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	Recommenda3ons	for	Use	of	Iron	
Supplementa3on	in	Pa3ents	with	CKD	

*Based	on	pa0ent	symptoms	and	overall	clinical	goals,	including	avoidance	of	transfusion,	
improvement	in	anemia-related	symptoms,	and	a?er	exclusion	of	ac0ve	infec0on.	

	***Based	on	pa0ent	symptoms	and	overall	clinical	goals	including	avoidance	of	transfusion	and	
improvement	in	anemia-related	symptoms,	and	a?er	exclusion	of	ac0ve	infec0on	and	other	
causes	of	ESA	hyporesponsiveness.	

•  Limita3on	in	current	iron	
status	assessment	

•  Long	term	safety	concerns	
on	i.v.	iron	

•  …	



Consensus	on	Iron	supplement	in	CKD	
Pa3ents	in	China	

•  Criteria	for	iron	supplement	in	CKD	
–  CKD	anemic	pa0ents	not	on	ESA	or	iron	

•  TSAT	<30%;	Ferri0n	<500ug/L:	a	trial	of	IV	iron	(ND-CKD,	trial	
1-3	months	of	oral	iron,	switch	to	IV	iron	if	no	effect)	

–  CKD	anemic	pa0ents	are	on	ESA	but	not	iron	
•  An	increase	in	Hb	or	reduc0on	of	ESAs	are	desired	and	TSAT	
<30%;	Ferri0n	<500ug/L:	trial	of	IV	iron	(ND-CKD,	trial	1-3	
months	of	oral	iron,	switch	to	IV	iron	if	no	effect)	

–  If	ferri0n	>	500	ug/L,	we	recommend	no	IV	iron.	
However,	if	increase	of	ESAs	does	not	improve	anemia	
and	acute	infec0on	excluded,	you	may	try	IV	iron.	

中华肾脏病杂志2014年9月第30卷第9期	中国医师协会肾内科医师分会肾性贫血诊断和治疗共识专家组	



Consensus	on	Iron	supplement	in	CKD	
Pa0ents	in	China	

•  Iron	supplement	and	dosages	
–  ND-CKD	or	PD:	oral	iron	first,	or	if	needed	IV	Iron.	
–  HD: preferably	IV	iron	
–  Oral	Iron:	200mg/day,	reevaluate	in	1-3	months.	If	not	
reached	the	goal	or	not	tolerant,	switch	to	IV	iron	

–  IV	iron:	(1)	HD	pa0ents,	IV	iron;	Ini0a0on:	1000mg,	if	
ferri0n	≤500ug/L and	TSAT≤30%,	repeat;	(2)	
Maintenance: 100mg/1-2	weeks, depends	on	response,	
iron	status,	Hb,	ESA	etc.	

–  If	TSAT ≥50% and/or	≥800ug/L,	stop	iv	iron	for	3	months.		
If	TSAT	and	ferri0n	≤50% and	≤800ug/L	respec0vely,	
resume	IV	iron	at	reduced	does	by	1/3-1/2.	

中华肾脏病杂志2014年9月第30卷第9期	中国医师协会肾内科医师分会肾性贫血诊断和治疗共识专家组	



Beijing	Chaoyang	Hospital	
•  maintenance	hemodialysis,		
•  Hb	concentra0on	60–90	g/l		
•  ferri0n	(SF)		<500	ng/ml	
•  TSAT	<	30%	

Han	Li	&	Shi-Xiang	Wang	Blood	Purif	2008;26:151–156	
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China	Dialysis	Pa3ents	Hb≥100g/L 

2012   2013 2014 2015 
mean % mean %   mean % mean % 

Hb (g/L) 97 47.92% 99 50.25% 101 55.41% 102 57.31% 

China	Dialysis	Registry	provided	by	Dr.	Cai	G	



2012 China Maintenance Dialysis Patients 
TSAT  

China	Dialysis	Registry	



2012 China Maintenance Dialysis Patients Serum 
Ferritin 

China	Dialysis	Registry	



Anemia	Management	in	the	China	Dialysis	
Outcomes	and	Prac3ce	PaNerns	Study	(DOPPS）	

(Beijing,	Shanghai	and	Guangzhou)	

Zuo	et	al	Blood	Purif	2016;42:33–43	



Causes	of	ESRD	
Anemia	Management	in	the	China	DOPPS	

Zuo	et	al	Blood	Purif	2016;42:33–43	



Hb	and	Iron	Status	
(Anemia	Management	in	the	China	DOPPS)	

Zuo	et	al	Blood	Purif	2016;42:33–43	



Distribu3on	of	Facility	Percentage	of	Pa3ents	
with	Hgb	<9	g/dl	by	Region	

Zuo	et	al	Blood	Purif	2016;42:33–43	



Iron	and	ESA	Use	
(Anemia	Management	in	the	China	DOPPS)	

Zuo	et	al	Blood	Purif	2016;42:33–43	



< 100
100 ~ 110
110 ~ 120
120 ~ 130
> 130

Hb (g/L)8.25%

17.53%

34.02%

30.93%

9.28%

腹膜透析患者血红蛋白水平

Anemia	Control	in	PD	Pa3ents	in	
Huashan	Hospital	

97	Pa0ents	from	Shanghai	city	
Data	of	2015.6	–	2016.6	

Unpublished	data	



Anemia	Control	in	PD	Pa3ents	in	
Huashan	Hospital	

Hb (g/L) < 100 100 ~110 110 ~ 120 120 ~ 130 >130 

Ferritin (ng/mL) 188 (154,454) 250 (170,298) 239 (157,347) 211 (107,305) 143 (129,184) 

TSAT (%) 25.0 ± 4.1 28.7 ± 8.1 30.8 ±7.3 31.2 ± 7.6 33.7 ± 8.0 

EPO (1000xU/mo) 40.0 (32.5,55) 30.0 (30,40) 25 (20,35) 20 (15,20) 10 (10,20) 

Iv iron (mg/year) 400 (125,1275) 200 (0,750) 200 (0,400) 0 (0,225) 0 (0,300) 

Iv	Iron	use:	47.4%	
Oral	iron:	2.1%	
EPO:	97%	 Zhu	T	et	al	Unpublished	data	



	Heterogeneity	in	Anemia	
Management	in	CKD	Pa3ent	in	China	

•  Insurance	coverage		or	reimbursement	cap		
•  Prac0ce	papern	of	physician	(two-0mes	
weekly	hemodialysis	is	more	commonly	
prac0ced	in	China)	

•  Different	ESAs	

Zuo	et	al	Blood	Purif	2016;42:33–43	



Anemia	in	Pa3ents	with	Non-dialysis	
Chronic	Kidney	Disease	in	Shanghai	Area	

Li	et	al	Medicine	(2016)	95:24(e3872)	



Underlying	Diseases	of	CKD	

Li	et	al	Medicine	(2016)	95:24(e3872)	



Anemia	in	Pre-dialysis	CKD	

Modified	from	Li	et	al	Medicine	(2016)	95:24(e3872)	

Anemia	defined	as	a	Hb	
of	13.0	g/dL	in	men	and	
12.0	g/dL	in	women	
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Iron	Status	in	Pa0ents	with	Non-dialysis	Chronic	
Kidney	Disease	in	Shanghai	Area	

Li	et	al	Medicine	(2016)	95:24(e3872)	



Iron	Status	in	Pa0ents	with	Non-dialysis	Chronic	
Kidney	Disease	in	Shanghai	Area	

Li	et	al	Medicine	(2016)	95:24(e3872)	
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The	kidney	is	the	physiologic	source	of	
EPO	in	the	adult	

Farsijani	et	al	J	Clin	Invest.	doi:10.1172	2016	





Iron	Absorp3on	and	Storage 

Fe3+ Fe2+ Fe2+ DMT1 FPN Fe3+ FPN 

HIF 

DcytB 

铁调素 
Hepcidin 

Erythropoesis 

Intestine epithelium Macrophages 
Liver, spleen 

炎症 

absorption storage 



Roxadustat	Reduces	Hepcidin	

Decreased	Hepcidin	Improves	Iron	Availability	and	Reduces	ESA	Resistance	
CKD-DD	Pa3ents	Previously	Treated	with	EPO	
and	Randomized	(Study	040a)	
(Conversion,	previously	on	ESA)		

CKD-DD Newly Initiated Dialysis 
(Study 053, ESA naive) 

Mean 
(±SE) 
Hepcidin 
(ng/mL) 

n=52 

n=52 

Baseline Week 7 Baseline Week 7 

Roxadustat 
2 mg/kg 

EPO 
Control 

¹ p-value: change in hepcidin level at Week 7 
from baseline in roxadustat vs EPO  

n=9 n=9 

Mean 
(±SE) 
Hepcidin 
(ng/mL) 

Roxadustat 

Source: Provenzano et al. 2016, Clin J Am Soc Nephrol (in press) doi: 10.2215 Source:	Besarab	et	al	(2016)	J	Am	Soc	Nephrol.	27:1225-1233	



•  EPO	dose	requirement	vs	CRP	 •  Roxa	dose	requirement	vs	baseline	CRP	

Higher	ESA	but	NOT	Roxadustat	Doses		
Required	in	Presence	of	Inflamma0on	

Study 040B: Epoetin Alfa Arm Study 040B: Roxadustat Arm 

Source: Provenzano et al. 2016, Clin J Am Soc Nephrol (in press) doi: 10.2215 

0 

100 

200 

300 

400 

500 

600 

0.1 1 10 100 

Pr
e-

En
ro

llm
en

t A
ve

ra
ge

 W
ee

kly
 E

po
et

in
 A

lfa
 D

os
e (

IU
/kg

) 

Baseline CRP (mg/L) 

LR 

R2=0.106 
P=0.023 

N=49* 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.1 1 10 100 

Av
er

ag
e W

ee
kly

 R
ox

ad
us

ta
t D

os
e L

as
t 7

  o
f 1

9 W
ee

ks
  (

m
g/

kg
)  

Average CRP (mg/L) Last 7 of 19 Weeks 

LR 

R2=0.004 
p=0.66 

N=49* 



PHI	Corrects	Anemia	in	Newly	Ini0ated	
Dialysis	Pa0ents	without	IV	Iron	

Source:	Besarab	et	al	(2016)	J	Am	Soc	Nephrol.	27:1225-1233	

* p<0.05 compared to IV iron and oral iron 

* *

Weeks on Treatment 

 Hemoglobin (g/dL) 



1	Cmax	data	for	roxadustat	es0mated	for	a	subset	of	243	pa0ents	who	achieved	Hb	response	and	were	dosed	at	expected	therapeu0c	doses.	
2	Milledge	&	Cotes	(1985)	J	Appl	Physiol	59:360.	
3	Goldberg	et	al.	(1993),	Clin	Biochem	26:183,	Maeda	et	al.	(1992)	Int	J	Hematol	55:111.	
4	Kato	et	al.	(1994)	Ren	Fail	16:645.	
5	Based	on	Flaherty	et	al.	(1990)	Clin	Pharmacol	Ther	47:557.	
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PHI	Reduces	Hepcidin	

Decreased	Hepcidin	Improves	Iron	Availability	and	Reduces	ESA	Resistance	
CKD-DD	Pa3ents	Previously	Treated	with	EPO	
and	Randomized	(Study	040a)	
(Conversion,	previously	on	ESA)		

CKD-DD Newly Initiated Dialysis 
(Study 053, ESA naive) 

Mean 
(±SE) 
Hepcidin 
(ng/mL) 

n=52 

n=52 

Baseline Week 7 Baseline Week 7 

Roxadustat 
2 mg/kg 

EPO 
Control 

¹ p-value: change in hepcidin level at Week 7 
from baseline in roxadustat vs EPO  

n=9 n=9 

Mean 
(±SE) 
Hepcidin 
(ng/mL) 

Roxadustat 

Source: Provenzano et al. 2016, Clin J Am Soc Nephrol (in press) doi: 10.2215 Source:	Besarab	et	al	(2016)	J	Am	Soc	Nephrol.	27:1225-1233	



•  EPO	dose	requirement	vs	CRP	 •  Roxa	dose	requirement	vs	baseline	CRP	

Higher	ESA	but	NOT	PHI	Doses		
Required	in	Presence	of	Inflamma0on	

Study 040B: Epoetin Alfa Arm Study 040B: Roxadustat Arm 

Source: Provenzano et al. 2016, Clin J Am Soc Nephrol (in press) doi: 10.2215 
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Thank You for Your Attention 


