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Sherilene Benjamin1, Jamila Adam1, Suresh Babu Naidu Krishna1, Alain G. Assounga2

1Department of Biomedical and Clinical Technology, Durban University of Technology,
2Department of Nephrology, Nelson R. Mandela School of Medicine, University of KwaZulu-

Natal, Durban, South Africa

ABSTRACT. Recombinant human erythropoietin (rHuEPO) is a glycoprotein and biological
equivalent to the endogenous compound administered to treat anemia of end-stage renal disease
patients. Resistance to rHuEPO has been reported, whereby patients require higher and higher
doses of rHuEPO to maintain an adequate hemoglobin level. In this study, assessment of native
and administered erythropoietin (EPO), antibody and hemoglobin levels was carried out on a
sample of patients with renal failure on hemodialysis (HD). This is a randomized controlled trial
where consecutive subjects attending HD units at Addington Hospital and King Edward Hospital,
Durban (South Africa) were included until the target number was reached. Forty patients with
renal failure on HD and receiving recombinant EPO Beta (Recormon) for treatment of anemia via
the subcutaneous route in weekly doses of 2000 IU, 4000 IU, 6000 IU, 8000 IU, 12,000 IU, or
18,000 IU according to the severity of the anemia were included after obtaining informed consent.
Also included in the study were 10 HD patients not on rHuEPO therapy and 10 healthy
individuals from the Durban University of Technology, recruited as described above to form the
control group. ELISA was used to measure serum levels of EPO as well as antibodies to EPO.
Results were analyzed by descriptive, inferential methods and by logistic regression analysis
using IBM SPSS Statistics for Windows version 22.0. Antibodies to EPO were found in almost
all patients who were receiving EPO. The highest levels of antibody to EPO were found to be
associated with patients receiving the highest weekly dose of EPO (18,000 IU). Logistic
regression analysis also revealed that serum levels of EPO, gender or age were not associated
with any significant variation of serum antibody level. High levels of serum antibodies to EPO are
a risk factor for EPO resistance.
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Introduction

Recently, many reports have highlighted the
benefits of erythropoietin (EPO) not only in
end-stage renal disease (ESRD) but also in
many other clinical situations such as cancer-
related anemia, nonuremic conditions including
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hematological and oncological disorders, pre-
maturity, HIV infection and preoperative
therapies. Further, recombinant human EPO
(rHuEPO) reduces the need for blood trans-
fusion and hence exposure to donor blood
products. In addition, it improves the quality
of life.1,2 In ESRD the use of EPO therapy is
indicated since these patients cannot syn-
thesize enough of it to correct severe anemia.3

EPO deficiency causing anemia occurs
commonly in chronic kidney disease (CKD),
and there is clinical evidence which shows that
rectifying anemia can slow the advancement of
CKD.4 Measuring EPO concentrations improve
the diagnostic value of recognizing relation-
ship of EPO deficiency and renal anemia.5 The
decrease in production of EPO correlates well
with the declining glomerular filtration rate.6

Resistance to erythropoiesis-stimulating agents
(ESAs) has been observed in patients with
CKD and it is associated with poor clinical
outcomes. The presence of ESA resistance
cannot always be explained by the known risk
factors of the condition, suggesting that
additional factors may be involved.7

The administration of higher doses of EPO
can possibly override the inhibitory effect of
circulating cytokines on EPO hence over-
coming EPO resistance to a degree.8 In other
studies also, patients who were treated with
rHuEPO to correct anemia developed anti-
EPO antibodies. These antibodies did not
completely neutralize EPO possibly because
they are low-affinity antibodies.9

Although treatment with rHuEPO has been
generally successful, a small number of pa-
tients produce antibodies that can neutralize
both endogenous EPO and recombinant pro-
teins.10 Most cases of antibody production have
been associated with the formulation of epoetin
alfa when administered subcutaneously.11

In this study, EPO concentrations were
measured together with anti-EPO antibodies,
hemoglobin (Hb) levels, and various clinical,
nutritional, and inflammation parameters with
the aim to evaluate the association of the
levels of anti-EPO antibodies with the above-
listed parameters.

Materials and Methods

This is a prospective, randomized controlled
study. Hemodialysis (HD) patients were
recruited from the HD units at Addington
Hospital and King Edward Hospital (South
African State Hospitals), after obtaining
permission from the Health Department of
KwaZulu-Natal and ethical approval from the
research ethics committee of Durban
University of Technology, Durban. Forty
consecutive HD patients who agreed to
participate in the study were included. They
were divided into three groups. CKD patients
on HD receiving recombinant EPO (Group 1);
one control group consisting of CKD patients
on HD not receiving recombinant EPO (Group
2); (these patients were recently started on dia-
lysis and had Hb of at least 10 g/dL while
receiving IV iron treatment without recom-
binant EPO). The other control group con-
sisted of healthy volunteers (Group 3) from a
student group who agreed to participate
following an interview. The inclusion criteria
for the patient group were: CKD patients on
HD, age between 18 and 60 years old, the
demographics were recorded (Table 1). Patients’
pre- and post-blood pressures were measured
using the sphygmomanometer Kenz 700
(Table 1). The exclusion criteria included,
workup for live related transplant within the
year, pregnancy, and acute kidney injury.
Those with pure red cell aplasia were also
excluded from the study.

Blood sampling and processing
Blood sample collection was done on a

monthly basis for a total of six months.
Venous whole blood samples (15 mL) were
obtained from patients using a 20 mL sterile
syringe from the arterial line of the HD blood
circuit on commencement of the HD procedure
and transferred into three purple top tubes. All
blood samples were labeled accordingly. They
were kept in a fridge at 5°C, before being
transported. All blood samples tubes were
couriered in a cooler bag within 2 h of collec-
tion to the immunology research laboratory of
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the Nelson Mandela Medical School at Doris
Duke Medical Research Institute. The blood
samples were centrifuged at 3000 RPM at 5°C.
Plasma was collected and stored at −20°C and
then −80°C in the freezer until being used.

The Hb, percentage saturation of transferrin
and ferritin blood levels were obtained from
patient’s routine monthly blood tests performed
at the Hospital Laboratory.

Enzyme linked immunosorbent assay for the
detection of erythropoietin Levels

All reagents were prepared as described by
the manufacturer (QuantikineR in vitro diag-
nostic kit, R&D Systems, Oxon, UK). The
sensitivity of the quantikine assay was repor-
ted to be 95% to detect EPO at 0.6 mIU/mL
and the specificity was 97% (Quantikine).12

One hundred µL of EPO assay diluent were
added to each well, followed by the addition of
100 µL of either standard, control, or specimen
in each well. Plates were sealed and incubated
at room temperature (20°C–25°C) for 1 h on
the orbital microplate shaker at 500 ± 50
RPMI. Solution was aspirated then 200 uL of
conjugate was added to each well. Plate was
sealed and incubated at room temperature
(20°C–25°C) using the orbital shaker. Wells
were then aspirated and washed four times
with 1X Wash solution. Two hundred microliter

of substrate solution were added to each well,
and then the plate was incubated at room
temperature for 20–25 min. One hundred
microliter stop solution was then added to each
well and within 15 min, the reading of plate
was done at 450 nm filter using a microplate
ELISA reader (EL X 800, Universal Microplate
Reader, BioTek Instruments).

Enzyme linked immunosorbent assay for the
detection of recombinant erythropoietin
antibodies

Ninety-six wells of polystyrene microfiber
plates were coated with rHuEPO-beta (Roche,
Sandton SA) at 10 mg/L in phosphate buffer
solution (PBS) pH 7.4 and then incubated
overnight at 4°C. The plates were emptied and
washed five times with PBS using an elec-
tronic washer (EL X 50, Autostrip Washer,
and Biotek Instruments). The plates were then
postcoated until the top of each well with PBS
containing 30 g/L bovine serum albumin and
incubated for 4 h at room temperature.

The contents of the wells were flicked out
and 200 µL of serum dilutions of 1:50 was
added to the wells. Conjugate was added to the
positive control wells and PBS was added to
the negative control wells, the no EPO wells
and in the nonspecific binding wells. The
wells were incubated for 1 h at room tempe-

Table 1. Patient demographics and clinical parameters.
Parameters Mean SEM

Age 48.71 years 1.22
Gender
   Male 20
   Female 16
Hemoglobin 9.64 g/dL ±0.33
%Saturation 34 ±4
Transferrin 1.73 g ±0.61
Ferritin 932.50 ± 110
Erythropoietin dose 10.200 IU 1.00
Erythropoietin levels
   Male 119.49 ±7.54
   Female 139.42 ±15.24
Antibodies to erythropoietin
   Male 0.44 ±0.01
   Female 0.43 ±0.02
Systolic blood pressure (Pre) 152 mm Hg ±4.0
Diastolic blood pressure (Pre) 88 mm Hg ±2
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rature. Plates were then washed five times as
described previously by an electronic washer).
After washing, 100 µL of freshly prepared
substrate solution was added to each well. The
plates were then washed five times.

Subsequently, 100 µL of horseradish peroxi-
dase conjugate goat anti-human (IgG), (Sigma,
Missouri USA) were added to the wells,
including the wells that were labeled as non-
specific binding wells. Phosphate buffer solu-
tion was added in the positive control wells,
negative control wells, no EPO wells, and
nonspecific binding wells. The plate was then
incubated for 1 h at room temperature. The
reactions were then stopped by adding 100 µL
stop solution (sulphuric acid). The absorbance
was measured with a microplate reader (EL X
800, Universal Microplate Reader, BioTek
Instruments) at 450 nm.

Statistical Analysis

Statistical analysis was carried out by using
the IBM SPSS Statistics for Windows version
22.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics methods were used to
characterize the data (means, standard error of
the mean) and linear regression analysis was
used to investigate the association between the
antibodies and various clinical and laboratory
parameters.

Results

Patient demographics and clinical parameters
The demographics and clinical characteristics

of subjects are summarized in Table 1.

Antibody levels of hemodialysis patients
according to weekly recombinant human
erythropoietin doses and gender

The antibody levels presented in optical
density (OD) were consistent in their levels in
both the male and female groups (Figure 1).
The levels of antibodies were similar in the
male and female groups of those on zero doses
of rHuEPO as compared to the other weekly
doses of rHuEPO. All patients represented
here had antibodies.

Antibody levels according to hemoglobin levels
The antibody levels versus the haemoglobin

levels were scattered from the months of
August 2006 to January 2007 of the trial.
There was no significant correlation between
the antibody levels and the hemoglobin levels
(Figure 2).

Erythropoietin concentration according to
antibody levels
  No correlation was found between antibody
levels and EPO levels in the HD patients
receiving rHuEPO (Figure 3).

Means of Antibody levels (OD) of Males and Females
according to weekly doses of  RHuEPO (iu)
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Figure 1. Antibody levels (OD, Y axis) of male and female hemodialysis patients according to weekly
recombinant human erythropoietin doses (antibody according to weekly doses), (iu X axis).
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Erythropoietin antibodies levels and weekly of
erythropoietin doses

In order to correct or to improve the levels of
hemoglobin, the weekly doses of Recormon
were increased from 0 IU to 18,000 IU. When
the total weekly doses of EPO received by
patients was analyzed, antibodies to EPO were
found in all patients groups (Figure 4).

Patients were divided into two groups:
patients requiring the highest doses of
Recormon (EPO resistant group) and the rest
(EPO responsive group). Logistic regression
analysis performed on the two groups showed
that no significant association was found in

serum levels of EPO, gender or age with EPO
weekly doses (Table 2).

However, a high anti-EPO antibody level has
a significant association with and highest
weekly EPO doses, odds ratio (OR) = 3.975 (E
+6) (8.233–1.920 E +12) (P = 0.026). Low
hemoglobin level was also found to be
associated with highest weekly EPO doses
[OR = 0.523 confidence interval (CI) = (0.309–
0.885], P = 0.026) (Table 2).

Discussion

Our results showed that antibodies to EPO
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Figure 2. Antibody levels versus hemoglobin levels in the month of August.
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Figure 3. Erythropoietin concentration according to antibody levels.
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were present in CKD HD patients receiving
rHuEPO for the treatment of anemia. This pre-
sence of antibody to EPO in patients receiving
recombinant EPO therapy (rHuEPO) corres-
ponded with previous studies.9 It was also
found that the patients treated with rHuEPO to
correct anemia developed anti-EPO anti-
bodies, but they did not completely neutralize
EPO, probably because they may have been
low-affinity antibodies.9 This was also observed
in another study in a rat model with CKD,
where long-term treatment with a high
rHuEPO doses was associated with anti-EPO
antibodies formation, resistance to rHuEPO
therapy, and development of a hypoxic,
inflammatory, and fibrotic milieu in the kidney
tissue.13

Antibodies to rHuEPO and pure red cell
aplasia (PRCA) were also reported in a liver
transplant patient on immunosuppressive
therapy, antiviral therapy for hepatitis C with

ribavirin and interferon following one week of
EPO treatment.14 Another patient with chronic
liver disease developed anti-EPO associated
pure red cell aplasia, but recovered after liver
transplantation and immunosuppression.15

Recombinant EPO has been used to improve
anemia associated with antiviral therapy and to
minimize dose reductions. There are several
cases in the literature of patients with chronic
hepatitis C who developed PRCA while not on
recombinant EPO.16

However, in our patients, the presence of
antibodies was not associated with progression
to PRCA. The characteristics of antibodies
present should be further investigated for the
possibility that these antibodies are neutra-
lizing or not. Neutralizing antibodies could
bind to the portions of the drug molecules
involved in receptor binding or cell activation,
thereby blocking the therapeutic effect of the
drug.17 In addition, neutralizing Abs formed

Figure 4. Erythropoietin concentration of hemodialysis patients according to weekly recombinant human
erythropoietin doses.

Table 2. Logistic regression analysis of erythropoietin weekly doses and various variability.
Variables Odd ratio Confidence interval P

Erythropoietin level 1.005 (0.997–1.013) 0.200
Hemoglobin 0.523 (0.309–0.885) 0.016
Transferrin 0.782 (0.075–8.136) 0.837
Gender 0.701 (0.173–2.849) 0.620
Age 0.201 (−0.001–0.004]) 0.25
Erythropoietin antibody 3.975 (E+6) (8.233–1.920 E+12) 0.023
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against a recombinant protein may also inhibit
the activity of the corresponding endogenous
factor, resulting in a failure to respond to that
factor. We had monitored these patients only
over a six-month period; therefore, further
studies with a larger group of patients for a
longer trial period is needed to evaluate these
findings further.

The fact that patients with the highest EPO
antibody have a degree of resistance to EPO,
may have a significant clinical implication.
Although the degree of resistance is not as
extreme as with PRCA cases, it may represent
a form of pure red cell hypoplasia. As supra-
maximal doses of EPO may have undesirable
side effects such as hypertension, promotion of
malignancy, strategy to reduce the need of
supramaximal doses of EPO is warranted.
Further research could evaluate the role of
short-term immunosuppressive therapy in
patients requiring the highest EPO doses.

A recent study showed that three patients had
PRCA and antibodies against EPO in serum.
There was no correlation between age, gender,
cause of renal failure, HD duration, Hb level,
(rHuEPO) dose and the serum levels of anti-
rHuEPO antibody.18

Using the ELISA was useful in detecting
antibodies, similar to other studies where the
ELISA was used. The amounts of antibodies
were measured accordingly and were used to
compare the immune responses. Those with
high antibodies had a greater immune respon-
ses and vice versa.19

In previous studies, antibodies were asso-
ciated with PRCA, which was highlighted as a
serious complication in EPO therapy and
screening for antibodies were considered.20

Global outcome guidelines have suggested that
the testing of antibodies should be done if
patients Hb decreases to less than five in a
period of eight weeks of therapy.20

It has been discussed in previous studies that
the polysorbate 80 formulation was less stable,
causing aggregation of epoetin alfa molecules,
especially at increased temperatures and
immunogenicity. Other literature explained
that the leachates from uncoated rubber
syringe stoppers in prefilled syringes could

have been significant in the increased immuno-
genicity and increasing the presence of anti-
bodies.21 Due to the outcomes for increasing
immunogenicity in patients, the formulations
of Eprex replaced uncoated rubber stoppers
with fluoroscein-coated stoppers, and the
polysorbate was removed.11,21

Studies showed that biopharmaceuticals are
based on naturally occurring proteins such as
antibodies, receptors, cytokines, enzymes, and
toxins, nucleic acids (DNA, RNA) or atte-
nuated microorganisms. Immunogenicity has
been described as a major factor impairing the
efficacy of biopharmaceuticals due to bio-
pharmaceutical neutralization. EPO beta was
used in our patients, as in previous studies.22

Recent findings on different recombinant
EPOs done simultaneously depicted diffe-
rences in content, isoform profiles, and
potency was observed not only in products
from different manufacturers but also in
different batches of the same product.23

Although the debate on the plausible PRCA
factors is still ongoing, the increasing use of
polysorbate in biologicals should be monitored
for any possible chemical degradation leading
to the formation of acids and peroxides.24

Caution against undiscriminated adoption of
biosimilars was advised to decrease costs and
increase access to therapy because the patients
could develop anti-rHuEPO antibodies after
subcutaneous injection of biosimilar rHuEPO.25

Despite having similar therapeutic effects of
different recombinant EPO, these follow on
biologics may have slightly different bio-
chemical qualities eliciting varying degrees of
immunogenicity.26

The increased doses and frequency of EPO
presented in our study have a parallel
association in the analysis of the results.
Antibodies showed an association with the
increased use of rHuEPO. Our results showed
a presence of higher levels of antibodies with
the increase of weekly EPO doses. This was
also previously reported by Rahbar et al.18

As discussed in an article that set Hb levels
are used and may be misleading because many
patients do not have stable Hb levels over
time. Hence, in some observational studies of
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CKD patients, time-averaged assessments
rather than single Hb values were used when
analyzing their impact on patients’ survival.27,28

Conventionally, rHuEPO was administered
three times weekly. Studies evaluating less
frequent administration regimens have demons-
trated that once-weekly subcutaneous adminis-
tration of epoetin beta during the maintenance
phase of therapy has the same efficacy in
maintaining Hb levels as the three-times-
weekly regimen. In particular, two large-scale,
randomized, controlled studies29,30 showed that
stable Hb levels could be maintained with
once-weekly epoetin beta treatment without an
increase in dose compared with administration
two or three times weekly.

This could be due to the varying degrees of
resistance in patients receiving rHuEPO.
Hemoglobin targets may vary in patients.
Although our study has concentrated on the
association of anti-EPO antibodies, other factors
may play a significant role in EPO resistance.
It was observed that only when the weekly
doses of rHuEPO increased the desirable or
target Hb were achieved. This could be due to
the higher doses of rHuEPO being able to
reduce the inhibitory effect of circulating
cytokines on EPO, thereby overcoming EPO
resistance to a degree.8 In their study, Horl et
al8 were able to achieve similar hemoglobin
levels in patients with neoplasia or hepatitis as
in his entire population sample of HD patients.
It was postulated that excessive cytokine
production reduces the epoetin response.31

Patients with chronic inflammatory conditions
will respond sluggishly to rHuEPO. The resis-
tance to high doses of EPO was seen in 35%–
65% of HD patients whom showed signs of
inflammation that could be a cause of anemia
through the suppression of bone marrow
erythropoiesis by a number of cytokines.32

Additional factors could be looked for in
future studies as suggested by a recent article
based on the hypothesis that anemia, partially
attributable to a reduced response to ESA,
could be the link between malnutrition,
inflammation, and the poor outcome of CKD
patients.32

Furthermore, iron deficiency has been des-

cribed as being one of the main causes of
inadequate response to treatment with
rHuEPO.33 Another study showed that in
functional iron deficiency, despite having
enough stores of functional iron, the mobi-
lization of iron to the bloodstream was
insufficient to meet the requirements of the
erythroid marrow. This is probably due to the
fact that in inflammatory states, Cytokines
may block the release of iron from deposits.34

Conclusion

In conclusion, a significant number of anemic
patients with ESRD, treated with rHuEPO,
raises an easily detected low-affinity immune
response directed to the recombinant protein.
The antibodies were present in all groups of
the sample population selected. Higher levels
of rHuEPO antibodies were associated with
patients receiving higher EPO weekly doses.
This finding indicates that EPO resistance
could possibly be associated with rHuEPO
antibodies. These findings warrant further
studies with a larger population and evaluate
the possible potential role for immunosup-
pressive therapy, which may act against the
antibodies to rHuEPO.

Conflict of interest: None declared.

References

1. Robles NR. The safety of erythropoiesis-
stimulating agents for the treatment of anemia
resulting from chronic kidney disease. Clin
Drug Investig 2016;36:421-31.

2. Shin SK, Moon SJ, Ha SK, et al.
Immunogenicity of recombinant human
erythropoietin in Korea: A two-year cross-
sectional study. Biologicals 2012;40:254-61.

3. Elliott S. Erythropoiesis-stimulating agents
and other methods to enhance oxygen
transport. Br J Pharmacol 2008;154:529-41.

4. Rossert J, Froissart M, Jacquot C. Anemia
management and chronic renal failure
progression. Kidney Int Suppl 2005;99:S76-
81.

5. Artunc F, Risler T. Serum erythropoietin
concentrations and responses to anaemia in

924  Benjamin S, Adam J, Krishna SB, et al

[Downloaded free from http://www.sjkdt.org on Tuesday, December 8, 2020, IP: 105.225.164.180]



patients with or without chronic kidney
disease. Nephrol Dial Transplant 2007;22:
2900-8.

6. Metcalfe W. How does early chronic kidney
disease progress? A background paper
prepared for the UK Consensus Conference on
early chronic kidney disease. Nephrol Dial
Transplant 2007;22 Suppl 9:ix26-30.

7. Kiss Z, Ambrus C, Almasi C, et al. Serum
25(OH)-cholecalciferol concentration is
associated with hemoglobin level and erythro-
poietin resistance in patients on maintenance
hemodialysis. Nephron Clin Pract 2011;117:
c373-8.

8. Horl W, Jacobs C, Macdougall IC. European
Survey on Anaemia Management (ESAM).
Nephrol Dial Transplant 2000;15[Suppl 4]:43-
5.

9. Castelli G, Famularo A, Semino C, et al.
Detection of anti-erythropoietin antibodies in
hemodialysis patients treated with recombinant
human-erythropoietin. Pharm Res 2000;41:
313-8.

10. Casadevall N. Antibodies against rHuEPO:
Native and recombinant. Nephrol Dial
Transplant 2002;17 Suppl 5:42-7.

11. Macdougall IC, Roger SD, de Francisco A, et
al. Antibody-mediated pure red cell aplasia in
chronic kidney disease patients receiving
erythropoiesis-stimulating agents: New insights.
Kidney Int 2012;81:727-32.

12. Mossuz P, Girodon F, Donnard M, et al.
Diagnosic value of serum erythropoietin level
in patients with absolute erythrocytosis.
Haematologica 2004;89:1194-8.

13. Garrido P, Ribeiro S, Fernandes J, Vala, HP.
Resistance to recombinant human erythro-
poietin therapy in a rat model of chronic
kidney disease associated anemia. Int J Mol
Sci 2016;17:28.

14. Scheter JM, Mears JG, Alobeid B, Gaglio PJ.
Antierythropoietin antibody mediated pure red
cell aplasia in a living donor liver transplant
recipient treated for hepatitis C virus. Liver
Transplantation 2007;11:1589-92.

15. Hung AK, Guy J, Behler CM, Lee EE. Anti-
erythropoietin antibody associated pure red
cell aplasia resolved after liver transplantation.
Case Rep Transplant 2015;2015:286276.

16. Chang CS, Yan SL, Lin HY, Yu FL, Tsai CY.
Pure red cell aplasia caused by pegylated
interferon-α-2a plus ribavirin in the treatment
of chronic hepatitis C. World J Gastroenterol
2011;17:2155-8.

17. Zhong D, Saenko EL, Shima M, Felch M,
Scandella D. Some human inhibitor antibodies
interfere with factor VIII binding to factor IX.
Blood 1998;92:136-42.

18. Rahbar M, Chitsazian Z, Abdoli F, Moeini
Taba SM, Akbari H. Pure red cell aplasia due
to antibody against erythropoietin in hemo-
dialysis patients. J Nephropathol 2017;6:25-9.

19. Wilcox WR, Banikazemi M, Guffon N, et al.
Long-term safety and efficacy of enzyme
replacement therapy for Fabry disease. Am J
Hum Genet 2004;75:65-74.

20. International Society of Nephrology. KDIGO
Clinical practice guidelines for anaemic in
chronic disease. Kidney Int Suppl 2012;2:279-
335.

21. Boven K, Knight J, Bader F, Rossert J, Eckardt
KU, Casadevall N. Epoetin-associated pure red
cell aplasia in patients with chronic kidney
disease: Solving the mystery. Nephrol Dial
Transplant 2005;20 Suppl 3:iii33-40.

22. Creeke PI, Farrell RA. Clinical testing for
neutralizing antibodies to interferon-β in
multiple sclerosis. Ther Adv Neurol Disord
2013;6:3-17.

23. Halim LA, Brinks V, Jiskoot W, et al. Quality
and batch-to-batch consistency of original and
biosimilar epoetin products. J Pharm Sci
2016;105:542-50.

24. Kerwin BA. Polysorbates 20 and 80 used in
the formulation of protein biotherapeutics:
Structure and degradation pathways. J Pharm
Sci 2008;97:2924-35.

25. Praditpornsilpa K, Tiranathanagul K,
Kupatawintu P, et al. Biosimilar recombinant
human erythropietin induces the production of
neutralizing antibodies. Kidney Int 201;80:88-
92.

26. Schellekens H. The first biosimilar epoetin:
But how similar is it? Clin J Am Soc Nephrol
2008;3:3174-8.

27. Collins AJ, Li S, St Peter W, et al. Death,
hospitalization, and economic associations
among incident hemodialysis patients with
hematocrit values of 36 to 39%. J Am Soc
Nephrol 2001;12:2465-73.

28. Regidor DL, Kopple JD, Kovesdy CP, et al.
Associations between changes in hemoglobin
and administered erythropoiesis-stimulating
agent and survival in hemodialysis patients. J
Am Soc Nephrol 2006;17:1181-91.

29. Weiss LG, Clyne N, Divino Fihlho J,
Frisenette-Fich C, Kurkus J, Svensson B. The
efficacy of once weekly compared with two or

Antibodies to erythropoietin  925

[Downloaded free from http://www.sjkdt.org on Tuesday, December 8, 2020, IP: 105.225.164.180]



three times weekly subcutaneous epoetin beta:
Results from a randomized controlled
multicentre trial. Swedish Study Group.
Nephrol Dial Transplant 2000;15:2014-9.

30. Locatelli F, Baldamus CA, Villa G, Ganea A,
De Francisco AL. Once weekly compared with
three times weekly subcutaneous epoetin beta:
Results from a randomised multicentre
therapeutic equivalence study. Am J Kid Dis
2002;40:119-25.

31. Hörl WH. Is there a role for adjuvant therapy
in patients being treated with epoetin? Nephrol
Dial Transplant 1999;14 Suppl 2:50-60.

32. Del Vecchio L, Pozzoni P, Andrulli S,
Locatelli F. Inflammation and resistance to
treatment with recombinant human erythro-
poietin. J Ren Nutr 2005;15:137-41.

33. Alves MT, Vilaça SS, Carvalho Md, Fernandes
AP, Dusse LM, Gomes KB. Resistance of
dialyzed patients to erythropoietin. Rev Bras
Hematol Hemoter 2015;37:190-7.

34. Means RT Jr., Krantz SB. Progress in
understanding the pathogenesis of the anemia
of chronic disease. Blood 1992;80:1639-47.

926  Benjamin S, Adam J, Krishna SB, et al

[Downloaded free from http://www.sjkdt.org on Tuesday, December 8, 2020, IP: 105.225.164.180]


