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Conference Overview and Objectives

To develop a greater understanding of the role
of iron therapy in the management of anemia
In patients with chronic kidney disease

-- benefits versus risks

-- balance between ESA therapy and iron
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What do we know about IV iron?

 Enhances the erythropoietic response to ESA therapy
-- Increased Hb response
-- reduced ESA doses (economic, ?safety)

 Widespread variability in IV iron usage worldwide

* Very limited robust clinical data on safety

-- [ron overload

-- oxidative stress / cardiovascular toxicity
-- Infections
-- hypersensitivity reactions
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Reduced ESA use with IV iron in dialysis patients
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Haemoglobin, ESA, and IV iron use in

dialysis units in the US (71992-2004)

Cohort Year
1992 1994 1996 1998 2000 2002 2004
(n=77,347) (n=289,815) (n=100,540) (n = 109,685) (n=121,133) (n =140,227) (n=157,960)
Hemoglobin (g/dL) 9.7 1.0 10.1 =10 105+ 1.0 109 0.8 11.5*+1.0 1.7 1.0 11.8*09
<11 49,471 (64.0) 58,160(64.8) 54345(54.1) 48,704 (44.4) 27,398(22.6) 23,507 (168) 18,775(11.9)
=11-=12 4,453 (5.8) 10,411 (11.6) 23452 (23.3) 40,642 (37.1) 49,005(40.5) 60,484 (43.1) 65,070(41.2)
=12 404 (0.5) 1,071 (1.2) 3,194 (3.2) 4,599 (4.2) 30,482 (25.2) 42,073(30.0) 60,336 (38.2)

Missing/unknown
Total ESA use/mo

None

0-=28.000 units
28,000-=58,000 units
=58.000 units

23,019 (29.8)

23,125 (29.9)

31,676 (41.0)

18,884 (24.4)
3,662 (4.7)

20,173 (22.5)

19,988 (22.3)
31,786 (35.4)
27,234 (30.3)
10,807 (12.0)

19,549 (19.4)

18,973 (18.9)
29,336 (29.2)
31,298 (31.1)
20.933 (20.8)

15,740 (14.4)

15,506 (14.1)
32,791 (29.9)
35,219 (32.1)
26,169 (23.9)

14,248 (11.8)

14,244 (11.8)
28,866 (23.8)
36,086 (29.8)
41,937 (34.6)

14,163 (10.1)

14,085 (10.0)
33,586 (24.0)
41,957 (29.9)
50,599 (36.1)

13,779 (8.7)

13,631 (8.6)
36,514 (23.1)
46,233 (29.3)
61,582 (39.0)

Iron use (yes)

258 (0.3)

22,601 (25.2)

36,781 (36.6)

63,678 (58.1)

75,385 (62.2)

83,718 (59.7)

113,03 (71.6)

Note: Values expressed as mean
multiplying by 10.

+ SE or number (percent). Hemoglobin in g/dL may be converted to g/L by
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What do we know about IV iron?

 Enhances the erythropoietic response to ESA therapy
-- Increased Hb response
-- reduced ESA doses (economic, ?safety)

 Widespread variability in IV iron usage worldwide

* Very limited robust clinical data on safety

-- [ron overload

-- oxidative stress / cardiovascular toxicity
-- Infections
-- hypersensitivity reactions
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Mean Ferritin Trends by Country
— DOPPS 2-5 (2002-2012)
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Ferritin Distribution by Country
— DOPPS 5 (2012) -
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What do we know about IV iron?

 Enhances the erythropoietic response to ESA therapy
-- Increased Hb response
-- reduced ESA doses (economic, ?safety)

 Widespread variability in IV iron usage worldwide

* Very limited robust clinical data on safety

-- [ron overload

-- oxidative stress / cardiovascular toxicity
-- Infections
-- hypersensitivity reactions
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n. Local Change.
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Breakout Questions

A. Iron overload - chairs: Kai-Uwe Eckardt (DE), Dorine Swinkels (NL)

What is the czuse of iron deficiency in CKD patients?

Whzt is the usuzl iron loss in non-dizlysis [ND), hamedizlysis [HD), =nd paritonzzl dizlysis [PD) patizsnts?

Whzt dosas of iron zr2 required to comp=anszste for the patients’ iron losses?

What are the bensfits of iron supplémantstion in CKD patients? Whatare the sffectson Hp? Whst are the non-znamis
rzlzted affzcts [hazrt, respiration?)? Does the type of iron s2it or iron complex mzke = differance? Orzl/IV? Cost-
sffzctivensss?

Whatistha czuse ofiron overlozad inCKD patientstrasted with iron? Do2siron ovarload depand on the type of iron
szlt/complex, on orzl orlV administration?

What is the definition of iron ovarlozd in 2 CKD setting? Is there 2 thrashold?

How best to dizgnose iron overlozdin = CKD setting? What |zborzstory tasts'? Isthere 2 threshold? Do we neadto control
I2b tasts for the inflammatory ststus? MRI scanning?

How beast to guida decisions on initiation, maintanance =nd discontinustion of iron supplemeantstionin CKD patients?
What zborztory tasts™? MRI scanning [2nd what exact MRI-methodology)? SQUID? Do thesedacisionsdepand on the
patient group [ND, HD orPD), g2nder, co-trezstmant with ES4, or co-morbidities (cardiovascular disezse, chronic liver
dizzzse-hepztitis C, inflammaztion)?

What zre short =nd long term effects of iron accumulztion invarioustissues and cellsin CKD patientsinterms of documeantad
iron ovarlozd [biopsy, MRI; callulzr distribution), morphologiczl changes (2.5, fibrosis), or non-invasive mazsuras of
ztharosclerosis [NIMA)?

How dozsiron zccumulztion =ffactorzznz on zfunctionzllewel? (2.5, liver, haart, pancrazs, bone, kidnay). Dossiron
supplemantstioncontributato CKD prograssion?

How dozsiron zccumulztion =ffactlong tarmoutcoma mazsuras [2vants, mortzlity)?



Ferric Gluconate Is Highly Efficacious in Anemic
Hemodialysis Patients with High Serum Ferritin and Low
Transferrin Saturation: Results of the Dialysis Patients’
Response to IV Iron with Elevated Ferritin (DRIVE) Study

Daniel W. Coyne,* Toros Kapoian," Wadi Suki} Ajay K. Singh,¥ John E. Moran,
Naomi V. Dahl,T and Adel R. Rizkala;T the DRIVE Study Group

134 HD patients 122
— Hb < 11 g/dl 12.0-
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KDIGO Guidelines: Summary of
Recommendations

Chapter 2: Use of iron to treat anemia in CKD

=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):
= an increase in Hb concentration without starting ESA treatment is desired
and
= TSAT is =30% and ferritin is <500 ng/ml (<500 ug/l)

=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):

= an increase in Hb concentration or a decrease in ESA dose is desired

and
= TSAT is < 30% and ferritin is < 500 ng/ml (<= 500 ug/l)
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Monitoring iron overload by MRI ?

[ Clark PR et al. Magn Reson Med 2003;49:572-5. ]

OB O
- ARy
=
(fi€iso . | AR
¢ ) Controversies Conference on Iron Management in CKD March 27-30, 2014 San Francisco, California, USA
- A
toga, o5




B. Inflammation and oxidative stress — chairs: Christoph Wanner (DE), Peter

Stenvinkel (SE)

What methods are best to estimate oxidative stress in the clinical setting?
Do IV iron compounds aggravate oxidative stress and/or inflammation?
o If so, can antioxidants blunt the pro-oxidative effects of iron supplementation?
What is the role of free circulating iron: can iron compounds adequately be bound and
metabolized when given intravenously?
Are there differencesin the pro-oxidative and pro-inflammatory potential among differentiron
compounds? Data under consideration: Iaboratory, animal, observational or RCT
Is there a difference in the oxidative stress potential between iron originators vs iron similars
(i.e., iron generic follow-ons)?
Does IV dose and administration time matters among differentiron compounds in respectof
causing oxidative stress and inflammation?
Is there any evidence that iron compounds promote gtherggenesis and cardiovascular disease?
o Aretheresubgroups of patients that may be at risk?
o How doesiron therapy link to vascular calcification? Effects of iron on FGF23?
What are the consequencesofincreased hepgidinand ferritin levels during inflammation?
IV iron and risk of malignancy, CVD and diabetic nephropathy




lron and oxidative stress

Fe 3+ > Fe 2+
l Fenton reaction

OH' radical

1

macromolecules,
ROS

e.g. membrane lipids

1

lipid-derived free radicals

1

atherosclerosis
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Plasma MDA concentration (umol/L)

Increased ROS-mediated oxidation

1.2

*

[ Lim C et al. Kidney Int 2004;65:1802—9.]

1.0

0.8 -

0.6 -

0.4 -

CTL CTL+Fe CRF CRF+Fe

Plasma malondialdehyde (MDA) levels in control rats (CTL), Fe-injected
control rats (CTL+Fe), chronic renal failure rats (CRF), and Fe-injected CRF
rats (CRF+ Fe). (N =6 in each group) *P < 0.05 vs. CTL group.
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Correlation between iron dose and CCA-
IMT in patients <60 years
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[ Drueke T et al. Circulation 2002;106:2212—7.]

s,

i(§iso . . AR
%{ﬁ-%' A Controversies Conference on Iron Management in CKD | March 27-30, 2014 | San Francisco, California, USA
QQ‘OA_AFOG‘(P




J Am Soc Nepleod 15 16850655, 2004

Non-Transferrin-Bound Iron in the Serum of Hemodialysis
Patients Who Receive Ferric Saccharate: No Correlation to
Peroxide Generation

BARBARA SCHEIBER-MOJDEHKAR * BARBARA LUTZKY *

ROLAND SCHAUFLER " BRIGITTE STURM.* and HANS GOLDENBERG*
*Deparmment of Medical Chemismry, Medical University of Vienna, dustria; and "Deparoment of Nephrology
and Dialyzis, Wilkeminenspital, Vienna, dusvia
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[ Scheiber-Mojdehkar B et al. J Am Soc Nephrol 2004;15:1648—55.]
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J Am Soc Neplrol 15: 1623-1632, 2004

Administration of Parenteral Iron and Mortality among
Hemodialysis Patients

HAROLD I. FELDMAN *"* MARSHALL JOFFE.* BRUCE ROBINSON *'
JILL KNAUSS.* BORUT CIZMAN. *7 WENSHENG GUO.*

EUNICE FRANKLIN-BECKER.* and GERALD FAICH*®

*Center for Clinical Epidemiology and Biostatistics and the Department of Biostatistics and Epidemiology,
University of Pennsylvania Medical Center, Philadélphia, Pennsylvania; "Renal Electrolyte and Hypertension
Division of the Department of Medicine, University of Pennsylvania Medical Center, Philadelphia,
Pennsylvania; *Leonard Davis Institute of Health Economics, Philadelphia, Pennsylvania; * Pharmaceutical
Safety Assessments, Inc, Narberth, Pennsylvania.

— 32,566 HD patients (Fresenius dialysis centres)

— All-cause mortality; 2-year follow-up

— Multivariate models to account for timing of
IV iron and also co-morbidity
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lron dose, unlike low albumin, is not linked
to increased mortality in HD

[ Feldman H et al. J Am Soc Nephrol 2004;15:1623-32. ] Probability of Mortality
(Adjusted Hazard Ratio £ 95% ClI)
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[ Kalantar-Zadeh K et al. J Am Soc Nephrol 2005;16:3070-80.]
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Associations between |V iron dose and mortality

Hazard Ratio (95% Cl)
2.00

® All-<cause mortality (ACM) A CV related mortality4CVWM) e Infection related mortality (IM)

HR for ACM per 100 mg/mo higher =1.02 (95% Ci=1.00-1,05), p=0.05

0.75 199 100-199 200-299 300-399 =400
V% of
observ:tions (39) (13) (ra)) (17) (5) 9

Average Monthly IV lron Dose (mg/mo)
D#PPS
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C. Iron and infections — chairs: Guenter Weiss (AT), Greg Obrador (MX)

e What is the impact of iron supplementation on host immune function?

* How could IV iron exacerbate the risk of infections? (e.g., neutrophil killing
potential; bacterial proliferation)

* Isitarealor just a theoretical risk? — laboratory data; animal data; observational
data; RCT data

* |s there an increased risk of infection with different iron formulations including
new ones?

* |s there an increased risk of infection with different dosing strategies (bolus
versus maintenance)?

*  What type of infections should we be concerned about? (e.g., bacterial, fungal,
viral, or parasitic)

* |sthere an increased risk of infection associated with iron overload derived from
blood transfusions?




IV iron decreases neutrophil killing capacity

l

t IV iron sucrose 300mg
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Deicher R et al. Kidney Int 2003; 64: 728-36.




I\ iron and infection

Hoen B et al (2002)
* Prospective study of 985 HD patients

* Risk factors for bacteraemia analysed

* IV iron administration does not significantly 1 the risk of
bacteraemia in chronic HD patients
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Associations between |V iron dose and mortality

Hazard Ratio (95% Cl)
2.00

® All-<cause mortality (ACM) A CV related mortality4CVWM) e Infection related mortality (IM)

HR for ACM per 100 mg/mo higher =1.02 (95% Ci=1.00-1,05), p=0.05

0.75 199 100-199 200-299 300-399 =400
V% of
observ:tions (39) (13) (ra)) (17) (5) 9

Average Monthly IV lron Dose (mg/mo)
D#PPS
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¢ on Local Change.

D. Hypersensitivity reactions — chairs: Andreas Bircher (CH), Carol Pollock
(AU)

. Whzt 2r2 the characteristics of 2 drug hypersensitivity rezction? What zretherisk factors for these reactions 2.2,
zsthms, 2topy, pravious druz hypersensitivity, pravious iron hypersensitivity) 2nd how shouldthess rezctions be |
dizznosad and clzssifizd?

. Whst 2re the differencesin propensity to hypersansitivity resctions betwaanthedifferent formulstions of IViron?

Dossthe incidence of hypersansitivity transizte into 2 cost effective recommeandztion for the uszof zny IViron

formulzstion usz over 2nothar?

Whzatisthe psthogenasis of immadizte rezctionsto[Viron? Arzs thay immuns madizted?

Are somz oftha reactionsto IV iron caused by ‘free’ironin tha circulztion?

Whztiztha differenca between ‘free’ iron, ‘Izbilz’iron, 2nd ‘non-transferrin-bound’ iron?

How commonly do reactionsto |V iron occur?

How often sre thase reactions serious or lifethrestening?

Are there differencesin theriskof rezctionsto|Vironbatwaenthavariousiron preparstions?

How should reactionsto IVironbea trasted?

How should patients with praviousrezsctionsto IV iron be manzgad inthefuture? What istha utilityof 2 test dose? Can

znothar formulzstion b2 used =nd if so, what =dditionzl tasting misht beraquired?

. How cznsuch adversadrus reactions be batter documantzd?



IV Iron Salts / Colloids — Carbohydrates

DEAITH

Auerbach M et al. Am J Hematol 2008;83:580—8; Macdougall IC & Ashenden M. Adv Chronic Kidney Dis 2009;16:117-30



Hypersensitivity reactions to IV iron

\

Anaphyla
Anaphyla
— vasoactive,

haemodynamic, and
respiratory effects

.'-:::\ Mast cel .::_:.
o ° o0k
| | o 0
— role of histamine release from N« O
basophils and mast cells H

Ilammatory
mecictors
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