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i.v. s.c.

CERA1 133 ± 9.83 137 ± 21.9

Darbepoetin alfa 2 25.3 ± 2.2 48.4 ± 5.2

Epoetin beta 3 8.8 ± 0.5 24.2 ± 2.6

Epoetin alfa 3 6.8 ± 0.6 19.4 ± 2.5

Erythropoiesis Stimulating Agents (ESA)
Half-life (h, mean ± SEM)

1 from multiple dose studies
2 Macdougall et al. JASN1999 
3 Halstenson et al. Clin Pharmacol Ther1991
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Target Hb values in international guidelines
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Locatelli et al. Nephrol Dial Transplant 2004;19(Suppl 2):1-43
NKF-KDOQI. AJKD 2001;37(Suppl 1):S182-238; NKF-KDOQI. AJKD 2006;47(Suppl 3):S11-145

CARI. www.cari.org.au/dialysis_bht_updating.php, 20 05
Renal Association. www.renal.org/Standards/Renal ST andards_2002b.pdf, 2002

CSN. http://csnscn.ca/local/files/guidelines/CSN-Gu idelines-1999.pdf, 1999
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Optimal target Hb – a public debate

Phrommintikul A, Haas SJ, Elisk M et al.: Mortality and target haemoglobin
concentrations in anaemic patients with chronic kidney di sease treated with
erythropoietin: a meta-analysis .
Lancet, 2007,369

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A, Craig JC. 
Lancet, 2007,369
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Phrommintikul A. et al. Lancet 2007, 369:381-388
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Association between Hb values and prognosis

Fresenius Medical Care, North America (N=44,550)

Ofsthun et al., Kidney. Int., 2003;63:1908–1914
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Collins A.J. et al. J Am Soc Nephrol 2001, 12:2465-24 73



Collins A.J. et al. J Am Soc Nephrol 2001, 12:2465-24 73



London GM et al. Kidney Int 1987; 31: 973 - 80

Hematocrit and LV cavity diameter 
Uremic cardiomiopathy: an inadequate LVH
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r = - 0.62

P < 0.001

N = 57
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Hospitalization risk and Hct in HD patients
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Xia et al., J. Am. Soc. Nephrol., 1999:10; 1309 - 1316



Mortality risk and hematocrit in HD patients

Ma J.Z. et al. J. Am. Soc. Nephrol., 1999; 10: 610 
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Observational trials: consistency, but limitations

Consistency: higher Hb values – better patient outcomes
in many studies relationship extends into normal range

� observational trials can not assess whether

- relationship between Hb and prognosis is causal
- increasing the Hb levels improves outcomes

Limitations: Hb values can be influenced by many factors, including
- inflammation,
- comorbid conditions, 
- general quality and intensity of care, 
- progression of kidney disease

Plausibility: reduction in Hb ��� � compensatory increase in CO, 
tissue ischemia



Randomised clinical trials in anemia management

Adapted and 
updated from 
NKF-K/DOQI. 
AJKD 2006; 47
(5 Suppl 3)

Placebo/control mean Hb
Lower Hb arm: mean achieved Hb
Higher Hb arm: mean achieved Hb

Target range



Adapted and 
updated from 
NKF-K/DOQI. 
AJKD 2006; 47
(5 Suppl 3)

Placebo/control mean Hb
Lower Hb arm: mean achieved Hb
Higher Hb arm: mean achieved Hb

Target range

Randomised clinical trials in anemia management



Patients: 1233, HD, clinical evidence of CHF or IHD, hct 27-33 %
Design: iv / sc Epoetin alfa High arm: target hct 42 ± 3 % (= Hb 14)

Low arm:  target hct 30 ± 3 % (= Hb 10)

Primary EP: composite of death and 1st non-fatal MI (time to first event)

Main results: - study terminated early (futility, safety concerns) 
- more patients in the higher arm reached the endpoint (n.s.)
- physical function score increased with hct
- incidence of vascular access thrombosis higher in higher arm

(243 vs 176; p=0.001)

August 27, 1998

Besarab A et al., N. Engl. J. Med., 1998;339:584-590 
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Besarab A et al., N. Engl. J. Med., 1998 ; 339 : 584 - 590

Hct 42 %  
Age 65 ±±±± 12

Hct 30 %  
Age 64 ±±±± 12



Patients: 596, recent HD initiation, no symptomatic heart disease, 
no left ventricular dilatation

Design: iv / sc Epoetin alfa High arm: target Hb 13.5 – 14.5
double-blind Low arm:  target Hb 9.5 – 11.5

Primary EP: left ventricular volume index (LVVI)
Secondary EP: LVMI, de novo CHF, QOL, 6-min walking test

Main results: - changes in LVVI similar
- only difference in secondary outcomes: improved SF-36

vitality score in the higher vs lower arm
- adverse events similar, except rates of skeletal pain, surgery, 

and dizziness higher in lower arm; headache and cerebrovascular
events higher in higher arm  

2005

Parfrey PS et al., J. Am. Soc. Nephrol., 2005;16:2180-21 89



Patients: 603, eGFR 15-35, Hb 11-12.5
Design: sc Epoetin beta High arm: target 13.0 – 15.0

Low arm:  when Hb < 10.5 � target 10.5 – 11.5

Main results: - no difference in primary endpoint
- improvement in QOL
- time to dialysis shorter in higher arm 

Primary EP: composite of 8 CV events (time to first event)
Secondary EP: change in LVMI, QOL, progression of CKD and others

November 16, 2006

Drüeke T B et al., N. Engl. J. Med., 2006;355:2071- 2084



CREATE trial

- Hb difference 1.9 / 1.7 / 1.5 g/dl
- starting dose 2000 IU/week

mean weekly EPO dose:
2000 vs 5000 IU 

- no difference in CV events

Drüeke T B et al., N. Engl. J. Med.,
2006;355:2071- 2084
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Drüeke TB et al., N. Engl. J. Med. 2006;355:2071-2084
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Patients: 1432, eGFR 15-50, Hb < 11
Design: sc Epoetin alfa High arm: target 13.5

Low arm:  target 11.3

Main results: - study terminated early (futility, safety ?) 
- more patients in the higher arm had at least one CV event
- no improvement in QOL
- trend towards a higher rate of progression to RRT

Primary EP: composite of 4 CV events (time to first event)
Secondary EP: change in QOL, RRT and others

November 16, 2006

Singh A K et al., N. Engl. J. Med., 2006;355:2085-98



CHOIR trial

- Hb difference approx. 1.5 g/dl

- starting dose 10,000 IU/week
mean weekly EPO dose:

6,276 vs 11,215 IU

Singh AK et al., N. Engl. J. Med., 2006; 355:
2085 - 2098
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CHOIR trial

125 vs 97 events;
p < 0.03
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� Baseline imbalance (CABG and hypertension) may have 
impact on primary outcome measures

� ”Of the original 1400 cohort, over half were lost”
� Against “recent trends in reporting RCTs”, not all randomized 

patients were included in the analysis
� No demographic information regarding the 700 patients who 

completed the study
� Representation of the most unwell of all CKD patients and not 

representative of the majority? (<50% with iron use, 38% 
withdrawal rate, not able to reach target Hb values)

� “Lack of adherence to RCT convention” by stopping the trial 
not according to any usual stopping rule or suggestion of 
harm, but rather the suggestion of harm

� “Rigorous methodologists would suggest that p values of 0.03 
are not significant when more than one analysis is planned”

Levin, NDT 2007
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Szczech L., Kidney Int, advance online publication, 2 July 2008



Szczech L et al. Kidney Int. 2008
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Factors influencing anemia treatment 
and impacting EPO Dose in HD patients

Factor Impact on EPO dose

� Hemodialysis adequacy up to 100%

� Hemodialysis quality / quantity up to 30% 

� Iron 20–70%

� Inflammation 30–70%

� Infection 30–70%
Locatelli F et al., NDT 2004;19:121–132.

Hecking E, NDT 2004;19:100–107.
Richardson D, NDT 2002;17 Suppl 1:53–59.

Sitter T et al., NDT 2000;15:1207–1211.
Kato A et al., Nephron 2001;89(1):110–112.
Stenvinkel P, NDT 2002;17 Suppl 5:32–37.
Nitta K, Acta Haematol 2002;108;168–170.
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Singh A. and  Fishbane S.  Seminars in Dialysis. 2008;2 1(1):1-6
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Meta-analysis

Non-dialysis CKD patients
rel. mortality risk rel. risk of adverse CV events

Z = 0.04; 2p = 0.97 Z = 2.19; 2p = 0.029

Adapted and from NKF-K/DOQI “Target Hb” 2007 update

for assignment to higher Hb target



Meta-analysis

Dialysis CKD patients
rel. mortality risk rel. risk of adverse CV events

Z = 1.04; 2p = 0.30 Z = 0.69; 2p = 0.49

for assignment to higher Hb target

Adapted and from NKF-K/DOQI “Target Hb” 2007 update



Adapted and 
updated from 
NKF-K/DOQI. 
AJKD 2006; 47
(5 Suppl 3)

Placebo/control mean Hb
Lower Hb arm: mean achieved Hb
Higher Hb arm: mean achieved Hb

Target range

Target > 13 g/dl: 
- risk for harm
- uncertain QoL benefit

TREAT
(ongoing)

What is the optimal target Hb ?



Locatelli F et al. Kidney Int advance online publica tion, 2 July 2008

The current evidence, based on mortality data, for
hemoglobin target levels intentionally aimed with ES A
treatment in CKD patients treated indicates that: (1)
� levels of >13 g per 100 ml can be associated with

harm
� levels of 9.5–11.5 g per 100 ml are associated with

better outcomes compared with >13 g per 100 ml
� for levels between 11.5 and 13 g per 100 ml, there is

no evidence at this time for harm or benefit compared wi th
higher or lower levels.



(2)
� The relationship of the dose of ESA used and outcom es
has not been examined adequately. Associations betw een
the need for higher doses of ESA and poor outcomes
could be surrogates for underlying comorbidities or
toxicity.
� Outcome studies of ESAs have heretofore based
their interventional strategies on hemoglobin level s only,
wherein the levels of hemoglobin achieved is equate d
with efficacy. There is a need to broaden the prima ry end
points of clinical trials. Studies examining a give n dose of
ESA, as opposed to, or in combination with, that of  an
achieved hemoglobin target, are needed to evaluate
resistance, nonresponsiveness, and ESA toxicity.

Locatelli F et al. Kidney Int advance online publica tion, 2 July 2008



(3)
The mechanisms of resistance to anemia correction
remain poorly defined. A consistent definition of E SA
resistance is crucial for future research

Based on anticipated results from key on-going stud ies, it is 
reasonable to plan for a start-up date no earlier t han
2009, with an anticipated completion date of 2011.

Locatelli F et al. Kidney Int advance online publica tion, 2 July 2008
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* Treatment starts when Hb <10.5 g/dL 1. Drüeke TB et al N. Engl. J. Med. 2006;355:2071-84
2. Singh AK et al N. Engl. J. Med. 2006;355:2085-98

Toto, BCNII
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Strategies for treating renal anemia
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� Four carbohydrate chains

� Up to 14 sialic acid residues

� 30,400 daltons

� 40% carbohydrate

� Six carbohydrate 
chains

� Up to 22 sialic acid residues
(eight additional residues)

� 37,100 daltons

� 51% carbohydrate

Comparison of rHuEPO and NESP 

Creation of two additional
glycosylation sites

rHuEPO NESP

Macdougall IC. Semin Nephrol . 2000;20:375-381



Carrera F. et al. Nephrol Dial Transplant 2006, 21, 28 46-2850



Carrera F. et al. Nephrol Dial Transplant 2006, 21, 28 46-2850
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Continuous Erythropoietin Receptor ActivatorContinuous Erythropoietin Receptor Activator



+ ������ �  !�-�@����1 +-*�+ ������ �  !�-�@����1 +-*�

CERA EPO



· Mean dose over time 40 � g/wk (95%CI: 30, 50)

· Mean (± SE) dose changes 2 ± 0.4 per patient per year

+-*�9����3����'�������@����8���
�;D=�(��+��'1��������;����� ������ ����E�:�

,��!����� ������ �.

+-*�9����3����'�������@����8���
�;D=�(��+��'1��������;����� ������ ����E�:�

,��!����� ������ �.

Locatelli et al 2005

Hb (mean ± SD, g/dL)

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

8

9

10

11

12

13

14

15

16

Months of treatment (extension period)

Mean Hb over time 11.2 g/dL (95% CI: 10.9, 11.4)
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� ������1����1-�@
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Sytkowski et al 1999 (Harvard)

50

48

46

44

Pre PrePost Post

Treatment

EPO–EPO rhEPO

Haematocrit (%)

In vivo effficacy of equal doses of EPO–EPO
compared with rhEPO (300 IU/kg in mice)
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Coscarella et al 1997 (Menarini Ricerche SpA)
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GM-CSF & EPO
mixture

No. of colonies

Fusion protein (ng/mL)

Stimulation of BFU-E + CFU-GM colonies 
by fusion protein and equimolar mixture of 

GM-CSF and EPO

112 224



A novel drug delivery platform has been developed that utilizes a naturally occurring 
receptor known as the neonatal Fc receptor (FcRn). The receptor is specific for the Fc

fragment of IgG and is expressed in epithelial cells where it functions to transport 
immunoglobulins across these cell barriers. It has been shown that FcRn is expressed 

in both the upper and central airways in non-human primates as well as in humans. 
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Eckardt K.U., et al. Blood Purif 2003;21:253–257
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� *���������3 ��H���� ��'��������� ������ �� �� ;���� ������ �

0 �"�"������1� � ����� ������� ����� �������
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BackgroundBackground
Hematide TM

� Novel synthetic PEGylated peptide
� Binds to and activates the erythropoietin receptor
� Currently in Phase II clinical trials in anaemia of chronic kidney disease 

(CKD) and cancer

Study Design
� Multi-centre, open-label, sequential dose-finding

Objective
� To evaluate the safety and pharmacodynamics of multiple doses of once-

monthly (Q4W) subcutaneous (SC) Hematide

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15-18 , 2006, Glasgow , 



Study MethodsStudy Methods

� Total of 60 erythropoiesis-stimulating-agent-naïve, pre-dialysis, CKD 
patients with anaemia (Hgb 9.0–10.9 g/dL)  

� Enrolled into three dose cohorts

� Patients received up to six once-monthly SC doses

� Starting Hematide doses:
� 0.025 mg/kg (n=15)

� 0.050 mg/kg (n=30)
� 0.075 mg/kg (n=15)

� Dose titration allowed after the first dose, based on haemoglobin (Hgb) 
levels

� This study remains ongoing; further cohorts are being recruited

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow, 
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Safety ResultsSafety Results

Adverse Events & Serious Adverse Events
� As of 26 Apr 2006, eleven (18%) patients reported 36 adverse events; all 

were assessed as not related to study drug 

� No adverse event resulted in study withdrawal

� No injection site reaction was reported

� Eight serious adverse events were reported: 

� All serious adverse events were assessed as not related to study drug

Ankle fractureVomiting

PeritonitisDiabetic ketoacidosis

Progression of CKDIschaemic heart disease

HaematomaH. pylori gastritis
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ConclusionsConclusions

� Multiple monthly SC Hematide injections are well-tolerated

� Monthly Hematide 0.050 and 0.075 mg/kg dosing achieves correction of 
anaemia in 93% and 100% of patients by Week 8, respectively

� Hematide results in a sustained increase in Hgb (up to Week 22) when 
dosed monthly in patients with CKD

� Phase III Hematide studies are planned

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow, 



ConclusionsConclusionsConclusions

• Renal anemia management is currently in a 
state of rapid development.

• New strategies for treating the anemia have 
emerged, particulary the concept of treating 
the condition earlier.

• We look forward to the results of pre-dialysis 
clinical trials. 

• We can expect other erythropoietic substances 
to be available for therapeutic use.

•• Renal anemia management is currently in a Renal anemia management is currently in a 
state of rapid development.state of rapid development.

•• New strategies for treating the anemia have New strategies for treating the anemia have 
emerged, particulary the concept of treating emerged, particulary the concept of treating 
the condition earlier.the condition earlier.

•• We look forward to the results of preWe look forward to the results of pre --dialysis dialysis 
clinical trials. clinical trials. 

•• We can expect other erythropoietic substances We can expect other erythropoietic substances 
to be available for therapeutic use.to be available for therapeutic use.
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Thank You for your attention !

A.Wi � cek



Collins A.J. et al. J Am Soc Nephrol 2001, 12:2465-24 73



:��������
�����������
���
��������
������������

�
 ��+(�*��-�:��������
�����������
���
��������
������������

�
 ��+(�*��-�
������������

���A� �
����4
���	�
����
���� 5330G/C)!C/�530�



�� (�)�&����������7������������� (�)�&����������7�����������

� *�	���	����
�
�
����1�����

����������
�������
� ���������	����
���� (� �������*7����
���������

�����&6T��
��
�

;������������	��
�������
��
��������
����
������
���������
����

��
����
���*7������������������



���

�=

Levin, NDT 2007



��������
�����������
�� ���������
�����������
�� � �� �9�9 �6�6 ����������
� ��
���
���
��������
��������
����������
�������
��� 	����
�������
����������
 ����
�������������

����
����������
����������
����������
��


���
�
�� ��
�4

� ��
�� ���9����������������
�����������
�
���������� *7�������� (� �

����
������
�������
��������
1�������
���1��
��	�1�
�����������������
� ������������ /#

� ��
��
��	�������
�� ���9�����������
��
������
����� ������(�	
�F������
�5������
���
� 7����
�
������
��
��������	���
���
���
��������
��� ���������

��
��� ���� ����
����������
�����
���1���
 ���
���

��������	
���
 ���!/43� ± !43�	$�% ���
��
�����

��
������
���
�4 /0

� ��
������
��
�������
��
�
�
���1���������	��
����1� �
���������
��
�
�
���1��������
��
�
�
���������
�� ���
���
�
���+������������������$��������
�����
�
���-� ������������

��

����
���
���
�������4 /0

� (���
���
����
������
����������������
�5����	
����� ��
�5������
������
������
������������
���
�������� ������
����
����������������
����������
����������A������� �����
���
��������
������������

��
��� ���� ������
� ������
����

� /?

� ��
�� ���9�����������


���
��	�
���������
�
������ 
�
����
���
��
����
���
��������
����
��������

��
��� ���� ������
�����������������
������ ���
����������
����������
�������
���

RED-HFTM Trial: Reduction of Events with Darbepoetin alfa in H eart Failure Trial



TREAT trial - ongoing
Patients: 4000, diabetic nephropathy (type 2 DM), eGFR 20-60, Hb < 11
Design: Double blinded, placebo controlled RCT

High arm: darbepoetin, target Hb 13 g/dl 
Low arm:  placebo, “rescue therapy“ with

darbepoetin, when Hb < 9 g/dl

Primary EP: all cause mortality and non-fatal CV events

Individual physicians and national nephrological societies considered the trial
as “unethical“ because of the placebo arm !

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A, Cr aig JC. Lancet 369, 2007



RCTs

Adapted and 
updated from 
NKF-K/DOQI. 
AJKD 2006; 47
(5 Suppl 3)

Placebo/control mean Hb
Lower Hb arm: mean achieved Hb
Higher Hb arm: mean achieved Hb

Target range
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Hospitalization risk and Hct in HD patients
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Xia et al , J Am Soc Nephrol 1999:10; 1309 - 16
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Mortality risk and hematocrit in HD patients

Ma JZ et al.: J Am Soc Nephrol 1999; 10: 610 
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Importance of hemoglobin level in HD patients

Recommended target hemoglobin of � 11 g/dl leads to

� Decreased risk of mortality (5% lower for every 1 g/dl)

� Decreased risk of hospitalization (4% lower for every 1 g/dl)

� Decreased risk of infections

� Increased quality of life

Locatelli F et al., NDT 2004;19:121–132.



Patients: 603, eGFR 15-35, Hb 11-12.5
Design: sc Epoetin beta High arm : target 13.0 – 15.0

Low arm :  when Hb < 10.5 ��� � target 10.5 – 11.5

Main results: - no difference in primary endpoint
- improvement in QOL
- time to dialysis shorter in higher arm 

Primary EP: composite of 8 CV events (time to first event)
Secondary EP: change in LVMI, QOL, progression of CK D and others

November 16, 2006

Drüeke TB et al N Engl J Med 2006;355:2071-84
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Probability of death or first 
non - fatal myocardial infarction

Normal versus low haematocrit
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Hct 42 %  
Age 65 ±±±± 12

Hct 30 %  
Age 64 ±±±± 12



CREATE trial 

- Hb difference 1.9 / 1.7 / 1.5 g/dl
- starting dose 2000 IU/week

mean weekly EPO dose:
2000 vs 5000 IU 

- no difference in CV events

Drüeke TB et al N Engl J Med 2006;355:2071
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Patients: 1432, eGFR 15-50, Hb < 11
Design: sc Epoetin alfa High arm : target 13.5

Low arm :  target 11.3

Main results: - study terminated early (futility, saf ety ?) 
- more patients in the higher arm had at least one C V event
- no improvement in QOL
- trend towards a higher rate of progression to RRT

Primary EP: composite of 4 CV events (time to first event)
Secondary EP: change in QOL, RRT and others 

November 16, 2006

Singh AK et al N Engl J Med 2006;355:2085-98



CHOIR trial 

- Hb difference approx. 1.5 g/dl

- starting dose 10,000 IU/week
mean weekly EPO dose:

6,276 vs 11,215 IU

Singh AK et al N Engl J Med 2006;355:2085-98



CHOIR trial 
125 vs 97 events;
p < 0.03

Singh AK et al N Engl J Med 2006;355:2085-98
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Optimal target Hb – a public debate 

Phrommintikul A, Haas SJ, Elisk M et al.: Mortality  and target haemoglobin 
concentrations in anaemic patients with chronic kid ney disease treated with 
erythropoietin: a meta-analysis. Lancet 369, 2007

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A , Craig JC. Lancet 369, 2007
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Factors influencing anemia treatment

AT = Adjuvant therapy
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CURRENTLY INCONCLUSIVE EVIDENCE

FOR A SPECIFIC UPPER HAEMOGLOBIN LIMIT
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Absolute and functional iron deficiency

� Absolute iron deficiency

Deficit of total body iron store
Ferritin < 100 µg/l

� Functional iron deficiency

Failure of iron to reach proliferating erythroblasts 
despite sufficient iron stores

Ferritin > 100 µg/l
TSF <  20%



Target levels of iron parameters
in HD patients

Recommendations

Parameter Optimal Acceptable

� Ferritin [µg/l] 200–500 100–800

� Transferrin saturation [%] 30–40 20–50

� Proportion of hypochromic < 2.5 < 10
red blood cells [%] 



Iron Substitution

Recommendations

� Intravenous iron substitution is mandatory due to the unavoidable
blood losses in hemodialysis patients (1–4 l blood/year).  

� HD patients should receive at least one i.v. iron administration
every two weeks.

� Continuous high dose i.v. iron therapy (Ferritin > 1000 µg/L) could 
result in neutrophil inhibition.

� The higher the administered i.v. iron dose the slower the 
administration rate. 





Hemodialysis quality / quantity

Impact of dialysis fluid on EPO dose

Sitter T et al., NDT 2000;15:1207–1211 .
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Inflammation – Impact on anemia treatment

30–50% of CKD patients have serological evidence of
an activated inflammatory response (CRP > 8–10 mg/l).

Influence of CRP concentration on EPO dose
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Recommendations

� Iron supplementation should be stopped during documented 
infection since intravenous iron may also inhance bacterial 
growth.

� Patients with CRP > 20 mg/l should be screened for silent 
infection of hemodialysis access grafts (visual control), paradontal 
disease or any low grade infection (diabetic foot 
ulcera).

� Elderly patients should be screened for urinary tract infection 
when Epoetin requirements increase. 

Infection 
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Concomitant  Therapy

Drugs possibly affecting Hb levels in HD patients

Decrease Hb Increase Hb

Azathioprine Anti-TNF-alpha

MMF Anticytokine Therapy

Antimetabolites Talidomide

NSAIDs

No conclusive studies up to now

ACE-Inhibitors

Angiotensin-II blockers

Statins



Summary

Approach Findings

Gene therapy · Increased EPO and haematocrit levels in 
recipient mice

· High variability

Peptide EPO mimetics · Agonist peptide family
· Inferior activity to epoetin

· Large molecular size

Non-peptide EPO mimetics · Small molecular size

· Low activity

Modulators of receptor activity · Inhibitors of haematopoietic cell phosphatase



Summary
Approach Findings

Synthetic Erythropoiesis Protein 
(SEP)

· Synthetic protein–polymer construct

· Longer half-life than epoetin

Darbepoetin alfa · Hyperglycosylated molecule

· Amino acid sequence of epoetin alfa altered to 
create carbohydrate attachment sites

· Longer half-life than epoetin

Continuous Erythropoiesis 
Receptor Activator (CERA)

· Innovative erythropoietic agent
· Unique receptor binding characteristics

· Longer half-life than epoetin

and then . . .





Revised European Best Practice Guidelines for the Man agement of 
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), ii1-ii44
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Revised European Best Practice Guidelines for the Man agement of 
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), ii1-ii44
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Revised European Best Practice Guidelines for the Man agement of 
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), ii1-ii44



Patient allocationPatient allocation

Randomised patients
n = 173

Randomised patients
n = 173

1 x weekly
n = 84

1 x weekly
n = 84

3 x weekly
n = 89

3 x weekly
n = 89

6969 6565

Treatment allocation

8181 8282ITT population

Per-protocol 
population

Locatelli et al. Am J Kidney Dis 2002, 40, 1: 119-125 



Mean (SD) change over time: haematocrit
per protocol analysis
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Locatelli et al. Am J Kidney Dis 2002, 40, 1: 119-125 



Mean (SD) change over time: epoetin beta dose
per protocol analysis
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Locatelli et al. Am J Kidney Dis 2002, 40, 1: 119-125 



• Once weekly SC epoetin beta is therapeutically 

equivalent to 3 times weekly treatment in maintaini ng 

a stable haematocrit

• No statistically significant dose increases require d

• Once weekly epoetin beta has a similar tolerability  

profile to the 3 times weekly regimen

• Different dosing regimens (1x, 2x, 3x) provide the 

opportunity to individualise epoetin beta therapy 

according to specific needs

Locatelli et al. Am J Kidney Dis 2002, 40, 1: 119-125 
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CERA: Ferritin and TSAT Levels
1x/4wk SC schedule, extension period

Median ferritin (25th, 75th 
percentile; ng/mL)

Median TSAT (25th, 75th 
percentile; %)
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Locatelli et al 2005



The Normal Hematocrit Trial
Limitations and criticisms of the study

Macdougall IC and Ritz E, Nephrol Dial Transplant 19 98; 13: 3030 

� Entry criteria required “high – risk cardiac patient s”

� Increased mortality not due to the higher Hct per se

� Hct measured prior to HD session

� Hct less accurate marker of red cell mass than Hb

� Increased mortality not due to CV causes
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Iron dose and frequency of administration
in HD patients

Recommendations

� Absolute iron deficiency 30–50 mg Fe / HD 
or 1000 mg Fe in 6–10 weeks 

� Maintenance phase 10–25 mg Fe Sucrose / HD 
or 1–3 x 20 mg Fe gluconate / week 
or 1 x 62,5 mg Fe gluconate / week 
or 1 x 100 mg Fe sucrose / 1–2 weeks
or 1 x 100 mg Fe dextran* /1–2 weeks

� Hb correction phase 150 mg of iron/Hb increase
of 1 g/dl

* low molecular weight dextran
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To achieve and maintain target Hb concentration

(11 g/dl = haematocrit 33 %) sufficient iron should be  

administered to obtain the following in all patient s:

• serum ferritin ³³³³ 100 mmmmg/l

• hypochromic red cells < 10% (or TSAT > 20-30% or CHr > 2 9 pg/ml)

In practice, to achieve the minimum criteria for Hb  

concentration it is necessary to have:

• serum ferritin 200-500 mmmmg/l

• hypochromic red cells < 2.5% (or TSAT of 30-40% or CHr � 35%)

To achieve and maintain target Hb concentration

(11 g/dl = haematocrit 33 %) sufficient iron should be  

administered to obtain the following in all patient s:

• serum ferritin ³³³³³³³³ 100 mmmmg/l

• hypochromic red cells < 10% (or TSAT > 20-30% or CHr > 2 9 pg/ml)

In practice, to achieve the minimum criteria for Hb  

concentration it is necessary to have:

• serum ferritin 200-500 mmmmg/l

• hypochromic red cells < 2.5% (or TSAT of 30-40% or CHr � 35%)



Cardiac Failure in ESRDCardiac Failure in ESRDCardiac Failure in ESRD

� Consistently associated with poor 
survival

�� Consistently associated withConsistently associated with poor poor 
survivalsurvival

�� Already present inAlready present in 40% patients at 40% patients at 

the start of dialysis therapythe start of dialysis therapy
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Recommendations II

� In the presence of both, a high Ca x PO4  product and high 
serum CRP level, patients should be screened and treated 
for calciphylaxis.

� Patients coming back from transplantation should be monitored 
carefully since rejected grafts may be a source of inflammation.

� In patients with failed renal allograft still in place or in patients with 
intravenous catheters a higher dose of Epoetin may be needed to 
correct anemia.

Inflammation



Recommendations I

� CRP should be evaluated at least every 3 months.

� In patients with elevated CRP (> 5 mg/l) biocompatibility of 
dialyzer membrane and hemodialysis fluid quality should be 
checked.

� If chronic inflammation persists, optimization of the dialysis
protocol and dialysis dose should be aimed for.

� In patients with continuous rise in CRP and and a past history of 
systemic disease causing renal failure, recurrence of the 
disease should be excluded

Inflammation
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Modulators of receptor activity

Barbone et al 1999 (RW Johnson), Ghaffari et al 200 3 (Whitehead, Mount Sinai & MIT)

Membrane

JAK2P JAK2 P

P

P

P

P

EPO

Target genes

· Haematopoietic cell 
phosphatase (HCP) is a 
negative regulator of the EPO 
signalling cascade

· It binds to phosphorylated 
EPO receptor and 
dephosphorylates JAK2, 
terminating signalling

· Inhibitors of HCP will restore 
signalling and may enhance 
response to EPO

HCP

HCP HCP inhibitor

STAT

STATSTAT

STAT



AF37702 (Hematide™)
Pegylated Peptide-Based Erythropoiesis-Stimulating A gent (ESA)

· Preclinical evaluation of pegylated peptide-based ES A
– No detectable sequence identity to human erythropoie tin (EPO)
– Equal potency to natural EPO
– Antibodies do not crossreact with recombinant human E PO

· Pharmacokinetic data from rats, dogs, and monkeys
– Extended plasma half-life

• Elimination half-life in monkey with 1.35-mg/kg dos e, 58.4 hrs
– Clearance rate, 0.96 mL/hr/kg

· Erythropoietic activity detected in several models
– Efficacy equal in in vitro and in vivo models

· This novel agent is a potent EPO receptor agonist wit h prolonged half-life 
and slow clearance
– Clinical trials forthcoming

Woodburn KW, et al. ASH 2004. Abstract 2904 http://clinicaloptions.com/onco
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A significant 
(approximately 20%) 
reduction
in the risk of 
cardiovascular 
mortality
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Nephrol Dial Transplant 2004, 19 (suppl 2), ii16-ii31
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Cardiovascular disease mortality Cardiovascular disease mortality 
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Parfrey P et al . Am J Kidney Dis 1998 ; 32 ( S3 ) : S115 
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London GM et al. Kidney Int 1987; 31: 973 - 80

Hematocrit and LV cavity diameter 

Uremic cardiomiopathy: an inadequate LVH
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P < 0.001
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CVD=cardiovascular disease

KDIGO
2008

CSN-Canada 1999
11-12 g/dL

DOQI 1997
11-12 g/dL

UK 2002
>10 g/dL

CARI 2000
11-12 g/dL CVD

12-14 g/dL no CVD

EBPG 2004
>11 g/dL

(upper limit 
individualised)

K/DOQI 2001
11-12 g/dL

CARI 2003
>11 g/dL CVD

12-14 g/dL no CVD

EBPG 1999
>11 g/dL

(upper limit 
not defined)

K/DOQI 2006 
>11 g/dL

(caution with 
maintenance >13 g/dL)
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Hemoglobin Level Variability: 
Associations with Mortality

Gilbertson D. et al. Clin. J. Am Soc. Nephrol., 2008 ;3: 13 3–138 

Hazard ratios for mortality based on the first classification system. Monthly hemoglobin values were categorized 
as low (L, 11 g/dl), intermediate (I, 11 to 12.5 g/dl) and high (H,12.5 g/dl); variability groups were classified on the 
basis of the lowest and highest categories seen in the 6-mo observation period. Each P value tests the 
corresponding variability group hazard ratio compared with the reference group (consistently intermediate).



Hemoglobin Level Variability: 
Associations with Mortality

Hazard ratios for mortality based on the second classification system. Number of months with hemoglobin 
11 g/dl and first or second half of the 6-mo exposure period. For example, 2-F represents 2 mo with 
hemoglobin 11 g/dl during the first 3 mo; 4-F-S represents 4 mo with hemoglobin 11 during both the first and 
the second 3-mo periods. I-I, consistently
intermediate (11 to 12.5 g/dl), represents the reference group.

Gilbertson D. et al. Clin. J. Am. Soc. Nephrol., 2008 ;3: 13 3–138 



Hemoglobin Level Variability: 
Associations with Mortality

Gilbertson D. et al. Clin. J. Am. Soc. Nephrol., 2008 ;3: 13 3–138 

Interval Poisson model examining the change in hazard ratios over follow-up time. Number of months with 
hemoglobin 11 g/dl and first or second half of the 6-mo exposure period, as explained in Figure 2. I-I, consistently 
intermediate (11 to 12.5 g/dl), represents the reference group.



The Hb target is the intended aim of ESA therapy for the individual CKD patient.
In clinical practice, achieved Hb results vary considerably from the Hb target.  

1. In the opinion of the work group, selection of the Hb target and selection of the 
Hb level at which ESA therapy is initiated in the individual patient should include 
consideration of potential benefits (including improvement in quality of life and 
avoidance of transfusion) and potential harms (including the risk of life-threatening 
adverse events). (Clinical Practice RECOMMENDATION)

2. In the opinion of the work group, in dialysis and non-dialysis CKD patients 
receiving ESA therapy, the selected Hb target should generally be in the range of 
11.0 to 12.0 g/dL. (Clinical Practice RECOMMENDATION)

3. In dialysis and non-dialysis CKD patients receiving ESA therapy, the Hb target 
should not be above 13.0 g/dL. (Clinical Practice GUIDELINE - MODERATELY 
STRONG EVIDENCE)

KDOQI 2007 “Hb target update“



Cross-sectional study in the US
(NHANES III)

eGFR (ml/min/1.73m2)

H
b

(g
/d

l)
Comparison of CREATE and CHOIR

Males

CHOIR

CREATE

CREATE 0 baseline CHOIR 0 baseline

Low arm High arm Low arm High arm

Age 58.8 59.3 66.3 66.0

DM as cause of CKD 21 % 20 % 51 % 47 %

Hypertension as cause of 
CKD

19 % 23 % 28 % 30 %

BP systolic 139 139 136 137

BP diastolic 80 79 71 72
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ERYTHROPOIESIS STIMULATING AGENTS (ESA)
Half-life (h, mean ± SEM)

1 from multiple dose studies
2 Macdougall et al. JASN1999 
3 Halstenson et al. Clin Pharmacol Ther1991


