
Iron metabolism – anemia 

and beyond 

Jacek Lange 

Perm, 8 October 2016 

1 



Overview 

1. Iron metabolism 

2. CKD – Chronic Kidney Disease 

3. Iron deficiency beyond anemia and CKD 

4. Conclusions 
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Why iron deficiency in CKD? 

 

1. Impaired iron absorption 

– Level of intoxication – local inflammation in digestional tract 

– General inflammation due to uremia 

– Hepcidin 

 

2. Iron loss 

– Loss of few mls in every HD session = * 156 times / year 

– Loss through digestional tract 

– Other bleedings (Heparin, LMWH, local inflammation) 

 

3. Functional iron deficiency due to ESA 
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• Intestinal absorption 

• Release from hepatic cells and macrophages 4 
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Anker SD, et al. Eur J Heart Fail 2009 
Haas JD, Brownlie T IV. J Nutr 2001 

Dallman PR. J Intern Med 1989 

Dual effects of iron deficiency:  
defective oxygen delivery and utilization 





Hepcidin – a potential biomarker of Iron 

status in Chronic Kidney Disease 

Zaritsky J et al.:  
Clin J Am Soc Nephrol 
2009;4:1051-1056 
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IRON UTILISED 

 

• Metabolised by haematopoietic 

and non-haematopoietic cells 

• Incorporated in circulating 

reticulocytes and erythrocytes 

• Bound to transferrin 

IRON INTAKE  

IRON LOSS 

IRON STORED 

 

• Hepatocytes  

• Sideroblasts 

• Reticulo-endothelial cells 

Ferritin 

sTfR 

Hb, MCV, MCHC, 

MCH, RBC ZPP, CHr, 

% hypochromic RBC 

TSAT 

= iron/TIBC 

Peripheral blood 

Iron storage and utilisation: 
interpretation of circulating biomarkers 

Modified from Jankowska et al. Eur. Heart J 2013 
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Iron sucrose (Venofer®) facilitates ESA 
dose optimalization in HD patients 

Study Design n Venofer® dose Baseline 
Hb 

(g/dL) 

Duration Change in ESA dose  
vs baseline 

Richardson 
2001 

Consecutive 
patients 

Single-center 

386 N x50 mg iron 
as Venofer® 

11.3 24 
months 

47% reduction 

Li 2008 Randomized 
Single-center 

26 200 mg 
iron/week for 4 
weeks then 200 
mg iron every 2 
weeks for 4 
weeks 

8.9 8 weeks 20% reduction 

Schiesser 
2006 

Single-arm 
Multicenter 

50 24 x50 mg iron 
as Venofer® 
weekly 

12.1 6 months 38.5% reduction 
(darbepoetin) 
6.3/8.3% (epoetin alfa/beta) 

Descombes 
2000 

Single arm 
Single-center 

25 Dose adjusted 
by serum 
ferritin level 

11.5 18 
months 

32% reduction 

Hussain 
1998 

Two arm 
Single-center 

20 100 mg iron as 
Venofer® twice 
weekly or oral 
iron 

7.8-8.0 3 months 25% reduction versus oral 
iron 

Richardson D et al. Am J Kidney Dis 2001;38:109-117 
Li H et al. Blood Purif 2008;26:151-6 

Schiesser D et al. Nephrol Dial Transplant 2006;21:2841-2845 
 Descombes E et al. Nephron 2000;84:196-197 

Hussain R et al. Nephrology 1998;4:105-108 
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Iron sucrose in hemodialysis – extensive 
safety profile – 13,5 mln patients 

Study Dosing n Duration Safety outcomes 

Aronoff1 
2004 

10x100 mg 
iron as 
Venofer® 

665 Mean 101 
days 

No serious or life-threatening 
adverse events reported 

Charytan2 
2001 

10x100 mg 
iron as 
Venofer® 

77 8 weeks No serious adverse events or  
withdrawals due to drug-related 
adverse events  observed 

Richardson3 
2001 

N x50 mg iron 
as Venofer® 

386 24 months Venofer®withheld in only 2 out of 
386 patients. Good safety 
profile 

Schiesser4 
2006 

24 x50 mg 
iron as 
Venofer® 
weekly 

50 6 months No serious adverse events or 
hypotensive episodes. Only one 
AE  was classified as possibly 
related to Venofer® 

Hussain5 
1998 

100 mg iron 
as Venofer® 
twice weekly 

10 3 months No adverse events reported 

1. Aronoff GR et al. Kidney Int 2004;66:1193-1198 
2. Charytan C et al. Am J Kidney Dis 2001;37:300-307 

3. Richardson D et al. Am J Kidney Dis 2001;38:109-117 
4. Schiesser D et al. Nephrol Dial Transplant 2006;21:2841-2845 

5. Hussain R et al. Nephrology 1998;4:105-108 



FCM in HD patients (Evenpoel 2009) 
200 mg of iron 2-3 times a week according to 

requirements, FCM (n = 119) vs. IS (n = 118) 
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Evenepoel A et al. Abstract/Poster ASN 
2009 San Diego 

Hb conc. Serum ferritin conc. 

TSAT 



FCM in HD (Covic et al., 2010)  

      Hb   Ferritin    TSAT 

12 Covic A et al. Nephrol Dial Transplant 2010 25: 2722–2730 

Responders = Proportion of 

patients attaining an 

increase in Hb ≥1.0 g/dl 

• FCM 100-200 mg at each HD 

session for a max. 6 weeks. 

• n=163 

• 120 patients –> ESA  

• 63 patients –> no ESA 
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FIND-CKD: Study design 

Macdougall IC et al. J Am Soc Nephrol 
2009; 20: 660A (SA-PO2402) 

Visits: Every 2 weeks (Weeks 0-8), then every 4 weeks 
(Weeks 8-52). Dosing every 4 weeks  

Central labs at week 0, 4, 8, 12, 24, 36 and 52. 
Local labs will be used for dosing determination (ferritin) 

and assessing requirements for anemia management. 

Anemia management per 
standard practice 

No ESA (Weeks 0–8) 

Rescreening 
permitted 

ND-CKD 
No ESA (last 4 months) 

Hb 9–11g/dl 
Ferritin <100ng/mL or  
<200ng/mL + TSAT 

<20% 

Ferric carboxymaltose: high dose 
(ferritin target 400–600ng/ml) 254 patients 

R 
Screening 

(up to 
4 weeks) 

End of Study – 
Week 56 

(or 4 weeks 
after last dose of 

study drug) Ferric carboxymaltose: low dose 
(ferritin target 100–200ng/ml) 254 patients 

Oral iron, ferrous sulfate 
(200 mg iron/day) 508 patients 

1° EP:  
Time to initiation 
of other anemia 
management 

• Primary endpoint:  
Time to initiation of other anemia management (e.g. ESA or blood 
transfusion) 



Results – primary endpoint 

1. The increase in the Hb level – significantly greater with high sF FCM versus oral 
iron. 
 

2. The hematological response – faster, and the proportion of patients with an 
increase in Hb level ≥ 1 g/dL significantly greater with high sF FCM versus oral 
iron or low sF FCM. 
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Results – secondary endpoint 
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•Kidney disease 

•Pregnancy  

•Cardiovascular disease and arterial hypertension 

• With some association: 

• Polyneuropathy und painsyndroms 

• Parkinson Syndromes including. 

• Multiple Sclerosis, Migraine 

Neurology, March 2016 

Iron deficiency with 
and without anemia 
above all of that ?? 



Noradrenalin Adrenalin 

Iron 

Dopamine and Iron 
Tyrosinhydroxylase 

http://de.wikipedia.org/w/index.php?title=Datei:Biosynthese_Catecholamine.svg&filetimestamp=20070224201506


Iron deficiency and COPD 

• Non-anaemic iron deficient patients more hypoxaemic 
• Essential role of iron as a factor of key cellular pathways 
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NEJM 2009 



• Main inclusion criteria:  

– NYHA class II/III, LVEF ≤40% (NYHA II) or ≤45% (NYHA III) 

– Hb: 9.5–13.5 g/dL  

– Iron deficiency: serum ferritin <100 µg/L or <300 µg/L, if TSAT <20% 

• Treatment adjustment algorithm: 

– Interruption: Hb >16 g/dL or serum ferritin >800 µg/L or serum ferritin >500 µg/L, if TSAT >50% 

– Restart: Hb <16 g/dL and serum ferritin <400 µg/L and TSAT<45% 

• 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 

FAIR-HF study design 

Anker SD, et al. N Engl J Med 2009;361:2436–48. 
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NYHA functional class 6-minute walk test 

p<0.001 p<0.001 
p<0.001 

p<0.001 p<0.001 p<0.001 

FAIR-HF results 

Anker SD, et al. N Engl J Med 2009;361:2436–48. 
22 



CONFIRM-HF 
Study design 

• Design: Multicentre, randomised (1:1), double-blind, placebo-controlled 
 

• Main inclusion criteria:  

– NYHA class II / III, LVEF ≤45%  

– BNP > 100 pg/mL or NT-proBNP > 400 pg/mL 

– Iron deficiency:  serum ferritin <100 ng/mL or 100-300 ng/mL if TSAT <20% 

– Hb < 15 g/dL 
 

• Blinding: 

– Clinical staff: unblinded and blinded personnel  

– Patients: usage of curtains and black syringes for injections  

 

FCM up to 2000mg  

(2 x 500-1000mg i.v.)  

FCM treatment continues  

if ID is not corrected 

(500mg i.v.) 

Correction phase Maintenance phase 

Placebo 

Screening 
R 

D0 

1°EP:  

6MWT 

W6 W12 W24 W36 W52 

Ferric Carboxymaltose (FCM) 

Ponikowski P et al. Eur Heart J 2014; Epub ahead of print 



Secondary endpoints: 
Changes in 6MWT distance and QoL over time 

 

   14  

  (–5, 33) 

 

 

    16  

 (–3, 35) 

 

 

        33  

    (13, 53) 

 

 

     42  

 (21, 62) 

 

 

                      36  

                 (16, 57) 

 

FCM 

Placebo 

30 

20 

0 

-10 

-20 

10 

-30 

-40 

6
M

W
T

 c
h
a
n
g
e
 f
ro

m
  

b
a
s
e
lin

e
 L

S
M

 

BL 6 12 18 24 30 36 42 48 52 

P=0.16 P=0.10 
P=0.001 P<0.001 

P<0.001 
40 

Weeks since 

randomisation 

FCM vs placebo 

LSM (95% CI) 

6MWT 

Weeks since 

randomisation 

O
v
e
ra

ll 
K

C
C

Q
 s

c
o
re

 c
h
a
n
g
e
 

fr
o
m

 b
a
s
e
lin

e
 L

S
M

 

P=0.035 

P=0.41 

P=0.004 P=0.010 10 

FCM 

Placebo 

FCM vs placebo 

LSM (95% CI) 

 

        1.8  

  (–1.2, 4.8) 

 

 

   3.3  

(0.2, 6.4) 

 

         1.3  

    (–1.9, 4.6) 

 

 

        5.0  

    (1.6, 8.3) 

 

 

                          4.5  

                     (1.1, 7.9) 

 

BL 6 12 18 24 30 36 42 48 52 

P=0.25 
8 

6 

4 

2 

0 

-2 

KCCQ 

Ponikowski P et al. Eur Heart J 2014; Epub ahead of print KCCQ – Kansas City Cardiomyopathy Questionare 



Secondary endpoints: 
Outcome events 

FCM 

(N=150) 

Placebo  

(N=151) 

End-point or event 

Total 

events 

(n) 

Incidence/  

(100 patient 

risk-year) 

Total 

events 

(n) 

Incidence/  

(100 patient 

risk-year 

Time to first 

event  

Hazard ratio  

95% CI 

P-

value 

Death 12 12 (8.9) 14 14 (9.9) 
0.89  

(0.41 – 1.93) 
0.77 

Death for any CV reason 11 11 (8.1) 12 12 (8.5) 
0.96 

(0.42 – 2.16) 
0.91 

Hospitalisation 46 32 (26.3) 69 44 (37.0) 
0.71 

(0.45 – 1.12) 
0.14 

Hospitalisation for any CV 

reason 
26 21 (16.6) 51 33 (26.3) 

0.63 

(0.37 – 1.09) 
0.097 

Hospitalisation due to 

worsening HF 
10 10 (7.6) 32 25 (19.4) 

0.39 

(0.19 – 0.82) 
0.009 

FCM reduced the risk of recurrent hospitalisations due to worsening HF (post hoc):  

Hazard Ratio (95% CI) – 0.30 (0.14-0.64), p=0.0019 
Ponikowski P et al. Eur Heart J 2014; Epub ahead of print 



ESC Guidelines HF 2016 



KDIGO Anemia Guideline 

KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease . Kid Int Suppl (2012) 2, 283–287  
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KDIGO Anemia Guideline 
2.1.1 When prescribing iron therapy, balance the potential benefits of 

 avoiding or minimizing blood transfusions, ESA therapy, and 
 anemia-related symptoms against the risks of harm in individual 
 patients (e.g., anaphylactoid  and other acute reactions, unknown 
 long-term risks). (Not Graded) 

 

2.1.2 For adult CKD patients with anemia not on iron or ESA 
 therapy we suggest a trial of IV iron (or in CKD ND patients 
 alternatively a 1-3 month trial of oral iron therapy) if (2C): 

 
2.1.3 For adult CKD patients on ESA therapy who are not receiving 

 iron supplementation, we suggest a trial of IV iron (or in CKD ND 
 patients alternatively a 1-3 month trial of oral iron therapy) if (2C): 

 
Goals: 
•an increase in Hb concentration without starting ESA treatment and 
 

•TSAT is ≤ 30% and ferritin is ≤ 500 ng/ml 
 

   
KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease . Kid Int Suppl (2012) 2, 283–287  

28 



Conclusions 
1. Can we use IV iron in CKD patients (RLS? COPD? CHF?) ? 

 YES, WE CAN. We even have to.  

 

2. Is oral iron possible to be used?  

 Yes, it is.  

BUT 

• in most cases the ID is 1,5 – 2,0 g;  

• absorbtion of 1-2 mg/day;   

 Compliance? 

 

3. Is every iron the same? 

 No, there is a individualization needed. 

 

4. Iron deficiency is not only Iron deficiency anemia !!! 
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Cпасибо Большое 
 

Thank you for your attention 
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