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 Oxyhydroxide Iron  

Goethite (FeO(OH)) hydroxide mineral  found in  
Cornwall, England and in the Martian crater Gusev ( Nasa’Spirit rover, 2004)   

Paint pigment  in the caves of Lascaux 



Starch for drug processing  

Sucrose to stabilize iron and to prevent ageing   

Mixture of polynuclear-iron (III-oxydroxide), sucrose and starch 

pn-FeOOH 33% ( Fe+++ 21%) 
Sucrose 30% 
Starch 28% 
Water < 10% 
 
 



Sucroferric oxyhydroxide  

hyperphosphatemic CKD patients also confirmed the

phosphate-lowering effect plus increased iron uptake in the

absence of increased adverse effects [91].

In dialysis patients, a large phase III RCT compared

ferric citrate with non-iron-containing phosphate binders

(sevelamer or calcium-containing) [92]. Ferric citrate given

over 1 year was non-inferior to the comparator arm,

increased serum ferritin (to a mean of 899 versus 628 ng/

ml in controls), reduced the need for intravenous elemental

iron and erythropoietin-stimulating agents and increased

hemoglobin levels [92, 93]. Very similar study results have

been reported in Taiwan (ferric citrate) and Japan (JTT-

751; ferric citrate hydrate) [94–96]. Eight grams of ferric

citrate per day (corresponding to eight tablets) were more

effective than 6 g [97]. The key adverse effects of ferric

citrate are not specifically described in the phase III RCT

publication [92, 93], but according to a January 2013 press

release of the manufacturer (Keryx Biopharmaceuticals)

they were mostly gastrointestinal and included black stool

discoloration and diarrhea, in particular soft stools. In a

Japanese head-to-head comparison of ferric citrate (JTT-

751) with sevelamer hydrochloride, the incidence of diar-

rhea was higher in the ferric citrate group, while

constipation occurred more frequently in patients receiving

sevelamer [96].

Mechanisms underlying the unexpectedly high intestinal

uptake of iron from ferric citrate may include the very high

dose of elemental iron administered with the compound.

Given that a number of patients in the phase III RCT

increased their serum ferritins above 2000 ng/ml during the

therapy with ferric citrate [92, 93], the ferric citrate label

recommends periodic checks of the ferritin concentration.

Another mechanism increasing iron uptake from the com-

pound may be the citrate component, analogous to alu-

minum experiences. It has long been recognized that citrate

markedly increases aluminum absorption in dialysis

patients. At least as judged by serum aluminum levels, this

did not occur with ferric citrate in the large North Ameri-

can phase III RCT [98]. However, this test is not particu-

larly sensitive and an aluminum chelation test was not

performed.

Sucrofer r ic oxyhydroxide

Sucroferric oxyhydroxide (PA21) is a polynuclear iron-

based phosphate binder in which iron is embedded in a

complex matrix of water, saccharose and starch. This

composition accounts for the rapid disintegration of the

chewable tablets upon contact with water or saliva and

constitutes a key difference compared to chewable lan-

thanum carbonate, which disintegrates slowly (Fig. 3).

Sucroferric oxyhydroxide exhibits a high phosphate-bind-

ing capacity across the physiological gastrointestinal pH

range and minimal iron release in preclinical studies [99].

The risk of drug–drug interactions is low [100].

Experimentally, in rats with adenine-induced CKD,

sucroferric oxyhydroxide was as effective as lanthanum or

sevelamer in controlling serum phosphate and PTH levels

as well as in preventing vascular calcifications [101]. In a

dose-finding RCT in hemodialysispatients, 5 and 7.5 g/day

sucroferric oxyhydroxide exhibited similar efficacy to

4.8 g/day of sevelamer chloride [102]. Key adverse events

were hypophosphatemia and discolored feces with sucro-

ferric oxyhydroxide. A large phase III RCT compared

sucroferric oxyhydroxide (1.0–3.0 g per day) with seve-

lamer carbonate (4.8–14.4 g per day) in hemo- and peri-

toneal dialysis patients over 1 year [103, 104]. Sucroferric

oxyhydroxide was as effective as sevelamer in lowering

serum phosphorus in both hemo- and peritoneal dialysis

patients at an about 75 % lower pill burden and consecu-

tive better adherence. The central gastrointestinal side

effect was mild, transient diarrhea, whereas nausea and

constipation were more common with sevelamer. This side

effect profile is very similar to that of ferric citrate, so that

it likely represents a class effect of iron-containing phos-

phate binders.

Start 

10 minutes a er adding water 

Fig. 3 Chewable phosphate-binder pills. As compared to the lan-

thanum carbonate pill, which does not disintegrate spontaneously

after contact with water, the sucroferric oxyhydroxide pill rapidly

falls apart
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Floege J , J Nephrol, 2016 

Chewability > to Lanthanum 
 
Spontaneous  disintegration  
after contact with water    



Phosphate Binding Mechanisms  
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Acidic ph:chemical reaction , ie formation of iron phosphate 
Less acidic ph: adsorption of phosphate to the iron complex ( pn –FeOOH) 
  



Phosphate Binding Capacity 

Wilhelm, Gaillard, Rakov, and Funk 254

ting  the C 1s  signal  (C-C, C-H)  to 285 eV. 

Overview  scans  were  performed  (0.4  eV/

step) to determine elementary concentra-

tions, then high-resolution scans (0.125 eV/

step) were performed over the four elements 

carbon (C 1s), oxygen (O 1s), phosphorus (P 

2p), and iron (Fe 2p3).

Thermodynamic calculations

Thermodynamic calculations (PHRE-

EQC Version 2.18.0 for Mac) were based on 

previously published data [17] (Table 2). In 

addition, a total concentration of phosphate 

(25 mM) and dissociation constant for water 

log Kw of –13.7 were also taken into account.

Results

Phosphate binding

Under conditions simulating administra-

tion of PA21 on an empty stomach, phos-

phate adsorption was only slightly lower 

at  fin

a

l   pH  value  of  1.3  (initial  pH  1.2) 

(0.18 mg P/mg Fe; 0.33 mmol P/mmol Fe) 

vs. the highest value (0.21 mg P/mg Fe; 

0.39  mmol  P/mmol  Fe)  at  pH  2.5  (initial 

pH 2.5)  (Table 3)  (Figure 2A).  It  then de-

clined slightly with increasing pH up to 7.5.

Under conditions simulating adminis-

tration of PA21 on a full stomach, phos-

phate  adsorption  was  0.15  mg  P/mg  Fe 

(0.26 mmol P/mmol Fe) at fina l  pH 5.9 after 

15 minutes  (Table 4)  (Figure 2B) and  fur-

ther increased thereafter, indicating that the 

chemical equilibrium had not been reached. 

This  was  confir

m

e d   by  higher  phosphate 

adsorption at a similar pH 6.7 after 6 hours. 

Phosphate adsorption peaked (0.26 mg P/

mg  Fe;  0.47  mmol  P/mmol  Fe)  at  fina l  

pH 2.6 and was slightly lower at fina l  pH 8.0 

(0.23 mg P/mg Fe; 0.41 mmol P/mmol Fe), 

fin

a

l  pH 6.7 (0.24 mg P/mg Fe; 0.43 mmol 

Table 2. Thermodynamic calculations were 

based on the following data [17].

FePO4(s) = Fe3+ + PO4
3– log Ks0 = –26

Fe(OH)3(s) = Fe3+ + 3 OH– log Ks0 = –38.7

H3PO4 = H2PO4
– + H+ log K1 = –2.1

H2PO4
– = HPO4

2– + H+ log K2 = –7.2

HPO4
2– = PO4

3– + H+ log K3 = –12.3

Figure 2. Binding capacity of PA21 under con-

ditions simulating administration on (A) an empty 

stomach and (B) full stomach during passage 

through the gastrointestinal tract. The observed 

changes in fina l  pH values are due to the disso-

lution process and the buffering capacity of PA21. 

*Average of duplicate samples.

Table 1. X-ray photoelectron spectroscopy binding energies (BE, eV) of phosphate, iron, and samples 

of PA21 exposed to different pH conditions.

Sample Initial pH Final pH BE P 2p eV BE Fe 2p3 (of FePO4) eV BE Fe 2p3 (of PA21) eV

FePO4 – – 132.6 712.0 –

PA21 – – – – 710.4

1C 1.0 1.2 132.6 712.1 (94%) 708.7 (6%)

2C 2.7 3.0 132.2 711.5 (98%) 710.8 (2%)

3C 5.5 5.6 132.0 711.4 (89%) 710.4 (11%)

4C 8.1 8.2 131.7 711.4 (47%) 710.0 (53%)

– = not applicable.

Simulating empty stomach 

Simulating full stomach 

Stoichiometric ratio of P:Fe 
to peak at 0.47 mmolP:mmol Fe 
 
Bindign capacity  
0,26 mg of P bound by 1mg of Fe 
 
Weak influence of pH change 

3 tablets of 500 mg iron 
equals binding 390 mg of P 

Wilhelm M, Clin Nephrol, 2014 



Phosphate binding Potency   

Dose 
Size mg 

Estimated PO4 binding 
capacity  /gr 

RBPC PBED/tablet to 
1gr CaCO3 

 

Nb of 
tablets = 

to 6gr 
CaCO3 

CaCO3 750 40 1 0,75 8 

Ca Acetate 667 45 1 0,67 9 

Sevelamer HCl 800 21 0,75 0,6 10 

Sevelamer 
carbonate 

800 21 0,75 0,6 10 

Lanthanum 500 135 ou 90 2 1 6 

Sucroferric 
Oxyhydroxide 

500 130 1,6 1,6 3,75 

Ferric Citrate 1000 46 ≈ 1 0,64 9 

RBPC: relative phosphate binding coefficient , ref 1gr of  CaCO3 

PBEP : phosphate binder equivalent dose 



Low iron uptake 
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Iron uptake 10 fold lower (0.04%) in CKD compared to healthy volunteers 

Volunteers (with low 

iron stores) 

Pre-dialysis 

HD 

10 gr  of PA21,ie 2 gr of iron,:  daily iron absorption 1.4 mg for CKD 
  and 0.4 mg for HD patients  

Geisser P, Clin Nephro, 2010 



Dose-response Efficacy (1) 

6 weeks , tablets of 250 mg of sucroferric iron given 1 to 3 times per day, 
  ≈ 25 patients per group 

Wüthrich R, Clin J Am Soc Nephrol, 2013 

 S.O.  250 mg     1gr         1,5 gr       2gr            2,5gr  



Dose-response Efficacy (2) 

Koiwa F, Clin Exp Nephrol, 2017 

6 weeks, tablets of 250 mg given 3 times per day,  35 patients per group,  



Dose-response efficacy (3) 

Koiwa F, Clin Exp Nephrol, 2017 



Sucroferric Oxyhydroxide and Vascular 

calcifications 

CRF CaCO3 3% Sucroferric  

oxyhydroxide 5% 

Non-CRF controls 
CRF controls 

Phan Q, J Pharmacol Exp Ther, 2013 

Male Wistar rats: diet 0.75% adenine and high phosphorus content (1.3%)  

Von Kossa staining 



PA-CL-05A Study 

710 patients with PA-21 

349 patients with sevelamer 

 
Floege J Kidney Int, 2014 



 Phosphorus concentrations and Changes  

Floege J, Kidney Int, 2014 

1.8 gr / day  S.O. 
6.96 gr / day  Sevelamer 



Sucroferric Oxyhydroxide Low Dose 

100 patients with phosphatemia  < 1,78 mmol/L  

Floege J, Kidney Inter, 2014 



Serum Phosphorus  over 1 year 

Floege J, Nephrol Dial Transplant, 2015 

PA-21, 391 pts 

Sevelamer, 268 pts 



Serum PTH concentration over 1 year  

Etude PA-CL-05 A et B 
Evolution du taux plasmatique de PTH 

J Floege et al., Nephrol Dial Transplant  2015  

Floege J, Nephrol Dial Transplant, 2015 



FGF 23 Changes  

Integrated analysis of mean (SD) serum FGF23 concentrations and changes 

from baseline over 1 year 

Ketteler M, ISN-WCN, 2015 



PA-CL-05A PD Patients  

57 pts Oxyhydroxide sucroferric , 1.7 gr /day 
29 pts Sevelamer Carbonate, 6.5 gr / day 

Floege J, Nephrol Dial Transplant, 2017 



Japanese Study 12 Weeks  

Changes from W1 to W12: -0.9 mmol /L for PA21 et -0.73 for Sevelamer 

Koiwa F, Nephrology, 2017  

1.4 gr / day S.O. 
4.7 gr / day Sevelamer 



  

Floege J, Kidney Int, 2014 

PA-CL-05A, Adverse Events  



PA-CL-05A PD Patients : Adverse Events  

Floege J, Nephrol Dial Transplant, 2017 



Japanese study,  Adverse Events 

Koiwa F, Nephrology, 2017  
 



Adverse Events in relation to Sucroferric 
Oxyhydroxide dose 

Koiwa F, Clin Exp Nephrol, 2017 
 



Time to onset of diarrhea 

Koiwa F, Clin Exp Nephrol, 2017 
 



Floege J , Kidney Int, 2014 

Withdraw for diarrhea 2,8%  

PA-CL-05A 



Withdrawal Rate (%) due to A.E. 

Sucroferric 
Oxyhydroxide 

Sevelamer 

PA-CL-05A 15,7 
(diarrhea 2,8) 

6,6 

PA-CL-05B 
( Extension Study ) 

8,2 4,9 

Japanese Study 3,7 3,9 



Mean number of tablets per day 

Koiwa F, Nephrology, 2017  
 

Tablets 250 mg S.O. 



Mean number of tablets per day 

Floege J ,Nephrol Dial Transplant, 2015 



Adherence to treatment (%) 

Sucroferric 
Oxyhydroxide 

Sevelamer 

PA-CL-05A  82,6 77,2 

PA-CL-05B 86,7 78,8 

PD patients 
 ( PA-CL-05A et 05B) 

91,2 79,3 

Adherence defined  as taking < 70 % of the expected number of tablets     



Anti-anaemic products during PA-CL-05A 

IV Iron 

ESA 

Covic A, Nephrol Dial Transplant,2016 
 



Ferritin concentrations during PA-CL-05A Study  

IV Iron 

No IV Iron 

Covic A, Nephrol Dial Transplant,2016 
 



TSAT and hemoglobin in patients without IV Iron 

Covic A, Nephrol Dial Transplant,2016 



Ferritin changes by baseline ferritin levels  

Covic A, Nephrol Dial Transplant,2016 
 



Hemoglobin changes by baseline ferritin levels  

Covic A, Nephrol Dial Transplant,2016 
 



Iron phosphate binders  
Sucroferric 

Oxyhydroxide 
Ferric Citrate 

PO4 binding 
capacity mg/gr 

260 46 

Dose size mg 500 1000 

Tablets /day ≈ 3 ≈ 6 

Diarrhea 10 à 15 % 5 à 20 % 

PTH and FGF23   

Iron absorption  low high 

ASE needs  No change - 20 % 

IV Iron needs No change - 50 % 

Hazards  Impact on gut 
microbiotome 

Impact on gut 
microbiotome 

Aluminium absorption and 
iron overload 



 No Drug interactions   

Atorvastatine, simvastatine 

 

Digoxine  

 

Warfarine 

 

Oméprazole 

 

Losartan 

 

Furosemid 

 

Oral VDR activator 

 

 



Interaction with oral VDRA 

Baseline                                     Week 24                                     Week 52 

Sprague SM, Am J Nephrol, in Press  

 



259 pts HD 

51 ans, vintage 4,6 ans 

Pills per day:  

M0,  10,1 

M3, 3.8,  P < 0.0001 

M6, 3.9,   P < 0.0001 
Ficociello LH, EDTA 2016 

5,2 3,4 4 9 3,9 4 

Switch Sevelamer-S.O. M6  

9,6 3,9 4,1 10.1 3.7 4.1 12.6 8.9 9.3 



Patients treated in our unit 

M0 M1 M3 M6 

N 42 34 22 16 

PPO4 mmol/L 1.53 1.2 1.17 1.06 

PPO4 Change 
mmol/L 

-0.36 -0.4 -0.44 

42 patients  (4 PD patients): S.O.    2.07 pills per day 
Switch of phosphate binder to S.O. in 10 patients 
Reduction of pills per day 4,6  3,6 
  
 TEAE  leading to withdrawal, 8 patients  
 Diarrhea 5 patients   
 Abdominal discomfort 3 
 Constipation 1  
  
 



Sucroferric Oxyhydroxide in addition to other binders 

M0 M1 M3 M6 

N 29 22 17 11 

PPO4 mmol/L 1.52 1.27 1.18 1.08 

PPO4 change  
mmol/L 

-0.28 -0.33 -0.35 

M0 M1 M3 M6 

N 24 19 12 8 

PPO4 mmol/L 1.66 1.34 1.29 1.19 

PPO4 change  
mmol/L 

-0.32 -0.38 -0.46 

 
PPO4 > 1.75 mmol/L 

S.O pills per day : 2.14.  



Sucroferric Oxyhydroxide as a unique binder 

M0 M1 M3 M6 

N  13 12 7 5 

PPO4 mmol/L 1.51 1.08 1.17 1.17 

PPO4 change  
mmol/L 

-0.44 -0.54 -0.64 

M0 M1 M3 M6 

N  11 10 6 4 

PPO4 mmol/L 1.63 1.11 1.09 1.03 

PPO4 change  
mmol/L 

-0.44 -0.54 -0.64 

PPO4 > 1.75 mmol/L 

Number of  S.O. pills per day: M1 1.8  to M3  2.3  



Pratical Use of Sucroferric Oxyhydroxide 

• Patient information 
– Discolored feces 
– Potential occurrence of diarrhea ( frequently ending 

within 4 weeks) 
– Drug interaction ( unfrequent, to be careful, 

levothyroxine, doxycycline,or alendronate given 1 or 2 
hours before  phosphate binder) 

• Dose titration  
– 1tablet first week, 2 tablets 2nd week, 3 tablets third 

week) 
– Better G.I. tolerance ? 

 
 
 



Phosphate binders in France in  2017  

Calcium-
based  P.B. 

Sevelamer  Lanthanum Sucroferric 
Oxyhydroxide 

Efficacy ++ ++ ++++ ++++ 

Adverse Events 
(AE) 

G.I. AE G.I. AE G.I. AE Diarrhea 

Bone 
metabolism 
parameters  

HCa++ 

 PTH 
 FGF23 

≈PTH 
 FGF23 

≈PTH 
 FGF23 

≈ PTH 
 FGF23 

Lipid parameters   neutral  cholestérol neutral neutral 

Vascular Ca++   (?)    or neutral  ?  or neutral 

Cost + +++ +++ ++(+) 



Conclusions  

1) Sucroferric oxyhydroxide, a very powerful  phosphate binding agent 
      with a low pill burden 

2) Main adverse events are gastrointestinal in nature ( diarrhea ) 
       mostly transient   (one month) 

  

3) No risk of iron overload  

4) A new drug for customizing the treatment 
- good  choice for patients with vascular calcification and 

     adynamic bone disease 
- a reduced number of pills   
- intolerance to other binders 


