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Anemia in CKD and Dialysis
Prevalence: 

❖ Anemia is common in CKD, especially in advanced stages and dialysis patients

❖ Over 20% of dialysis patients have hemoglobin levels below 10 g/dl

❖ higher percentage received a blood transfusion than an ESA or intravenous iron (CKD 4)

USRDS annual data report 2025

CKD 4-5: use of ESAs, IV iron and Blood Transfusions Hemoglobin Category by CKD stage (overall and by stage) 
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RBC transfusions among patients with ESRD 
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Non erythropoietic actions of EPO  
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Epoetin concetration –time profiles  





Mechanisms of Anemia in CKD 

Jodie L. Babitt and Herbert Y. Lin. J Am Soc Nephrol 23: 1631–1634, 2012

• ↓ EPO παραγωγή

• functional iron deficiency, 

shortened RBC survival

• ↑ hepcidin → ↓ iron availibility

• chronic inflammation 



Volker H. Haase. Kidney International Supplements (2021) 11, 8–25

Schematic diagram of the hypoxia-inducible factor (HIF) pathway

Hypoxia: 
• Nuclear translocation and dimerization of HIF-α and HIF-

β 
• Binding to hypoxia response elements (HRE) of oxygen 

regulated genes 
• Gene transcription 

► erythropoesis

Erythropoietin production is triggered by Hypoxia, mediated by HIF

• HIF/PHD oxygen sencing pathway plays a central role in 
cellular adaptation to hypoxia (βραβέίο Nobel 2019)

• HIF transcription factors 
HIF-α and HIF-β are constitutively synthesized 

Normoxia: HIF-α subunits hydroxylated by PHD enzymes 

Normoxia

Hypoxia →↑ 𝐻𝐼𝐹 →↑ 𝐸𝑃𝑂
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Hypoxia Inducible Factor-Prolyl Hydrohylase Inhibitors
(HIF-PHIs)

Vafseo
(150, 300, 450 mg) 

Evrenzo
(20, 50, 70, 100, 150 mg)

Jestuvroq

Oxemia



Study / drug Participants Comparator 

Roxadustat 

OLYMPUS 2761 placebo

ANDES 922 placebo

ALPS  594 placebo

DOLOMITES 616 Darbepoetin

Vadadustat 

PRO2TECT ESA - 1751 Darbepoetin

PRO2TECT ESA + 1725 Darbepoetin

Daprodustat 

ASCEND-ND 3872 Darbepoetin

ASCEND-NHQ 614 placebo

Non Dialysis Dependent CKD (NDD-CKD) 

Major Phase III studies 

Dialysis Dependent CKD (DD-CKD) 

Study / drug Participants Comparator 

Roxadustat 

PYRENEES 783 Darbepoetin/EPO

HIMALAYAS 958 EPO

SIERRAS 627 EPO

ROCKIES  1711 EPO

Vadadustat 

INNO2VATE - Inc 369 Darbepoetin

INNO2VATE - Prev 3554 Darbepoetin

Daprodustat 

ASCEND-D 2964 Darbepoetin

ASCEND-ID 312 Darbepoetin



Provenzano Robert et al., Clin J Am Soc Nephrology. 2021, 16(8) 1190-1200

Pooled analysis of Roxadustat Trials NDD pool vs placebo 

ALPS 

ANDES 

OLYMPUS



N. Chen et al., n engl j med 381;11 nejm.org September 12, 2019



Jonathan Barratt et al., Adv Ther (2021) 38:5345–5360 



daily dosing

• μικρότερες διακυμάνσεις στα επίπεδα ερυθροποιητίνης

(πιθανώς πιο σταθερή ενδογενής παραγωγή)

Vadatustat Daprbustat



3.923 patients - Vadadustat vs darbepoetin alfa
In both studies, Vafseo met the primary Hb endpoint according to predefined noninferiority margin
(- 0.75 g/dL). 

Kai-Uwe Eckardt et al., N Engl J Med 2021;384:1601-1612

Composite end point of death from 
any cause, a nonfatal myocardial 

infarction, or a nonfatal stroke

INNO2VATE trials: 
DD-CKD (incident or prevelant) 



Hemoglobin concentrations in 
ESA-Untreated patients 

Hemoglobin concentrations in 
ESA-Treated patients 

Glenn M. Chertow et al., N Engl J Med 2021;384:1589-1600

PRO2TECT Trials:
non-DD-CKD 

Efficacy of Vadatustat on Hb levels in NDD-CKD 

MACE: Death from Cardiovascular Causes 
and Death from Any Cause

Expanded MACE: MACE + Hospitalizations 
for HF or Thrombotic event 



Thromboembolic 

events

Vadadustat vs darbepoetin alfa

Cerebrovascular accident 

events 

0.8% vs 0.9% (0.5 vs 0.5 events/100 PY) 

Deep vein thrombosis 

(DVT) 

0.7% vs 0.5% (0.4 vs 0.3 events/100 PY) 

Pulmonary embolism 0.3% vs 0.5% (0.2 vs 0.3 events/100 PY) 

Transient ischaemic 

attack 

0.8% vs 0.4% (0.5 vs 0.3 events/100 PY) 

Acute myocardial 

infarction 

4.3% vs 4.2% (3.1 vs 2.9 events/100 PY) 

Arteriovenous graft 

thrombosis 

1.1% vs 1.1% (0.9 vs 1.0 events/100 PY) 

Arteriovenous fistula 

thrombosis 

3.0% vs 2.3% (2.1 vs 1.6 events/100 PY) 

SPC 



Ajay K. Singh et al., N Engl J Med 385;25 December 16, 2021

ASCEND-NND Clinical Trial



ASCEND-ND Clinical Trial
• 39 countries - 3872 patients
• daprodustat vs darbepoetin alfa 





Yuanchen Niu et al., Renal Failure 2026, VOL. 48, NO. 1, 2616572

➢ 46 RCTs 

➢ 32.305 patients

➢ network meta-analysis 



Yuanchen Niu et al., Renal Failure 2026, VOL. 48, NO. 1, 2616572

▪ rox: roxadustat

▪ dap: daprodustat

▪ vad: vadadustat

▪ des: desidustat

▪ ena: enarodustat

▪ mol: molidustat

▪ pbo: placebo 
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▪ rox: roxadustat

▪ dap: daprodustat

▪ vad: vadadustat

▪ des: desidustat
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▪ pbo: placebo 
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D. Wu et al.,Ren Fail. 2025 Apr 23;47(1):2491655

Τα θρομβωτικά επεισόδια εμφανίζονται ~ 1 μήνα → όχι σαφείς διαφορές μεταξύ υποομάδων→ πιθανώς νωρίτερα στους Α/Κ ασθενείς









Οι Hypoxia-Inducible Factor Prolyl Hydroxylase Inhibitors:

• Ξεκίνησαν με μεγάλες προσδοκίες

• αλλά η πραγματική διείσδυση στην καθημερινή κλινική εφαρμογή παραμένει περιορισμένη

“What happened?”

Τι υποσχέθηκαν οι HIF

• oral therapy 

• physiologic EPO stimulation 

• ↓ hepcidin 

• ↓ IV iron 

• efficacy despite inflammation 

• πιθανώς καλύτερο CV profile

Τι έδειξαν οι μελέτες

• Hb correction:

✔ achieved 

• Non-inferiority έναντι ESA:

✔ achieved 

• MACE non-inferiority:

✔ achieved 

ΑΛΛΑ:

• ꭗ superiority

• ꭗ practice-changing outcomes 



Η daprodustat φαίνεται να έχει πιο reassuring δεδομένα καρδιαγγειακής ασφάλειας

Απαιτούνται πιο ισχυρά head-to-head δεδομένα

Δεν υπάρχει “clear winner”

Take-home messages

• Νέα θεραπευτική κατηγορία 

• Δρουν μέσω HIF pathway 

• Βελτιώνουν EPO + μεταβολισμό σιδήρου

• Αποτελεσματικότητα συγκρίσιμη με ESA 

• Παραμένουν ερωτήματα για long-term δεδομένα ασφάλειας



Ευχαριστώ για την προσοχή σας ! 


