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FGF23 Antagonism: The thin line between

adaptation and maladaptation in chronic kidney disease
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Relative mortality risk
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Pathomechanisms of extraosseous calcification
Giachelli C. Kidney Int 2009
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Kestenbaum B et al. ] Am Soc Nephrol. 2004;16:520-528
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Mortality rates by phosphate category
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Latest findings in phosphate homeostasis

Dominique Prié"?, Pablo Urefa Torres® and Gérard Friedlander®”
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FGF23 and renal function (GFR) inversely correlate with each other

Guiterrez et al., ) Am Soc Nephrol 2005; 16:2205-15

8-
o
L
E
| -
5 6
™
o
LL = ==
O
(' 4- —_— —
® | -
2..
<30 30 -45 45 - 60 > 60

Estimated glomerular filtration rate (ml/min)



Fractional phosphate excretion increases with declining

renal function

Guiterrez et al., ) Am Soc Nephrol 2005; 16:2205-15
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Update on fibroblast growth factor 23 in chronic
kidn ey disea Se Kidney International advance online publication, 23 May 2012

doi:10.1038/ki.2012.176
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FGF23, PTH and Phosphate in CKD

Isakova T et al., Kidney Int 2011

B Hyperphosphatemia, serum phosphate =4.6 mg/dl
[ Secondary hyperparathyroidism, PTH =65 pg/ml
B FGF23 excess, FGF23 =100 RU/ml

100 -
90 -
80 -
70 -
60 -

o I I i

0- B
<20 20-29 30-39 40-49 50-59 6069 =70
Estimated glomerular filtration rate, mV/min per 1.73 m?

% of population

3888




Fibroblast Growth Factor 23 and Risks
of Mortality and End-Stage Renal Disease
in Patients With Chronic Kidney Disease

JAMA. 2011;305(23):2432-2439

Hazard Ratio of Death
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Phosphate balance in ESRD

Tonelli M et al., N Eng J Med 2010; 362:1312-24
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FGF23 and mortality in dialysis patients:

ArMORR study

Gutiérrez et al., N Engl ) Med 2008; 359:584-92
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FGF23 and mortality in dialysis patients:

Prevalent patients in Tassin (F)
Jean G et al., NDT 2009; 24:2792-6
Higch levels of serum fibroblast growth factor (FGF)-23 are associated
with increased mortality in long haemodialysis patients

Guillaume Jean, Jean-Claude Terrat, Thierry Vanel, Jean-Marc Hurot, Christie Lorriaux, Brice Mayor
and Charles Chazot
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FGF23 and mortality in dialysis patients

Jean G et al., NDT 2009; 24:2792-6

An invited editorial for Jean G et al. NDT 2009: As nature did not predict
dialysis—what we can learn from FGF23 in end-stage renal disease?
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Phosphate balance and FGF23:
Surrogate parameter or primary damaging factor?

Wolf M. JASN 2010; 21:1427-35

COLLATERAL DAMAGE
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FGF23 induces left ventricular hypertrophy

Christian Faul,!-2 Ansel P. Amaral,’2 Behzad Oskouei,® Ming-Chang Hu,4:5:6 Alexis Sloan,!-2
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Faul C et al,, J Clin Invest 2011
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Faul C et al,, J Clin Invest 2011
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FGF 23-C terminal (rU/mL)

The phosphatonin fibroblast growth factor
23 links calcium-phosphate metabolism with
left-ventricular dysfunction and atrial fibrillation

Sarah Seiler'’, Bodo CremersZi, Niko M. Rebling!, Florian Hornof', Jana Jeken?,
Sylvie Kersting', Charlotte Steimle', Philipp Ege', Michael Fehrenz',
Kyrill S. Rogacev'!, Bruno Scheller?, Michael Bohm?2, Danilo Fliser!,

and Gunnar H. Heine1 * European Heart Journal Advance Access published July 6, 2011
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Phosphate balance and FGF23:
When and how to treat in CKD-MBD ?

Wolf M. JASN 2010; 21:1427-35
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Sevelamer lowers both PTH- and FGF23 serum levels in

uremic rats

Nagano et al., Kidney Int 2006; 69:531-7
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Phosphate binders lowers FGF23 levels in patients in

CKD stage 3

Gonzalez-Parra et al., NDT 2011 [epub]

Lanthanum carbonate reduces FGF23 in chronic Kidney disease
stage 3 patients

Emilio Gonzalez-Parra', Maria Luisa Gonzalez-Casaus®, Antonio Galdn®, Alberto Martinez-Calero”,
Victor Navas®, Mariano Rodriguez® and Alberto Ortiz'
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Early phosphate lowering, FGF23, and calcification

Screened
N=176

Randomized
N=148

Lanthanum
Carbonate
N=30

Sevelamer
Carbonate
N=30

Placebo
N=58

| Not Treated=1 ' | Not Treated=2 '
Completed=41 Completed=18 Completed=25 Completed=22
Not Completed=16 Not Completed=10 Not Completed=5 Not Completed=8
Consent Withdrawn=2 Consent Withdrawn=2 Consent Withdrawn=1 Noncompliance=1
Noncompliance=5 Noncompliance=4 Noncompliance=2 Adverse Event=2
Adverse Event=4 Adverse Event=1 Adverse Event=1 Other=2
Other=2 Other=3 Other=1 Drug Expiration=3
Renal Replacement=1
Drug Expiration=2

©2012 by American Society of Nephrology Block G A et al. JASN 2012;23:1407-1415



Early phosphate lowering, FGF23, and calcification
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Early phosphate lowering, FGF23, and calcification
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TAC change

©2012 by American Society of Nephrology
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Early phosphate lowering, FGF23, and calcification
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Calcium balance in CKD stages 3b/4

Hill et al., Kidney Int 2013 [epub]

Oral calcium carbonate affects calcium but not
phosphorus balance in stage 3-4 chronic kidney

disease
Kathleen M. Hill', Berdine R. Martin?, Meryl E. Wastney?, George P. McCabe?, Sharon M. Moe®,

Connie M. Weaver’ and Munro Peacock’
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Calcium kinetics

Pt 1t
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Calcium balance in CKD stages 3b/4

Phosphate balance:
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Phosphate binders and mortality:

Calcium-containing vs. Calcium-free
Jamal S et al., Lancet 2013; in press
Effect of calcium-based versus non-calcium-based
phosphate binders on mortality in patients with chronic
kidney disease: an updated systematic review and

meta-analysis

Sophie A Jamal, Ben Vandermeer, Paolo Raggi, David C Mendelssohn, Trish Chatterley, Marlene Dorgan, Charmaine E Lok, David Fitchett,

RossT Tsuyuki
847 potentially relevant artidies
identified and screened
for retrieval
> 799 excluded after review of title
and abstract
h 4
48 articles retrieved for more
detailed assessment A0 excluded after review of article
15 had no information on
1 outcome of interest
v 18 had no original data
& articles included in the 7were in abstract form only
updated meta-analysis
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Phosphate binders and mortality:

Calcium-containing vs. Calcium-free

Jamal S et al., Lancet 2013; in press
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Phosphate binders and mortality:

Calcium-containing vs. Calcium-free

Jamal S et al., Lancet 2013; in press

Mon-calcium binders Calcium binders Weight Risk ratio (95% CI)
Events  Totalpatients Events  Total patients
R{Ts
Barreto et al (2008 1 52 8 49 3% 012 (H02-0-91)
Block et al (2007 * 11 &0 23 &7 3% _ 0-53 (0-28-1-00)
Chertow et al (2002 f 99 g 10 1-0% —_—t 1-22 (0-39-3-88)
Di lorio et al (20127 12 107 22 105 3-0% —_ 0-54 (0-28-1-03)
Kakutaet al (2011)™ 0 31 0 92 Mot estimable
Qunibi et al {2008)= 3 100 7 103 0-8% —_— 0-44 (0-12-1-66)
Russo et al (2007 )° 0 vl 0 28 Not estimable
Sadek et al (2003)" 1 i | 3 1 3% 0-33 (3-04-2-95)
Suki (2008)4 267 1053 75 1050 24-5% » 0-97 (0-84-112)
Takei et al (2008)% 0 22 0 20 Mot estimable
Wilson et al (2000)* 135 &E0 157 674 17-9% - 0-85 (D7 0-1-05)
Subtotal 436 1312 500 2310 50-9% & 0-78 (0-61-0-98)
Heterogeneity: T=003; y’=12-35 df=7 (p=0-00); '=43%

Test for overall effect: Z=2-00 (p=0-04)

_ Finally, because of the design
of the studies included in this review, we cannot establish
whether non-calcium-based phosphate binders are
inherently beneficial, or if calcium-based binders are
harmful, or a bit of both.
Interpretation Non-calcium-based phosphate binders are associated with a decreased risk of all-cause mortality
compared with calcium-based phosphate binders in patients with chronic kidney disease. Further studies are needed
to identity causes of mortality and to assess whether mortality differs by type of non-calcium-based phosphate binder.



FGF23 neutralization improves chronic kidney
disease—associated hyperparathyroidism
yet increases mortality

Victoria Shalhoub,! Edward M. Shatzen,! Sabrina C. Ward,! James Davis,! Jennitte Stevens,?2
Vivian Bi,? Lisa Renshaw,? Nessa Hawkins,2 Wei Wang,2 Ching Chen,?2 Mei-Mei Tsai,?2

Russell C. Cattley,® Thomas J. Wronski,4 Xuechen Xia,* Xiaodong Li,!

Charles Henley,! Michael Eschenberg,® and William G. Richards?

J Clin Invest. 2012;122(7):2543-2553. do1:10.1172/JCI61405.
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FGF23 neutralization improves chronic kidney
disease—associated hyperparathyroidism

yet increases mortality
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Phosphate + FGF23: A novel concept

Klotho, phosphate and FGF-23 in ageing
and disturbed mineral metabolism

Makoto Kuro-o Klotho b

= Induces phosphaturia
= Suppresses vitamin D synthesis
= Suppresses PTH secretion/synthesis
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Phosphate + FGF23: A novel concept
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Phosphate + FGF23: A novel concept

Table 1 | Current and proposed phosphate restriction paradigms

Therapy Current paradigm Proposed paradigm

Rationale High levels of serum phosphate High levels of urinary phosphate
promote vascular calcification and injure renal tubules and induce
cardiovascular events renal fibrosis

Goal To decrease serum phosphate level To decrease serum FGF-23 level

Indication End-stage renal disease with Stage 2-5 CKD with high FGF-23
hyperphosphataemia (~0.3% of levels (~35% of patients with CKD)

patients with CKD)

Abbreviations: CKD, chronic kidney disease; FGF-23, fibroblast growth factor 23.

Kuro-o, M. Nat. Rev. Nephrol. advance online publication 18 June 2013; doi:10.1038/nmeph.2013.111




Raised phosphate intake and/or decreased nephron number increase the rate
of phosphate excretion per nephron, potentially causing calciprotein particle
formation in the tubular lumen and tubular injury

Serum fibroblast growth factor 23 (FGF-23) level correlates with phosphate
excretion per nephron and, when combined with 24 h urinary phosphate

excretion, may be useful for estimating changes in residual nephron number
A new paradigm for phosphate restriction proposed in this Review argues for
phosphate binders to be used in patients with CKD and an abnormally high

FGF-23 level, regardless of serum phosphate level
The therapeutic goal is to reduce serum FGF-23 level but not serum

phosphate level, with the primary aim of preventing histological kidney
damage and progression of CKD without increasing vascular calcification and
cardiovascular events

Kuro-o, M. Nat. Rev. Nephrol. advance online publication 18 June 2013; doi:10.1038/nrmeph.2013.111




Phosphate + FGF23: A novel concept
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Sausage is so expensive, boy!
Just be so kind to eat your phosphate
pure today...
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