol set (PPS) in the PDA-10 and Eprex® arms at baseline and evaluation periods. The error bars represent the standard 
deviation (SD)
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Discussion
In this 28-week randomised controlled study, PDA10 
was shown to be therapeutically equivalent to the origi-
nator Eprex® in terms of absolute change in Hb levels 
and comparable safety profile in treating renal anaemia 
for patients undergoing maintenance HD.

The target Hb range of 10–12 g/dl was chosen based 
on the KDIGO guidelines and adapted to local medi-
cal practice. The ESA dosage titration scheme was 
designed based on previous similar studies [20, 21]. 
Determination of therapeutic equivalence was done in 
accordance with the standards set by the ICH Statisti-
cal Principles for Clinical Trials document. The results 
were based on both the FAS and PPS, wherein, the PPS 
is considered the most conservative approach for this 
study type [20].

Primary efficacy endpoints in this study focused on 
mean change in Hb level (d). In this study, the difference 
in mean change of Hb levels from baseline were both sig-
nificantly different when compared with the dL and dU 
limits (dL ≤ d ≤ dU). The difference in both groups were 
within the pre-determined lower (− 0.5) and upper (0.5) 
limits showing therapeutic equivalence between both 
drugs.

Conversion from Eprex® to PDA10 did not affect the Hb 
stability and consistent with other published literature [20–
24], did not require higher epoetin dosage in the PDA10 
arm. In contrary, a retrospective study [25] reported that 
switching to biosimilars from ESA originators required 
40% higher doses to maintain Hb stability. Our study high-
lighted the potential cost saving of PDA10 as compared 
to the originator in managing renal anaemia among HD 
patients. A high proportion of our subjects in both groups 
had Hb level out of target range during the maintenance 
phase. These Hb fluctuations are not uncommon and have 
been well described in the use of ESA in renal anaemia. 
However, with the appropriate epoetin dosage adjustment, 
these fluctuations did not increase occurrence of AEs sec-
ondary to high Hb level such as worsening hypertension, 
stroke and vascular access thrombosis.

There were no significant differences in the safety 
profile in both groups. Though the incidence of TEAEs 
leading to death was higher in the Eprex® group, all 
TEAEs leading to death were considered unrelated to 
the products. There were no cases of pure red cell apla-
sia reported in both groups and no signals for immu-
nogenicity. This is consistent with other reports on 
biosimilar epoetin [20–22].

Fig. 4 Hemoglobin levels (mean ± SD) and epoetin dosage during the study period The line graphs depict the average haemoglobin levels (top) 
and the epoetin dosage (bottom) of subjects during the maintenance and open label phases. The error bars refer to the standard deviation (SD)
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Conclusion
This study has confirmed the efficacy, safety profile and 
therapeutic equivalence of PDA10 as compared to the 
originator epoetin-α, Eprex®. The dosage requirement 
for PDA10 to maintain Hb stability is similar to Eprex®. 
This biosimilar epoetin-α may offer a more cost-effective 
erythropoietin therapy and improve the access of ESA 
therapy for patients undergoing haemodialysis treatment.
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