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Detrimental effects of anaemia 

in CKD patients 

    Exercise tolerance 

    Work capacity 

    Skeletal muscle oxidative 

capacity 

    Coagulation  

    Cognitive function 

    Sexual function 

    Appetite 

    Nutrition 

    Quality of life 

      Depression 

      Sleep/wake pattern 

      Cardiac output 

      Angina pectoris 

      Left ventricular hypertrophy 

      Cardiac failure 

      Myopathy 

      Morbidity and mortality 

      Progression of renal failure 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

CKD = chronic kidney disease 



Anaemia management milestones 

1977 Human erythropoietin (EPO) isolated from 2,500L of urine 

1983 Dr. Fu-Kuen Lin clones the human EPO gene and 

produces recombinant human EPO (rHuEPO) 

1986 First clinical report in dialysis patients 

A research team lead by Fu-Kuen Lin 

clones the gene for human EPO 

and subsequently produces 

recombinant EPO, later patented  

and named EPOGEN® (Epoetin alfa) 

 

1989 

Epoetin alfa 

approved for 

treatment of anaemia 

associated with CKD 



Amino Acid Sequence 

of Human EPO 
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Structure of rHuEPO 

 Three N-linked and one O-linked carbohydrate chains 

 30,400 daltons 

 40% carbohydrate 

 Up to 14 sialic acid residues: 

– naturally occurring EPO    up to 14 sialic acid residues 

– rHuEPO (CHO cells)  4–14 sialic acid residues 

– commercial rHuEPO  9–14 sialic acid residues 



Management Principles for  

Anaemia in CRF 

 More than 10 years 

experience with rHuEPO 

 Organised and 

summarized in EBPG 

European Best Practice Guidelines 

Nephrol Dial Transplant 1999;14(suppl 5):1-50 





European Best Practice Guidelines 

 Epoetin can be administered either sc or iv in 
patients on HD but the sc route will usually 
lead to lower doses of epoetin being required. 

(Evidence level A) 

 Randomized studies show a median reduction 
in dosage of 21%. 

 

 Hb > 11 g/dL (upper limit not defined) 

Nephrol Dial Transplant 1999;14(suppl 5):1-50 



Pharmacological 

developments in ESAs 

2001 Aranesp®      (darbepoetin alfa) 

  

2007 Mircera®        (C.E.R.A., mPEG-epoetin bet) 

 

2012 Hematide™   (peginesatide) 



Comparison of rHuEPO  

and darbepoetin alfa 

Macdougall I. Semin Nephrol 2000;20:375–81 

 Three N-linked 

carbohydrate chains 

 Up to 14 sialic acid 

residues 

 30,400 daltons 

 40% carbohydrate 

 Five N-linked  

carbohydrate chains 

 Up to 22 sialic acid residues 

(eight additional residues) 

 37,100 daltons 

 51% carbohydrate 

Site directed  

mutagenesis 

rHuEPO Darbepoetin alfa 

rHuEPO = recombinant human erythropoietin  



Nephrol Dial Transplant 2001;16(suppl 3):22-28 

Darbepoetin alfa Usage Guidelines 



Nephrol Dial Transplant  2001;16(suppl 3):22-28 

Darbepoetin alfa Usage Guidelines 



Initial Darbepoetin alfa Administration 

 Pre-dialysis and PD 

– The recommended starting dose of 

darbepoetin alfa is 0.45 mcg/kg once weekly 

by the SC route  

 HD 

– The recommended starting dose of 

darbepoetin alfa is 0.45 mcg/kg once weekly 

by either the IV or SC route  

Nephrol Dial Transplant 2001;16(suppl 3):22-28 





Dose (µg/kg) Hb (g/dL) 

Hb 

Darbepoetin alfa dose 

Treatment period 1 (QW) 

12 11 10 9 8 7 6 5 4 3 2 1 

2.0 

1.5 

1.0 

0.5 

0.0 

11.6 ± 0.96 g/dL                  11.6 ± 1.12 g/dL 

0.62 ± 0.41 µg/kg             0.61 ± 0.48 µg/kg 

14 

12 

10 

8 

6 

*Values expressed as mean values ± SD 

Treatment period 2 (Q2W) 

Hb values and darbepoetin alfa dose 

remained stable throughout the study* 
HD 

Q2W 

Carrera F et al. Nephrol Dial Transplant 2006;21:2846–2850 





Treatment of renal anaemia: frequency of 

ESA administration 

 Epoetin alfa and epoetin beta are commonly given two or three 

times a week, or even daily (Evidence level A) 

 

 

 Evidence from randomized trials shows that darbepoetin alfa 

administered once weekly or once every two weeks can 

effectively treat anaemia in CKD patients on dialysis (Evidence 

level A) 





Dose savings on switching from epoetin alfa or epoetin beta BIW or 

TIW to darbepoetin alfa QW or Q2W 
Study 

Number 

patients 
Study design 

Treatment + 

evaluation 

Hb target 

(g/dL) 
Outcome 

Tolman 

2005 
217 

EB TIW → DA QW vs EB TIW → EB 

QW  

Single centre, open label  

9 months 11-12 
Change in mean dose on conversion to DA: −20%  

Change in mean dose on conversion to EB QW: +24% 

Molina 

2004 
112 

rHuEPO s.c. → rHuEPO i.v.  vs 

rHuEPO s.c. → DA QW s.c. or i.v.  
24 weeks 11-13 

DA group: 25% decrease in REI by week 24  

rHuEPO group: 39% increase in REI by week 24  

Hörl 

2002 
250 rHuEPO BIW/TIW → DA QW  24 weeks 10-13 

Change in mean dose on  

conversion to DA: −13.3%  

Nissenson 

2002 
507 

rHuEPO TIW → DA QW  vs  

continued rHuEPO TIW  

Multicentre, double-blind  

28 weeks 9-13 

Change in mean (SD) dose on conversion to DA: 

 Decrease from 63.18 (49.27) to 54.18 (47.56) μg/week 

  

Change in mean (SD) dose with continued rHuEPO:  

increase from 12 706 (10 349) to 13 639 (12 805) U/week  

Bock 

2008 
132 

rHuEPO BIW/TIW or QW → DA QW 

or Q2W, Multicentre, open-label  
24 weeks 

Within ±1 

of baseline 

levels 

(10.8-13) 

Change in mean DA dose: −25% 

Locatelli 

2003 
343 

rHuEPO BIW/TIW or QW → DA QW 

or Q2W, Multicentre, open label  
24 weeks 10-13 

Change in mean DA dose:  

i.v. group: 25.2 to 21.5 μg/week 

s.c. group: 20.8 to 22.7 μg/week 

Brunkhorst 

2004 
1502 

rHuEPO BIW/TIW or QW → DA QW 

or Q2W, Multicentre, open label  
24 weeks 10-13 

Change in mean dose on conversion to DA:  

i.v. group: decrease from 23.23 to 19.92 μg/ week  

s.c. group: decrease from 22.95 to 21.61 μg/ week 

Kessler 

2006 
1008 

rHuEPO BIW/TIW or QW → DA QW 

or Q2W, Multicentre  
24 weeks 10-13 

Change in median dose on conversion to DA:  

i.v. group: decrease from 27.3 to 22.3 μg/week  

s.c. group: increase from 22.9 to 23.3 μg/week  

Martinez 

Castelao 

2003 

826 
rHuEPO BIW/TIW or QW → DA QW 

or Q2W, Multicentre  
24 weeks 10-13 

Change in mean dose on conversion to DA:  

i.v. group: −19.7%  

s.c. group: −4.7% 

Carrera et al., NDT Plus (2009) 2 [Suppl 1]: i9–i17 





Meta-analysis: ca. 30% dose savings could be achieved 

when HD patients were converted  

from epoetin to darbepoetin alfa 

Bonafont X et al. NDT Plus 2009;2:347-53 



mPEG-epoetin beta  
A continuous EPO receptor activator 

 mPEG-epoetin beta is the first 

continuous EPO receptor  

activator for treatment  

of anaemia 

– chemically synthesised 

– integration of amide bonds 

between amino groups on  

N-terminus or lysine residues  

and methoxy-polyethylene 

glycol-butanoic acid 

Molecular weight  

~60,000Da 

Macdougall I, et al. Annual Renal Week (ASN) 2003, Philadelphia, PA, USA 

The image represents an artist’s view  

of a possible structure for mPEG-epoetin beta  



MIRCERA Pharmacological Properties 
Summary 

 Different interaction with the erythropoietin receptor 

compared with epoetin beta 

– lower binding affinity to erythropoietin receptor 

– slower association at the receptor 

– slightly faster dissociation at the receptor 

– slower consumption 

– higher potency in vivo 

 The same long half-life (~130 h) following IV and SC 

administration 

 Pharmacologic properties might allow extended 

administration intervals and provide stable 

erythropoietic response 



 

 

 

 

 

MIRCERA has a Long Half-Life 
Approximately 130 h following IV and SC administration 

1. Halstenson et al. Clin Pharmacol Ther. 1991:50:702-712 

2. Macdougall et al. J Am Soc Nephrol. 1999;10:2392-2395 

3. Padhi et al. Clin Pharmacokinet. 2006;45:503-510 

4. Macdougall et al. Am J Kidney Dis. 2006;47:A41 

5. Macdougall et al. J Am Soc Nephrol. 2005; 16:759A 

Agent Population Mean (± SD) half-life (h) 

IV SC 

Epoetin alfa Healthy volunteers1 6.8 ± 0.6 19.4 ± 2.5 

Epoetin beta Healthy volunteers1 8.8 ± 0.5 24.2 ± 2.6 

Darbepoetin 

alfa 

Peritoneal dialysis 

patients2 

25.3 ± 2.2 48.8 ± 5.2 

Pre-dialysis patients3 - 69.6 (29.8)† 

MIRCERA Healthy volunteers4 133 ± 9.8 137 ± 21.9 

Peritoneal dialysis 

patients4,5 

134 ± 19 139 ± 20 

†Mean (SD) 



Schedule for correction Schedule for maintenance 

Dialysis 

IV 

BA16736 

Q2W 

Dialysis 

IV/SC PFS 

BA17284 

Q2W 

Q4W 

Q2W 

 

Epoetin 

TIW 

Dialysis 

IV 

BA16739 

Q2W 

Q4W 

Epoetin 

QW−TIW 

Q2W 

 

Dialysis 

IV 

BA17283 

Darbepoetin 

QW, Q2W 

Epoetin 

QW−TIW 

Dialysis 

SC 

 BA16740 

Q2W 

Q4W 

Epoetin 

QW−TIW 

Q2W 

CKD† 

SC 

BA16738 

Q2W 

Q4W 

Darbepoetin 

QW 

ARCTOS AMICUS MAXIMA PROTOS STRIATA RUBRA 

Phase III Programme: Study Overview 

MIRCERA 
administration 

interval  

Comparator 
administration 

interval  

†Chronic kidney disease (CKD) patients not on dialysis 

PFS, pre-filled syringe 



Epoetin  

QW−TIW IV 
MIRCERA Q4W IV (n=224) 

R 

MIRCERA Q2W IV (n=223) 

8 weeks 

Evaluation 

period 

28 weeks 

Titration period 

4 weeks 

Baseline 

period 

16 weeks 

Long-term safety 

period 

R 

Epoetin QW−TIW IV (n=226) 

MAXIMA: Study Design 
IV conversion from epoetin in patients with CKD on 

dialysis 

Levin et al. Lancet  2007;370:1415-1421 



Epoetin QW–TIW IV (n=226) 

Hb Stability Maintained Over 1 Year with 

Once-Monthly MIRCERA IV 

4 8 12 16 20 24 28 32 36 40 44 48 52 

Mean (SD) Hb (g/dL) 

Mo 

Wk 

Titration Evaluation 
Long-term  

safety 

Levin et al. Lancet. 2007;370:1415-1421 ITT populations 

MIRCERA Q2W IV (n=223) 

BL 1 2 3 4 5 6 7 8 9 10 11 12 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Final visit 

MIRCERA Q4W IV (n=224) 



MIRCERA Q2W 

IV (n=188) 

MIRCERA Q4W IV 

(n=172) 

Epoetin QW−TIW  

IV (n=180) 

Mean (SD) Hb, g/dL† 

Baseline  

(wk −4 to 0) 
12.0 (0.6) 11.8 (0.6) 12.0 (0.6) 

Evaluation period  

(wk 29 to 36) 
11.9 (1.1) 11.9 (1.0) 11.9 (0.9) 

Long-term safety 

period (wk 37 to 52) 
11.8 (1.0) 11.6 (1.0) 11.8 (1.0) 

Patients requiring 

transfusion, % 
9.5 7.3 7.6 

Once-Monthly IV MIRCERA Maintains Stable Hb 

Levels After Direct Conversion from Epoetin 

QW−TIW  

†PP populations; results comparable in ITT population 

Levin et al. Lancet. 2007;370:1415-1421 



Epoetin  

QW−TIW SC 
MIRCERA Q4W SC (n=191) 

Epoetin QW−TIW SC (n=191) 

R 

MIRCERA Q2W SC (n=190) 

8 weeks 

Evaluation 

period 

28 weeks 

Titration period 

4 weeks 

Baseline 

period 

16 weeks 

Long-term safety 

period 

R 

PROTOS: Study Design 
SC conversion in patients with CKD on dialysis 

Sulowicz et al. Clin J Am Soc Nephrol. 2007;2:637-646  



Hb Stability Maintained Over 1 Year with 

Once-Monthly MIRCERA SC 

BL 1 2 3 4 5 6 7 8 9 10 11 12

7

8

9

10

11

12

13

14

15

16

Final visit

Mean (SD) Hb (g/dL) 

4 8 12 16 20 24 28 32 36 40 44 48 52 

MIRCERA Q2W SC (n=190) 

MIRCERA Q4W SC (n=191) 

Epoetin QW−TIW SC (n=191) 

Mo 

Wk 

Titration Evaluation 
Long-term  

safety 

Sulowicz et al. Clin J Am Soc Nephrol. 2007;2:637-646  ITT populations 



MIRCERA  

Q2W SC  

(n=154) 

MIRCERA  

Q4W SC 

(n=153) 

Epoetin  

QW−TIW SC  

(n=167) 

Mean (SD) Hb, g/dL† 

Baseline  

(wk −4 to 0) 
11.7 (0.7) 11.6 (0.7) 11.6 (0.7) 

Evaluation period  

(wk 29 to 36) 
11.7 (1.0) 11.5 (1.0) 11.5 (1.1) 

Long-term safety 

period (wk 37 to 52) 
11.6 (1.0) 11.5 (1.0) 11.6 (1.1) 

Patients requiring 

transfusion, % 
6.3 10.5 9.9 

†PP populations; results comparable in ITT population 

Sulowicz et al. EDTA 2006; 

Sulowicz et al. Clin J Am Soc Nephrol. 2007;2:637-646  

Once-Monthly SC MIRCERA Maintains Stable Hb 

Levels After Direct Conversion from Epoetin 

QW−TIW  



Maintenance: Once-Monthly MIRCERA IV 

and SC Provides Stable and Sustained Hb 

Control 

PROTOS and MAXIMA studies: patients included were stable on  
epoetin alfa or beta at baseline 

Levin et al. Lancet  2007;370:1415-1421; 

Sulowicz et al. Clin J Am Soc Nephrol  2007;2:637-646 

MAXIMA PROTOS 

ITT populations 

4 8 12 16 20 24 28 32 36 40 44 48 52 

Mean (SD) Hb (g/dL) 

Mo 

Wk 

Titration Evaluation 

Long-term 

safety 

Mean (SD) Hb (g/dL) 

4 8 12 16 20 24 28 32 36 40 44 48 52 

Mo 

Wk 

Titration Evaluation 

Long-term 

safety 

Epoetin QW–TIW IV (n=226) 

BL 1 2 3 4 5 6 7 8 9 10 11 12 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Final visit 

Epoetin QW–TIW SC (n=191) 

BL 1 2 3 4 5 6 7 8 9 10 11 12 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Final visit 

MIRCERA Q4W IV (n=224) MIRCERA Q4W SC (n=191) 
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Evaluation (wk 50-53) 

4 weeks 26 weeks 26 weeks 

Screening period 

Darbepoetin alfa 

1x/2 weeks 
(n=245) 

Darbepoetin alfa 

1x/week 

Darbepoetin alfa 

1x/month 

Primary  

end point 

MIRCERA®  

1x/month 
(n=245) 

MIRCERA®  

1x/month 

R 

PATRONUS compared once-monthly MIRCERA®  

and darbepoetin alfa maintenance treatment 

R, randomisation 
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14.0 

12.0 

10.0 

8.0 

7.0 

Baseline 4 8 12 16 20 24 28 32 36 40 44 48 52 

Weeks (of trial treatment) 

16.0 

Evaluation (wk 50-53) 

15.0 

9.0 

13.0 

11.0 

Only once-monthly MIRCERA® maintained Hb levels 

during the second 26-week treatment period 

MIRCERA® (mean; 95% CI) 

Darbepoetin alfa (mean; 95% CI) 
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MIRCERA (median, IQR) 

Darbepoetin alfa (median, IQR) 

Months (of trial treatment) 

MIRCERA® dose was unchanged during the 

second 26-week treatment period 

Secondary end point 



Darbepoetin alfa dose increased by >35% during 

the second 26-week treatment period 

The median MIRCERA® dose was virtually unchanged  during the second 

26-week treatment period whereas darbepoetin alfa substantially increased 

by 35% 

Median (IQR) 

treatment dose, 

g/month  

MIRCERA® 

n=211  

Darbepoetin alfa 

n=219  

Week 27 200 (120-313)  150 (80-280) 

Months 11 and 12 196 (120-351) 225 (106-400) 

Secondary end point 

0% +35% 



Conclusions 

MIRCERA® was shown to be superior to darbepoetin alfa 

as once-monthly treatment: 

– Significantly more patients responded with MIRCERA® 

compared with darbepoetin alfa 

– MIRCERA® maintained Hb levels within a tight target range 

during the second 26-week treatment period 

– Mean Hb levels for patients receiving darbepoetin alfa fell to 

below the lower target (11 g/dL) over the same 26-week period, 

despite substantial dose increases 

 

This is the first large, randomised, prospective head-to-head study that 

has shown one ESA to offer superior efficacy compared with another 

 

Carrera F. Nephrol Dial Transplant 2010;25:4009-4017 



Variations in ESA half life 

1. Halstenson CE, et al. Clin Pharmacol Ther 1991:50:702–12 

2. Macdougall IC, et al. J Am Soc Nephrol 1999;10:2392–5 

3. Padhi D, et al. Clin Pharmacokinet 2006;45:503–10 

4. Macdougall IC, et al. Am J Kidney Dis 2006;47:A41 

5. Macdougall IC, et al. J Am Soc Nephrol 2005;16:759A 

Agent Population 

Mean (±SE) half life (h) 

i.v. s.c. 

Epoetin alfa Healthy volunteers1 6.8±0.6 19.4±2.5 

Epoetin beta Healthy volunteers1 8.8±0.5 24.2±2.6 

Darbepoetin alfa PD patients2 25.3±2.2 48.8±5.2 

Pre-dialysis patients3 – 69.6 (29.8)† 

mPEG epoetin beta  Healthy volunteers4 133±9.8 137±21.9 

PD patients4,5 134±19 139±20 

s.c. = subcutaneous; SE = standard error 

SD = standard deviation 

†Mean (SD) 



Safety populations Heifets & Dougherty. WCN 2007 

Rate of Hb Decline After Dose Interruption 

is not Affected by MIRCERA Half-Life 

Mean (SD) Hb (g/dL) 

Epoetin (QW−TIW) or darbepoetin 

alfa (QW or Q2W) (n=126) 

MIRCERA Q4W (n=59) 

Weeks since treatment interruption  

(time 0) 

−3 −2 −1 0 1 2 3 4 5 6 

10 

11 

12 

13 

14 

15 

16 



Peginesatide structure: 

polyethylene glycol (PEG) and peptide  

 Peptide 

 Peptide 

PEG 



Peginesatide: a novel  

investigational ESA 

 The amino acid sequence of peginesatide is unrelated 

to that of EPO 

 In phase II studies, monthly dosing increased and 

maintained Hb within target  

 Peginesatide does not appear to generate antibodies 

to endogenous EPO 

 Preliminary results to date support the treatment  

of anaemia with peginesatide in PRCA patients 



N Engl J Med 2009; 
361:1848–55 



Mean Hb levels are not the whole story 

Hb cycling and variability 



In a population-based view Hb appears stable, but in 

individual patients Hb varies considerably with time 

Distribution of monthly Hb levels 

for the overall study population  
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Copyright  [1999] The Renal Association 
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Hb fluctuations in a cohort of  

UK dialysis patients 
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More than 90% of patients experience 

Hb fluctuations 

9.5 

11.0 

12.5 

14.0 

1 2 3 4 5 6 

39.5% 

H
b

 (
g

/d
L

) 

Month 

6.5% Target Hb 

2.0% High Hb 

1.8% Low Hb 

28.9% 

21.3% Low amplitude  
low Hb 

Low amplitude  
high Hb 

High amplitude 

fluctuations 

Nearly 40% of patients crossed two Hb boundaries 

within 6 months (n=152’846) 

Ebben J et al. Clin J Am Soc Nephrol 2006;1:1205–1210 

39.5% 



Hb values below the target range, rather than Hb variability 

itself may be the primary driver of increased risk of death 

Gilbertson DT et al. Clin J Am Soc Nephrol 2008;3:133–138 

Ebben J et al. Clin J Am Soc Nephrol 2006;1:1205–1210 
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2.5 

I-H 

0.56 

H-H 

0.39 

L-H 

<0.0001 

L-I 

<0.0001 

L-L 

<0.0001 

I-I, intermediate-intermediate; I-H, intermediate-high; H-H, high-high; L-H, 

low-high; L-I, low-intermediate;    L-L, low-low 
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  6.5% 

28.9% 
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n=152’846 

Month 



Patients with consistently low (CL) levels of Hb had over twice the risk 

of death compared to patients consistently on target (CT) – ARO Study 

K.U. Eckardt, et al. WCN 2009. Abstract M557 

0.8 
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H
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9
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Ebben category* 

Crude Model    Adjusted Model 

*Ebben J et al. Clin J Am Soc Nephrol 2006;1:1205–1210 

LAL, low-amplitude fluctuation / low Hb levels (<12.5 g/dl) 

HA, high-amplitude fluctuation (≤11 g/dl to ≥12.5 g/dl) 

LAH, low-amplitude fluctuation / high Hb levels (>11 g/dl) 

CL, consistently low (<11 g/dl) 

CH, consistently high (>12.5 g/dl) 
CT, consistently on target (11–12.5 g/dl) 



Hb variability patterns and mortality  

 There is a significant association between Hb 

variability patterns and increased mortality risk 

 Key factors include 

– the overall direction of Hb values during that period 

– the timing of Hb values <11g/dL during a specific time period  

– the longer the amount of time with Hb <11g/dL,  

the greater the risk of death 

Gilbertson ET, et al. Clin J Am Soc Nephrol 2008;3:133–8 



Factors Impacting on Hb Variability 
Optimal ESA usage may improve stability 

Intercurrent  

events 

Patient-related 

factors 

• Vascular access 

modality 

• RBC survival 

• Secondary 

hyperparathyroidism 

• Cancer 

• Haematology disorders 

• Diabetes 

• Hospitalisation 

• Infection 

• Inflammation 

• Bleeding / haemolysis 

• Nutritional deficiencies 

• PRCA 

• Medications 

• Interdialytic weight gain 

• Anaemia management  

• ESA dose changes 

• Narrow target Hb 

range 

• Iron management 

• Dialysis adequacy 

• Water purity 

• Payment restrictions 

Practice pattern-

related 

Fishbane & Berns. Kidney Int. 2005;68:1337-1343; 

Gilbertson et al. Nephrol Dial Transplant. 2006;21(Suppl 4):iv169  

Limited capacity for physician influence 



Short-acting 

Medium-acting 

Long-acting 

x2 or x3/week 

x1/week or x1/2weeks 

x1/2weeks or x1/month 

Macdougall I. Port J Nephrol Hypert 2009;23:219–23  

ESAs Dosing frequency 



 

 

 

 

Anaemia of CKD: It is not just EPO! 

 

 

What About the Iron? 



Papayannopoulou T, et al. In: Hoffman R, et al., ed. Hematology: Basic 
Principles and Practice. 4th ed. 2005;267-288.  

SCF, GM-CSF,  

IL-3 

SCF, IL-1, IL-3,  

IL-6, IL-11 

Pluripotent 
Stem Cell 

Burst-Forming 
Unit-Erythroid 
Cells (BFU-E)  

Colony-Forming 
Unit-Erythroid 
Cells (CFU-E) 

Reticulocytes RBCs Erythro- 
blasts 

Proerythro- 
blasts 

About 8 Days 

Iron 

Erythropoietin 

Erythropoiesis in CKD 



Pro-inflammatory  

cytokines  
(IL-1, TNFα, IL-6, IFNγ) 

 EPO production 

EPO 

    +   + 

Iron 

  Fas Ag 

Apoptosis 

  ─ 

hepcidin 
 Fe absorption 

 Fe transport  

 Fe availability 
(EPO-R, Tf, TfR, 

Ferriportin, DMT-1) 

  ─ 

Erythropoiesis in CKD 



Decreased survival with Hb values 

<11g/dL in HD patients 

Retrospective longitudinal study in 44,550 HD patients  

(Fresenius Medical Care) 

Ofsthun N, et al. Kidney Int 2003;63:1908–14 
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Hb ranges (g/dL) 

Hb ≥13.0 

12.0 ≤ Hb <13.0  

11.0 ≤ Hb <12.0 

10.0 ≤ Hb <11.0 

  9.0 ≤ Hb <10.0 

Hb <9.0 

Hb = haemoglobin 

HD = haemodialysis  



DOPPS I: increased relative risk (RR) of 

mortality with Hb values <11g/dL (1996–2001) 

 Furthermore, RR of death = 0.90 for every 1g/dL higher mean Hb concentration 

at treatment facility level (p=0.02) 

Pisoni RL, et al. Am J Kid Dis 2004;44:94–111 
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Overall RR = 0.95 (p=0.003) per 1g/dL higher Hb 

p=0.04 

(n=506) 

p=0.34 

(n=2,740) 

p=0.08 

(n=2,202) 

Ref  

(n=1,936) 

p=0.19 

(n=1,403) 

DOPPS = Dialysis Outcomes and Practice 

Patterns Study 



ESRD – USRDS: higher haematocrit is 

associated with lower risk of cardiac death 

1.00 0.83 0.92 

1.14 

1.39 
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Li S, Collins AJ. Kidney Int 2004;65:626–33  

 50,579 incident HD patients in the USA Jan 98–Dec 99 

 Follow-up 2.5 years (hospitalisation) and 3.0 years (mortality)   

ESRD = end-stage renal disease 

USRDS = US Renal Data System 



Target Hb in anaemia  

management guidelines 

KDIGO 

2012 

K/DOQI 1997 

11–12g/dL 

CSN-Canada 1999 

11–12g/dL 

EBPG 1999 

>11g/dL 

(upper limit  

not defined) 

CARI 2000 

11–12g/dL CVD 

12–14g/dL no CVD 

K/DOQI 2001 

11–12g/dL 

 

UK 2002 

>10g/dL 

CARI 2003 

>11g/dL CVD 

12–14g/dL no CVD 

Revised 

EBPG 2004 

>11g/dL 

(upper limit  

individualised) 

Revised 

K/DOQI 2006  

>11g/dL 

(caution with  

maintenance >13g/dL) 

DOQI = Dialysis Outcomes Quality Initiative  

CSN = Canadian Society of Nephrology 

CARI = Caring for Australians with Renal Impairment 

CVD = cardiovascular disease; KDIGO = Kidney Disease Improving Global Outcomes 









The impact of anaemia correction  

on mortality and cardiovascular (CV) 

morbidity 

Did we aim too high?  



NHS: In HD patients with CHF or ischaemic heart 

disease, administration of epoetin to raise their 

haematocrit to 42% was not recommended 

Primary endpoint: time to death or non-fatal MI 

Risk ratio*:1.3 (95% CI, 0.9–1.9) 

45 

40 

35 

30 

25 

H
a

e
m

a
to

c
ri

t 
(%

) 

0 10 20 30 
Months 

 High Hb: 14g/dL   

 
Standard Hb: 10g/dL 60 

50 

40 

20 

P
ro

b
a

b
il

it
y
 o

f 
d

e
a

th
  

o
r 

M
I 
(%

) 
0 12 21 30 24 27 18 15 3 6 9 

30 

10 

  0 

Months 

p<0.001 

Besarab A, et al. N Engl J Med 1998;339:584–90 

Coyne DW. Semin Dial 2008;21(3):212–6  

*New analysis by FDA p=0.01, 95% CI: 1.06–1.56 

NHS = Normal Hematocrit Study; CHF = congestive heart failure 

MI = myocardial infarction; FDA = Food and Drug Administration  

 Normal haematocrit group (43%): 183 deaths, 19 non-fatal MIs (n=618) 

 Low haematocrit group (30%): 150 deaths, 14 non-fatal MIs (n=615) 





CREATE: early and complete correction  

of anaemia did not reduce the risk of CV events 

Primary endpoint: time to first CV event  

HR: 0.78; 95% CI, 0.53–1.14; p=0.20 

58 events (high Hb, n=301) versus 47 events 

(low Hb, n=302) 
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Drüeke TB, et al. N Engl J Med 2006;355:2071–84 

CREATE = Cardiovascular Risk reduction in Early  

Anaemia Treatment with Epoetin beta  



CHOIR: The use of a high target Hb level 

was associated with increased CV risk 

Primary endpoint: time to death or CV event 

HR: 1.34; 95% CI, 1.03–1.74; p=0.03 

Singh AK, et al. N Engl J Med 2006;355:2085–98 

● 125 events (high Hb, n=715) versus 97 events (low Hb, n=717) 
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CHOIR = Correction of Hemogloblin  

and Outcomes in Renal Insufficiency  



2007 March  

FDA boxed warning 



2008 February European Medicines 

Agency (EMA): ESA label update 

 The EMA had initiated a review of the safety of ESAs because data from 

recent off-label clinical trials, targeting Hb levels higher than those in 

approved labelling, showed unexplained excess mortality in patients 

with anaemia associated with cancer and an increase in the risk of 

mortality and CV morbidity in treatment of anaemia in patients with CKD 

 The Committee for Medicinal Products for Human Use (CHMP) 

concluded that the benefits of these products continue to outweigh their 

risks in the approved indications, but recommended the following 

changes to the product information: 

PRODUCT USAGE: 

 Changes to the ‘Indication’ section, saying that epoetins should be used 

in the treatment of anaemia only if associated with symptoms 

 Changes to the ‘Posology’ section, stipulating a uniform target 

haemoglobin range for all epoetins of 10g/dL to 12g/dL 



1,000 2,000 3,000 4,000 

1. Mix TC, et al. Am Heart J 2005;149:408–13  

2. Drüeke TB, et al. N Engl J Med 2006;355:2071–84 

3. Singh AK, et al. N Engl J Med 2006;355:2085–98 

4. Besarab A, et al. N Engl J Med 1998;339:584–90 

TREAT = Trial to Reduce Cardiovascular Events  

with Aranesp Therapy 

TREAT1 

CHOIR2 

CREATE3 

Besarab4 

Patients  

TREAT is the largest anaemia trial in CKD 

0 



TREAT: trial to reduce cardiovascular 

events with darbepoetin alfa therapy 

Hypotheses:  

Treatment of patients with darbepoetin alfa in subjects with CKD  

and type 2 diabetes mellitus (DM) decreases mortality and CV 

morbidity  

Treatment of anaemia with darbepoetin alfa in patients with CKD and 

type 2 DM will delay the progression to ESRD 

Darbepoetin alfa 

(target Hb 13g/dL) 

Placebo  

(rescue if Hb <9g/dL) 

Study population 
● Hb ≤11 g/dL 

● eGFR 20–60                

mL/min/1.73m2 

● Type 2 DM 

N ~2,000 

N ~2,000 

 
randomised (1:1), double blind, placebo controlled 

Event-driven: ~1,203 patients with CV primary endpoint 

Pfeffer M, et al. Am J Kidney Dis 2009;54:59–69 eGFR = estimated glomerular filtration rate 



Darbepoetin alfa 

(n=2,012) 

Placebo 

(n=2,026) 

Endpoint n (%) HR (95% CI) p value† 

Primary endpoints 

Cardiovascular composite endpoint 

 Death from any cause 

 MI§ 

 Stroke§ 

 Heart failure§ 

 Myocardial ischaemia 

632  (31.4) 

412   (20.5) 

124    (6.2) 

101    (5.0) 

205  (10.2) 

  41    (2.0) 

602  (29.7) 

395  (19.5) 

129    (6.4) 

  53    (2.6) 

229  (11.3) 

  49    (2.4) 

1.05 (0.94–1.17) 

1.05 (0.92–1.21) 

0.96 (0.75–1.22) 

1.92 (1.38–2.68) 

0.89 (0.74–1.08) 

0.84 (0.55–1.27) 

0.41 

0.48 

0.73 

<0.001 

0.24 

0.40 

Renal composite endpoint (ESRD or death) 

 ESRD 

652  (32.4) 

338  (16.8) 

628  (30.5) 

330  (16.3) 

1.06 (0.95–1.19) 

1.02 (0.87–1.18) 

0.29 

0.83 

Additional adjudicated endpoints 

Death from CV causes 259  (12.9) 250  (12.3) 1.05 (0.88–1.25) 0.61 

Cardiac revascularisation   84   (4.2) 117    (5.8) 0.71 (0.54–0.94) 0.02 

†p values have not been adjusted for multiple comparisons 

§This category includes both fatal and non-fatal events 

Pfeffer MA, et al. N Engl J Med 2009;361:2019–32 

Composite and component endpoints 



Author’s conclusions 

 The use of darbepoetin alfa in patients with diabetes, 

CKD, and moderate anaemia who were not 

undergoing dialysis did not reduce the risk of either  

of the two primary composite outcomes (either death 

or a CV event, or death or a renal event) and was 

associated with an increased risk of stroke 

 For many persons involved in clinical decision 

making, this risk will outweigh the potential benefits 

 

 

Pfeffer MA, et al. N Engl J Med 2009;361:2019–32 ClinicalTrials.gov number, NCT00093015 



(i) Iron administration is an important factor for the successful treatment 

with any kind of ESA, in order to use the lowest dose for reaching and 

maintaining the desired Hb target. 

 

(ii) ESA treatment should not be started in patients who are iron-

deficient. 

 

(iii) Iron replacement should be used first in any CKD patient who is 

proven or likely to be iron-deficient, and only once the iron stores are 

replete should ESA therapy be initiated. 



. 

In CKD patients, ESA treatment should be considered when Hb 

levels are consistently (i.e. measured twice at least 2 weeks apart) 

below 11 g/dL (possibly < 10 g/dL in patients with type 2 diabetes 

and with a history of strokes),  and all other causes of anaemia have 

been excluded; the threshold for treatment should be decided 

according to patient characteristics and symptoms, and the desired 

Hb target 



 

The use of high ESA dose in patients who are hyporesponsive to treatment 

should be carefully evaluated; increased cardiovascular risk should be 

weighed against the possible benefits of anaemia correction. It seems 

wise to avoid progressively increasing the ESA dose in those patients 

who do not respond to treatment as expected or in whom it is obvious 

that worsening of anaemia is linked to non-renal factors  

 

ESA treatment should be started at a low dose, in order to avoid 

overshooting to high Hb levels; dose adjustments should be made 

smoothly in the following months in order to avoid too rapid increases 

in Hb levels (Hb increases of >2 g/dL per month should be avoided if 

possible).  

 



After 20 years …  

 “It is time to establish, through randomised trials, the 

optimal Hb target, dosing algorithm, and monitoring 

approach for patients with anaemia from CKD” 1 

 Normal Hematocrit Study2, CHOIR3 and TREAT4 

suggest that Hb>13.0g/dL are harmful 

 The FDA anticipates a public advisory committee 

meeting in 2010 to re-evaluate the use of ESAs in the 

treatment of anaemia due to CKD1 

1. Unger EF, et al. New Engl J Med 2010;362:189–192 

2. Besarab A, et al. New Engl J Med 2006;355:584–90 

3. Singh AK, et al. New Engl J Med 2006:355:2085–98 

4. Pfeffer MA, et al. New Engl J Med 2009;361:2019–32 



FDA news release June 2011 

 

 For patients with the anaemia of chronic kidney 

disease NOT on dialysis 

 

   • Consider starting ESA treatment only when the 

haemoglobin level is less than 10 g/dL and when 

certain other considerations apply 

 

• If the haemoglobin level exceeds 10 g/dL, reduce or 

interrupt the dose of ESA 

 



FDA news release June 2011 

 

 For patients with the anaemia of chronic kidney 

disease ON dialysis 

 

 • Initiate ESA treatment when the haemoglobin level is 

less than 10 g/dL 

 

• If the haemoglobin level approaches or exceeds 11 

g/dL, reduce or interrupt the dose of ESA 

 



KIDNEY DISEASE 

GLOBAL OUTCOMES 

http://www.era-edta.org/
http://www.kidney.org/professionals/kdoqi/index.cfm


K/DIGO March 2012 

ESA therapy 

 

 CKD ND with Hb ≥ 10.0 g/dL - no ESA therapy 

 CKD ND with Hb ≤ 10.0 g/dL – to be individualised  

 

 CKD 5D ESA therapy to avoid Hb < 9.0 g /dL 

 

In general, ESAs should not be used to maintain 

Hb > 11.5 g/dL 

 

In paediatric patients 11.0 to 12.0 g/dL 

 


