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Outline

The “Anemia of Chronic Disease” (ACD): 
prevalence and importance.

ACD pathogenesis (role of hepcidin).

ACD diagnosis (DD with Iron Deficiency Anemia –
IDA).

Treatment (future options).
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Anemia of chronic diseases (ACD)
 Cytokine-driven, multifactorial 

condition primarily found in 
patients with diseases involving 
chronic immune activation 
(infections, malignancies and 
auto-immune disorders), 

 most frequent anemia in 
hospitalized patients.

 Often neglected, aggravated by 
therapeutic measures (i.e. 
radiotherapy, chemotherapy)

Weiss G, N Engl J Med 2005
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Anemia in HF: multiple concurrent mechanisms

Relevance of ACD: lesson from cardiology



Anemia (whatever the cause) is not an innocent 
bystander – Data on Pts. with Heart Failure

Persistent anemia significantly associated with mortality 

Kaplan-Meyer survival curves in ambulatory HF patients according to anemia status

Tang WH, J Am Coll Cardiol 2008
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FAIR-HF: study design

• Main inclusion criteria: 
– NYHA class II/III, LVEF ≤40% (NYHA II) or ≤45% (NYHA III)
– Hb: 95–135 g/L 
– Iron deficiency: serum ferritin <100 µg/L or <300 µg/L, if TSAT ≤20%

• Blinding:
– Clinical staff: unblinded and blinded personnel 
– Patients: usage of curtains and black syringes for injections 

* Total dose required for 
repletion calculated using 
the Ganzoni formula

Hb, hemoglobin; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; 
PGA, Patient Global Assessment; TSAT, transferrin saturation. Anker SD, New Engl J Med 2009
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RBCs cycle
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It needs 20-25 mg iron/day in the form of 
holotransferrin, that derives from recycling of senescent 
RBCs by macrophages (erythrophagocytosis).  

phagocytosis of a dying RBC

circulating RBCs

Normal 
Bone 
Marrow Steady-state erythropoiesis involves the production 

of 200 billion new RBCs/day or 2.4 
million/second. 



IRON “ECOLOGY”
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≈20 mg/day

≈2 g



ACD pathogenesis (cytokine-driven  hepcidin) - 1
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ACD pathogenesis (cytokine-driven  hepcidin) - 2

ANEMIA
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Nemeth E, J Clin Invest 2003



HEP-(atic) CIDIN (antimicrobial)

Ganz T, Physiol Rev 2013 

• small (25 aa) peptide

• defensin-like (innate 
immunity-related 
peptides with natural 
antimicrobial acitvity) 
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essential essential
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Hepcidin indirect antimicrobial activity by reducing iron 
availability to invading pathogens 
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essential essential
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Hepcidin indirect antimicrobial activity by reducing iron 
availability to invading pathogens 
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Serum hepcidin levels in different chronic disorders
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Ganz T, Blood 2008



hepcidin-induced 
“macrophage block” →
iron-restricted 
erythropoiesis → major 
contributing factor

Weiss G, N Engl J Med 2005
Weiss G, Semin Hematol 2015

( + cytokine-driven ↓ EPO 
activity and ↓ proliferative 
capacity of RBC 
precursors)

ACD 
pathogenesis
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Cooke KS, Blood 2013



ACD diagnosis
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Anemia AND clinical/biochemical evidence of 
inflammation. 

Key problem: exclude other causes of 
anemia, especially concomitant Iron Deficiency 
Anemia (IDA), as:

a) The association is frequent
b) Treatment is different



Upper GI blood losses 

Lower GI blood losses

Malabsorption

NSAIDs
Antithrombotic
drugs
IBD (by itself) 

PPI

Busti F, Front Pharmacol 2014 (adapted)

Patients with ACD (i.e RA or IBD) often also have iron 
deficiency (correctable)

Anorexia
Inadequate
dietary intake

Malnutrition

Antithrombotic
drugs
IBD (by itself) 
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(Complex) algorithm for differential diagnosis of 
IDA, ACD/IDA, or “pure” ACD 

Cullis JO, Brit J Haematol 2011
Anker SD, New Engl J Med 2009
NCCN guidelines (2015)

Ferritin, classical IDA 
biomarker = (acute phase 
reactant)  

Controversy on the cut-off 
value defining “increased” 
ferritin (i.e. iron not beneficial)
• 100 µg/L ? (Weiss G, NEJM 

2005)
• Pts. with HF or cancer 

respond to i.v. iron also 
with ferritin up to 300 (HF)-
800 (cancer) µg/L

Algorithm requires serum 
Transferrin receptor 
(sTFR, not universally 
available)    
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Girelli D, Blood 2016

Hepcidin measurement in clinical practice. A 
decalogue for the hematologists



Hepcidin-25 (only iron-active isoform) assays

ELISA: Ab cross-reacting with smaller inactive isoforms (total hepcidin measured) 
Kulaksiz H, Gut 2004
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Castagna A, J Proteom 2010

Mass-Spectrometry based assay: highly specific in distinguishing hepc-25   
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Clinical conditions influencing circulating hepcidin levels

Anemia Milano, REL, 20 Aprile, 2016 DG 24

Girelli D, Blood 2016



Serum Hepcidin levels are suppressed in IDA

Ganz T, Olbina G, Girelli D et al. Blood 2008

Less influenced by concurrent inflammation as compared to ferritin (suppression tends to prevail)
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↓ hepcidin pts. may benefit from iron

van Santen S, Arthritis & Rheumatism 2011

Low hepcidin levels allow detection of concurrent iron 
deficiency in anemic patients with Rheumatoid Arthritis
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Bergamaschi G, Inflamm Bowel Dis 2013

Low hepcidin levels allow detection of concurrent iron 
deficiency in anemic patients with IBD
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The MOST promising application of hepcidin assay
(from a global health perspective) 

Sazawal S, Lancet 2006

• I.D. major health problem in children 
from low-incoming countries.
• The “Pemba” trial: “routine” iron 
supplementation is not the solution, but 
rather can ↑ mortality due to infections.  

• Hepcidin is the major predictor of RBC 
iron incorporation in anemic African 
(Gambia) children, indicating iron 
utilization for children’s growth rather 
than for the growth of infectious agents.   

Prentice AM, Blood 2012

Hepcidin as a point-of-care index guiding 
“safe” and effective iron therapy
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http://www.actionaid.it/it/FORM_ADOZIONE/adozione_form.html�
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Pasricha SR, Sci Transl Med 2014



ACD- therapeutic options

 “pure” ACD: treat the underlying 
disease

 Concomitant IDA: correct with iron 
supplementation

 Anti-hepcidin strategies
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Pharmacology of hepcidin

Ruchala P & Nemeth E, Trends Pharmacol Sci 2014

Anemia Milano, REL, 20 Aprile, 2016 DG 31



Oral abstracts at ASH 2015
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Conclusions/Take-home messages

Anemia Milano, REL, 20 Aprile, 2016 DG 33

Hepcidin, which stands at the crossroad 
between iron metabolism and the immune 
system, plays an important role in ACD.

Hepcidin measurement is a promising tool for  
distinguishing concomitant iron deficiency 
(possibly correctable) in anemic patients with 
chronic inflammatory disorders.
In a near future, hepcidin antagonists may help 

in increasing Hb levels in ACD patients. 



The Verona Interdisciplinary group on Iron Disorders

Participants Units
1. Internal Medicine
2. Clinical Chemistry & Molecular Biology
3. Blood Bank / Transfusional Service
4. Radiology
5. Pathology
6. Gastroenterology

http://www.gimferverona.org

Paolo Bozzini, Fabiana Busti, Paola Capelli, Annalisa 
Castagna, Michela Corbella, Massimo Delledonne, Giorgio 
Gandini, Alejandro Giorgetti, Giacomo Marchi, Oliviero 
Olivieri, Roberto Pozzi-Mucelli, Monica Rizzi, Alice 
Vianello, Luciano Xumerle.
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International BioIron Society
7th Congress

May 7-11, 2017
University of California, Los Angeles

http://www.bioiron.org

http://www.bioiron.org/�
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