
Luca De Nicola, MD-PhD
Nephrology and Dialysis Unit

Supplementazione di ferro ev in emodialisi, EPO ed 
HIF: quale futuro per il trattamento dell’anemia 

nei pazienti in dialisi?



Why optimal treatment of anemia 
in dialysis ?



Rigatto C, et al. Nat Clin Pract Nephrol 2006;2:514–526
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When treating anemia in dialysis don’t forget why doing it !



N= 58,058 
HD maintenance patients
Endpoint: all-cause death

FU: 24 months

N= 11,041 
HD maintenance patients
Endpoint: all-cause death

(DOPPS I)

P=0.04
(n=506)

N= 44,550 
HD maintenance patients
Endpoint: all-cause death

FU: 6 months

Goal Hb ≥11 g/dL



Cut-off values of hemoglobin and clinical outcomes in incident PD: 
the Peritoneal Dialysis Telemedicine-assisted Platform (PDTAP) study

Xu et al., NDT 17 July 2023

• 2,591 PD patients enrolled 6/2016-4/2019, and followed till 12/2020
• Primary outcomes: all-cause mortality, major adverse cardiovascular 

events (MACE) and modified MACE +
• MACE: MI, unstable angina, stroke, and CV death. 
• MACE +:  MACE + heart failure and all-cause mortality

Independent value of 
time-averaged Hb <11

in predicting MACE and 
MACE+ in PD population

Goal Hb ≥11 g/dL



• 4604 incident HD patients from 21 countries 
• Phases 4–5 (2009–2015)

Low hemoglobin at hemodialysis initiation: an
international study of anemia management and
mortality in the early dialysis period

Hb at Month 1 after starting HD HR of mortality from month 4 to month 12 of HD

Model 1: unadjusted; 
Model 2: adjusted for age, sex, BMI, DM,  hypertension, CHF, PVD, cancer, 
catheter use

79% 
Hb <11



Anemia in dialysis 
after 30 years of ESA ?



in 2020
 Hb <11.0 in 60% and <9.0 in  9%
 ESA in 78% HD and 60% PD
 Iron in 63% HD and 38% PD
 Blood transfusion in 23%

Mean Hb in patients receiving dialysis



Dubel et al., Clin Kidney J 2022



Current guidelines are restrictive on Hb goal 
because based on the “ONE-SIZE-FITS-ALL” approach

Secondary analyses of the key RCTs for current guidelines reveal 
individual response to ESA (Hb by dose) is important as the Hb goal !!!

Study Setting N Analysis Endpoint Results

NHS HD 321 Good responders
(based on quartiles of ERI) Death Risk reduced by 59%

(HR 0.41, 0.20–0.87)

CHOIR NDD-CKD 1290
Poor responders

(based on use of high ESA 
dose >20,000 IU/wk)

Composite
(death, MI, stroke, HF)

Risk increased by 57%
(HR 1.57, 1.04–2.36)

TREAT DM-CKD 1872
Poor initial response 

(based on ESA response
to the first two doses)

Composite
(CV death, MI, stroke, HF)

Risk increased by 31%
(HR 1.31, 1.09–1.59)

Kilpatrick RD, et al. Clin J Am Soc Nephrol 2008; Szczech LA, et al. Kidney Int 2008; Solomon SD, et al. N Engl J Med 2010

It is critical to identify and treat ESA hyporesponsive patients because 
they are unlikely to benefit from any increase in ESA dose while being at 

greater risk of adverse CV events if ESA dose is uptitrated
Provatopoulou ST  2011; De Nicola L Drugs 2014; Mimura I Nephron 2015.



MacFarlane, Kidney Int 2010

Hb and ESA dose in DOPPS study

• DOPPS III (2005-2008)

• 12 countries, 300 facilities

• >7500 patients on HD ≥6 mo

ESA resistance in HD patients



Suttorp et al. BMC Nephrology 2013

ESA resistance and mortality in HD and PD patients



Geddes, Nephrol Dial Transplant 2019
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Other factors:

• Medicines
• Vitamin B12, folate
• Co-morbid conditions, e.g. myeloma
• Intra-dialytic haemolysis

Resistance ?...CKD-related anemia is a multifactorial disease



Ganz, NEJM 2019

Hepcidin
Traditional therapy (ESA ± Iron) results

in inefficacious erythropoiesis in inflamed patients
(ESA hyporesponsiveness)  

CKD-related anemia is a multifactorial disease
…and CKD-inflammation is part of the game



Multifactorial approach to CKD-anemia 
is a MAIN THERAPEUTIC GOAL

Weir MR; Am J Nephrol 2021;52:450–466

Therefore ?1) Dx/Treat all causes of anemia
2) Iron supplementation
3) ESA prescription
 HIF stabilizer as “multifactorial option”





RCT in 2141 HD patients receiving either high-dose iv iron sucrose, administered proactively or 
low-dose iron sucrose, administered reactively. The primary end point was the composite of 
nonfatal MI, nonfatal stroke, hospitalization for HF, or death. The median follow-up was 2.1 years 

Proactive IV iron administration: 400 mg monthly (200 x 2 HD)
• No iron if  ferritin >700 μg/L
• No iron if TSAT ≥40%:

Randomization
Reactive IV iron administration: 100-400 mg monthly 
• If ferritin <100 μg/L and TSAT <40%: 400 mg monthly (200 x 2 HD)
• If ferritin 100-200 μg/L and TSAT <40%: 200 mg monthly 
• If ferritin 201-700 μg/L and TSAT ≤20%: 100 mg monthly 
• If ferritin >200 μg/L and TSAT >20%: no iron
• If ferritin >700 μg/L and/or TSAT ≥40%: no iron

NEJM 2019;380:447-458



Median monthly dose
264 mg [IQR 200-336] 

Median monthly dose 
145 mg [IQR 100-190]

PIVOTAL, NEJM 2019
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Proactive group
↓ ESA dose by 19%

PIVOTAL, NEJM 2019



(Death, MI, stroke, and 
hospitalization for HF)

PIVOTAL, NEJM 2019





PIVOTAL, NEJM 2019



Macdougall, JASN 2020

In HD, proactive iron strategy decreases
• Mortality and CV events
• Blood transfusions
• ESA doses

…with no higher risk of infections
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All ESAs are effective if used properly…
…allowing serum epo levels within the erythropoiesis threshold
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S.C. Epoietin (40 IU/kg x 3/week)

S.C. Darbepoetin (0.45 µg/kg/week) S.C. C.E.R.A. (1.2 µg/kg/month)

Besarab JASN 1992

Macdougall JASN 1999 Macdougall CJASN 2006
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Epoetin 40 IU/kg x 3 s.c.

Epoetin 60 IU/kg x 2 s.c.

Epoetin 120 IU/kg  s.c.

Activation of apoptosis, neocytolisis; 
upregulation of hepcidin

Endothelial stimulation (hypertension); 
pro-thrombotic effect; proliferation of VSMCs

N=16 patients treated with same weekly 
dose of Epoetin (120 IU/kg s.c.) but at 

different dosing intervals



The 3 Key Questions on HIFs

1. Which…mechanism of action ?

2. Who…should be treated ?

3. Where…differences versus ESA ?



Which…mechanism of action ?

Retrospective cohort study in 341,737 incident HD patients stratified by elevation data from the U.S. Geological 
Survey to evaluate whether altitude at which a patient lives may affect the dose-response relationship of EPO. 

<75 m 76-609 m
610-1220m 1220-1828 m >1850 m 



Retrospective, observational analysis of 99,294 HD patients followed in a large dialysis organization in the 
U.S. during the 2012 stratified by altitude categories (0-457, 458–914, 914–1371 and ≥1371 meters)

hyporesponse, defined as two 
consecutive bimonthly Hb  measures <10 
g/dL in the setting of a concurrent 
averaged ESA dose >7700 U/treatment

Less mortality at higher  altitude

Which…mechanism of action ?



At altitude, the hypoxic stimulus to 
endogenous erythropoietin production…

…persists in hemodialyzed patients !!!

Which…mechanism of action ?



Normal O2 Low O2 HIFs

Gene
Transcription

Nucleus

Which…mechanism of action ?



⇧ intestinal iron            
absorption

⇧ iron mobilization by           
↓ hepcidin-mediated 
ferroportin expression 

⇧ iron delivery by up-
regulating transferrin

⇧ endogenous 
erythropoetin synthesis

Coordinated Erythropoiesis ➩ Efficacious Hb Increase

Which…mechanism of action ?

Locatelli, Del Vecchio, De Nicola, Minutolo. NDT 2020 



Anemic patients 
with non-dialysis or dialysis CKD

Who…should be treated ?

32 phase-3 RCTs including 29,241 participants
26 in 24,387 patients (59% in dialysis)                   

had ESA as control arm

Most RCTs had Hb target 10-11 (US) and 10-12 (non-US) 
according to ESA trials and subsequent guidelines !!!



Minutolo...De Nicola, Clin Kidney J 2023 

Hb target achievement: HIF-PHIs vs ESAHb change from baseline: HIF-PHIs vs ESA

EFFICACY: mean difference in Hb change from baseline and Hb target achievement

Who…should be treated ?



Minutolo...De Nicola,. Clin Kidney J 2023 

P=0.967

P=0.520 P=0.905 P=0.875

P=0.227 P=0.670

Cancer                                           MACE                                             MACE+

Thrombosis/ embolism Vascular access thrombosis Death

SAFETY: rate ratio for main hard endpoints between HIF stabilizers and ESA comparator

Who…should be treated ?



Who…should be treated ?



The CHANGE
in the treatment of CKD-anemia

from Pharmacological                          
-substitutive single therapy-

to Physiological
-restoration of full endogenous mechanisms-

Intervention

Epo-alfa 100 IU/kg

Roxadustat 1.0 mg/kg

Roxadustat 2.0 mg/kg

Placebo

No peaks of plasma EPO levels 
that remain within physiologic range

Provenzano, J Clin Pharm 2020

Besides and beyond the oral formulation and no need of cold chain… 

Where…differences versus ESA ?



Minutolo...De Nicola, Clin Kidney J 2023 

Iron parameters and IV iron dose: differences in the changes from baseline between HIF-PHIs and ESAs

Where…differences versus ESA ?



IRON DEFICIENCY
(Ferritin <100 ng/ml or TSAT <20%)

Iron replete Iron deficient

Hb response to roxadustat is 
independent from iron status                

in ND-CKD

INFLAMMATION
(CRP above the upper normal limit )
Hb response to roxadustat is 
independent from CRP levels 

in ND-CKD

High CRP Normal CRP

Where…differences versus ESA ?



Charytan et al (SIERRAS), KI rep 2021 

Hb response and roxadustat or Epoetin-α dose in 741 HD patients stratified by CRP levels

+30% EPO dose
+60% EPO dose

Where…differences versus ESA ?



Minutolo...De Nicola,. Clin Kidney J 2023 

At meta-regression
Greater Hb response to HIF-PHI vs ESA

in younger patients
younger more inflamed than older ?

P=0.040
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Where…differences versus ESA ?



HIF stabilizer as a more physiological 
approach to CKD-anemia

• Hb goal achievement and safety similar to ESA

• At variance with ESA:

 Oral tablets stored at ambient temperature

 Quasi-physiological mechanism harmonizing 
endogenous erythropoietin production                             
with higher iron availability

 Erythropoietic response less dependent 
on iron supplementation and inflammation

The Future ? 
"physiological normalization“ of Hb levels



Anemia in Dialysis 
Key messages

After 30 yrs of ESA, anemia correction still remains far to be optimal due to 
the multifactorial pathogenesis that contrasts with the "one-size-fits-all" 
design of RCTs (and derived guidelines !)

Iron is an essential component of anti-anemic therapy with the large PIVOTAL 
trial definitely proving effectiveness of proactive therapy                                                   
(do not wait and see !)

Major barrier to anemia correction is clinical and subclinical inflammation        
(where ESA or iron are not effective !)

HIFs are a major step toward optimal management due to the “physiological” 
mechanism…however, its full expression -complete anemia correction- could 
not be tested in the RCTs because the Hb target was mandated by the results           
of ESA trials and dependent guidelines (scientific paradox !) 
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