
ROLE OF ERYTHROPOIESIS 
STIMULATING AGENTS (ESAs) IN 

RENAL ANEMIA 

Dr. Yi Yi Khine 
Senior consultant nephrologist 

Renal Medical Department 
Thingangyun Sanpya Hospital 

03-04-18 1 



ROLE OF ESAs IN RENAL ANEMIA 

• Historical background 

• Mechanisms of ESAs  

• Role of ESAs in renal anemia 

• Types of ESAs 

• Clinical Trials 

• Newer agents in renal anemia 
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Prevalence of Anemia in CKD 

• Anemia often develops in the 
early stages of CKD, but the 
likelihood increases as the 
disease progresses1 

 

• A large proportion of patients 
with advanced CKD (stages 3b-
4) are affected by anemia2 

 

 

1. Hainsworth T. Nursing Times. 2006;102:23. 

2. Mikhail , et al. Clinical Practice Guidelines – Anaemia of CKD: UK Renal Association. 2010:1-40.  

 

Increasing prevalence of  
anemia as CKD progresses2 
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HISTORICAL BACKGROUND 

1974    - Allan Erslev demonstrated the presence   
                   of Erythropoietin in the kidney. 
1977    - Eugene Goldwasser first isolated    
                   erythropoietin from urine.  
1983    -  Lin et al cloned and expressed the  
                    human Epo gene 
  1986   - Winearls et al reported the first use of  
                   rHu Epo in chronic hemodialysis patients 
1989    - FDA approved of rHu Epo for treatment  
                   of renal anemia 
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Pioneers 

Allan Erslev Eugene Goldwasser Fu Kuen Lin 



By 1991, in dialysis,  

There were no longer patients requiring 
regular transfusions for severe anemia (eg, 
hemoglobin concentration, <7 g/dL ) 

Dialysis center–based transfusions had 
decreased by more than 65%. 
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ERA OF  ESAS 

ESA’s transformed the management of CKD anemia 

                        by allowing a more sustained increase in Hb… 

• Fishbane S. Curr Opin Nephrol Hypertens 2009;18:112–115 
Macdougall IC & Ashenden M. Adv Chron Kid Dis 2009;16:117–130 
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Szu-Chun Hung a, Yao-Ping Lin b,c, 
Der-Cherng Tarng 

;Journal of the Formosan Medical 
Association (2014) 113, 3e10 
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ERYTHROPOIETIN 

• It is a Gylcoprotein hormone, synthesized by 
the intrestitial fibroblasts of peritubular region 
of kidneys in adults and by liver in fetal and 
perinatal period. 

• Molecular weight is 34kD. 

• Gene is located on the long arm of 
chromosome 7 (7q11-q22). 
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• The primary structure of a 
mature 
erythropoietin(and hence 
rHuEPO) containing 165 
amino acids 

 
• The molecular mass of 

the polypeptide backbone 
and the glycosylated form 
of erythropoietin is 
estimated to be 18 kDa 
and 30 kDa respectively 
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• Erythropoietin is essential for the proliferation, 
differentiation,and maturation of RBCs in bone 
marrow.  

• Erythropoietin is critical for the survival of RBC 
progenitors in bone marrow  

• Erythropoietin may also have immunomodulatory  

    activity 
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Types of ESAs 

Protein based ESA therapy 
Epotein  ( alfa, beta, delta, omega) 
Biosimilies (epoetin zeta) 
Darbopoietin alfa—Glysocylated erythropoietin 
CERA(methoxy polythylene glycol epoetin beta) 
Synthetic Erythropoietin (SEP) 
EPO fusion protein----- EPO-EPO 
                                      - GM-CSF-EPO 
                                       - Fc-EPO 
                                     -  CTNO 528 
 

Small molecule ESAs 
 Peptide based ( e.g. Hematide) 
 Non-peptide based. 



Currently Available ESAs 

• Recombinant human 
erythropoietin (rHuEPO) 

– Epoetin alfa  

– Epoetin beta  

– Epoetin delta  

– Epoetin theta (Europe) 

 

• Longer-acting ESAs 

– Darbepoetin alfa (Aranesp) 

– Methoxy-PEGylated epoetin 
beta (Mircera) 

 

Mircera 

Darbepoetin alfa 

rHuEPO 

Elliott S, et al. Nat Biotechnol. 2003;21(4):414-421. 



ADMINISTRATION OF ESAs 
IV or SC ? 

 Route of administration 

• Both intravenous and subcutaneous 
administrations are commonly used to deliver 
rHuEPO to renal patients.  

• Clinical studies have demonstrated that the 
subcutaneous route offers a few advantages over 
intravenous administration. 

• subcutaneous administration is more convenient 
as it does not require any venous access.  
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• subcutaneous RHuEPO administration 
significantly prolongs the increase of serum 
erythropoietin, thus sustaining the stimulation 
of erythropoiesis.  

• up to 30% reduction in total weekly RHuEPO 
dosage on haemodialysis patients could be 
achieved to maintain the same haemoglobin 
level when switching intravenous to 
subcutaneous administration.  
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• Intraperitoneal administration of RHuEPO 
could be an alternative for the subcutaneous 
route to renal patients receiving peritoneal 
dialysis.  

• A larger dose of RHuEPO may be required to 
maintain the same haemoglobin level if 
RHuEPO has to be applied intraperitoneally. 
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•  increasing concern of pure red cell aplasia 
associated with subcutaneous EPO-alpha 
administration to renal patients, the 
Department of Health in UK recommends 
EPO-alpha administration to intravenous. 

• However, it remains uncertain whether similar 
measure will be applied to the other 
recombinant erythropoietins. 
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• Outside the uraemic setting, both intravenous 
and subcutaneous RHuEPO have been 
employed  

•  The subcutaneous route was used in the 
majority of the studies.  

• However, there have been no studies to 
compare the efficacy of these routes. 
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ESA dosing 
Generic name Trade name Half-life Initial dosing eg. Starting    

dose 

Epoetin α Eprex,Epogen 
Procrit 

4-8 hrs 80-120 IU/kg in 
3 divided doses 

2000 IU x 3 /wk 

Epoetin β Neo Recormon 4-12 hrs 80-120 IU/kg in 
3 divided doses 
 

2000 IU x 3 /wk 
 

Darbepoetin α Aranesp 21-25 hrs 0.45 ug/kg 
1 x wk 

30 ug 
1 x wk 

Methoxy 
polyethylene 
Glycol 
Epoetin β 
 

Mircera  130 hrs 0.6 ug/kg 
fortnightly 

50 ug fortnightly 
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Before & After starting ESAs 

 Ensure iron replete 

Measure Hb and BP 2-4 weekly at first and 
after a dose change 

Aim for increase in Hb of 1-2 g/dl / month 
until target achieved 

Increase dose monthly (25% increment) if 
slow Hb rise. 

Reduce dose by 25-50% if Hb rises >2 g/dl in a 
month 
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Guidelines for target indices in CKD 
associated anemia 

Hb target (g/dl) Iron indices 

KDOQI 11-12 (AVOID > 13 ) Ferritin > 200 mg/l (HD) or 
>100 (non-HD) 
TSAT >20%  

UK RENAL ASSOCIATION 11-12 Ferritin 200-500 ug/L (HD) 
or  
>100-500 ug/L (non-HD) 
TSAT >20% or HRBC <6 % 

KDIGO ≥ 10-11.5  TSAT  ›30% and 
 ferritin ›500 ng/ml 
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Influential clinical trials 

 

• NHCT 

• CHOIR 

• CREATE 

• TREAT 

03-04-18 29 



03-04-18 30 



Other Uses of ESAs 
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ESAs additional benefits 

• Enhanced quality of life scores 

• Improved exercise capacity 

• Improved cardiac function status 

• Regression of LVH and improved LV 
architecture 

• Improved immune responses 

• Improved cognitive function 
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ESA resistance or hyporesponsiveness 

• True ESA resistance is defined as; 

Failure to reach target Hb or 

The need to administer above a threshold ESA 
dose (eg.≥ 300 IU/kg/wk of epo α or β ) or  

    1.5 ug/kg/wk of darbepoetin α to maintain 
target Hb 
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Factors influencing on the response to 
ESAs 
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Pure red cell aplasia 
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Newer agents 
 

• HIF stabilizers 

• Hepcidin modulation 

• EPO gene therapy 

• EPO fusion proteins 

• GATA inhibitors  

• Hemopoietic cell phosphatase inhibitors 
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HIF stabilizers 

• The HIF-prolyl-hydroxylase inhibitors 

         GSK1278863 [daprodustat],  

         BAY 85-3934 [molidustat],  

         FG 4592 [roxadustat])  

•  exert their effects via the molecular oxygen 
sensing mechanisms and influence several 
systems. 
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Characteristics of HIF-PH Inhibitors Under 
Development 

Generic 

Name 

Investigationa

l 

Name 

Generic 

Name 

Sponsor Half 

Life 

(hr) 

Dosing 

Frequenc

y 

Investigationa

l Status 

Roxadustat FG-4592 Roxadustat FibroGen, 

Astellas & 

AstraZeneca 

12-

13  

3x weekly Phase 3 

Vadadustat AKB-6548 Vadadustat Akebia 4.5  Daily Phase 3 

Daprodustat GSK-1278863 Daprodustat Glaxo- 

SmithKline 

4  Daily Phase 2 (US)  

Phase 3 

(Japan) 

Molidustat BAY 85-3934 Molidustat Bayer NA Daily Phase 2 



Adjuncts to ESA therapy 

• Ascorbic acid 

• L- carnitine 

• androgens 

03-04-18 43 



Ascorbic acid 

• Increase iron release from ferritin and the RE 
system 

• Enhances iron utilization during Hb synthesis 

• Needs to be given IV as orally ineffective 

• Secondary oxalosis is a safety concern 

• Insufficient evidence for routine use 
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L- carnitine 

• Required for long chain fatty acid transport 
into mitochondria 

• Membrane stabilizing effect- increade RBC 
survival and increas formation of bone 
marrow erythroid clones 

• IV administration may increase Hb and reduce 
ESA requirement 

• Inadequate and unconvincing body of 
evidence 
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Androgens 

• Patchy evidence to support nandrolone use 

• Side effects including acne, virilization and 
abnormal LFTs  
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KDIGO: Use of ESAs 

• Address all correctable causes of anemia before initiation of ESA 
therapy (not graded) 

 

• Balance the potential benefits of reducing blood transfusions and 
anemia-related symptoms against the risks of harm (1B) 

– Stroke 

– Vascular access loss 

– Hypertension 

 

• Use ESAs with great caution in patients with active malignancy 
when cure is the anticipated outcome (1B) 



KDIGO: Initiation of ESA Therapy in Adult 
Hemodialysis Patients 

• To avoid having the Hgb level fall below 9.0 g/dL, start ESA 
therapy when the Hgb level is 9-10 g/dL (2B) 

 

• Individualization of therapy is reasonable as some patients may 
have improvement in QOL at higher Hgb levels and their ESA 
therapy may be started at Hgb levels above 10 g/dL (not graded) 

 

 



KDIGO: Maintenance ESA Therapy in Adult 
Hemodialysis Patients 

• In general, ESAs should not be use to maintain Hgb levels of 
>11.5 g/dL (2C) 

 

• Individualization of therapy will be necessary as some patients 
may have improvements in QOL at Hgb levels >11.5 g/dL (not 
graded) 

 

• ESAs should not be used to intentionally increase the Hgb level 
to >13 g/dL (1A) 



KDIGO: ESA Dosing in Adult Hemodialysis 
Patients 

• Determine the initial ESA dose based on patient’s Hgb level, body 
weight and clinical status (1D) 

 
• ESA dose adjustments should be made based on (1B): 

– Hg level 
– Rate of change of Hgb level 
– Current ESA dose 
– Clinical circumstances 
 

• Decrease ESA dose in preference to withholding dose (2C) 
 
• Re-evaluate ESA dose if patient has an ESA-related event or has an 

illness that may cause ESA hyporesponsiveness (not graded) 



TAKE HOME MESSAGES 
• ESAs are crucial in management of CKD anemia 

• First take necessary measures before starting ESA 
therapy 

• Monitoring is necessary to assess response and 
adjustment to maintain stable target Hb level 

• To find out the possible causes once ESA 
hyporesponsiveness occurs 

• Seek for expert opinions 
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