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Prevalence of anaemia in patients
with chronic kidney disease

Levin A., Nephrol. Dial. Transplant., 2001, 16, suppl 2: 7-11
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Distribution of Hb concentrations
in haemodialysis and PD patients in 1984
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Erythropoiesie in chronic kidney disease

Lankhorst C.E., Wish J.B., Blood Rev., 2010, 24, 39-47

Erythropoiesis in chronic kidney disease
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Plasma erythopoietin (EPO) levels in patients 
with different types of and degrees of anaemia 

and in those with primary or secondary erythrocytosis

Bunn H.F., Cold Spring Harb. Perspect. Med. 2013; 3: a011619
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Currently available Erythropoiesis 
Stimulating  Agents (ESAs)

Macdougall I. C., Am. J. Kidney Dis., 2012, 59, 444 - 451

Omontys Syntetic and pegylated Syntetic EPO          2012 only for HD (USA)

(Peginesatide)       EPO- mimetic
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Current ESA and iv iron use

 Use ESA therapy to control anaemia when Hb <10.0 
g/dl or < 11.0 g/dl if symptoms)

 Aim for target Hb in range 10.0 -12.0 g/dl; 
individualize

 Do not exceed intentionally 13.0 g/dl
 Use lowest doses of ESA as possible
 Use supplemental iron to prevent iron deficiency 

and reduce ESA dose requirements – i.v in HD; oral 
or i.v. in ND - CKD 

 Aim for ferritin > 100 ug/l and TSAT >20%
 Upper limit of ferritin not clear; do not actively 

exceed 800 ug/l
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Clinical consequences of anaemia 
treatment in CKD patients
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 Generally well tolerated

 Treatment increases Hb and reduces need for blood transfusions

 Higher Hb concentration obtained with higher ESAs doses may lead 

to increased the risk of adverse events (predominantly CV events)

 Probably improves patients’ quality of life
 Relationships for most subscales particularly vitality, exercise

capacity is sigmoid
o major increases occur between 7 to 9 -10 g/dl Hb
o Effects of Hb levels is off at 9-11 g/dl Hb
o In most studies no added benefit at higher Hb except for

“vitality” or “fatigue” that are measurable up to 13 g/dl

What we know about treatment of anaemia 
in CKD patients in 2017? 
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EPO has non-erythropoietic actions

Vaziri N.D. and Zhou X., Nephrol. Dial. Transplant., 2009, 24, 1082-1088
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Available ESAs are very effective drugs, however:

 recombinant ESAs are still expensive

 recombinant ESAs require cold storage

 recombinant ESAs are administered by the parenteral route

 high recombinant ESAs doses may increase cardiovascular risk

 recombinant ESAs may cause PRCA

New treatment strategies are needed 

with a better safety profile than existing ESAs

Why we need a new ESAs ?
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New strategies under development 
to stimulate erythropoiesis

Bonomini M. et al., Am. J. Kidney Dis., 2016, 67, 133-142
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Role of Hypoxia-Inducible Factor α (HIF- α) 
under normoxic and hypoxic conditions

West J.B., N. Engl. J. Med.,
2017, 376, 1965-1971 
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Prolyl hydroxylase domain - hypoxia-inducible factor
(PHD-HIF) oxygen - sensing system

Sugahara M. et al., Kidney Int. 2017., 92, 306-312
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Prolyl hydroxylase domain - hypoxia-inducible factor
(PHD-HIF) oxygen - sensing system
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Urquilla P et al.: J Am Soc Nephrol 2004; 15: 546A

Dose-related induction of endogenous
serum EPO after FG-2216 p.o.

No desensitization in EPO response following repeated dosing with FG-2216
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Phase 2a (rHuEPO- naïve): Individual haemoglobin
response to FG-2216 vs. Placebo – change from baseline
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6 mg/kg group (first cohort, rHuEPO-naïve, predialysis patients)

Treatment Group
Mean Baseline 

Hb (g/dL)

Mean change from Baseline Hb (g/dL) 

Day 42* (or last value carried forward)

FG-2216 (n=5) 9.6 1.9

Placebo (n=3) 9.8 -0.35

*Difference between treatment and placebo group is statistically significant (Mann – Whitney rank sum test), p = 0.036

Wiecek A et al.: XLII ERA-EDTA Annual Congress June 2005, Istambul, Turkey
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Phase 2a (rHuEPO-treated): Individual haemoglobin
response to FG-2216 vs Placebo – change from baseline

6 mg/kg group (first cohort, rHuEPO-treated, predialysis patients)

Treatment Group
Mean Baseline 

Hb (g/dL)

Mean change from Baseline Hb (g/dL)

Day 42* (or last value carried forward)

FG-2216 (n=6) 11.7 -0.9

Placebo (n=3) 11.5 -1.5
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FG-2216 increases plasma-EPO levels in healthy controls
and in HD patients with and without remaining renal tissue
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24-hour kinetics of plasma EPO levels after a single dose of FG-2216

control patients nephric HD patients

anephric HD patients

Bernhardt  et al. Am. J. Soc. Nephrol., 2010; 21:2151-2156
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HIF PHIs in development
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Changes in plasma EPO levels on first and final days 
of treatment with FG-4592 (Roxadustat) or placebo 

in non dialyzed CKD patients

Besarab A. et al. Nephrol. Dial. Transplant., 2015, 30: 1665–1673

No desensitization in EPO response following repeated dosing with FG-4592
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Mean change from baseline in Hb (ΔHb). 
CKD patients (non dialyzed) treated 

with different doses of FG 4562 (Roxadustat)

Besarab A. et al. Nephrol. Dial. Transplant., 2015, 30: 1665–1673
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Mean hemoglobin levels over time in HD and PD 
patients treatd with Roxadustat (FG-4592) given orally

Besarab A. et al., J. Am. Soc. Nephrol.,2016, 27: 1225–1233
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Cumulative Hb responses in HD and PD 
patients treated with Roxadustat (FG-4592) given orally

Besarab A. et al., J. Am. Soc. Nephrol.,2016, 27: 1225–1233
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Effect of Daprodustat (GSK1278863)
on blood haemoglobin concentration in CKD patients

Holdstock L. et al., J. Am.Soc. Nephrol., 2016, 27, 1234 - 1244  
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Effect of Vadadustat (AKB-6548) on blood Hb
concentration in CKD patients

Pergola P.E. et al. Kidney Int., 2016, 90, 1115-1122
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 HIF inhibitors are orally - active (could provide in the 
future a more convenient and cost-effective therapy 
for anaemia of chronic kidney disease than protein -
based therapeutics)

 They may stimulate erythropoiesis with much lower 
EPO levels (given some concerns about clinical 
outcomes arising from use of ESAs that cause 
supraphysiologic circulating EPO levels, use of agents 
producing transient, more physiologic increases in 
endogenous EPO may have significant benefit in the 
treatment anaemia in patients with CKD) 

Medical need for HIF-stabilizers - pro
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Medical need for HIF-stabilizers - contra

 Potential and unpredictable adverse effects (rare 
development of severe liver toxicity)

 Several other (hundreds?) genes are also activated
(e.g. VEGF)

 Larger and long - term clinical trials are needed  
(in order to document the safety profile and final 
clinical benefits of these new compounds)
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Direct transcriptional targets of HIF

Schofield C.J., Ratcliffe P.J., Nature Rev. Mol. Cell Biol., 2004, 5, 343 - 354
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The spectrum of physiological
responses to HIF 1α

West J.B., N. Engl. J. Med., 2017, 376, 1965-1971 
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Plasma levels of VEGF after 12 weeks and at the end 
of the trial in CKD patients treated with Vadadustat

Pergola P.E. et al. Kidney Int., 2016, 90, 1115-1122
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Role of hepcidin in the iron metabolism

Sugahara M. et al., Kidney Int. 2017., 92, 306-312
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Plasma levels of hepcidin after 12 weeks and 
at the end of the trial in CKD patients treated with Vadadustat

Pergola P.E. et al. Kidney Int., 2016, 90, 1115-1122
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FG-4592 (Roxadustat) lowers plasma hepcidin
concentration in a dose dependent manner in dialysis patients 

Mean (SE) hepcidin change from baseline

Unpublished data
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FG-4592 (Roxadustat) lowers serum total cholesterol  
concentration in dialysis patients

FG-4592 (Roxadustat) lowers serum total cholesterol concentration in dialysis patients 

Unpublished data
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GSK1276833 (Daprodustat) lowers serum total 
cholesterol and LDL cholesterol in a dose dependent 

manner in CKD patients

Brigandi R et al., Am. J. Kidney Dis. 2016, 67, 861, Supplement table 4 
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Brigandi R et al., Am. J. Kidney Dis. 2016, 67, 861, Supplement table 4 

GSK1276833 (Daprodustat) lowers serum total 
cholesterol and LDL cholesterol in a dose dependent 

manner in CKD patients
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Kapitsinou P.P.,  Haase V.H., Am. J. Physial., 2015, 309, F821 - 834

Molecular mechanisms implicated
in PHD/HIF mediated renoprotection
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Bonomini M. et al., Am. J. Kidney Dis., 2016, 67, 133-142

New strategies under development
to stimulate erythropoiesis
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EPO receptor activation

 EPO binding leads to 
dimerisation of EPO receptor

 JAK2 (tyrosine kinase) is 
autophosphorylated

 JAK2 phosphorylates EPO 
receptor, creating docking sites 
for several signalling proteins

 Signalling proteins translocate 
to nucleus and activate 
transcription (STAT5)

Membrane

JAK2P JAK2 P

P

P

P

P

EPO

Target genes

STAT

STAT
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EPO mimetics - rationale and strategy 

 Both chains of the EPO 
receptor are needed

 Conformation of the 
EPO receptor in the 
dimer complex is 
flexible
– suggests that a variety of 

molecules capable of 
dimerising the receptor 
may be able to act as 
EPO mimetics

Membrane

JAK2P JAK2 P

P
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P
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Target genes

STAT

STAT
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Background – Peginesatide
(formerly known as Hematide™)

•Synthetic, PEGylated 
investigational, peptide-based 
erythropoiesis-stimulating agent 
(ESA)

•Binds to and stimulates the EPO 
receptor

•No structural homology with EPO 

•Approved by the FDA for the 
treatment of anemia due to CKD 
in patients on dialysis (2012)

Peginesatide
Omontys, (Affymax + Takeda)
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Fatal, life-threatening, and non–life-threatening 
occurrences of anaphylaxis and hypotension in patients who 

received a first dose of peginesatide

Deaths and life-threatening and non–life-threatening events
were reported to the Food and Drug Administration

Bennet Ch. et al., N. Engl. J. Med., 2014, 370; 2055 - 2056  
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Background – Peginesatide
(formerly known as Hematide™)

•Synthetic, PEGylated 
investigational, peptide-based 
erythropoiesis-stimulating agent 
(ESA)

•Binds to and stimulates the EPO 
receptor

•No structural homology with EPO 

•Approved by the FDA for the 
treatment of anemia due to CKD 
in patients on dialysis (2012)

Peginesatide
Omontys, (Affymax + Takeda)

Withdrawn from
the market (2013)!
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Bonomini M. et al., Am. J. Kidney Dis., 2016, 67, 133-142

New strategies under development
to stimulate erythropoiesis
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Erythropoietin Bio-pomp
(EPODURE currently TARGTepo - Medgenics)

West J. B., N. Engl. J. Med., 2017, 376, 1965-1971 
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Levels of erythropoietin and haemoglobin after 

implantation of TARGTepo in patients with ESKD

Blum S. et al., N. Engl. J. Med., 2017; 376: 189-191
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Regulation of hepcidin by inflammation

x

Ganz T., J. Am. Soc. Nephrol., 2007;18: 394–400 
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Strategies for modulating hepcidin
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Effect of hepcidin inhibitor (NOX-H94)
on haemoglobin in IL-6 Induced anaemia

Daily s.c. human IL-6 injections induce anaemia through 
endogenous hepcidin; cynomolgus monkey model:
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NOX-H94
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Boyce M. et al., British Journal of Pharmacology, 2016, 173, 1580–1588

Anti-hepcidin Spiegelmer Lexaptepid = NOX-H94
in healthy subjects

http://undt.ba/
http://undt.ba/


Iron delivered via dialysate

Gupta A. et al., Kidney Int., 2015, 88, 1187-1194
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PRIME Study

Gupta A. et al., Kidney Int., 2015, 88, 1187-1194

(Triferic)
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PRIME Study – 35% ESA dose reduction
vs. placebo

Gupta A. et al., Kidney Int., 2015, 88, 1187-1194
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PRIME Study – Triferic reduces
i.v. iron requirements by 48% 

Gupta A. et al., Kidney Int., 2015, 88, 1187-1194
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Summary

 Current treatment of anaemia in patients with CKD will 
certainly change in the future 

 First new drug on the market will be most probably one 
of the HIF stabilizers (phase 3 of clinical trials)

 New drugs in the anaemia management in CKD patients 
will improve the compliance and the clinical benefits of 
such therapy

 The key to CKD anaemia management will be still 
individualization of the potential benefits  (reducing 
blood transfusions and anaemia-related symptoms) 
against the risks of harm
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