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epoetin alfa (ATC codes: B03XA01) 
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darbepoetin alfa (ATC codes: B03XA02) 
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The Expert Committee noted that erythropoiesis-stimulating agents have been shown to be an effective medication for treating

anaemia in children, young people and adults with chronic renal disease requiring dialysis and that there are no alternative

medicines already included in the EML and EMLc for this indication. It also noted that biosimilars for erythropoiesis-stimulating

agents have been shown to be a valid alternative to the reference products. Considering all important clinical outcomes, the

Committee considered that there is a relevant benefit resulting from erythropoiesis-stimulating agents. Based on the positive

evaluation, the Committee therefore recommended erythropoiesis-stimulating agents be included in the complementary list of the

EML and EMLc. The Expert Committee recommended listing erythropoiesis-stimulating agents with a square box to represent the

class and inclusion of a note limiting alternatives to epoetin alfa, beta and theta, darbepoetin alfa, methoxy polyethylene glycol-

epoetin beta and their respective biosimilars (EML) and epoetin alfa, beta and theta, darbepoetin alfa, and their respective

biosimilars (EMLc).

The antianaemia medicines currently included in the EML are: ferrous salt, ferrous salt + folic acid, folic acid, and hydroxocobalamin

(4).
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Public health relevance

Benefits

Chronic kidney disease is defined as the presence of kidney damage (usually detected as urinary albumin excretion ≥30 mg/day, or

equivalent) or reduced kidney function (defined as estimated glomerular filtration rate (GFR) <60 mL/min per 1.73 m2) for 3 or

more months, irrespective of the cause. The prognosis for chronic kidney disease and the need for renal replacement therapy

(either dialysis or kidney transplant) depend on: the cause of chronic kidney disease; GFR category; albuminuria category; and

other risk factors and comorbid conditions (e.g. hypertension, hyperglycaemia, dyslipidaemia, smoking, obesity, history of

cardiovascular disease) (2). End-stage renal disease refers to people with stage 5 chronic kidney disease undergoing dialysis and to

recipients of kidney transplants. The KDIGO (Kidney Disease: Improving Global Outcomes) initiative recommends beginning

dialysis as soon as life-threatening changes occur in fluid, electrolyte and acid–base balance; these usually happen when GFR is 5–

10 mL/min per 1.73 m2. Specifically, starting dialysis is suggested when at least one of the following occurs: • signs or symptoms of

renal failure, such as serositis, acid–base or electrolyte abnormalities, pruritus • inability to control volume status • inability to

control blood pressure • malnutrition not responsive to dietary interventions • cognitive impairment. Anaemia is one of the most

serious complications of chronic kidney disease and end-stage renal disease. Normochromic normocytic anaemia is due mainly to

erythropoietin deficiency which itself is caused principally by reduced renal erythropoietin production, presumably reflecting the

reduction in the number of erythropoietin-producing cells in the kidneys. To a lesser degree, it is caused by the shortened red cell

lifespan. Erythropoietin is the hormone responsible for maintaining the proliferation and differentiation of erythroid progenitor

cells in the bone marrow, and renal anaemia can thus be regarded as a hormone deficiency state. According to WHO (5) anaemia is

to be diagnosed when Hb falls below: • 13 g/dL (130 g/L) in men ≥15 years old • 12 g/dL (120 g/L) in non-pregnant women ≥15

years old or adolescents aged 12–14 years • 11.5 g/dL (115 g/L) in children aged 5–11 years • 11 g/dL (110 g/L) in pregnant

women, or children aged 6-59 months. If left untreated, anaemia in chronic kidney disease may cause deterioration in cardiac

function, poor cognition and mental acuity, and fatigue. There are also associations with an increased risk of morbidity and

mortality, principally due to cardiac disease and stroke (6). Chronic kidney disease affects approximately 8–16% of the adult

population worldwide (7). The overall lifetime incidence of chronic kidney disease rises with age, with approximately 50% of Stage

3a+ incidents occurring after age 70 years. The overall lifetime incidence of end-stage renal disease has been estimated at 3.6%

(8). The incidence and prevalence of chronic kidney disease seem remarkably consistent globally, if not always well documented,

whereas the distribution of those receiving renal replacement therapies (dialysis and transplantation) varies by country. About 2.2

million people receive dialysis globally, projected to be 5.4 million by 2030 (9). Anaemia is one of the several complications of

chronic kidney disease. Its prevalence (from any cause) in patients with renal failure is about 15% in USA (10). In chronic kidney

diseases end stages, about half of all patients are severely anaemic. The main impact of anaemia on organ function is reduced

oxygen delivery to tissues, leading to debilitating symptoms such as fatigue, exercise intolerance, impaired cognitive function,

sleep disorder, altered haemostasis, and depressed immune function. Anaemia in patients with chronic kidney disease is associated

with decreases in cardiac and renal functions and impaired quality of life and poses a significant clinical and economic burden on

health-care systems. Anaemia is also associated with a high prevalence of cardiovascular diseases in renal patients, with

consequent higher morbidity and mortality: cardiovascular diseases are reported to account for more than 50% of deaths in these

patients (11). In children, iron deficiency and Hb lower than 11.8 g/dL (118 g/L) have also been associated with cognitive

impairment (12).

The application summarizes evidence on the effectiveness and safety of ESAs, including branded medicinal products and

biosimilars, for the treatment of anaemia in end-stage chronic kidney disease in adults and children undergoing dialysis. The review

includes up-to-date systematic reviews of randomized controlled trials (RCTs) and other types of evidence syntheses (e.g. health

technology assessment (HTA) reports, clinical guidelines if developed following a systematic approach) and pharmacoeconomic

analyses comparing erythropoietins (epoetin alfa, beta, theta, zeta), darbepoetin alfa, and CERA with: • no intervention, placebo,

standard care • other ESAs • other interventions (e.g. iron supplementation, androgen) • different dosages and administration

schedules of the same ESA • branded versus biosimilar products. Eight systematic reviews (13–20), three clinical guidelines (1, 6,

21), two HTA reports (22, 23) , five cost-analyses (described in the Costs section), one RCT published in 2015 but not included in

the evidence synthesis reports (24) and one meta-regression study (25) were included. Adults Several sources of information

provided useful information (16, 18, 20, 24), but the main source was a 2014 network meta-analysis that summarizes 56 studies

for a total of 15 596 participants (17). This compared the efficacy and safety of different ESAs (epoetin alfa and beta, darbepoetin



alfa, or CERA, and biosimilar ESAs, with each other, with placebo or with no treatment). Epoetin alfa and beta vs placebo/no

treatment/standard care (see Summary of Findings 1) The evidence suggests that there are no differences in all-cause mortality

and major cardiovascular events (stroke, myocardial infarction), presumably because of a paucity of data on these outcomes.

Epoetin alfa and beta consistently reduced the risk of requiring blood transfusions. They do not appear to affect the risk of vascular

access thrombosis but increase the risk of hypertension. The quality of evidence was judged to be low for all-cause mortality, major

cardiovascular events and vascular access thrombosis because of the unclear risk of selection bias and the imprecision of the

estimates. The effect of epoetin alfa and beta in reducing the number of blood transfusions and increasing the risk of hypertension

was supported by high-quality evidence. However unclear, the risk of selection bias appears negligible in the light of the magnitude

of these effects. These results seem to be consistent between industry-sponsored and other sponsorship trials. Darbepoetin vs

other ESAs (epoetin alfa and beta, CERA) (see Summary of Findings 2) There is no evidence of a difference between darbepoetin

and other ESAs (epoetin alfa, beta, CERA) in terms of all-cause mortality, major cardiovascular events (stroke, myocardial

infarction), hypertension, vascular access thrombosis and Hb levels. The evidence suggests that darbepoetin reduces the risk of

requiring blood transfusions compared with epoetin alfa but not with CERA. The quality of evidence was judged to be very low to

moderate, mainly because of the unclear risk of selection bias, the imprecision of the estimates and the suspicion of selective

reporting of outcomes. It is worthy of note that the effect of darbepoetin in reducing blood transfusions was supported by high-

quality evidence. These results were driven largely by industry-sponsored trials. CERA vs epoetin alfa and beta (see Summary of

Findings 3) CERA appears to be similar to epoetin alfa and beta in terms of all the outcomes evaluated. However, the quality of

evidence supporting these findings was judged to be very low and low because of the unclear risk of selection bias, the imprecision

of the estimates and the suspicion of selective reporting of outcomes. These results were driven largely by industry-sponsored

trials. Originators (epoetin alfa) vs biosimilars (see Summary of Findings 4) There were no differences between the originator

epoetin alfa and its biosimilars in terms of all-cause mortality, major cardiovascular events (stroke, myocardial infarction), blood

transfusions and vascular access thrombosis. The risk of hypertension seemed lower with biosimilars. The quality of evidence was

generally judged to be low because of the unclear risk of selection bias and the imprecision of the estimates; the exception was the

findings on hypertension, supported by evidence of moderate quality due only to unclear risk of selection bias. These results appear

to be consistent between industry-sponsored and other sponsorship trials. Quality of life A systematic review updated to

November 2015 specifically assessed the effect of achieving higher Hb targets on quality of life of patients with chronic kidney

disease, including those undergoing dialysis (14). Of the 17 studies considered, 12 were in the non-dialysis population, four in the

dialysis population, and one in a combined sample. Overall, the review showed that higher versus lower Hb targets resulted in only

small and, in many cases, nonsignificant changes in scores of several health-related quality-of-life tools, both in the overall

population and in the 2433 patients undergoing dialysis. In the latter subgroup, differences in physical functioning, vitality and

social functioning measured as components of SF-36 (36-Item Short Form Health Survey) were 1.65 (95% confidence interval (CI)

−7.22 to 10.52), −1.73 (95% CI −13.95 to 10.49), and −0.70 (95% CI −21.19 to 19.79), respectively. Differences were not

statistically significant in the subgroup analysis that included only studies with low risk of bias. Immunogenic potential (risk of

developing anti-drug antibodies) Biosimilars appear substantially equivalent to epoetin alfa in terms of Hb response and

requirements for blood transfusion (see Summary of Findings 4). The quality of evidence supporting these findings is generally low.

There are some concerns about the different potential risk for developing drug-associated antibodies, especially with regard to the

interchangeability of originators and biosimilars and switching from one to the other. These concerns were addressed in a

comprehensive systematic review of immunological reactions induced by treatment with biosimilar ESAs in patients with chronic

kidney disease (13). The review included 14 RCTs and seven observational studies; 14 studies involved patients with end-stage

renal disease undergoing dialysis. None of these studies indicated any important difference in efficacy between the original product

and its biosimilar. Drug-associated antibodies were found in six of the 14 RCTs and six of the seven observational studies.

However, the authors noted that inadequate and non-validated analytical methods were applied. No data were available on the

clinical implications and reversibility of drug-associated antibodies and induction of resistance, and no data demonstrated

immunological or clinical consequences of switching between products. Children Although children differ substantially from adults,

those caring for adult and paediatric patients with chronic kidney disease share largely the same concerns regarding the diagnosis

and management of anaemia. Since evidence in children is generally scarce and of low quality, generalization from evidence in

adults is unavoidable. A 2010 review identified two RCTs in children with end-stage renal disease (26, 27); a 2014 review by the

same authors included one additional study on darbepoetin (28). Additional information can be found in the Clinical practice

guidelines and clinical practice recommendations for anemia in chronic kidney disease issued by the National Kidney Foundation,

which include non-randomized studies and data from registries (21). The most robust evidence for using ESA products in children is



Harms

Cost / cost effectiveness

related to epoetin alfa and beta, with some preliminary data on darbepoetin. Compared with epoetin in children with chronic kidney

disease stages 4 and 5, darbepoetin alfa had uncertain effects on the need for blood transfusion and risk of progression to renal

replacement therapy, all-cause mortality, hypertension, dialysis vascular access thrombosis, exceeding Hb target level and

injection site pain, as well as Hb levels during treatment (18). Children in the North American Pediatric Renal Transplant

Cooperative Study database from 1992 to 2001 with Hb lower than 9.9 g/dL compared with those with Hb more than 9.9 g/dL had

a high risk for mortality (adjusted relative risk, 1.52; 95% CI 1.03–2.26). Patients with more severe anaemia also had an increased

risk of hospitalization. In a multicentre single-arm interventional trial evaluating 22 children (4 months to 16 years) with chronic

kidney disease, treatment of anaemia with recombinant erythropoietin was associated with a significant increase in intelligence

quotient, although the relative increase in Hb levels was small (Hb baseline 9.2 ± 1.6 vs final 9.7 ± 1.7 g/dL) (21, 29).

The main safety concern linked to the use of ESAs in patients with chronic kidney disease is increases in the risk of death,

myocardial infarction, stroke and other serious cardiovascular events. This is related to ESA doses targeting Hb of 11 g/dL and

above. No trial has identified a Hb target level, ESA dose or dosing strategy that does not raise these risks. The lowest effective

dose is therefore recommended (30). All proprietary ESAs raised the odds of hypertension compared with placebo, while the effect

of biosimilar ESAs on hypertension was less certain (17). Since 2000, cases of aplasia (i.e. pure red cell aplasia, PRCA) and severe

anaemia, with or without cytopenia, associated with neutralizing antibodies to erythropoietin, were reported in Europe and in USA,

primarily in patients with chronic kidney disease given the medicine by SC injection. This was probably due to the interaction of

stabilizing agent and part of the pre-filled syringes. Despite modifications in the pre-filled syringes new cases of antibody-

associated PRCA are still reported, although the size of the phenomenon is limited (31). Based on time of exposure, PRCA incidence

was 35.8/100 000 patient-years (95% CI 7.4–104.7) for epoetin alfa, 14.0/100 000 patient-years (95% CI 1.7–50.6) for epoetin

beta and darbepoetin (11). No cases of PRCA emerged from the clinical development of biosimilars of epoetin alfa. However,

sudden loss of efficacy and confirmed cases of PRCA were reported in a cluster of 23 Thai patients receiving regionally

manufactured SC epoetin not approved in Europe (32, 33). High doses of erythropoietin may be associated with nephrogenic

fibrosing dermopathy (34). A major issue in ESA use relates to the Hb target. It is generally known that targeting higher Hb levels in

chronic kidney disease raises the risks for stroke, hypertension and vascular access thrombosis and probably increases the risks of

death, serious cardiovascular events and end-stage renal disease (19). A systematic review with meta-regression of RCTs of ESAs

in patients with chronic kidney disease examined whether a gradient of doses was associated with these potential harms, adjusting

for the target or achieved Hb level (25). The authors identified an association between the first 3-month and total study period

mean ESA dose and all-cause mortality, both in unadjusted models and models adjusting for target Hb. When restricting the

analyses to dialysis patients, the association persisted in both the unadjusted and adjusted analyses. The lack of adjustment for

other factors such as comorbidities and inflammatory markers, and inadequate control for treatment-by-indication bias and

ecological fallacy, are limitations of this meta-regression analysis. In any case, these findings support the widely accepted use of

more conservative dosing regimens for the treatment of patients with chronic kidney disease. Recent systematic reviews have

suggested that aiming at Hb levels similar to those in healthy adults involves a significantly higher risk of all-cause mortality (16,

19). The first-generation ESAs (epoetin alfa and epoetin beta) have to be administered frequently, up to three times a week. This

led to development of ESA agents with longer half-life (darbepoetin alfa, CERA) and consequent lower dosing frequency. The dosing

schedules of darbepoetin once a week or once every 2 weeks and of CERA once a month offer many potential advantages to both

patients and caregivers (35). However, the impact of these advantage should be considered in the light of the frequency of dialysis,

which for most patients is three times a week. It remains unclear whether the new, longer-acting ESAs, given less frequently, offer

the same efficacy and safety as older ESAs. A Cochrane systematic review updated in 2013 (16) sought to establish the optimal

frequency of ESA administration. The review included 33 studies involving 5526 participants and concluded that longer-acting ESA

(darbepoetin and CERA) given at 1–4-week intervals were non-inferior to ESA given 1–3 times a week in terms of achieving Hb

targets, without any significant differences in adverse events in haemodialysis patients. The rapidly growing clinical experience

with biosimilars has confirmed that their safety profile is in line with that of the reference products in terms of cardiovascular and

thromboembolic events and immunogenicity data. In general, the known safety profile of ESAs as a class can be extended to

biosimilars (36).

The application identified five cost-analyses. Four of them (37–40) and two HTA reports (22, 23) form the basis of the evidence



Availability

Other considerations

reported here. Studies that evaluated different Hb targets showed that achieving higher Hb is not a cost-effective strategy, with

mortality, hospitalization and utility estimates as major drivers of costs. When the initial Hb levels in haemodialysis patients were

below 9 g/dL, providing epoetins in order to reach 10 to 11 g/dL was less costly and more effective than higher or lower Hb levels.

Reported cost/QALY (quality-adjusted life- year) ratios ranged from US$ 931/QALY to US$ 677 749/QALY across five studies

comparing ESAs with red blood cell transfusions. One retrospective study on the relative utilization and cost of ESAs in patients

switched from epoetin to darbepoetin showed that the median dose:conversion ratio for each haemodialysis centre ranged from

288:1 to 400:1 and the average annual per-patient saving from US$ 2140 to US$ 4711. The authors concluded that switching

patients from epoetin to darbepoetin maintained clinical benefits while considerably reducing costs. The study was conducted by

independent researchers with an unrestricted grant from the darbepoetin producer (39). Another systematic review examined

whether once-monthly CERA gave better cost–effectiveness or even cost saving compared with other ESAs. Review findings were

contradictory, some demonstrating an increase in costs associated with CERA and others a cost reduction (40). It is expected that

the introduction of biosimilars of epoetin will have an impact on prices and drug market. Price differences between biosimilars and

originators has been broadly estimated at between 10% and 34%, although current evidence is limited (41). An estimate of

biosimilar-related savings from 2007 to 2020 in eight European countries (Germany, France, Italy, Poland, Romania, Spain, Sweden

and United Kingdom) was provided in a report supported by Sandoz Pharmaceuticals (42). On the basis of the data provided by IMS

Health, the report evaluated how biosimilars can help in reducing health-care expenditure over the long term, through the

increased use of biosimilars rather than originators. The estimated cumulative saving for biosimilar epoetins was €9.4–11.2 billion,

subject to the expected market share trend and scenarios. The expected savings amount to 21.4–25.5% of the estimated €43.8

billion expenditure without the market entry of biosimilars. Cost saving should be weighted and evaluated considering the different

penetration of biosimilars in different countries. IMS data up to 2011 showed that overall biosimilar sales are still a relatively small

segment of the European market but that annual growth is strong. For epoetins, the highest uptake was reported in Germany,

Greece and Sweden (43).

ESAs are licensed globally for treatment of symptomatic anaemia associated with chronic kidney disease. With the expiry of patent

protection for epoetin alfa in Europe in 2007, biosimilar erythropoietins – e.g. epoetin alfa (Binocrit, Abseamed, Epoetin alfa Hexal),

epoetin zeta (Retacrit, Silapo) – were introduced on the market (36). The patents on darbepoetin (Aranesp) expired in Europe in

2016 and will expire in USA in 2024 (42). Darbepoetin alfa “similar biologic” drugs (Actorise, Cresp, Darbatitor) are available in

India (42). To be licensed in countries with stringent regulatory agencies, such as USA and countries of the European Union, a new

epoetin claimed to be similar to a reference marketed product needs to undergo a proper comparability exercise, i.e. the head-to-

head comparison, to establish similarity in quality, safety and efficacy (44). The stringent regulatory criteria and the need to

provide a comprehensive data package have often been seen as putting an unnecessary burden (and cost) on the development and

licensing processes, leading to delays in access to biosimilars. On the other hand, these criteria are meant to provide a sufficient

level of evidence and extrapolation to reduce the concerns of both patients and health-care professionals about the use of

biosimilars. Nevertheless, the adoption of such criteria is a matter of debate in clinical practice, with particular regard to the

acceptability of switching from a reference drug to its biosimilars. However, pre-marketing trials and, above all, post-marketing

drug-utilization data have helped, consolidating not only the therapeutic equivalence of the two products but also the safety of

switching from reference to biosimilar products (45–47).

The application did not include peginesatide because of the safety concerns reported post-marketing, including serious

hypersensitivity reactions such as anaphylaxis, which may be life-threatening or fatal. In 2013, the FDA recalled all lots of

injectable peginesatide (Omontys) because of 19 reports of anaphylaxis (including three deaths) after the first dose in patients

receiving dialysis (48).

1. Kidney Disease: Improving Global Outcomes 2012 Clinical practice guideline for the evaluation and management of chronic kidne
y disease. Kidney Int Suppl. 2013;3(1):1–150.
2. Kidney Disease: Improving Global Outcomes Clinical practice guideline for anemia in chronic kidney disease. Kidney Int Suppl. 201
2;2(4):279–335.
3. DynaMed Plus. Anemia of chronic kidney disease [Internet]. Ipswich, MA: EBSCO Information Serices; 2016 (https://www.dyname
d.com/topics/dmp~AN~T905401, accessed 13 March 2017).
4. The selection and use of essential medicines. Report of the WHO Expert Committee, 2015 (including the 19th WHO Model List of 



Essential Medicines and the 5th WHO Model List of Essential Medicines for Children). Geneva: World Health Organization; 2015 (
WHO Technical Report Series, No. 994).
5. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Geneva: World Health Organization; 2011 (
http://www.who.int/vmnis/indicators/haemoglobin/en/, accessed 13 March 2017).
6. Chronic kidney disease: managing anaemia. London: National Institute for Health and Care Excellence; 2015 (NICE guideline, NG8
; https://www.nice.org.uk/guidance/ng8, accessed13 March 2017).
7. Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B et al. Chronic kidney disease: global dimension and perspectives. Lancet. 
2013;382(9888):260–72.
8. Grams ME, Chow EK, Segev DL, Coresh J. Lifetime incidence of CKD stages 3-5 in the United States. Am J Kidney Dis. 2013;62(2):
245–52.
9. Horspool S. The global burden of CKD: a call for serious action. Cranford, NJ: International Society of Nephrology; 2013 (http://ww
w.theisn.org/news/item/2896-the-global-burden-of-ckd-a-call-for-serious-action, accessed 13 March 2017).
10. Stauffer ME, Fan T. Prevalence of anemia in chronic kidney disease in the United States. PLoS One. 2014;9(1):e84943.
11. Macdougall IC. Anaemia of chronic kidney disease. Medicine.35(8):457–60.
12. Halterman JS, Kaczorowski JM, Aligne CA, Auinger P, Szilagyi PG. Iron deficiency and cognitive achievement among school-aged 
children and adolescents in the United States. Pediatrics. 2001;107(6):1381–6.
13. Arnlind MH, Fryklund L, Vitols S, Bertilsson G. Biosimilar erythropoiesis-stimulating agents and the risk of developing anti-drug a
ntibodies – a systematic review. Eur J Clin Pharmacol. 2016;72(10):1161–9.
14. Collister D, Komenda P, Hiebert B, Gunasekara R, Xu Y, Eng F et al. The effect of erythropoietin-stimulating agents on health-rela
ted quality of life in anemia of chronic kidney disease: a systematic review and meta-analysis. Ann Intern Med. 2016;164(7):472–8.
15. Coronado Daza J, Marti-Carvajal AJ, Ariza Garcia A, Rodelo Ceballos J, Yomayusa Gonzalez N, Paez-Canro C et al. Early versus d
elayed erythropoietin for the anaemia of end-stage kidney disease. Cochrane Database Syst Rev. 2015;(12):CD011122.
16. Hahn D, Cody JD, Hodson EM. Frequency of administration of erythropoiesis-stimulating agents for the anaemia of end-stage kid
ney disease in dialysis patients. Cochrane Database Syst Rev. 2014;(5):CD003895.
17. Palmer SC, Saglimbene V, Mavridis D, Salanti G, Craig JC, Tonelli M et al. Erythropoiesis-stimulating agents for anaemia in adults 
with chronic kidney disease: a network meta-analysis. Cochrane Database Syst Rev. 2014;(12):CD010590.
18. Palmer SC, Saglimbene V, Craig JC, Navaneethan SD, Strippoli GF. Darbepoetin for the anaemia of chronic kidney disease. Cochra
ne Database Syst Rev. 2014;(3):CD009297.
19. Palmer SC, Navaneethan SD, Craig JC, Johnson DW, Tonelli M, Garg AX et al. Meta-analysis: erythropoiesis-stimulating agents i
n patients with chronic kidney disease. Ann Intern Med. 2010;153(1):23–33.
20. Wilhelm-Leen ER, Winkelmayer WC. Mortality risk of darbepoetin alfa versus epoetin alfa in patients with CKD: systematic revi
ew and meta-analysis. Am J Kidney Dis. 2015;66(1):69–74.
21. KDOQI Clinical practice guidelines and clinical practice recommendations for anemia in chronic kidney disease. Am J Kidney Dis. 
2006;47(5 Suppl 3):S11–145.
22. Final appraisal report: methoxy polyethylene glycol-epoetin beta (Mircera®) Roche Products Limited. Penarth, Wales: All Wales 
Medicines Strategy Group; 2009 (Advice No: 1809; http://www.awmsg.org/awmsgonline/app/sitesearch, accessed 13 March 2017)
.
23. Tonelli M, Klarenbach S, Wiebe N, Shrive F, Hemmelgarn B, Manns B. Erythropoiesis-stimulating agents for anaemia of chronic ki
dney disease: systematic review and economic evaluation. Ottawa: Canadian Agency for Drugs and Technologies in Health; 2008 (T
echnology Teport No. 106; (https://www.cadth.ca/sites/default/files/pdf/459_Erythropoiesis_tr_e.pdf, accessed 13 March 2017).
24. Al-Ali FS, El-Sayed Abdelfattah M, Fawzy AA, Hamdy AF, Abdulla AE. Erythropoietin-stimulating agents in the management of an
emia of end-stage renal disease patients on regular hemodialysis: a prospective randomized comparative study from Qatar. Hemodia
l Int. 2015;19(1):33–43.
25. Koulouridis I, Alfayez M, Trikalinos TA, Balk EM, Jaber BL. Dose of erythropoiesis-stimulating agents and adverse outcomes in C
KD: a metaregression analysis. Am J Kidney Dis. 2013;61(1):44–56.
26. Morris KP, Skinner JR, Hunter S, Coulthard MG. Short term correction of anaemia with recombinant human erythropoietin and re
duction of cardiac output in end stage renal failure. Arch Dis Child. 1993;68(5):644–8.
27. Brandt JR, Avner ED, Hickman RO, Watkins SL. Safety and efficacy of erythropoietin in children with chronic renal failure. Pediatr
Nephrol. 1999;13(2):143–7.
28. Warady BA, Arar MY, Lerner G, Nakanishi AM, Stehman-Breen C. Darbepoetin alfa for the treatment of anemia in pediatric patie
nts with chronic kidney disease. Pediatr Nephrol. 2006;21(8):1144–52.
29. Burke JR. Low-dose subcutaneous recombinant erythropoietin in children with chronic renal failure. Australian and New Zealand 
Paediatric Nephrology Association. Pediatr Nephrol. 1995;9(5):558–61.
30. FDA News Release. FDA strengthens boxed warnings, approves other safety labeling changes for erythropoiesis-stimulating age
nts (ESAs). Silver Spring, MD: U.S. Food & Drug Administration; November 8, 2007 (https://www.fda.gov/NewsEvents/Newsroom/Pr
essAnnouncements/2007/ucm109024.htm, accessed 13 March 2017).
31. Safety alerts for human medical products: Aranesp (darbepoetin alfa). Silver Spring, MD: U.S. Food & Drug Administration; 2005.
32. Wish JB. The approval process for biosimilar erythropoiesis-stimulating agents. Clin J Am Soc Nephrol. 2014;9(9):1645–51.
33. Praditpornsilpa K, Tiranathanagul K, Kupatawintu P, Jootar S, Intragumtornchai T, Tungsanga K et al. Biosimilar recombinant hu
man erythropoietin induces the production of neutralizing antibodies. Kidney Int. 2011;80(1):88–92.
34. Swaminathan S, Ahmed I, McCarthy JT, Albright RC, Pittelkow MR, Caplice NM et al. Nephrogenic fibrosing dermopathy and high-
dose erythropoietin therapy. Ann Intern Med. 2006;145(3):234–5.
35. Bennett CL, Spiegel DM, Macdougall IC, Norris L, Qureshi ZP, Sartor O et al. A review of safety, efficacy, and utilization of erythro
poietin, darbepoetin, and peginesatide for patients with cancer or chronic kidney disease: a report from the Southern Network on Adv
erse Reactions (SONAR). Semin Thromb Hemost. 2012;38(8):783–96.
36. Covic A, Abraham I. State-of-the-art biosimilar erythropoietins in the management of renal anemia: lessons learned from Europe 
and implications for US nephrologists. Int Urol Nephrol. 2015;47(9):1529–39.
37. Ferguson T, Xu Y, Gunasekara R, Lerner B, Macdonald K, Rigatto C et al. The cost effectiveness of erythropoietin-stimulating age
nts for treating anemia in patients on dialysis: a systematic review. Am J Nephrol. 2015;41(2):89–97.
38. Thaweethamcharoen T, Sakulbumrungsil R, Nopmaneejumruslers C, Vasuvattakul S. Cost-utility analysis of erythropoietin for an
emia treatment in Thai end-stage renal disease patients with hemodialysis. Value Health Reg Issues. 2014;3:44–9.
39. Jordan J, Breckles J, Leung V, Hopkins M, Battistella M. Conversion from epoetin alfa to darbepoetin alfa: effects on patients' he
moglobin and costs to canadian dialysis centres. Can J Hosp Pharm. 2012;65(6):443–9.
40. Schmid H. Cost-effectiveness of continuous erythropoietin receptor activator in anemia. Clinicoecon Outcomes Res. 2014;6:319
–30.
41. Farfan-Portet MI, Gerkens S, Lepage-Nefkens I, Vinck I, Hulstaert F. Are biosimilars the next tool to guarantee cost-containment 
for pharmaceutical expenditures? Eur J Health Econ. 2014;15(3):223–8.
42. Haustein R, de Millas C, Höer A, Häussle B. Saving money in the European healthcare systems with biosimilars. GaBI Journal. 201
2;1(3-4):120–6.
43. What you need to know about biosimilar medicinal products. A consensus information document. Brussels: European Commission
; 2013 (http://www.medicinesforeurope.com/wp-content/uploads/2016/03/biosimilars_report_en.pdf, accessed 13 March 2017).
44. Guidelines on evaluation of smiilar biotherapeutic products (SBPs). Geneva: World Health Organization; 2009 (http://www.who.i
nt/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS_FOR_WEB_22APRIL2010.pdf, accessed 13 March 2017).
45. D'Amore C, Da Cas R, Rossi M, Traversa G. Switching between epoetins: a practice in support of biosimilar use. BioDrugs. 2016;3
0(1):27–32.
46. Ebbers HC, Muenzberg M, Schellekens H. The safety of switching between therapeutic proteins. Expert Opin Biol Ther. 2012;12(
11):1473–85.



47. Wiecek A, Ahmed I, Scigalla P, Koytchev R. Switching epoetin alfa and epoetin zeta in patients with renal anemia on dialysis: osth
oc analysis. Adv Ther. 2010;27(12):941–52.
48. Safety alerts for human medical products: Omontys (peginesatide) injection by Affymax and Takeda: recall of all lots – serious hy
persensitivity reactions. Silver Spring, MD: U.S. Food & Drug Administration; 2013 (https://www.fda.gov/Safety/MedWatch/SafetyI
nformation/SafetyAlertsforHumanMedicalProducts/ucm340895.htm, accessed 13 March 2017).




