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Prevalence of anemia in CKD

20-65% of patients with kidney disease have anemia

• hospitalizations
• cardiovascular disease
• mortality

Associated with increased risk of: 



Anemia in 
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Iron deficiency in CKD 

• Deficit of total body iron  
• Blood loss, impaired dietary absorption, use of ESAs which 

depletes iron stores, phlebotomy

Absolute iron deficiency

• Low transferrin saturation but normal to high ferritin 
• Deficiency of circulating iron that limits erythropoiesis

Functional iron deficiency



Options for anemia management in CKD

IV or oral iron 
HIF stabilizers 

(proyl hydroxylase 
inhibitors)

Erythropoietin 
stimulating agents 

(ESAs)

Transfusions ? SGLT II inhibitors ? Other newer 
agents
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KDIGO 2012

KDIGO 2012 guidelines on iron in anemia



Babbitt J et al, 2022 KI



Macdougall I, NEJM 2019

• Multi-center open-label trial
• Adults on HD were assigned to receive high-dose iron 

proactively or low-dose iron reactively.
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Is iron a risk factor for infection?



Non-transferrin bound iron may increase the risk for bacterial 
infections

Infection rates similar in PIVOTAL though retrospective observational 
studies have suggested that more intensive IV iron administration (at 
doses greater than those in PIVOTAL) increase risk of mortality

Risk of infection with iron administration in CKD



Macdougall I, NEJM 2019



Drawbacks of oral 
iron 

•GI intolerance 
•Poor absorption due 

to elevated hepcidin 

Advantages of oral 
iron

•Non-invasive 
•Less hypersensitivity 

than IV formulation

Treatment with oral iron 



REVOKE Trial

• Randomized assignment to oral versus IV iron in 
ND-CKD for outcome of change in kidney function
• Trial terminated early due to 2-fold increase in 

infections in the IV group

Agarwal R, KI, 2015



Iron formulations



IV versus oral iron and treatment target?

• FIND-CKD trial 
• 56-week, open-label, multicentre prospective trial of 626 patients with non-dialysis-

dependent CKD not on ESAs
• Patients randomized (1:1:2) to intravenous (IV) ferric carboxymaltose (FCM), 

targeting a higher (400–600 μg/L) or lower (100–200 μg/L) ferritin or oral iron 
therapy.
• Primary end point was time to initiation of other anemia management (ESA, other 

iron therapy or blood transfusion) or Hb <10 g/dL during Weeks 8–52.

Macdougall I, NDT, 2014



Macdougall I, NDT, 2014

FIND-CKD Trial
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Summary of 
the evolving 
data on iron 

treatment

• In ND-CKD, targeting ferritin 400-600 led to 
delays or reduction in the need for other 
treatment using IV ferric carboxymaltose
compared with oral iron without notable adverse 
reactions (which differs from prior studies)
• A high-dose intravenous iron regimen 

administered proactively may be superior to a 
low-dose regimen administered reactively and 
resulted in lower doses of erythropoiesis-
stimulating agent being administered 



Continued 
gaps in iron’s 

role in anemia

What are the optimal parameters to 
target and when to withhold iron 
therapy 

Head-to-head comparisons of different 
IV formualtions

What are the hard outcomes in 
association with iron use?
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HIF stabilizers 
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Gained approval in 
Europe

Gained approval in Asia

Has not received 
approval in the US

HIF-PHIs 



HIF-PHIs

• HIF-PHIs stimulates erythropoietin production in the liver and kidneys. 
• In the presence of oxygen, prolyl hydroxylase enzymes hydroxylate HIF, thereby targeting 

it for subsequent proteasomal degradation which can be inhibited by oral HIF-PHIs
• Pre-clinical studies have also shown that HIF activation is associated with a reduction in 

hepcidin concentration, enhanced intestinal iron absorption, and increased iron 
availability for erythropoiesis.

• Effects beyond erythropoiesis and iron metabolism including
• cellular differentiation and growth
• vascular homeostasis and hemodynamics
• inflammation and cellular metabolism 



Overview of 
Efficacy of HIF-PHIs 
• Efficacy similar to ESAs

• Reduce need for 
transfusions and rescue 
therapy during the trials

Eckardt K, NEJM 2021



Singh AK et al. N Engl J Med 2021;385:2313-2324

Hemoglobin Level, According to Visit 
(Intention-to-Treat Population)



HIF-PHIs 
efficacy 

• Efficacy similar in both 
peritoneal and hemodialysis

Coyne D, KI Supp, 2017



• Roxadustat 
appears to have 
the fastest 
response

• No head-to-head 
trials of HIF-PHIs

FDA Briefing

Difference between the HIF-PHIs 



KDIGO 2012

Targets for hemoglobin correction



Targets for hemoglobin correction

KDIGO 2012



• Protocols differed across trials and very difficult to interpret 
• Often left up to investigator discretion in terms of whether to give 

iron 

Zhang S, Int J of Urology and Nephrology, 2021

Does use of HIF-PHIs decrease the need for iron?



Asia Pacific Society 
of Nephrology 

Recommendations 
on HIF-PHI use

• Consider using as alternatives to ESA 

• Iron status should be evaluated before 
HIF-PHI are used and correction of iron 
occur (ferritin > 100 ng/mL and 
TSAT > 20%) 



Those who wish to avoid injections (CKD-ND)

Target Hb cannot be achieved with recommended dose of 
ESA (hyporesponsiveness) – can consider conversion to HIF

Cost-benefit –likely to vary by region/nation and bundling 
versus not

Possible scenarios when to use HIFs 



• Screen for tumor and retinal lesions before use of HIF
• Follow size of renal cysts
• Caution in those with history of pre-existing ischemic heart disease, 

cerebrovascular disease, or peripheral vascular disease
• Monitor liver function after starting 
• Early referral to ophthalmology if vision changes
• Post-marketing surveillance will be very important

Cautions with HIF-PHIs


