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In chronic kidney disease, anemia and disordered iron
homeostasis are prevalent and associated with significant
adverse consequences. In 2012, Kidney Disease: Improving
Global Outcomes (KDIGO) issued an anemia guideline for
managing the diagnosis, evaluation, and treatment of
anemia in chronic kidney disease. Since then, new data
have accrued from basic research, epidemiological studies,
and randomized trials that warrant a re-examination of
previous recommendations. Therefore, in 2019, KDIGO
decided to convene 2 Controversies Conferences to review
the latest evidence, explore new and ongoing
controversies, assess change implications for the current
KDIGO anemia guideline, and propose a research agenda.
The first conference, described here, focused mainly on
iron-related issues, including the contribution of
disordered iron homeostasis to the anemia of chronic
kidney disease, diagnostic challenges, available and
emerging iron therapies, treatment targets, and patient
outcomes. The second conference will discuss issues more
specifically related to erythropoiesis-stimulating agents,
including epoetins, and hypoxia-inducible factor-prolyl
hydroxylase inhibitors. Here we provide a concise overview
of the consensus points and controversies resulting from
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the first conference and prioritize key questions that need
to be answered by future research.
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A nemia and iron deficiency are prevalent in patients with
chronic kidney disease (CKD)1–6 and associated
with poor outcomes.7–15 The 2012 Kidney Disease:

Improving Global Outcomes (KDIGO) anemia guideline
provides recommendations on the diagnosis and treat-
ment of anemia in CKD, including the use of iron agents,
erythropoiesis-stimulating agents (ESAs), and red cell
transfusions.16 Subsequently, based on evidence that full
anemia correction with ESAs is associated with adverse
outcomes,17–20 and consequent regulatory and reimburse-
ment changes in many countries, practice patterns have
shifted toward reduced ESA use and increased iron supple-
mentation.21–26 The ensuing 8 years have yielded a
plethora of new biological and clinical trial data, including
the emergence of new iron agents and other novel anemia
therapies, that merit a reevaluation of the 2012 guideline.
In December 2019, KDIGO held its first of 2 Controversies
Conferences on Optimal Management of Anemia focused
on iron, to critically assess the latest evidence, to evaluate
Kidney International (2021) 99, 1280–1295
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Figure 1 | Direct and indirect regulation of systemic iron homeostasis. Iron (Fe) is provided mainly by reticuloendothelial macrophages
that recycle iron from senescent red blood cells (RBCs), with a lesser contribution from dietary absorption and other body stores. Iron circulates in
the plasma predominantly bound to transferrin (TF) and is stored in cells in the form of ferritin. The liver hormone hepcidin controls systemic iron
homeostasis by inducing degradation of the iron exporter ferroportin (FPN) to reduce iron entry into plasma from dietary sources and body
stores. Iron deficiency and erythropoietic drive suppress hepcidin production to provide adequate iron for erythropoiesis and other essential
functions. Iron and inflammation induce hepcidin to prevent iron overload and limit iron availability to pathogens. Iron induces hepcidin
transcription by stimulating liver endothelial cells to produce bonemorphogenetic proteins BMP2 and BMP6, which bind to the hepatocyte BMP
receptor complex and coreceptor hemojuvelin (HJV) to activate SMAD transcription factors. Iron also induces hepcidin via the hepatocyte iron-
sensing apparatus involving transferrin receptor 2 (TFR2), transferrin receptor 1 (TFR1), and homeostatic iron regulator protein (HFE).27 These
pathways are all inhibited by iron deficiency, which also increases the activity of transmembrane serine protease 6 (TMPRSS6) to cleave HJV and
further suppress hepcidin.27 Under conditions of accelerated erythropoietic activity, erythropoietin (EPO) induces erythroid progenitor cells to
produce erythroferrone (ERFE), which suppresses hepcidin by functioning as a ligand trap to block the BMP signaling pathway.28 During
inflammation, IL-6 and other inflammatory cytokines induce hepcidin transcription directly via a (STAT)-3 binding element in the hepcidin
promoter.29,30 Hypoxia-inducible factors (HIFs), which are stabilized by low oxygen (O2) and low iron conditions, contribute to iron homeostasis
and erythropoiesis by regulating the production of EPO in the kidney; ferriductase DCYTB and iron transporters FPN and divalent metal
transporter 1 (DMT1) in the intestine; and the plasma iron carrier TF. HEPH, hephaestin; HO, heme oxygenase; HRG, heme transporter HRG1.
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the need for guideline updates, and to identify key knowl-
edge gaps for future research. The second conference,
scheduled in 2021, will address ESAs and novel anemia
therapies, including hypoxia-inducible factor-prolyl hy-
droxylase inhibitors (HIF-PHIs), after data from ongoing
long-term outcome studies become available.
Kidney International (2021) 99, 1280–1295
ETIOLOGY, DIAGNOSIS, AND PREVALENCE OF IRON
DEFICIENCY AND ANEMIA IN CKD
Novel insights into iron homeostasis and the anemia of CKD

Iron is an essential component of hemoglobin for erythro-
poiesis. CKD is associated with several disturbances in sys-
temic iron homeostasis resulting in an inadequate iron
1281



Table 1 | Research priorities for managing anemia in CKD

Etiology and diagnosis of iron deficiency and anemia in CKD
1. Describe the variability in Hb and iron parameters by levels of eGFR, disease states, age, and sex around the world to more accurately characterize

“expected” Hb values for populations
2. Define and implement optimal preanalysis and standardized assays on the various hematological platforms for RBC parameters (e.g., RetHb and %

hypochromic cells) to allow uniform use of clinical decision limits and avoid reliance on ferritin and TSAT alone. Educate clinicians on the adoption of
these tools to clinical practice

3. Develop and validate novel diagnostic laboratory tools, possibly in partnership with industry
4. Develop and validate tools to capture symptoms of anemia that are easy to administer and have clinical utility, such as wearable health devices (phone

trackers, Fitbits), fatigue scales, and 6-min walk test. Use these patient-derived data to assess optimal quality of life information in relationship to
improvement of Hb or iron parameters in clinical trials

5. Determine the feasibility of redefining functional iron deficiency to more precisely describe specific etiologies (due to inflammation/hepcidin-
mediated RES iron sequestration vs. kinetic iron deficiency due to bursts of erythropoiesis stimulated by ESAs) and the utility of this distinction for
guiding clinical care. This would require validating additional diagnostic tests to discriminate between the 2 entities

Iron, anemia, and outcomes in CKD
1. Conduct an RCT to evaluate the impact of different iron preparations (traditional oral iron preparations, ferric citrate, and i.v.) on hard clinical outcomes

(major adverse cardiovascular events, mortality, infection) and patient-reported outcomes in patients with CKD with iron deficiency without anemia
2. Conduct a large, pragmatic trial in hemodialysis patients examining the harms, benefits, and costs of protocolized iron therapy strategy (such as in

PIVOTAL). Randomize patients to holding of iron if ferritin is 400 versus 700 versus 1200 mg/l (ng/ml). Compare hard clinical outcomes (major adverse
cardiovascular events, infections, mortality), patient-reported outcomes, ESA use, and transfusions

3. Conduct clinical trials to evaluate whether giving iron or ESAs to reach Hb targets leads to better clinical outcomes (and prevents transfusions). Data
are needed for determining the optimal relative amount of iron and ESAs to reach Hb targets

Use of iron agents in CKD anemia management
1. Conduct clinical trials to define optimal targets and treatment strategies for use of iron agents in patients with CKD at different eGFR values or

etiologies of CKD, informed by epidemiology data above. Future studies should aim to more completely phenotype and genotype patients to enable
the development of more personalized approaches

2. Conduct clinical trials to compare newly available oral iron compounds to traditional oral and i.v. iron compounds in patients with CKD; investigate the
appropriateness of an alternate day, single-dose administration of oral iron in patients with CKD; and investigate the proactive versus reactive oral iron
therapy strategy in CKD (i.e., equivalent of PIVOTAL trial for oral iron therapy)

3. Conduct head-to-head trials of different i.v. iron formulations, including iron similars, to evaluate relative efficacy and safety
4. Conduct dedicated studies on biodistribution and bioavailability of iron compounds
ESAs and novel therapies

1. Determine the ferrokinetic properties of HIF-PHIs and optimal iron management for HIF-PHI therapy, including:
a. Optimal diagnostic parameters for initiating, monitoring, and optimizing HIF-PHI therapy, including novel diagnostic parameters such as retHb
and % hypochromic RBC

b. Upper limits of i.v. iron therapy (i.e., ferritin, TSAT, iron dose)
c. Iron needs for successful therapy, e.g., oral versus i.v. preparation and i.v. iron dosing levels
d. Effects of HIF-PHI therapy on erythroferrone/hepcidin axis
e. Impact of HIF-PHIs on intestinal iron absorption using Fe-isotope labeling studies
f. Impact of HIF-PHIs on monoferric and diferric transferrin and how this affects hepcidin regulatory pathways and erythropoiesis

2. Conduct studies dedicated to specific populations to define the CKD populations that are suitable for HIF-PHI therapy and those that should be
excluded from HIF-PHI therapy:

a. Patients with diabetic nephropathy and retinopathy
b. Patients with autosomal dominant polycystic kidney disease
c. Inflamed patients and ESA hyporesponders
d. Pediatric patients with CKD
e. Patients with vascular calcifications
f. Patients with pulmonary arterial hypertension

3. Explore the potential of combination therapies targeting the different pathogenetic mechanisms underlying CKD anemia development—take
advantage of drugs, agents, or treatment that are being studied in other clinical settings

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; HIF-PHI, hypoxia-inducible factor-prolyl hy-
droxylase inhibitor; i.v., intravenous; PIVOTAL, Proactive IV Iron Therapy in Haemodialysis Patients; RCT, randomized controlled trial; RES, reticuloendothelial system; retHb,
reticulocyte hemoglobin; TSAT, transferrin saturation.
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supply, broadly categorized as absolute iron deficiency and
functional iron deficiency. Absolute iron deficiency is a deficit
of total body iron manifest as reduced levels of both circu-
lating and stored iron. Functional iron deficiency has been
defined as a deficiency of circulating iron that limits eryth-
ropoiesis despite normal or elevated body iron stores. The
distinction between absolute and functional iron deficiency is
important for determining the etiology of anemia and the
optimal therapeutic approach.

In the last 2 decades, there have been new insights into the
regulation of systemic iron homeostasis and the
1282
pathophysiology of both absolute and functional iron defi-
ciency in CKD, including the discoveries of the hepcidin-
ferroportin axis, erythroferrone, and the role of HIFs
(Figure 127–30). Advanced CKD is associated with a negative
iron balance due to reduced dietary intake, impaired enteral
absorption, and increased losses.31 Functional iron deficiency
is multifactorial, due in part to hepcidin excess (as a conse-
quence of inflammation, decreased renal clearance, and
reduced erythropoietin [EPO] production), leading to iron
sequestration in macrophage stores.32 ESAs may also
contribute to functional iron deficiency by causing a brisk
Kidney International (2021) 99, 1280–1295



Table 2 | Evidence for clinical benefits of iron administration

Patients with CKD not
on dialysis

Patients on
dialysis

Reduction of congestive heart
failure

Limited60,61 Yes62

Reduced occurrence of
myocardial infarction

Limited63 Yes62

Improved quality of life Not studied Limited64

Reduced occurrence of fatigue Not studied Limited64

Improved cognitive function Not studied Limited64

ESA dose reduction Yes65 Yes65

Reduced blood transfusions Not studied Yes62

CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agents; RCT, random-
ized controlled trial.
Limited: data from retrospective, observational studies. Yes: supported by RCT data.
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iron demand that kinetically exceeds the iron supply. Other
factors contributing to the anemia of CKD include reduced
EPO production, poor bone marrow responsiveness, short-
ened red blood cell (RBC) survival, and direct bone marrow
suppression.

Definitions and diagnosis of iron deficiency and anemia:
toward increasing precision
The definitions and diagnosis of iron deficiency and anemia
in CKD are historically based on 3 parameters: hemoglobin
(Hb); serum transferrin saturation (TSAT), an indicator of
circulating iron; and serum ferritin, an indicator of stored
iron. In CKD, absolute iron deficiency has been defined as
TSAT <20% and ferritin <100 mg/l in patients not on he-
modialysis therapy or <200 mg/l in hemodialysis (HDCKD)
patients. Functional iron deficiency has been defined as
TSAT <20% and ferritin >100 mg/l in patients not on dialysis
therapy (NDCKD) or >200 mg/l in HDCKD patients.16,33–36

However, these terms and definitions have come under
scrutiny and discussion.37,38 The conference participants
agreed that the presently used parameters are not reliable for
estimating body iron stores or predicting response to therapy.
Furthermore, there may be clinical utility in more precisely
distinguishing subgroups of “functional iron deficiency” due
to inflammation/hepcidin-mediated iron sequestration versus
kinetic iron deficiency from ESA-stimulated bursts of eryth-
ropoiesis, to inform optimal treatment. These areas were
identified as high priority for future research (Table 1).

The development and adoption of new tests to more
accurately diagnose both absolute and functional iron defi-
ciency, and to monitor response to therapy, is another high-
priority research area. Several RBC parameters have been
developed that are now more widely available in multiple
hematology analyzers, including reticulocyte Hb content and
percentage of hypochromic RBC.39,40 Reticulocyte Hb in-
dicates whether iron is incorporated into reticulocytes within
3–4 days after starting iron administration and thus serves as
a functional parameter that may be useful in guiding iron and
ESA therapy.41–45 Percentage of hypochromic RBC reflects
iron availability in the preceding 2–3 months, making it a
sensitive long-term time-averaged functional parameter.
Kidney International (2021) 99, 1280–1295
However, widespread clinical use of both of these parameters
is constrained by the absence of universal clinical decision
limits. The requirement for fresh blood samples also limits
the use of percentage of hypochromic RBC.46 Parameters to
assess other functional consequences of iron deficiency or its
correction, for example, in skeletal muscle and heart, may
also be useful, but are not available. Hepcidin has not proved
to be a consistent marker to distinguish absolute from
functional iron deficiency or determine ESA responsiveness in
patients with CKD.32 Other diagnostics related to novel
mechanistic insights, for example, erythroferrone levels, are
still under investigation.

Iron deficiency and anemia in CKD
Data from multiple countries show that anemia and iron
deficiency remain highly prevalent in patients with CKD. In
NDCKD patients, the US Veteran study, REport of COmor-
bidities in non-Dialysis Renal Disease Population in Italy
(RECORD-IT), and Chronic Kidney Disease Outcomes and
Practice Patterns Study (CKDoppS) report that 21%–62% of
patients have anemia, defined as Hb <12 g/dl or <12 g/dl in
females and <13.5 g/dl in males, with increasing prevalence
in more advanced CKD.47–49 Moreover, 15%–72.8% have
either ferritin <100 mg/l or TSAT <20%, and 8%–20% have
both parameters below the threshold.3,47,48,50,51 For HDCKD
patients, data from United States Renal Data System52 show
that 64.5%, 14.4%, and 6.6% have Hb levels between 10–12 g/
dl, 9 and 10 g/dl, or below 9 g/dl, respectively. Moreover,
15.8% have TSAT <20%, and 4.9% have ferritin <200 mg/l.53

Data from a Japanese registry show that 36.3%, 60.2%, and
28.0% of HDCKD patients have TSAT <20%, ferritin <100
mg/l, or both, respectively.54 In peritoneal dialysis patients, the
prevalence of iron deficiency anemia is reported in the range
of 16%–23%.55 These observations may reflect poor adher-
ence with oral iron prescriptions in NDCKD and peritoneal
dialysis patients, as well as therapeutic inertia, that is, lack of
adequate iron or ESA prescriptions despite low Hb and/or
iron deficiency.

IRON, ANEMIA, AND OUTCOMES IN CKD
Observational data indicate that anemia is associated with
adverse outcomes in all disease states, including CKD7–15,56

and congestive heart failure.57 In CKD, anemia is associated
with an increased risk of hospitalizations, cardiovascular
disease, cognitive impairment, and mortality.58 Moreover,
TSAT <20% is also associated with cardiovascular hospitali-
zations and mortality.49,54,59 However, given the association of
anemia and iron deficiency with other comorbidities, the
truly independent risk of abnormal Hb and/or iron levels
remains uncertain.

Benefits of iron administration in CKD
In patients with CKD, data on the benefits of iron adminis-
tration are limited (Table 260–65). Results from PIVOTAL
(Proactive IV Iron Therapy in Haemodialysis Patients), a
randomized controlled trial (RCT) of more than 2000
1283



Table 3 | Evidence for increased risk of clinical harm with iron
administration

Patients with CKD not on
dialysis

Patients on
dialysis

Infections Limited78,79 No80,81

Cardiovascular
events

Limited78,79,82 No62

Diabetes Limited83 Limited83

CKD progression Limited78,79 Not applicable
Anaphylaxis Minimal84 Minimal84

CKD, chronic kidney disease; i.v., intravenous; RCT, randomized controlled trial.
No: supported by RCT data. Limited: data from retrospective, observational trials
only. Minimal: overall minimal risk for contemporary i.v. iron formulations.

Table 4 | Iron and chronic kidney disease—mineral and bone
disorder

Expected effect on
plasma C-terminal

FGF23

Expected effect
on plasma intact

FGF23

Oral ferrous sulfate ? 4
Oral ferric citrate Y Y
I.v. FCM, saccharated iron oxide,
or iron polymaltose90–93

Y [

I.v. iron other than FCM,
saccharated iron oxide, or iron
polymaltose90–93

Y 4

EPO94–97 [ 4

EPO, erythropoietin; FCM, ferric carboxymaltose; FGF23, fibroblast growth factor-23,
i.v., intravenous.
The C-terminal FGF23 immunometric assay uses 2 antibodies directed against
different epitopes within the C-terminal part of the molecule, which therefore de-
tects both the intact hormone and C-terminal cleavage products. The iFGF23 assay
detects only the intact molecule.
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HDCKD patients, indicate that proactive monthly adminis-
tration of 400 mg intravenous (i.v.) iron in patients with
serum ferritin <700 mg/l and TSAT #40% decreases ESA use
and lowers the composite risk of all-cause death, nonfatal
myocardial infarction, nonfatal stroke, and heart failure
hospitalization compared with low-dose i.v. iron adminis-
tered in a reactive fashion for ferritin <200 mg/l or
TSAT <20%.62

In patients with heart failure with reduced ejection frac-
tion and iron deficiency, multiple RCTs show that i.v. iron
has benefits in terms of intermediate endpoints (6-minute
walk test, quality of life, New York Heart Association class)
and hospitalization.60,61,66 Within the heart failure studies,
those with CKD had similar benefits in subgroup ana-
lyses.60,61 Meta-analysis results also suggest that i.v. iron
lowers the composite risk of recurrent cardiovascular or
heart failure hospitalizations and mortality in heart failure
patients.67 Notably, the benefits of iron administration in
heart failure patients appears to be independent of Hb.60,61

Moreover, iron deficiency without anemia may be clinically
relevant in other contexts,68,69 although limited data are
available in CKD.14 Understanding the clinical impact of
iron deficiency and its correction, independent of anemia, is
a high-priority research area for future studies in patients
with CKD (Table 1).

Risks of iron administration in CKD
Because iron is essential for nearly all infectious microor-
ganisms, there is concern that iron administration may in-
crease infection risk.70–72 Iron may also promote oxidative
stress by participating in the Fenton reaction.73 This has been
suggested to potentially contribute to cardiovascular disease
risk, CKD progression, and other organ damage in patients
with CKD.31 Non–transferrin-bound iron may be particularly
important as a risk factor for certain pathogens, particularly
gram-negative and other siderophilic bacteria.70,71 The level
of labile plasma iron, a component of non–transferrin-bound
iron, may also be indicative of impending, clinically signifi-
cant iron overload.74 However, validated non–transferrin-
bound iron and labile plasma iron assays are not widely
available, and would require assay standardization, consensus
on results reporting, and clinical outcome studies to
1284
determine clinically relevant assay formats and toxic thresh-
olds before introduction into clinical practice.75,76 In addi-
tion, data in hereditary hemochromatosis patients suggest
that organ damage requires long-term exposure to high TSAT
and labile plasma iron levels.77

Clinical trial data are now accruing to better evaluate
the risks of iron administration in patients with CKD
(Table 378–84). In HDCKD patients, the high-dose i.v. arm in
PIVOTAL had a reduced incidence of a composite outcome
including cardiovascular events and mortality compared with
the low-dose i.v. iron arm.62 Moreover, infection rates were
similar in both arms.81 In addition, although patients dia-
lyzing via a catheter had higher infection rates than those
dialyzing via a fistula, i.v. iron did not influence this
outcome.81 A meta-analysis of prior epidemiological studies
and RCTs also does not support a higher risk of infection or
cardiovascular events from i.v. iron,80 although this conclu-
sion is limited by small participant and event numbers and
statistical heterogeneity.85 Overall, these data are reassuring
regarding the safety of i.v. iron administered at levels in the
high-dose arm of PIVOTAL.

However, retrospective, observational data suggest that
more intensive i.v. iron administration (greater than in
PIVOTAL) may be associated with increased risk of mortality
and infections.86 Increased risk of infection-related mortality
with bolus versus maintenance dosing has also been reported
in HDCKD patients with a catheter.87 In NDCKD patients,
data are mixed regarding whether high-dose iron adminis-
tration increases risks of infections or cardiovascular
events.78,79,82 Thus, until more RCT data are available,
caution is still warranted regarding high-dose i.v. iron stra-
tegies that are more aggressive than in PIVOTAL. Moreover,
the conference participants continue to recommend with-
holding i.v. iron during active infections because these pa-
tients were excluded from currently available RCTs. Trials
examining the effects of high-dose i.v. iron on infections,
including specific types of infections (e.g., gram-negative
Kidney International (2021) 99, 1280–1295



Table 5 | Oral iron agents for treating anemia in CKD

Preparation (brand
name)

Elemental
iron per
tablet

Total salt
content
per

tablet Recommended dosage

Ferric citrate
Auryxia (USA) 210 mg 1 g 1 tablet 3 times a day

with meals for IDA in
CKD not on dialysis; 2
tablets, 3 times a day for
those on dialysis

Riona (ferric citrate
hydrate [Japan])

45 mg 250 mg 500 mg, 3 times a day for
hyperphosphatemia in
CKD

Nephoxil (Taiwan) 105 mg 500 mg Starting dose: 4 g a day
with meals

Ferric maltol (Feraccru
[Europe]; Accrufer
[USA])

30 mg 30 mg 1 tablet, twice daily

Ferrous sulfate (generic) 65 mg 325 mg 1000 mg/d for IDA in
CKD

Ferrous fumarate (Ferro-
Sequels, Ferretts,
Ferrimin, Hemocyte,
etc. [USA])

106 mg 325 mg 600 mg/d for IDA in CKD

Ferrous gluconate
(Fergon, Ferate [USA])

38 mg 325 mg 1600 mg/d for IDA in
CKD

Liposomal iron
Ferrolip (Europe) 30 mg 30 mg 30 mg/d for IDA
SiderAL Forte (Europe) 30 mg 30 mg 30 mg/d for IDA

Heme iron polypeptide
(Proferrin [USA])

12 mg 12 mg 3 or 4 tablets a day for
IDA in CKD

CKD, chronic kidney disease; IDA, iron deficiency anemia.
Sucroferric oxyhydroxide is not included on this list as it is poorly absorbed.
Adapted with permission from Pergola PE, Fishbane S, Ganz T. Novel oral iron
therapies for iron deficiency anemia in chronic kidney disease. Adv Chronic Kidney
Dis. 2019;26:272–291.113 ª 2019 The Authors. Published by Elsevier Inc. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0).
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bacteria), and associated mortality are another priority
research area for future studies (Table 1).

Iron, anemia, and CKD-associated mineral and bone disorder
(CKD-MBD)
Iron, inflammation, and erythropoiesis play a critical role in
regulating fibroblast growth factor 23 (FGF23), which is an
important contributor to CKD-MBD.88,89 In the absence of
CKD, iron deficiency, ESA administration, and inflammation
increase c-terminal FGF23 (cFGF23) levels by simultaneously
increasing FGF23 transcription and cleavage, whereas the
biologically active intact FGF23 (iFGF23) levels remain largely
unchanged. However, in CKD, where FGF23 cleavage is
impaired, iron deficiency, ESAs, and inflammation increase
iFGF23. The relative amounts of circulating iFGF23 and
cFGF23 are impacted not only by iron status, inflammation,
ESA use, and the presence of CKD, but also by the iron
formulation administered (Table 490–97).

Indeed, certain i.v. iron preparations increase iFGF23
through mechanisms that appear to be related to the carbo-
hydrate shell.91,98 In contrast, ferric citrate, by functioning as
a phosphate binder, can lower both cFGF23 and iFGF23
Kidney International (2021) 99, 1280–1295
levels.99,100 These effects may be important not only for CKD-
MBD, but also for cardiovascular and mortality outcomes that
are strongly associated with excess FGF23,101–103 although the
causative role for excess FGF23 per se in cardiovascular disease
is still a matter of debate.104 Future studies are needed to
better define the impacts of iron deficiency, anemia, iron
therapy, and ESAs on CKD-MBD and its associated adverse
outcomes. These studies should also take into account the
bidirectional nature of these relationships, as FGF23 is also
implicated as a regulator of erythropoiesis, iron metabolism,
and systemic inflammation.105–108

Iron, immune response, and the microbiome
Iron is increasingly recognized to impact host immunity by
altering immune cell proliferation and differentiation and by
directly regulating cytokine formation and antimicrobial
immune effector mechanisms.109 These effects may not only
influence infection risk as discussed above, but may also have
other health consequences, including a potentially diminished
response to vaccination in iron deficiency.110–112 In addition,
oral iron supplementation may alter gut microbiota and the
gut and systemic metabolome, which may impact intestinal
health, host immunity, and have other systemic health con-
sequences.109 Future studies are needed to address these issues
in a more detailed fashion in patients with CKD.

Designing future outcomes trials
At present, only PIVOTAL has been of sufficient sample size
and duration to allow statistically valid conclusions regarding
the effects of iron administration on hard clinical outcomes in
HDCKD patients. Similar studies in NDCKD patients and
studies with different treatment targets and iron preparations
in both NDCKD and HDCKD patients are needed (Table 1).
Future RCTs will benefit from the development of improved,
validated tools for determining optimal, individualized ane-
mia correction targets, measuring patient-reported quality of
life, and evaluating hard clinical outcomes (Table 1). Such
tools should be easy to administer in trials and useful in
clinical practice. They could include wearable health devices
(phone trackers, Fitbits), fatigue scales, and walk tests aimed
at examining improvements in general well-being. Many
questions could be addressed through adaptive clinical trials
that allow for planned design modifications based on
collected trial data. Adaptive approaches could have several
advantages: (i) statistical efficiency, especially with sequential
design and adaptive modification of sample size; (ii) a process
for early study termination, thus reducing patient exposure to
intervention-associated risk; (iii) improved understanding of
drug effects in targeted subgroups; and (iv) stakeholder
receptiveness for both sponsors and patients.

USE OF IRON AGENTS IN CKD ANEMIA MANAGEMENT
Oral iron
Currently available oral iron compounds (Table 5113) have
variable effectiveness in increasing Hb, ferritin, and TSAT, and
in reducing ESA use or blood transfusions.65,114,115 The main
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Table 6 | I.v. iron formulations for treating anemia in CKD

Preparation (brand namea)b
Concentration of

elemental iron (mg/ml)
Max. single

dose
Max. weekly

dose
Min. infusion time
for max. dose

Min. injection time
for max. dose

Iron sucrose (Venofer); Iron
sucrose similars (FerMed)

20 200 mg 500 mg 30 min (EMA)
15 min (FDA)

10 min (EMA)
2–5 min (FDA)

Sodium ferric gluconate
(Ferrlecit)

12.5 125 mg Not stated 60 min (FDA) 10 min (FDA)

LMW iron dextran (Cosmofer
[Europe]; INFeD [USA])

50 20 mg/kg Not stated 15 min, then 100 mg/15
min (EMA)

Total infusion: 4–6 h

Approx. 20 min (EMA)
>60 min (FDA)

Ferric carboxymaltose (Ferinject
[Europe]; Injectafer [USA])

50 1000 mg (EMA)
750 mg (FDA)

1000 mg (EMA)
750 mg (FDA)

15 min 15 min (EMA)
7.5 min (FDA)

Iron isomaltoside/ferric
derisomaltose (Monofer
[Europe], Monoferric [USA])

100 20 mg/kg (EMA)
1000 mg (FDA)

20 mg/kg (EMA)
Not stated (FDA)

More than 15 min
(#1000 mg) (EMC)
30 min or more

(>1000 mg) (EMC)
20 min for #1000 mg

(FDA)

250 mg/min (max. 500
mg) (EMA)

Ferumoxytol (Rienso [Europe]c,
Feraheme [USA])

30 510 mg 1020 mg 15 min (EMA) 15 min (FDA)

CKD, chronic kidney disease; EMA, European Medicines Agency; EMC, electronic medicines compendium; FDA, Food and Drug Administration; LMW, low molecular weight;
Max., maximum; Min., minimum.
aListing of iron sucrose similars and other intravenous iron-containing medicinal products in the European Union can be found here: https://www.ema.europa.eu/en/
documents/additional-monitoring/annex-iii-list-intravenous-iron-containing-medicinal-products-european-union_en-0.pdf.
bI.v. ferric pyrophosphate citrate has just been approved by the FDA at the writing of this report.
cHas since been withdrawn from the EU.
Adapted with permission from Schaefer B, Meindl E, Wagner S, et al. Intravenous iron supplementation therapy. Mol Aspects Med. 2020;75:100862.118

ª 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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drawbacks of oral iron include reduced effectiveness compared
with i.v. iron,65,115 poor gastrointestinal tolerance, poor ab-
sorption due to elevated hepcidin, and possible microbiome
changes (see above).109 However, oral iron administration is
noninvasive, avoids injection-site complications, does not
jeopardize venous capital for arteriovenous fistulae creation, has
not been associated with hypersensitivity reactions or increased
infection rates, and has no direct effects to induce FGF23.

Newer oral iron preparations may offer some advantages
over previously available oral iron preparations in terms of
efficacy and tolerability, but this is an understudied area. In
NDCKD patients, ferric citrate was shown to increase TSAT,
ferritin, and Hb, together with lowering serum phosphate,
FGF23 levels, i.v. iron needs, and ESA needs.82,100 Preliminary
evidence from a single trial suggested that ferric citrate
reduced hospitalization rates and death compared with usual
care.100 Liposomal iron avoids direct contact of iron with
intestinal mucosa and bypasses the intestinal hepcidin-
ferroportin block via a different uptake mechanism into in-
testinal M cells.113,116 In a small trial, liposomal iron increased
Hb in NDCKD patients,116 although larger confirmatory
trials are needed. Future RCTs investigating the benefits and
risks of newer oral iron compounds compared with estab-
lished oral iron compounds or i.v. iron preparations, and
1286
optimal dosing strategies were designated as high-priority
research areas (Table 1). In patients without CKD, single-
dose oral iron administration on alternate days versus every
day increases fractional iron absorption by limiting the
impact of iron-mediated hepcidin induction.117 Similar trials
should be conducted in patients with CKD (Table 1).

I.v. iron
I.v. iron (nanoparticle) preparations (Table 6118) have an
Fe3þ oxyhydroxide/oxide core, with a carbohydrate shell
that determines specific functionalities.119 Available clinical
trial data63,113,120–122 suggest that i.v. iron formulations
have largely comparable efficacy in improving Hb, ferritin,
and TSAT, and reducing ESA use or blood transfusions,
although iron sucrose similars may have reduced efficacy
and safety relative to parent iron sucrose.123–125 However,
such data are limited. I.v. iron has a good overall safety
profile,65,80,115 yet there are some safety differences among
formulations. In particular, an increased risk of hypo-
phosphatemia is conferred by certain i.v. iron preparations,
including ferric carboxymaltose,90,98,126–128 saccharated
iron oxide,92 and iron polymaltose,93 due to their ability to
induce FGF23 (see above). Although this risk is attenuated
in patients with more advanced CKD, caution is advised in
Kidney International (2021) 99, 1280–1295

https://www.ema.europa.eu/en/documents/additional-monitoring/annex-iii-list-intravenous-iron-containing-medicinal-products-european-union_en-0.pdf
https://www.ema.europa.eu/en/documents/additional-monitoring/annex-iii-list-intravenous-iron-containing-medicinal-products-european-union_en-0.pdf
http://creativecommons.org/licenses/by/4.0/


JL Babitt et al.: Optimal anemia management: a KDIGO conference report KD IGO execu t i ve conc lu s i ons
kidney transplant recipients, and in NDCKD, measurement
of serum phosphate prior to repeated doses or in symp-
tomatic patients receiving the relevant i.v. iron preparations
is warranted. Overall, anaphylaxis is very rare, but varying
levels of risk have been reported for different IV iron for-
mulations.84 Risk of proteinuria129 or surrogate markers of
nephrotoxicity may vary based on i.v. iron formulation, but
available data in NDCKD patients suggest that i.v. iron does
not negatively impact kidney function (Table 3).78,130

Future research priority areas include more head-to-head
RCTs to confirm comparable efficacy and better under-
stand safety differences between i.v. iron formulations, as
well as dedicated biodistribution and bioavailability studies
(Table 1).

Iron administration via dialysate
Ferric pyrophosphate citrate is a water-soluble iron salt
administered via dialysate or i.v.131,132 In contrast to other i.v.
iron preparations that are taken up by reticuloendothelial
macrophages to liberalize iron, ferric pyrophosphate citrate
delivers iron directly to circulating transferrin.133 Phase 2 and
3 RCTs have demonstrated that ferric pyrophosphate citrate
maintains Hb levels without an excessive increase in iron
stores, together with decreasing ESA and i.v. iron needs.134,135

However, whether ferric pyrophosphate citrate has a superior
safety profile relative to oral or i.v. iron has not been
determined.
Optimal treatment targets and strategies
One of the primary strategies for managing anemia is
maintaining appropriate TSATand ferritin levels. The KDIGO
2012 Anemia guideline recommends a trial of i.v. iron in
HDCKD patients (or a 1- to 3-month trial of oral iron for
NDCKD patients) if an increase in Hb or a decrease in ESA
dose is desired and TSAT is#30% and ferritin is#500 mg/l.16

Continued iron therapy should be based on an integrated
assessment of Hb responses, iron status tests, ESA dose/
responsiveness, ongoing blood losses, and clinical status,
although available data were considered insufficient to
recommend long-term i.v. dosing strategies. Importantly,
these treatment target recommendations were largely based
on observational data.

New data are now available from prospective RCTs to
provide more firm evidence and further refinement to the
2012 guideline. For NDCKD patients, the FIND-CKD study
indicated that i.v. iron dosed to a target ferritin of 400 to 600
mg/l was superior to i.v. iron dosed to a target ferritin of 100
to 200 mg/l or oral iron for achieving an Hb increase $1 g/
dl.136 I.v. iron to the higher ferritin target was also superior to
oral iron in delaying or reducing the need for other anemia
management.136 However, no hard patient outcomes were
assessed specifically.136 For HDCKD patients, PIVOTAL
showed that proactive i.v. iron administered unless serum
ferritin >700 mg/l or TSAT >40% was superior to a reactive
strategy triggered only for TSAT <20% and ferritin <200 mg/
Kidney International (2021) 99, 1280–1295
l, indicating that the latter strategy should be avoided.62

However, it remains uncertain whether intermediate target
strategies might be sufficient, or even optimal. Moreover, the
upper limit of TSAT and ferritin in terms of safety, ESA dose
reduction, and patient outcomes is unknown. These ques-
tions should be addressed in future RCTs in both NDCKD
and HDCKD patients (Table 1).

Additional understudied areas include the optimal treat-
ment algorithm for the use of iron therapy relative to ESAs.137

There is evidence that optimal treatment targets may differ
worldwide. For example, Japanese HDCKD patients achieve
similar outcomes with much lower median ferritin levels than
HDCKD patients in the United States and Europe, possibly
related to lower C-reactive protein levels.138,139 Hence,
another high-priority research area is patient-focused therapy
to better tailor treatment decisions based on individual pa-
tient characteristics (e.g., phenotype and genotype) and not
only on population Hb and TSAT values (Table 1).

THE IMPACT OF ESAs AND NOVEL THERAPEUTIC AGENTS ON
HEMOGLOBIN CONTROL, IRON STATUS, AND IRON
SUPPLEMENTATION NEEDS
Iron in current ESA therapy
ESAs increase iron utilization and decrease several iron pa-
rameters, including serum iron, TSAT, and ferritin. ESAs also
suppress hepcidin by inducing erythropoiesis and eryth-
roferrone, thereby increasing the iron supply from macro-
phage stores and dietary sources (Figure 1). Intense ESA
stimulation can unmask or contribute to iron deficiency by
causing a strong iron demand that outstrips the iron supply.
This can occur even if there are adequate iron stores,
particularly in the setting of inflammation, which induces
hepcidin and limits the release of stored iron. Response to
ESAs is therefore affected by iron status and extent of
inflammation, which also inhibits erythropoiesis via other
mechanisms.140–142

New upcoming therapies: HIF-PHIs
HIF-PHIs are small molecule inhibitors of prolyl-4-
hydroxylase domain (PHD) dioxygenases (PHD1, PHD2,
and PHD3) that sense oxygen and iron and control the ac-
tivity of HIFs.143 HIFs are heterodimeric transcription factors
that consist of a constitutively expressed b-subunit and an
oxygen- and iron-regulated a-subunit (either HIF-1a, HIF-
2a, or HIF-3a). In the presence of oxygen and iron, HIF a-
subunits are rapidly hydroxylated by PHDs, leading to
degradation. When oxygen and iron are limited, HIFs are
stabilized to regulate biological processes that facilitate oxygen
and iron transport and delivery to enhance cell survival,
including genes involved in angiogenesis, anaerobic glycolysis,
fatty acid and mitochondrial metabolism, cellular differenti-
ation and motility, erythropoiesis, and iron metabolism.144

HIF-PHIs inhibit the degradation of HIF a-subunits irre-
spective of oxygen and iron levels, resulting in the increased
expression of HIF-regulated genes, such as EPO and genes
involved in iron uptake and transport, for example, divalent
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Table 7 | Summary of peer-reviewed phase 3 studies of HIF-PHIs in patients on dialysis and in patients with CKD not on dialysis

Compound Study N Duration (wk) Comp Ferritin TSAT TIBC or transferrin Hepcidin Cholesterol (total or LDL)

Patients on dialysis (no comparator or placebo)
Daprodustat Tsubakihara et al.162 28 24 None Y a [ Y a
Roxadustat Akizawa et al.163 (PD) 13 (corr.)

43 (conv.)
24 None a a b a No chg.

Akizawa et al.164 74 (corr.)
163 (conv.)

24–52 None a a b a n.r.

Vadadustat
Nangaku et al.166 (PD) 42 24 None Y Y [ Y n.r.

Patients with CKD not on dialysis (no comparator or placebo)
Roxadustat Chen et al.169 152 8 db

18 ol
pbo (8 wk) Y Y [ Y Y

Akizawa et al.170 99 24 None a No chg. b a n.r.
Coyne et al.171 (ANDES) 922 52 pbo Y No chg. [ Y Y

Fishbane et al.172 (OLYMPUS) 2781 52 pbo Y No chg. [ Y Y
Shutov et al.173 (ALPS) 594 52–104 pbo a No chg. n.r. a Y

Patients on dialysis (ESA comparator)
Daprodustat Akizawa et al.160 271 52 darbe No chg. No chg. [ Y n.r
Roxadustat Chen et al.150 (HD and PD) 304 26 epoetin-alfa b [ [ a Y

Akizawa et al.161 303 24 darbe No chg. No chg. b No chg. n.r.
Provenzano et al.165

Incident HD and PD (HIMAYALAS)
1043 52 epoetin-alfa Y No chg. [ a Y

Vadadustat Nangaku et al.167 323 52 darbe No chg. No chg. [ a n.r.

Patients with CKD not on dialysis (ESA comparator)
Daprodustat Nangaku et al.168 299 52 epoetin-beta pegol a a b a a

CKD, chronic kidney disease; comp, active comparator group; conv., conversion from ESA; corr., correction (EPO-naïve patients); darbe, darbepoetin alfa; db, double-blind; ESA, erythropoiesis stimulating agent; HIF-PHI, hypoxia-
inducible factor-prolyl hydroxylase inhibitor; n, number of patients; No chg., no change; n.r., not reported; ol, open label (all patients eligible for roxadustat); pbo, placebo; PD, peritoneal dialysis; TIBC, total iron-binding capacity; wk,
weeks.
aDenotes that a numerical decrease in mean compared with baseline (no comparator), a greater numerical decrease in mean compared with placebo or ESA comparator, or a lesser numerical increase in mean compared with
placebo or ESA was reported; statistical significance was not reached or not reported.
bDenotes that a numerical increase in mean compared with baseline (no comparator), a greater numerical increase in mean compared with placebo or ESA comparator, or a lesser numerical decrease in mean compared with
placebo or ESA comparator was reported; statistical significance was not reached or not reported.
YDenotes that a statistically significant decrease in mean compared with baseline (no comparator), a greater decrease in mean compared with placebo or ESA comparator, or a lesser increase in mean compared with placebo or
ESA comparator was reported in 1 or several dose cohorts or for the combined analysis of all dosing groups.
[Denotes that a statistically significant increase in mean compared with baseline (no comparator), a greater increase in mean compared with placebo or ESA comparator, or a lesser decrease in mean compared with placebo or ESA
comparator was reported in 1 or several dose cohorts or for the combined analysis of all dosing groups.
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metal transporter 1, duodenal cytochrome B, ferroportin, and
transferrin.145,146 HIF-2 is particularly important for regu-
lating erythropoiesis and iron metabolism genes (Figure 1).

Effects on erythropoiesis. HIF-PHIs stimulate the endog-
enous production of EPO in the kidney and liver and may
have other erythropoiesis-promoting effects in the bone
marrow.147 Phase 2 and 3 clinical trials in patients with CKD
have shown that HIF-PHIs are efficacious in correcting and
maintaining Hb in a titratable manner.148–156 In addition,
efficacious treatment with HIF-PHIs was associated with
much lower increases in plasma EPO levels compared with
traditional ESAs administered i.v.151,157 Achievement of lower
plasma EPO levels may be of clinical benefit as high ESA doses
in CKD patients have been associated with increased cardio-
vascular risk and mortality.158,159 Several recent phase 3 studies
in HDCKD patients from Asia indicated noninferiority of HIF-
PHIs compared with traditional ESAs,150,160,161 but peer-
reviewed publications from global efficacy and cardiovascular
safety trials are still awaited. It is anticipated that these data will
be reviewed in the KDIGO Controversies Conference on Novel
Anemia Therapies scheduled in 2021.

Impact on iron metabolism. HIF-PHIs are predicted to
impact iron homeostasis by 2 major mechanisms: (i)
decreased hepcidin production in the liver and (ii) increased
transcription of genes that promote the dietary uptake and
transport of iron (Figure 1).145 Oral administration of HIF-
PHIs to patients with CKD was associated with decreased
plasma hepcidin levels compared with placebo in the majority
of phase 2 and 3 clinical trials (Table 7150,160–173). Genetic and
cell culture–based studies as well as studies with EPO-
neutralizing antibodies have provided convincing evidence
that hepcidin is not a direct transcriptional target of HIF.
Instead, systemic or liver-specific HIF activation suppresses
hepcidin indirectly through EPO-dependent effects on
erythropoiesis,174–176 which is the same mechanism of action
for hepcidin suppression by traditional ESAs. The smaller
number of published trials comparing HIF-PHIs with tradi-
tional ESAs have reported more variable effects on plasma
hepcidin than placebo-controlled trials (Table 7), and these
studies have several limitations requiring interpretation with
caution. More clinical trial data are needed to address whether
HIF-PHIs and ESAs are differentially effective in suppressing
hepcidin, and if so, the molecular mechanisms responsible.

Clinical trial data corroborating the predicted ferrokinetic
properties of HIF-PHIs in patients with CKD are still too
limited to provide meaningful conclusions (Table 7) and are a
high priority (Table 1). Although data from phase 2 and phase
3 studies have suggested that HIF-PHIs may reduce the need
for i.v. iron supplementation,150,162,169,177–180 the degree to
which this occurs, especially in patients who are inflamed,
remains unclear and will need to be established in future
studies. It remains to be established what degree of iron
repletion is needed and which laboratory parameters should
be met before HIF-PHI treatment can be safely initiated.
Recent recommendations by the Asian Pacific Society of
Nephrology emphasized the importance of avoiding excessive
Kidney International (2021) 99, 1280–1295
serum iron lowering by HIF-PHIs to minimize the risk of
associated adverse effects.181

Additional areas of uncertainty. Several mechanistic
knowledge gaps and high-priority research areas regarding
HIF-PHIs were identified (Table 1). In particular, because
HIFs regulate a large number of genes, nonerythropoietic
effects could be beneficial or concerning.182 At least a subset
of HIF-PHIs are reported to reduce serum triglyceride, total
cholesterol, and low-density lipoprotein levels, in part due to
HIF-mediated increases in HMG-CoA reductase degrada-
tion.183,184 Preclinical studies suggest that HIF-PHIs lower
blood pressure in animal models of CKD,185 but this has not
been corroborated in clinical trials. Other benefits predicted
from animal models are potential HIF-mediated anti-in-
flammatory effects,186,187 protection from ischemic injuries,
and reduced CKD progression.188 Although phase 2 and 3
clinical studies have suggested that HIF-PHIs may be effica-
cious in patients with CKD irrespective of baseline C-reactive
protein levels (Table 7),150,157,177,178,189 overtly inflamed pa-
tients were excluded from most trials. Areas of concern
regarding HIF-PHIs include potential tumor-promoting ef-
fects, risk for pulmonary arterial hypertension,190–194 cyst
growth-promoting effects in patients with polycystic kidney
disease,195 proangiogenic effects in patients with vascular
retinopathies,196 enhancement of vascular calcifications,197

and risk for abnormal embryonic and fetal development.
Notably, many HIF-PHIs are in advanced clinical develop-
ment (daprodustat, desidustat, enarodustat, molidustat, rox-
adustat, vadadustat), with several compounds now being
marketed in Asia. Although all compounds are strong in-
hibitors of PHD1, PHD2, and PHD3 and stabilize both HIF-
1a and HIF-2a,198 differences in pharmacokinetic and
pharmacodynamic profiles, such as dosing regimen, drug
half-life, and differences in the degree, range and kinetics of
HIF-regulated gene activation, are ill-defined. These areas will
be explored further in the next KDIGO Controversies Con-
ference scheduled for 2021.

Other new therapeutic strategies
Investigational strategies for renal anemia therapy were dis-
cussed. These include inhibitors of hepcidin production or
action, which are in development at preclinical and clinical
stages (Supplementary Table S1), and therapies currently used
or being investigated in other disease states, for example,
interleukin-6 specific antibodies, other anti-inflammatory bi-
ologicals, and activin receptor ligand traps.199–202 The combi-
nation of multiple therapeutic approaches and the development
of individualized treatment options for renal anemia were
recognized as important areas of investigation (Table 1). By
targeting multiple underlying pathogenic disease processes
simultaneously, combination therapies would have potential for
creating individualized therapies, minimizing costs and side
effects, and enhancing quality of life. However, combination
therapy could also increase pill burden and the risks of adverse
events. It was emphasized that novel therapeutic strategies for
renal anemia necessitate a reassessment of iron supplementation
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strategies and re-evaluation of laboratory and clinical parame-
ters for treatment initiation and monitoring.

Special populations with CKD
In several populations, iron treatment deserves specific con-
siderations (Supplementary Table S2). The safety and effec-
tiveness of anemia treatments in children with CKD is an
understudied area. The absence of RCTs examining the effects
of ESA and iron on hard clinical outcomes in anemic pedi-
atric patients with CKD raises concerns whether current pe-
diatric anemia/iron management is appropriate. Results from
small open-label and retrospective studies suggest that newer
iron agents, including ferric pyrophosphate and ferric citrate,
may be efficacious in children,131,203 but more data are
needed. Clinical investigations of HIF-PHIs in pediatric pa-
tients with CKD are not yet available, but are planned.204

Concerns were raised with regard to potential adverse ef-
fects of systemic HIF activation on embryonic and fetal
development, and growth and development in children. In
particular, the cholesterol-lowering effects reported for some
HIF-PHIs may impair nervous system development and
myelination. In addition, mouse models have shown adverse
impacts of genetic HIF activation on bone and cartilage
growth and development.205,206 However, it is difficult to
extrapolate findings from genetic mouse models and make
predictions regarding the effects of pharmacologic HIF sta-
bilization in children with CKD.

CONCLUSIONS
The conference participants agreed that sufficient data are
available from new prospective RCTs and novel therapies to
warrant convening a newworkgroup to revise the KDIGO 2012
anemia guideline. There was also consensus that there are
many areas where significantly more research is needed. In
particular, the presently used parameters of Hb, serum TSAT,
and serum ferritin are not reliable for estimating body iron
stores or predicting response to therapy. Moreover, optimal
thresholds, targets, and treatment strategies for anemia remain
unknown, and have not been customized for specific disease
states, age, sex, or within the context of other comorbidities.
The need for increasing the complexity and specificity of
treatment goals for patients is in keeping with trends to indi-
vidualize therapy in all specialties. Important for future studies
are developing and validating improved tools for determining
optimal, individualized anemia correction targets, measuring
patient-reported quality of life, and evaluating hard clinical
outcomes. Although the class of HIF-PHI agents are predicted
to benefit iron metabolism, clinical study data corroborating
their predicted ferrokinetic properties in patients with CKD are
not yet clearly established and are a high priority.
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