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Outline of lecture 

•   PIVOTAL Trial 

•   Intra-dialytic soluble ferric pyrophosphate (SFP) 

•   Ferric citrate 

•   Hepcidin modulators 

•   HIF stabilisers (PHI‘s) 
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UK	  Kidney	  Research	  Consor1um	  :	  	  
Renal	  Anaemia	  CSG	  

	  
This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

    

§  UK	  mul1centre	  prospec1ve	  open-‐label	  2-‐arm	  RCT	  
of	  IV	  iron	  therapy	  in	  incident	  HD	  pa1ents	  

§   Lead investigator:    Iain Macdougall 
§   Clinical Trial Manager:  Claire White 
§   No of sites:    >40 
§   No. of patients:   2080 
§   Trial oversight:   Glasgow Clinical Trials Unit 
§   Funder :    Kidney Research UK 



    

Proactive IV iron arm – IV iron 400mg/month 

  
 

Up to 4 
weeks 

screening 

R 

Total study period approximately 4 years (event-driven) 
– projected treatment duration per patient ≥ 2 years 

Reactive – minimalistic IV iron arm 
(give IV iron if ferritin<200 ug/l; TSAT<20%) 

Incident new HD 
patients (0-12 mths) 

 

On ESA 
Time to all-cause 

mortality or 
composite of MI, 
stroke, HF hosp 

Primary endpoint (withhold if ferritin>700 ug/l; TSAT>40%) 



Inclusion	  Criteria	  
•  Age	  >18	  years	  	  

•  Pa1ents	  established	  on	  a	  chronic	  haemodialysis	  programme	  for	  end-‐stage	  
renal	  failure	  	  

•  Clinically	  stable	  (principal	  inves1gator’s	  judgement)	  

•  0–12	  months	  since	  commencing	  haemodialysis	  

•  Ferri1n	  <	  400	  µg/L	  

•  TSAT	  <	  30%	  

•  On	  ESA	  therapy	  	  

•  Wri[en	  informed	  consent	  



•  Life	  expectancy	  <	  12	  months	  (principal	  inves1gator’s	  judgement)	  

•  Living-‐donor	  transplant	  scheduled	  within	  the	  next	  12	  months	  

•  CRP	  >	  50	  mg/L	  

•  Ac1ve	  infec1on	  

•  Current	  ac1ve	  malignancy	  (with	  excep1on	  of	  basal	  cell	  or	  squamous	  cell	  
carcinoma	  of	  the	  skin,	  and	  cervical	  intraepithelial	  neoplasia)	  

•  Known	  HIV	  or	  ac1ve	  hepa11s	  B	  or	  C	  

•  Chronic	  liver	  disease	  and/or	  screening	  ALT	  or	  AST	  above	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  1mes	  the	  upper	  limit	  of	  the	  normal	  range	  

Exclusion	  Criteria	  



•  Advanced	  heart	  failure	  (NYHA	  IV)	  

•  Pregnancy	  or	  breast	  feeding	  

•  History	  of	  acquired	  iron	  overload	  

•  Previous	  severe	  hypersensi1vity	  reac1ons	  to	  IV	  iron	  sucrose	  (Venofer®)	  

•  Subject	  has	  any	  disorder	  that	  compromises	  their	  ability	  to	  give	  wri[en	  
informed	  consent	  and/or	  to	  comply	  with	  study	  procedures	  

Exclusion	  Criteria	  (cont’d)	  



UK	  Kidney	  Research	  Consor1um	  :	  	  
Renal	  Anaemia	  CSG	  

	  
This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

Primary endpoint  
•  Time to all-cause death or a composite of non-fatal cardiovascular 

events (myocardial infarction, stroke, and hospitalisation for heart 
failure) adjudicated by a blinded Endpoint Adjudication Committee.  

 
Secondary endpoints  
•  Incidence of all-cause death and a composite of myocardial infarction, 

stroke, and hospitalisation for heart failure as recurrent events.  
•  Time to (and incidence of) all-cause death  
•  Time to (and incidence of) composite cardiovascular event  
•  Time to (and incidence of) myocardial infarction  
•  Time to (and incidence of) stroke  
•  Time to (and incidence of) hospitalisation for heart failure  
•  ESA dose requirements  
•  Transfusion requirements  
•  EQ-5D QOL and KDQOL  
•  Vascular access thrombosis  
•  All-cause hospitalisation  
•  Hospitalisation for infection  



UK	  Kidney	  Research	  Consor1um	  :	  	  
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This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

    

 

•  Iain Macdougall, London  

•  Phil Kalra, Manchester  

•  Chris Winearls, Oxford  

•  Ken Farrington, Stevenage  

•  Sunil Bhandari, Hull  

Steering Committee  

•  David Wheeler, London  

•  Charlie Tomson, Bristol  

•  John McMurray, Glasgow 

•  Stefan Anker, Norwich 

•  Ian Ford (Statistician)  

PIVOTAL	  Trial	  



UK	  Kidney	  Research	  Consor1um	  :	  	  
Renal	  Anaemia	  CSG	  

	  
This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

	  

•  	  Endpoint	  Adjudica1on	  Commi[ee	  
	   	   	   	  –	  chair,	  Prof	  John	  McMurray	  

(Glasgow)	  

•  	  Data	  Safety	  Monitoring	  Board	  
	   	   	   	  –	  chair,	  Prof	  Alan	  Jardine	  (Glasgow)	  



UK	  Kidney	  Research	  Consor1um	  :	  	  
Renal	  Anaemia	  CSG	  

	  
This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

Network	  of	  Sites	  
England 
Queen Elizabeth Hospital, Birmingham; Heartlands Hospital, 
Birmingham; Royal Free, London, King’s College Hospital, London; 
Guy’s & St Thomas’, London; St Helier, Surrey; St George’s, London; 
Royal Liverpool Hospital, University Hospital Aintree; Sheffield 
Teaching Hospital;  Lister Hospital, Stevenage; Salford Royal 
Hospital, Manchester; Manchester Royal Hospital; Queen Alexandra 
Hospital, Portsmouth; Kent & Canterbury Hospital, Leicester General 
Hospital, Hull Royal Infirmary; Freeman Hospital, Newcastle; 
Churchill Hospital, Oxford; University Hospital of North Staffordshire, 
Stoke-on-Trent; Southmead Hospital, Bristol; Royal Cornwall 
Hospital; Nottingham City Hospital; Norfolk & Norwich Hospital; New 
Cross Hospital, Wolverhampton; Royal London Hospital; Wirral 
University Teaching Hospital; Royal Shrewsbury Hospital, Royal 
Devon & Exeter Hospital, Royal Preston Hospital, St James’ 
Hospital, Leeds; Hammersmith Hospital, London 
 
Wales   
Morriston Hospital, Swansea; University Hospital, Cardiff 
 
Scotland 
Western Infirmary, Glasgow; Victoria Hospital, Kirkcaldy; Ninewells 
Hospital, Dundee; Dumfries (PI tbc), Edinburgh (PI tbc)  
 
N. Ireland 
Belfast City Hospital 



UK	  Kidney	  Research	  Consor1um	  :	  	  
Renal	  Anaemia	  CSG	  

	  
This	  inves1gator-‐led	  clinical	  trial	  	  is	  supported	  

through	  an	  unrestricted	  grant	  from	  	  

(Shaded	  =	  number	  predicted)	  
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•   Ferric citrate 

•   Hepcidin modulators 
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Iron delivered via dialysate 
l  Soluble and non-colloidal iron salt, not 

conjugated with a sugar moiety 
l  Iron- citrate- pyrophosphate  
l  MW ~1000 Da, similar to vitamin B12 
l  Added to bicarbonate concentrate 
l  Crosses the dialyzer during the 

hemodialysis treatment and binds 
immediately to apotransferrin, largely 
bypassing the RE system 

l  Replaces the 5-7 mg iron/treatment 
lost by trapping of blood in dialysis 
circuit, bleeding and blood draws 

l  Dialysate iron concentration of  
2 µMol (110 µg/L) maintains iron 
balance without overloading iron 
stores  



Iron parameters during a single HD 
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 A new way of administering iron to HD patients? 
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12 years later!!…… 
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PRIME study 

•  Prospective, randomised, placebo-controlled, double-blind trial 

•  Study duration = 9 months  

108 HD patients 

Dialysate containing soluble ferric pyrophosphate 

R 

Conventional dialysate  
(placebo group) 

 

 

% change in 
ESA dose 

Primary endpoint 

Hb 9.5–11.5 

Baseline: Hb 10.9; ESA dose 9483 U/wk 

Baseline: Hb 11.1; ESA dose 9206 U/wk 



35% ESA dose reduction  vs. placebo 

Triferic 
N=52 

Placebo 
N=51 

U/wk (SD) % Change 
from Baseline 

U/wk (SD) % Change 
from Baseline 

Hgb g/dL Baseline 11.0 11.1 

Hgb g/dL EoT 10.4 -5.1 10.5 -5.8 

Prescribed ESA Dose U/wk (SD) 
Baseline 

9483  
(5414) 

9206  
(5500) 

Prescribed ESA Dose U/wk (SD) 
EoT 

9871  
(7523) 

7.3  
(67.66) 

12,628 
(13,967) 

37.3  
(106.9) 

LS mean (SE) % Change from 
Baseline 

4.9 (12.1) 
 

-19.1, 28.8 

39.8 (12.2) 
 

15.7, 64.0 95% CI LS mean 

LS mean difference from Placebo -35.0 (17.20) 
95% CI LS mean difference -69.1, -0.8 
P-value 0.045 



Triferic Does Not Increase Iron Stores 

  Ferritin Δ Baseline 
(µg/L ± SD) Stratum I Stratum II 
Triferic -76 ± 240 -108 ± 149 
Placebo -146 ± 238 -228 ± 195 



Triferic reduces IV iron requirement by 48% 
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Serum phosphorus control over 52 weeks 

Treatment Difference at Week 52 ANCOVA, p=0.8 
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Mean Ferritin  
(ng/mL) 

Active Control 
(n=135) 

Ferric Citrate 
(n=252) 

Baseline (Day 0) 609 593 

Week 12 649 751 

Week 24 652 846 

Week 36 631 862 

Week 48 619 881 

Week 52 624 898 

Change from Baseline at Week 52 
% Change from Baseline 

15 
2.5% 

305 
51.4% 

Least Squares Mean Difference at Week 52 
P-value 

285 
<0.0001 

25 

Effect of phosphate-binders on ferritin 
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Mean TSAT 
(%) 

Active Control 
(n=135) 

Ferric Citrate 
(n=252) 

Baseline (Day 0) 31 31 

Week 12 31 40 

Week 24 31 40 

Week 36 31 40 

Week 48 29 41 

Week 52 30 39 

Change from Baseline at Week 52 
% Change from Baseline 

-1 
-3.2% 

8 
25.8% 

Least Squares Mean Difference at Week 52 
P-value 

9 
<0.0001 

26 

Effect of phosphate-binders on TSAT 
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Ferric Citrate 

Last 6 and 9 months with no IV iron in the study 

Effect of phosphate-binders on IV iron use 
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Active Control Mean ESA Units/Week 

Ferric Citrate Mean ESA Units/Week 

12,000 

10,000 

8,000 

6,000 

4,000 

2,000 

0 
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 

Effect of phosphate-binders on ESA dose 
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Plasma  
Fe-Tf 

Duodenum 

Fe loss 

Red blood  
cells 

Liver 

Bone marrow 

Reticuloendothelial 
system 

Spleen 
Inflammation 

Hepcidin 

Hepcidin 

Regulation of iron availability in CKD 

X X 
X 
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Hepcidin – a potential target for future 
anaemia therapies ? 
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MAb against hepcidin effective in mouse-
model of inflammation-induced anaemia 
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 Strategies for modulating hepcidin 

 

l   Anti-hepcidin antibodies 

l   Short interference RNA and anti-sense oligonucleotides 

l   Hepcidin-binding proteins 

l   Hepcidin-binding spiegelmeyers 

l   Hepcidin production inhibitors 

l   BMP6-HJV-SMAD pathway inhibitors 

l   IL-6 inhibitors 

l   Vitamin D 

l   Ferroportin agonists / stabilisers 
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Schwoebel et al, Blood, March 2013. 

Schwoebel et al, Blood, March 2013. 
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Soluble	  HJV.Fc	  inhibits	  IL-‐6	  induc1on	  of	  
hepcidin	  expression	  

Babitt  et al J. Clin. Invest. 
117:1933-1939 (2007).  
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•   Ferric citrate 

•   Hepcidin modulators 
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Regulation of erythropoietin 

Hypoxia-Inducible  
Factor (HIF) 
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Identification of HIF 
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Regulation of HIF 

Inhibition of HIF under  
normal conditions 

HIF-PH 
HIF-α HIF-α 

HIF-α 

Proteasome 

OH OH 

O2 

OH OH 

Proteasomal degradation 

VHL 

Activation of HIF under  
hypoxic conditions 

Gene eg EPO 

P300 

HIF-PH 

HIF-α 

O2 

HIF-α 

HIF-β 

HRE 

HIF-α 
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FG-2216 enhances iron absorption 

Difference in Serum Iron ( Day 15 -Day 1) In Iron Load Test (mcg/dL)

-20.00

0.00

20.00

40.00

60.00

80.00

100.00

0 Hr 1 Hr 2 Hr 3 Hr 

1250
625
375
PBO



	  
ESA-‐naïve	  incident	  HD	  pa;ents	  	  
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HD, oral iron (n=12) 
HD, IV iron (n=10) 
HD, no iron (n=23) 
PD, oral iron (n=10) 

Roxadustat 

* 
* 

# 

*p<0.05 
#p<0.005 
vs IV iron arm 

Macdougall et al, 
Kidney Int 1996 

EPO α 
* * 

	  	  HD,	  oral	  iron	  (n=13)	  
	  	  HD,	  IV	  iron	  (n=12)	  
	  	  HD,	  no	  iron	  (n=12)	  

*	  
*	  

*p<0.05 
vs IV iron arm 

*	  

Besarab	  et	  al.	  2012.	  J	  Am	  Soc	  Nephrol:	  23:428A.	  



TSAT Ferritin  
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ESA-‐naïve	  incident	  HD	  pa;ents	  	  
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Conclusions 

•  The PIVOTAL Trial in the UK is a 2-arm RCT to investigate the 
long-term hard outcomes of a proactive more liberal approach 
to iron replacement versus a more conservative dosing 
regimen  

-- currently recruiting, target 2080 patients in over 40 sites 
 

•  As with the ESAs, there are several new strategies for  
improving iron availability to the bone marrow 

Ø  Intra-dialytic soluble ferric pyrophosphate 
Ø  Oral ferric citrate 
Ø  Hepcidin modulators 
Ø  HIF stabilisers 

•    


