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1 | INTRODUCTION

Anaemia affects ~15.4% of patients with chronic kidney disease 
(CKD) in the US, an estimated 5.7 million people.1,2 Anaemia preva-
lence increases with CKD stage, ranging from 8% at stage 1 to 53% 

at stage 5,1 and with age, with 28% in patients aged 18- 63 years and 
50% in patients aged 66- 85 years.3 Race/ethnicity and sex also im-
pact the prevalence of anaemia of CKD with increased risk in Black, 
Hispanic and female patients.4
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Abstract
Background:Chronic kidney disease (CKD) is often complicated by anaemia, which is 
associated with disease progression and increased hospital visits, decreased quality 
of life, and increased mortality.
Methods:A comprehensive literature search of English language peer- reviewed arti-
cles	in	PubMed/MedLine	published	between	1998	and	2020	related	to	the	treatment	
of anaemia of CKD was conducted. The United States Renal Database System and 
Dialysis Outcomes and Practice Patterns Study (DOPPS) data reports, the Centers for 
Disease	Control	and	Prevention	and	the	US	Food	and	Drug	Administration	websites,	
and published congress abstracts in 2020 were surveyed for relevant information.
Results: Subgroups of patients with anaemia of CKD present a clinical challenge 
throughout the disease spectrum, including those with end- stage kidney disease, 
advanced age or resistance to or ineligibility for current standards of care (ie, oral or 
intravenous iron supplementation, erythropoietin- stimulating agents and red blood 
cell transfusions). In addition, those with an increased risk of adverse events because 
of comorbid conditions, such as cardiovascular diseases or diabetes, comprise special 
populations of patients with an unmet need for interventions to improve clinical out-
comes. These comorbidities must be managed in parallel and may have a synergistic 
effect on overall disease severity.
Conclusions: Several therapies provide promising opportunities to address gaps 
with a standard of care, including hypoxia- inducible factor prolyl hydroxylase inhibi-
tors, which stimulate haematopoiesis through promoting modest increases in serum 
erythropoietin and improved iron homeostasis. The critical issues in the management 
of anaemia of CKD in these challenging phenotypes and the clinical utility of new 
therapeutic agents in development for the treatment of anaemia of CKD should be 
assessed and the information should be made available to healthcare providers.
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Compared with non- anaemic counterparts, patients with anae-
mia of CKD have an increased risk of hospitalisations,5 cardiovascu-
lar	(CV)	events,6 heart failure,7 progression to dialysis dependence8 
and all- cause mortality.9 Comorbid diabetes is linked to an increased 
prevalence of anaemia in CKD,10 with greater frequency and higher 
severity11 in later CKD stages. In a pooled analysis of diabetic pa-
tients with CKD, presence of anaemia was associated with an in-
crease	 in	cardiovascular	disease	 (CVD)	and	all-	cause	mortality	 risk	
compared with non- anaemic counterparts.12

Multi-	morbidity	 associated	 with	 anaemia	 of	 CKD	 adversely	
affects patient quality of life (QOL), with increased fatigue and 
decreased work productivity,13 and leads to higher healthcare util-
isation and costs.3,14 Although the presence of anaemia may be in-
dicative of sicker patients, a retrospective study found 38% higher 
adjusted mean total healthcare expense per patient per month 
in anaemic compared with non- anaemic patients with CKD.14,15 
Management	 of	 anaemia	 of	 CKD	 may	 improve	 QOL15 and lower 
costs by decreasing inpatient expenditures.14

1.1 | Pathophysiologyofanaemiaofchronic
kidneydisease

Anaemia of CKD is primarily a function of reduced erythropoietin 
(EPO) levels and impaired iron homeostasis16 leading to decreased 
erythropoiesis	 (Figure	 1).	 Insufficient	 EPO	 production	 following	
kidney damage occurs from functional deficiency in renal EPO- 
producing cells17 and desensitisation of hypoxia- sensing mecha-
nisms.18 Iron is necessary for haemoglobin (Hb) synthesis, and iron 
availability is important for adequate tissue oxygenation. Iron defi-
ciency in anaemia of CKD can stem from absolute iron deficiency, 
impaired dietary absorption or functional iron deficiency, in which 
systemic inflammation leads to insufficient iron release from internal 
stores resulting in iron- deficient erythropoiesis.16 The iron homeo-
stasis regulator hepcidin is elevated in CKD because of inflamma-
tion16,19 and decreased renal excretion16 and is associated with 
decreased intestinal iron transport and increased iron sequestra-
tion.19 Understanding the aetiology of anaemia of CKD and critical 
issues in the management of challenging patient phenotypes provide 
insights into treatment strategies for optimal patient care.

2  | METHODS

Information presented in this review was derived from a compre-
hensive literature search of English language peer- reviewed arti-
cles	in	PubMed/MedLine	database	published	from	January	1998	to	
July	2020	related	to	the	treatment	of	anaemia	of	CKD.	Key	search	
terms included anaemia, anaemia in/of chronic kidney disease, 
chronic kidney disease, CKD, dialysis, end- stage kidney/renal dis-
ease, ESKD, ESRD, erythropoiesis, erythropoiesis- stimulating agent, 
erythropoietin- stimulating agent, ESA, functional iron deficiency, 
hepcidin,	HIF-	PH,	hyporesponse,	hypoxia,	hypoxia-	inducible	factor	

prolyl hydroxylase, iron deficiency anaemia, etc. The United States 
Renal Database System (USRDS) and Dialysis Outcomes and Practice 
Patterns Study (DOPPS) data reports, the Kidney Disease Improving 
Global Outcomes (KDIGO) clinical practice guidelines, verified web-
sites from the Centers for Disease Control and Prevention and the 
US	Food	and	Drug	Administration,	and	published	congress	abstracts	
in 2020 were surveyed for relevant information. In addition, pharma-
ceutical product inserts, and official press releases related to clinical 
trial breaking news were included.

2.1 | Standardofcareanditsassociatedrisks

Management	of	 anaemia	of	CKD	 typically	 includes	oral	 and	 intra-
venous	 (IV)	 iron,	 erythropoietin-	stimulating	 agents	 (ESAs)	 and	 red	
blood cell (RBC) transfusions20,21 (Table 1). Iron supplementation 
is often necessary to treat iron deficiency, reduce anaemia- related 
symptoms, allow dose sparing in patients on ESAs and avoid the 
need for blood transfusions.22 Oral iron may be appropriate for 
non- dialysis- dependent (NDD) patients in earlier stages of the dis-
ease, as it is non- invasive, inexpensive, and can be self- administered. 
However, oral iron is poorly absorbed, and in patients requiring a high 
dose of iron to increase Hb levels, for example dialysis- dependent 
CKD (DD- CKD) and end- stage kidney disease (ESKD), increased pill 
burden with oral iron is associated with gastrointestinal side effects 
and decreased regimen adherence.23	Comparatively,	IV	iron	is	effec-
tive in raising Hb levels, and its use has increased over time,23 per-
haps because of greater iron requirements with ESA treatment24 and 

Reviewcriteria

A comprehensive literature search of English language 
peer-	reviewed	articles	in	PubMed/MedLine	published	be-
tween	1998	and	2020	related	to	the	treatment	of	anaemia	
of CKD was conducted. The United States Renal Database 
System and Dialysis Outcomes and Practice Patterns Study 
(DOPPS) data reports, the Centers for Disease Control and 
Prevention	and	the	US	Food	and	Drug	Administration	web-
sites, and published congress abstracts in 2020 were sur-
veyed for relevant information.

Messagefortheclinic

The management of chronic kidney disease (CKD) is often 
complicated by comorbid anaemia. Subgroups of patients 
with anaemia of CKD including those with end- stage kid-
ney disease, advanced age or resistance or hyporespon-
siveness to erythropoietin- stimulating agents present a 
clinical	challenge	throughout	the	disease	spectrum.	Multi-	
modal treatment strategies and new therapeutic options 
that address current therapeutic challenges may be ben-
eficial in the treatment of anaemia of CKD.
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ESA	dose-	sparing	practices.	Concerns	over	 IV	 iron	 include	the	po-
tential for excessive accumulation, possible exacerbation of under-
lying systemic infection, and although uncommon, especially with 
high molecular weight iron dextran formulations, anaphylaxis.20,25 
For	example,	 iron	overload	after	 IV	 iron	 therapy	could	 lead	 to	 the	
generation of reactive oxygen species and further inflammation.24 
Additionally, observational studies have suggested an association 
between	 IV	 iron	 treatment	and	 increased	hospitalisation	and	mor-
tality; a prospective cohort study in >30 000 haemodialysis (HD) 
patients found significantly higher mortality and hospitalisation risk 
in	patients	receiving	≥300	mg/month	of	IV	iron	for	4	months,26 and 
a similar study in 58 000 HD patients showed a comparable trend.27 
Conversely, a large, randomised clinical trial showed significantly 
better	outcomes	 in	patients	administered	a	high-	dose	IV	 iron	regi-
men proactively vs a low- dose regimen reactively. In patients on 
HD,	 the	 risk	 of	 nonfatal	 CV	 events,	 any-	cause	 deaths,	 ESA	 doses	
and need for blood transfusions were lower in those patients proac-
tively prescribed 400 mg/month (median monthly dose of 264 mg) 
when ferritin concentration was <700 μg/L and transferrin satura-
tion (TSAT) <40% compared with patients treated reactively with 
0-	400	mg/month	of	IV	iron	(median	monthly	dose	of	145	mg)	when	
ferritin concentration was <200 μg/L and TSAT < 20%.28

Erythropoietin- stimulating agents have similar biological action 
as native EPO,38 and both short- acting (eg, epoetin alfa) and long- 
acting (eg, darbepoetin alfa) drugs are used for the treatment of 
anaemia in DD and NDD patients.39 A few clinical trials35,36,40,41,42 

have suggested there are risks associated with the use of higher 
ESA doses to target higher Hb levels. In the Correction of 
Hemoglobin and Outcomes in Renal Insufficiency (CHOIR) trial, a 
34% increased risk of the composite endpoint (death, myocardial 
infarction	[MI],	hospitalisation	for	congestive	heart	failure	[CHF]	
and stroke) was seen with epoetin alfa in patients randomised to 
the higher target Hb (135 g/L) compared with lower (113 g/L) level, 
with no incremental improvement in QOL.36 Secondary analyses 
showed that high doses of epoetin alfa and associated hypore-
sponse were significantly associated with an increased risk of the 
composite endpoint, independent of Hb achieved.43 Increased 
toxicity with high- dose epoetin alfa was suggested as a contribut-
ing factor to these observations.37 These trials along with obser-
vational data and meta- analyses indicated that using higher ESA 
doses to achieve higher Hb targets may be detrimental and has 
led	to	recommendations	by	the	US	Food	and	Drug	Administration	
and Kidney Disease: Improving Global Outcomes (KDIGO) against 
the use of ESAs to target Hb levels >110 g/L44 and Hb > 115 g/L, 
respectively.20

Blood transfusions may be necessary in patients with ESKD, 
ESA hyporesponders, and those precluded from ESA therapy be-
cause of, in some patients, recent stroke, pure red cell aplasia,45 
allergic reactions46 or active cancer.47 However, associated risks, 
although uncommon, include infection and severe hypersensitiv-
ity.20,21 Additionally, alloimmunisation in patients receiving mul-
tiple blood transfusions and in multiparous women can result in 

F IGURE 1 Pathophysiology of anaemia of CKD. Diagram shows aetiology of anaemia of CKD as a consequence of reduced EPO levels 
and impaired iron homeostasis. In CKD, inflammation and reduced renal clearance of hepcidin from kidney damage elevate hepcidin levels 
and	leads	to	degradation	of	FPN.	Decreased	release	of	iron	from	internal	stores	(eg,	dietary	iron	stored	in	the	duodenum	or	iron	from	
RBCs	recycled	by	reticuloendothelial	macrophages)	restricts	serum	concentrations	of	TF-	bound	iron	available	to	meet	the	demands	of	
haematopoiesis in the bone marrow.16,19 Inflammation also enhances macrophage uptake of iron, further depleting serum iron levels.160 
Additionally, kidney damage in CKD results in decreased EPO production, leading to deficiency in erythrocyte levels, shortened RBC 
lifespan, and development of anaemia.16 Black arrows represent physiological processes. Grey line indicates inhibition. Blue arrows show 
hepcidin- mediated effects on iron metabolism. Positive (+)	or	negative	(−)	changes	occurring	with	anaemia	in	CKD	are	in	red.	Abbreviations:	
CKD,	chronic	kidney	disease;	EPO,	erythropoietin;	EPO-	R,	erythropoietin	receptor;	Fe,	iron;	FPN,	ferroportin;	RBC,	red	blood	cell;	TF,	
transferrin
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haemolytic reactions48 and may diminish chances for successful kid-
ney transplantation.47

2.2 | Patientswithchallengingphenotypes

The treatment of anaemia of CKD in patients who are hyporespon-
sive to ESAs and in those with concurrent malignancies is particu-
larly challenging with current standard of care; in addition, patients 
with	 coexisting	 CVD,	 secondary	 hyperparathyroidism	 (SHPT)	 and	
those who are older or undergoing dialysis will require special treat-
ment considerations.

2.2.1 | ESA	hyporesponders

In ~5- 10% of patients with CKD, a suboptimal response or resist-
ance to ESAs develops, where desired Hb concentrations cannot be 
reached despite increasingly higher doses of ESA.49 The prevalence 
of ESA resistance may range from 10% to 20% in DD patients50,51 
and may in part be related to underlying disease severity. Absolute 
or functional iron deficiency is the most common cause of ESA re-
sistance49 and can arise in the presence or absence of anaemia.52 
Patients with absolute iron deficiency have hallmark low ferritin 
levels (indicator of low iron storage) while patients with functional 
iron deficiency have adequate internal iron stores but decreased 
capacity to release and utilise stored iron, as indicated by normal 
or high serum ferritin levels but low serum TSAT (ie, low circulating 
iron). However, ferritin is not a specific marker for iron storage, as it 
is an acute phase reactant affected by inflammation, infection and 
malignancy; thus high levels in CKD are not always indicative of ad-
equate iron stores.16	Functional	iron	deficiency	is	mediated	through	
inflammatory elevation of hepcidin levels.19 Renin- angiotensin- 
aldosterone system inhibitors (RAASi), angiotensin- converting 
enzyme inhibitors, and angiotensin receptor blockers have been 
suggested to contribute to ESA hyporesponsiveness; discontinua-
tion of these antihypertensives may be considered in some patients 
to regain ESA sensitivity,49 but treatment interruption is not ideal 
since RAASi therapy provides cardiorenal benefits and is associated 
with improved survival.53

There is no consensus on the exact parameters defining ESA hy-
poresponsiveness. Per KDIGO guidelines, ESA hyporesponse at the 
start of treatment is characterised by no increase from baseline in Hb 
concentration after the first month of ESA treatment on appropriate 
weight- based dosing.20 The inability to achieve or maintain Hb target 
levels by treatment with epoetin alfa >300 IU/kg/week subcutane-
ous	or	450	IU/kg/week	IV	or	darbepoetin	alfa	>1.5 microgram/kg/
week has been considered inadequate ESA responsiveness.21 Acute 
ESA hyporesponsiveness has been defined as a transient refractori-
ness (typically after an infectious episode) in Hb improvements with 
ESA dose escalation followed by response recovery within 4 months 
of treatment.51 In chronic cases, ESA hyporesponsiveness can persist 
after 4 months of high- dose treatment51 with a decreased likelihood 

of recovery with higher transfusion and mortality rates than acute 
cases.54	ESA-	resistant	patients	have	higher	rates	of	death,	MI,	CHF	
and stroke than responders.35,37

Inflammation plays a key role in ESA resistance and is prevalent 
in patients with CKD.55 Inflammation is associated with inhibition 
of erythropoiesis and increased levels of hepcidin and ferritin.56 In 
HD patients, serum hepcidin levels were positively correlated with 
ESA	 resistance	 and	 inflammatory	 markers	 (ie,	 interleukin-	6	 [IL-	6]	
and	 high-	sensitivity	 C-	reactive	 protein	 [CRP])	 and	 negatively	with	
Hb levels.57 A higher risk of progression to ESKD and mortality has 
been shown for patients with higher CRP levels.58 Inflammation was 
an independent risk factor for heart failure in patients with CKD.7 
As inflammation influences serum ferritin and transferrin,56 other 
diagnostic tests may be needed to ascertain iron status in ESA hy-
poresponders such as content of reticulocyte haemoglobin, CRP, 
percentage of hypochromic erythrocytes and soluble transferrin 
receptor.59

Addressing underlying inflammation, for example by improving 
general health and hygiene, optimising tunnelled catheter care to 
prevent infection, or by initiating the potentially less inflammatory 
modality of peritoneal dialysis vs HD, is key to effective treatment of 
anaemia of CKD56 and may curb the development of ESA resistance. 
Nevertheless, inflammation is increased with catheter use even in 
the absence of infection, as evidenced by significantly decreased 
CRP levels in patients switched from a catheter to arteriovenous fis-
tulas.60 A systematic review found that patients with catheters had 
a	higher	 risk	 of	 infection,	CV	events,	 hospitalisation	 and	 all-	cause	
mortality compared with those using fistulas or grafts for HD.61

2.2.2 | Patients	with	concurrent	malignancy

In patients with cancer, CKD can be a risk factor for malignancy, 
likely because of heightened inflammation and oxidative stress, or 
may arise consequently from cancer cell toxins or myelosuppressive 
and nephrotoxic anticancer therapies.62,63 Chronic kidney disease 
in cancer patients can be exacerbated by anaemia stemming from 
chemotherapy, radiation therapy, inflammation, and repeated blood 
sampling.64 Anaemia is common in cancer patients and is associated 
with lower treatment response rates and increased mortality.64 As 
the standard of care for cancer therapy- related anaemia, ESAs may 
reduce the need for blood transfusions.64 However, anaemia cor-
rection with ESAs to higher Hb targets in cancer patients receiving 
chemotherapy has been linked to the progression of malignancy and 
adverse	 CV	 events	 such	 as	 thrombosis,	 hypertension,	 and	 stroke,	
although the risk is not uniform across cancer types.64	While	no	con-
clusive association has been shown between low- dose ESA use and 
cancer risk,64 current guidelines recommend their use with caution 
and only with Hb levels <100 g/L in patients with NDD-  or DD- CKD 
with an active or history of malignancy.20,64 However, except for 
some patients with myelodysplastic syndromes, ESAs are not rec-
ommended in cancer patients with non- chemotherapy- associated 
anaemia.65	 For	 these	 patients,	 RBC	 transfusion	 may	 be	 the	 only	
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option, bringing with it concerns of allosensitisation and jeopardised 
future kidney transplantation.20,64

2.2.3 | Patients	with	cardiovascular	disease

Chronic	 kidney	 disease	 and	 CVD	 are	 linked	 pathophysiological	
states that can exacerbate each other. Patients with comorbidities 
have a mortality rate at least twice as high as patients with CKD 
alone,66	and	most	of	these	deaths	are	caused	by	CV	complications,67 
especially among patients on dialysis.40	Either	CKD	or	CVD	can	lead	
to the development of anaemia, which further triggers reciprocal 
disease progression and is more common in patients with more se-
vere	CKD	and	CVD.68 Anaemia in CKD is associated with left ven-
tricular hypertrophy69	and	CHF,68 stemming from tissue hypoxia and 
peripheral vasodilation and subsequent compensatory increases in 
cardiac output that place a high work burden on the heart and may 
result	in	resistance	to	CHF	therapy	and	poorer	clinical	outcomes	and	
survival.68	This	complex	triad	of	anaemia,	CKD,	and	CVD,	referred	
to as the cardiorenal anaemia syndrome (CRAS),68 is particularly 
challenging clinically because of increased morbidity and mortality, 
heightened systemic inflammation and iron imbalance and the need 
for	multidisciplinary	 treatment	approaches.	Mortality	 risk	was	sig-
nificantly	higher	in	CRAS	patients	compared	with	heart	failure	(HF)	
patients with either comorbid anaemia or CKD,70	 and	 risks	 of	CV	
complications and progression to renal replacement therapy (RRT) 
were	higher	in	hospitalised	HF	patients	with	CRAS	compared	with	
HF	patients	with	CKD	without	anaemia.71 Pro- inflammatory markers 
are	elevated	in	anaemic	HF	patients72 and may cause progression of 
kidney damage73 and cardiac remodelling.73 As discussed, CKD alone 
is an inflammatory state that when combined with inflammation of 
CVD	and	anaemia	further	contributes	to	ESA	hyporesponsiveness.	
Although	IV	iron	therapy	is	beneficial,	ESA	use	is	not	recommended	
in	patients	with	anaemia	and	HF	because	of	the	lack	of	therapeutic	
benefit	on	CV	outcomes.74 A systematic review and meta- analysis 

of nine randomised clinical trials found ESA administration after 
acute	MI	 and	percutaneous	 coronary	 intervention	 to	be	 relatively	
“safe,”	and	to	improve	short-	term	(≤6	months)	cardiac	function,75 but 
no reduction in incidence of major adverse cardiovascular events 
(MACE),	 including	 recurrent	MI	 and	 stroke,	was	 shown	 long	 term	
with epoetin beta treatment.76 In the Trial to Reduce Cardiovascular 
Events	With	Aranesp® Therapy (TREAT), patients with anaemia of 
NDD- CKD and comorbid diabetes treated with darbepoetin alfa did 
not achieve reduction in the composite outcome of either death or 
a cardiovascular event but required fewer cardiac revascularisation 
procedures compared with placebo.42 Clinical guidelines with an in-
tegrated treatment approach to address these obstacles are needed 
to improve outcomes in patients with CRAS.

2.2.4 | Patients	on	dialysis

In 2017 in the US, 746 557 individuals needed RRT to survive, of 
whom 70% received dialysis and 30% received a transplant.77 Of 
124 500 patients with incident ESKD in 2017, ~97%	were	initiated	
on dialysis and 3% started with a transplant.77 Anaemia is preva-
lent	in	patients	undergoing	dialysis,	up	to	89%	in	the	US.78 Chronic 
inflammation is common in dialysis patients79 and, along with lack 
of adequate dietary iron and functional iron deficiency,16 can lead 
to declining erythropoiesis over time and worsening anaemia.80 
Retention of blood in the dialyzer adds to blood loss. Although blood 
loss varies by dialyzer used, estimates indicate >508 mg of total iron 
may be lost annually from HD.81 Anaemia in DD- CKD patients is as-
sociated with increased hospitalisation rates, greater mortality, and 
higher economic burden.82 Poor QOL is a concern in DD- ESKD pa-
tients and is associated with worse survival.83

Treatment with epoetin alfa84 and darbepoetin alfa85 in DD- CKD 
patients	without	CVD	resulted	in	maintenance	of	target	Hb	levels,	a	
reduced need for blood transfusions, and improvements in energy 
and fatigue; however, similar to NDD- CKD patients with anaemia, 

TABLE 1 Current standard of care for anaemia of CKD20,21,29 and its advantages and disadvantages

Advantage Disadvantage

Oral iron •Inexpensive
•Easy to administer
•Avoids	an	IV	in	patients	not	on	dialysis20

•Gastrointestinal side effects are common and may limit 
adherence20

•Not	as	efficacious	as	IV	iron	in	raising	Hb	levels30,31

IV	iron •More	efficacious	than	oral	iron	in	raising	Hb	levels30,31 •Increased frequency of serious AEs compared with oral iron, 
including	CV	events	and	infection32

•Allergic and anaphylactoid reactions (rare) have been reported, 
particularly with iron dextran33

•Care must be taken to avoid iron overload24; high doses are 
associated with higher risks of mortality and hospitalisation26,27

ESA •When	targeting	Hb	levels	of	90-	110	g/L,	decreases	
LVH	and	mortality	and	increases	QOL34

•Use of high doses is associated with higher rates of death, stroke, 
and	other	CV	events35- 37

Blood 
transfusion

•Can be used if ESA treatment is not effective or if ESA 
risks are greater than benefits20

•Risks include fever, allergic reactions, haemolytic reactions, 
transfusion- related infections, and human leukocyte antigen 
sensitisation20

Abbreviations:	AEs,	adverse	events;	CKD,	chronic	kidney	disease;	CV,	cardiovascular;	ESA,	erythropoietin-	stimulating	agent;	Hb,	haemoglobin;	IV,	
intravenous;	LVH,	left	ventricular	hypertrophy;	QOL,	quality	of	life.
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ESA doses to target normal Hb levels are associated with dose- 
dependent adverse effects, including higher mortality rates.86 In the 
US, ~80% of HD patients were given ESA therapy in 2016,87 and 
~10- 20% of patients on dialysis are estimated to be hyporesponsive 
to ESAs.50,51,54	Parenteral	IV	iron	therapy	can	overcome	functional	
iron deficiency in patients on dialysis with limited treatment- related 
adverse events and is convenient to administer by infusion during 
dialysis	sessions.	However,	the	optimal	IV	iron	dose	to	use	with	var-
ious ESA doses is difficult to ascertain and complicated by poor di-
agnostic measures of iron status. Care must be taken to minimise 
potential risk of iron overload, especially in patients who are iron- 
resistant because of underlying inflammation and elevated levels of 
hepcidin.20,88

2.2.5 | Patients	with	secondary	hyperparathyroidism

Secondary hyperparathyroidism, a common complication of CKD, 
is marked by excessive secretion of parathyroid hormone (PTH), an 
important regulator of serum calcium levels, in response to hyper-
phosphatemia from decreased kidney function and hypocalcaemia 
from impaired bone and mineral metabolism.89 Parathyroid hormone 
is implicated in the development of renal anaemia and ESA resist-
ance.90 It impedes erythropoiesis by inhibiting EPO synthesis91 and 
shortens the survival of RBCs.91 Lower levels of PTH appear to im-
prove the responsiveness to ESA treatment, as patients with relative 
hypoparathyroidism appeared to respond better to ESA treatment 
than those with stable PTH.92 Accordingly, patients who received 
parathyroidectomy had reduced requirement for exogenous EPO.91

Treatment of SHPT may improve anaemia and associated mor-
bidity and mortality91 through coordinated intervention with a low- 
phosphorus diet and medication with phosphate binders, vitamin D 
analogs, and calcimimetics.93 However, cooperative therapy is dif-
ficult to manage in patients with a constellation of CKD, SHPT, and 
anaemia, and lack of conclusive efficacy or potential risks may offset 
possible benefits.93 Although vitamin D derivatives have been shown 
to suppress PTH secretion, their effect on controlling bone pain and 
reducing mortality are contradictory.93 A recent randomised clini-
cal trial in anaemic CKD patients on HD confirmed that vitamin D 
is dispensable for anaemia management since its administration did 
not improve EPO levels,91 despite some studies suggesting that vi-
tamin D may enhance erythropoiesis outside of its effect on PTH.94 
The most recent KDIGO guidelines do not recommend vitamin D 
supplementation in most adult patients with NDD- CKD in stages 
3a– 5, but reserve it for patients in stages 4- 5 CKD with severe and 
progressive hyperparathyroidism.95 Treatment of SHPT with calcimi-
metics has resulted in higher levels of Hb, lower doses of ESAs,91 and 
decreased	CV	hospitalisation,	but	 its	use	has	been	 limited	by	high	
rates of gastrointestinal effects, hypocalcaemia, over- suppression of 
PTH and non- adherence to oral calcimimetics.96	Multifactorial	treat-
ment considerations and risk- benefit assessments are necessary for 
optimal management of comorbidities in patients with CKD, SHPT 
and anaemia.

2.2.6 | Elderly	patients

The	prevalence	of	anaemia	of	CKD	 in	older	patients	 (≥66	years)	 is	
~50% compared with 28% in younger patients (18- 63 years) and in-
creases with age and CKD stage.3 Older patients often have malnu-
trition and/or inflammatory conditions with reduced erythropoiesis 
and increased hepcidin compared with younger patients,97 which 
contributes to insufficient Hb. Although Hb levels decrease with age 
and optimal Hb targets in older patients may be lower than those 
in younger patients, higher Hb targets in older patients with more 
rigorous treatment of anaemia may not improve outcomes. In pa-
tients prescribed ESAs or iron, a significant association of high Hb 
levels and improved QOL was seen in patients <65 years but not in 
those	≥65	years,	although	QOL	parameters	are	different	in	younger	
vs older patients.98	Dose	escalation	with	ESAs	and	IV	iron	in	elderly	
patients is more closely associated with adverse outcomes such as 
CV	effects,	hospitalisation	and	mortality97; increased age is associ-
ated with ESA resistance,99 and a significantly higher weekly ESA 
dose per kilogram body weight is required to achieve the same target 
Hb	levels	in	patients	≥65	years	compared	with	those	<65 years.97

Stage 3- 5 NDD- CKD patients aged 66- 85 years with anaemia 
were	shown	to	have	an	increased	prevalence	of	CV	conditions	com-
pared with corresponding age- matched, non- anaemic patients (arte-
riosclerotic	heart	disease	[52.2%	vs	36.4%],	CHF	[40.5%	vs	20.1%]	
and	 dysrhythmia	 [43.8%	 vs	 28.0%])	 and	 compared	 with	 younger	
(18- 63 years) counterparts (arteriosclerotic heart disease [52.2% vs 
23.6%],	CHF	[40.5%	vs	21.4%],	and	dysrhythmia	[43.8%	vs	19.5%]).3 
Similarly, there may be an increased risk of mortality in elderly HD 
patients with low Hb levels. Comorbidities in elderly patients with 
CKD can lead to reduced daily activity, which is associated with in-
creased mortality risk.100	Following	hospital	discharge,	anaemia	and	
CKD are significantly associated with 1- year mortality rates in older 
patients, representing post- treatment vulnerability in this popula-
tion without proper follow- up.100 Given the frequency of anaemia 
of CKD and associated comorbidities in the elderly, screening such 
patients for these disorders and mobility limitations may decrease 
healthcare utilisation and improve survival, particularly if accompa-
nied by effective treatment intervention.

2.2.7 | Novel	challenges	from	coronavirus	
disease	2019

The	 recent	 coronavirus	 disease	 2019	 (COVID-	19)	 pandemic	 has	
shown a disproportionately higher disease burden and severity and 
poorer outcomes for patients with CKD and ESKD with or with-
out other comorbidities.101,102 Health records and epidemiological 
studies have shown stage 4- 5 CKD, ESKD with dialysis, and kidney 
transplants to be high- risk for severe complications and hospitalisa-
tions103; the prevalence of kidney disease among hospitalised pa-
tients	with	COVID-	19	was	found	to	be	as	high	as	13%-	30%	in	some	
cohorts.103,104 Patients with ESKD had a 37% higher risk of in- 
hospital death compared with non- ESKD counterparts with similar 
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baseline demographics and comorbidities.101	While	the	exact	mech-
anism of this increased risk of adverse outcomes in patients with 
preexisting kidney disease is yet to be fully elucidated, it is believed 
that the heightened inflammation and immune system dysregula-
tion, as well as the activation of the complement system, are be-
lieved to contribute to the pathogenesis.101,105

In addition to its prevalence in patients with CKD, anaemia with 
dysregulated iron metabolism has been observed in patients with 
COVID-	19	and	is	associated	with	systemic	inflammation	and	is	often	
severe.106	During	COVID-	19	infection,	an	immune	response	driven	
by a cytokine storm may induce a hyperinflammatory state.101,106 
Among	11	265	hospitalised	patients	with	COVID-	19,	haemoglobin	
levels decreased and ferritin levels increased with rising inflam-
mation, suggesting that inflammation- induced, hepcidin- mediated 
iron restriction in erythropoiesis may be responsible for the occur-
rence and exacerbation of anaemia in these patients.106 Although 
ESAs have been used to treat anaemia of CKD with or without 
COVID-	19,107	 their	 use	 in	 patients	 with	 CKD	 and	 COVID-	19	 may	
have reduced efficacy due to inflammation- induced resistance.106 
Furthermore,	it	has	been	suggested	that	ESA	use	may	be	dangerous	
in	these	patients	because	severe	COVID-	19	is	characterised	by	ve-
nous and arterial blood clots, and ESAs tend to induce a prothrom-
botic state.106 In patients on dialysis and maintenance ESA therapy, 
some nephrologists have recommended continuing outpatient ESA 
regimens in the inpatient setting but targeting lower Hb levels of 
8-	9	 g/dL,	with	 no	 dose	 escalation	 in	 order	 to	mitigate	 the	 risk	 of	
thrombosis.106 Although several putative benefits of recombinant 

erythropoietin have been proposed,108	 in	patients	with	COVID-	19	
and anaemia with or without kidney disease, avoidance of ESA use 
has been suggested since the risks outweigh the benefits, even if 
blood transfusions may be necessary.106,107

2.3 | Newtherapeuticoptionsindevelopment

2.3.1 | Hypoxia-	inducible	factor	prolyl	
hydroxylase inhibition

Recognition of tissue hypoxia occurs by the hypoxia- inducible factor 
(HIF)	system.	In	normoxia,	the	oxygen-	sensing	subunit	of	HIF	(HIF-	α) 
rapidly undergoes proteasomal degradation after hydroxylation by 
prolyl	hydroxylases	(PH),	but	under	hypoxic	conditions,	HIF-	α is sta-
bilised, resulting in transcription of a number of genes that support 
erythropoiesis, including EPO, EPO receptors and genes involved 
in iron metabolism109	(Figure	2).	A	new	class	of	orally	administered	
drugs	aimed	at	transiently	stabilising	HIF/HIF-	α levels represents a 
possible treatment strategy for anaemia of CKD. These agents inhibit 
the	activity	of	hypoxia-	inducible	factor	prolyl	hydroxylase	(HIF-	PH),	
leading	to	stabilisation	of	intact	HIF-	α.	Inhibitors	of	HIF-	PH	induce	
EPO synthesis at significantly lower levels than the supraphysiologic 
levels observed with ESA therapy.110

Although	no	HIF-	PH	inhibitors	have	been	approved	in	the	US	at	
the time of publication of this review, roxadustat, the first- in- class 
orally	 administered	HIF-	PH	 inhibitor,	 is	 in	 late-	stage	 development	

F IGURE 2 Schematic	representation	of	HIF-	PH	inhibitor	effects	on	anaemia.	Under	normal	oxygen	conditions,	HIF-	α is hydroxylated by 
HIF-	PH	enzymes	and	degraded	by	the	proteasome.	In	hypoxia,	HIF-	α is not degraded and translocates to the nucleus where it combines with 
HIF-	β and other coactivators to bind to the HRE and initiate transcription of target genes for iron metabolism and erythropoiesis.11	HIF-	PH	
inhibitors	promote	activation	of	the	hypoxia-	inducible	pathway	(dashed	red	arrow)	by	blocking	the	activity	of	HIF-	PH	enzymes	responsible	
for	HIF	protein	degradation.	As	a	result,	HIF	proteins	accumulate	and	act	as	transcriptional	regulators	of	target	genes	whose	expression	
has important consequences for functional iron deficiency anaemia in CKD: increased endogenous EPO expression by kidney cells and 
upregulation of EPO- R on the surface of bone marrow erythroid precursor cells leads to erythropoiesis, rise in Hb levels,11 and subsequent 
increases in iron demands11,109;	HIF	proteins	boost	iron	availability	for	EPO-	induced	RBC	production	by	reducing	levels	of	hepcidin,	
increasing iron absorption in the gastrointestinal tract, and mobilising iron transport to bone marrow and other tissues via upregulation of 
TF,	TF	receptor,	and	ceruloplasmin.109	Anaemia	correction	with	HIF-	PH	inhibitors	may	increase	tissue	oxygenation,	leading	to	improvement	
in anaemia- related symptoms, such as fatigue and reduced physical and mental ability, and may potentially reduce the risk of adverse 
events associated with comorbidities.11 Abbreviations: CKD, chronic kidney disease; EPO, erythropoietin; EPO- R, erythropoietin receptor; 
GI,	gastrointestinal;	Hb,	haemoglobin;	HIF,	hypoxia-	inducible	factor;	HIF-	PH,	hypoxia-	inducible	factor	prolyl	hydroxylase;	HRE,	hypoxia	
response	element;	OH,	hydroxyl	group;	RBC,	red	blood	cell;	TF,	transferrin
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for the treatment of anaemia of CKD and is currently approved for 
the treatment of anaemia in patients with NDD-  and DD- CKD in 
China	and	Japan,	and	the	HIF-	PH	inhibitors	vadadustat	and	dapro-
dustat are approved for marketing in patients with DD-  and NDD- 
CKD	in	Japan	(Table	2).	Roxadustat	was	noninferior	to	epoetin	alfa	
in patients with DD- CKD111 and superior to placebo in those with 
NDD- CKD112 in raising Hb levels with similar frequency of adverse 
events, except hyperkalaemia, which was reported more often in the 
roxadustat	 treatment	 groups.	 Phase	 3	 studies	 in	 Japan	 suggested	
that roxadustat was noninferior to ESA therapy and effective at 
maintaining Hb levels within a target range in ESA- naïve patients un-
dergoing HD113 or peritoneal dialysis.114

In DD- CKD patients with anaemia, preliminary data from several 
recent global phase 3 trials, including the US- based SIERRAS,143 the 
European PYRENEES,145	 and	 the	 worldwide	 HIMALAYAS	 trials146 
have shown the noninferiority of roxadustat to epoetin alfa in in-
creasing Hb levels. Significant improvements from baseline Hb levels 
and	 reduction	 in	 IV	 iron	 use	were	 seen	 in	 patients	with	DD-	CKD	
with roxadustat vs epoetin alfa in the worldwide ROCKIES144 trial. 
In addition, roxadustat was associated with a reduction in hepcidin 
levels from baseline compared with little change after epoetin alfa 
in DD- CKD111 and vs placebo in NDD- CKD patients.112 Apparent 
inflammation based on high CRP levels did not affect the Hb re-
sponse with roxadustat; in a sub- analysis of patients with elevated 
CRP levels, roxadustat treatment led to greater increases in Hb 
compared with epoetin alfa, indicating that roxadustat may benefit 
patients with inflammation and anaemia of CKD.111 In NDD- CKD pa-
tients with anaemia, significant increases from baseline in Hb levels 
were observed with roxadustat treatment vs placebo in preliminary 
data from several phase 3 trials, including the ALPS, ANDES, and 
OLYMPUS	trials.145,147,148

An additional effect of roxadustat is the improvement in lip-
ids; a decrease in total and low- density lipoprotein (LDL) choles-
terol and triglycerides, and improvement in LDL to high- density 
lipoprotein ratio has been shown.111 In an open- label, randomised, 
non-	comparative	 clinical	 trial	 in	 ESA-	naïve	 Japanese	patients	with	
DD- CKD, daprodustat treatment provided an increase in mean Hb 
from baseline after 4 weeks and attainment of target mean Hb after 
8 weeks, which was maintained for 24 weeks. No treatment- related 
serious adverse events were reported.121	In	Japanese	patients	with	
NDD- CKD, preliminary results showed noninferiority of daprodu-
stat to ESA in achieving target Hb levels and no clinical differences 
in adverse events of special interest, including ocular, cardiovascular, 
and cancer- related adverse events.122 Similar efficacy results were 
reported in phase 3, randomised, active- controlled studies with va-
dadustat	in	Japanese	patients	with	DD-	152 and NDD- CKD153; how-
ever, in preliminary safety results from patients with NDD- CKD, 
vadadustat did not meet the primary safety endpoint of noninferi-
ority	vs	darbepoetin	alfa	with	time	to	first	occurrence	of	MACE.155

Phase 2b trials of molidustat,131,132,156 enarodustat128,129 and 
desidustat126	have	reported	similar	 results.	Notably,	all	HIF-	PH	 in-
hibitors	have	hepcidin-	lowering	effects,	which	may	 reduce	 IV	 iron	

requirements and increase dietary iron absorption and iron release 
from internal stores.111,112,118,126,128,129,131,149,150,151,156

Associated with the stimulation of numerous genes related to 
the	 cellular	 response	 to	 hypoxia,	HIF-	PH	 inhibitors	may	 also	 have	
non- haematologic effects such as angiogenesis, tumour growth, and 
fibrosis. Although such responses have not been observed in clinical 
trials, ongoing studies will further evaluate the long- term safety and 
efficacy of these agents.110

2.3.2 | Hepcidin	antagonism

Early clinical studies investigating the ability of hepcidin antago-
nists	(ie,	PRS	080,	L-	oligonucleotide	Lexaptepid	Pegol	[NOX-	H94]	
and	the	humanised	monoclonal	antibody	[mAb]	LY2787106)	to	im-
prove functional iron deficiency in patients with anaemia of CKD 
by increasing iron availability through binding and inhibition of 
hepcidin have shown promising preliminary results. The develop-
ment of these particular agents has been discontinued, and the 
clinical utility of anti- hepcidin- based approaches remains to be 
evaluated.157,158

Other strategies to modify hepcidin levels currently in pre-
clinical development include decreasing hepcidin production via 
ligand sequestration or small molecule inhibition of the signalling 
pathway involved in hepcidin transcription (ie, bone morphoge-
netic pathway); downregulation of the inflammatory pathway by 
neutralising IL- 6 with mAbs or small interfering RNA- mediated tar-
geting of hepcidin or hepcidin regulator mRNA; neutralisation of 
hepcidin with specific mAbs; interference of hepcidin- ferroportin 
interaction without blocking iron export using either small mol-
ecule inhibitors or anti- ferroportin antibodies; and inhibition of 
ferroportin receptor endocytosis or increased production of fer-
roportin receptor.159

3  | CONCLUSIONS

For	 a	 substantial	 subset	 of	 patients	 with	 CKD,	 anaemia	 manage-
ment remains suboptimal and challenging. In particular, for patients 
who are hyporesponsive to ESAs or have other common comorbid 
conditions	 such	 as	 diabetes,	 CVD,	 functional	 iron	 deficiency,	 and	
heightened inflammatory status, current standard of care may be in-
adequate.	Newer	treatment	options,	such	as	HIF-	PH	inhibitors,	that	
lower hepcidin levels and provide more physiologic levels of EPO 
and maintain higher Hb levels without major adverse outcomes may 
be beneficial.
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