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Anemia is a hallmark of chronic kidney disease (CKD), worsens with disease progression, and profoundly affects a patient’s  
well-being. Major pathogenic factors are inadequate kidney erythropoietin (EPO) production and absolute and functional 
iron deficiency. The 2 mainstays of current anemia treatment are a) replacement therapy with recombinant EPO or 1 of its 
glycosylated derivatives, administered subcutaneously or intravenously, and b) intravenous (IV) iron injections. Over the 
past 5 years, hypoxia-inducible factor (HIF)-prolyl hydroxylase inhibitors (HIF-PHIs) have been approved in many coun-
tries for the management of anemia in both nondialysis and dialysis-dependent patients with CKD. Due to cardiovascular 
safety concerns, only 2 HIF-PHIs, daprodustat and vadadustat, have been approved for marketing in the United States, 
and only for patients on maintenance dialysis. HIF-PHIs are oral agents that are effective at improving and maintaining 
hemoglobin levels by activating HIF signaling in anemic patients with CKD. They stimulate the production of endogenous 
EPO, increase total iron-binding capacity through their direct effects on transferrin gene transcription, lower plasma 
hepcidin indirectly, and have beneficial effects on red blood cell parameters. Here, we discuss the mechanisms of action 
and pharmacologic properties of different HIF-PHIs. We discuss unwanted on-target and off-target effects, review car
diovascular and other safety concerns, and provide a benefit/risk-based perspective on how this new class of oral drugs 
might impact current anemia management in CKD. A clinical case is presented that highlights the clinical complexities 
and therapeutic challenges in managing anemia in CKD.

LEARNING OBJECTIVES
	 •	 Understand the mechanisms of action and safety profiles of HIF-PHIs
	 •	 Understand both the clinical complexities and therapeutic challenges in managing anemia associated with CKD

CLINICAL CASE
Patient H, a 74-year-old man on maintenance hemodi
alysis (HD), has type 2 diabetes mellitus, hypertension, 
coronary artery disease, atherosclerotic disease of the 
carotid arteries, and benign prostatic hyperplasia. His 
end-stage kidney disease (ESKD) is secondary to hyper
tensive nephrosclerosis and diabetes mellitus. His out
patient HD regimen, thrice weekly through a tunneled 
dialysis catheter, has been stable with good dialysis ade
quacy and volume control. On admission to the hospital 
for workup of intermittent macroscopic hematuria, his 
laboratory results are as follows: hemoglobin (Hb) level, 

6.4  g/dL (baseline, 9.0 to 9.5  g/dL); mean corpuscular 
volume, 85.3 fL; serum iron, 41  µg/dL; total iron-binding 
capacity (TIBC), 245  µg/dL; transferrin saturation (TSAT), 
17%; and ferritin level, 1130 ng/mL (100.9  ng/mL 3 months 
prior to admission). C-reactive protein (CRP) of 162  mg/L 
and intact parathyroid hormone of 621.3  pg/mL are ele
vated. Prior to admission, he was receiving epoetin alfa 
via IV during dialysis totaling 18 000 IU/wk and reports 
taking oral iron. The patient’s hospital course is compli
cated by a transient ischemic attack felt to be due to a 
significant common carotid artery stenosis and endarter
ectomy is recommended.
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Introduction to hypoxia-inducible factor activators
Anemia is a common complication of advanced chronic kidney 
disease (CKD) and profoundly affects a patient’s well-being. 
Major etiological factors are the inability of the diseased kid
ney to adequately increase erythropoietin (EPO) production in 
response to tissue hypoxia, as well as absolute and functional 
iron deficiency.1 Current mainstays of anemia therapy in CKD 
are IV or subcutaneous injections of erythropoiesis-stimulating  
agents (ESAs), which are recombinant human EPO or one of 
its glycosylated derivatives, and oral or IV iron supplementa
tion.2 EPO therapy has reduced the need for blood transfusions 
in patients with severe anemia, with some studies showing 
improved overall quality of life.3

Anemia in CKD is associated with a substantial Hb-dependent 
increase in cardiovascular risk, putting forward the notion that 
raising Hb may improve cardiovascular outcome in CKD.3 How-
ever, several randomized controlled studies in which patients 
were treated with ESAs with the goal to normalize Hb demon
strated increased risk for cardiac and cerebrovascular events, 
vascular access thrombosis, progression to ESKD, or all-cause 
mortality for patients in the high Hb target cohorts (13-14  g/dL).3 
These studies, which included patients on dialysis and not on 
dialysis, led to the currently recommended Hb target ranges for 
patients with CKD, which are 10 to 11  g/dL in the United States 
and 10 to 12  g/dL outside the United States.2 The degree to which 
increased cardiovascular risk is directly linked to ESAs has been 
debated. However, high ESA doses have been associated with 
worse cardiovascular outcome in clinical studies and have raised  
safety concerns, prompting the US Food and Drug Administra-
tion to issue a black box warning for ESAs.3 These safety concerns 
provided the rationale for developing alternative strategies for 
treating CKD anemia that more comprehensively address the 
underlying pathophysiology.4-6

The new class of oral hypoxia-inducible factor-prolyl hydroxy-
lase inhibitors (HIF-PHIs), which was first introduced into clinical 
practice in China and Japan with the approval of roxadustat in 
late 2018 and 2019, is now marketed for the treatment of anemia 
of CKD in many countries (Table 1).4 HIF-PHIs treat anemia of CKD 
effectively and raise Hb levels in a dose-dependent manner.4,7 
In the United States, daprodustat and vadadustat have been 
recently approved for the treatment of anemia in CKD, but only 
for patients undergoing maintenance dialysis.8,9 This limitation is 
due to cardiovascular safety concerns associated with HIF-PHI 
use in patients with CKD who are not on dialysis or are transition-
ing to dialysis. The US Food and Drug Administration’s cardiovas
cular safety evaluations that led to these restrictions were based 
on the global phase 3 ASCEND program for daprodustat (Ane-
mia Studies in Chronic Kidney Disease: Erythropoiesis via a novel 
prolyl hydroxylase inhibitor daprodustat) and the PRO2TECT and 
INNO2VATE trials for vadadustat.10-15 Roxadustat, the third HIF-PHI 
studied in global cardiovascular safety trials, was not approved 
in the United States but is approved in the European Union and 
other countries for both patients on dialysis and not on dialysis 
(for an overview of all relevant roxadustat trials, see Ku et al6).

HIFs are evolutionarily conserved, ubiquitously expressed, 
heterodimeric transcription factors essential for cellular sur
vival under hypoxic conditions. HIF-PHIs reversibly inhibit pro-
lyl hydroxylase domain (PHD) dioxygenases, the cellular oxygen 
sensors that control HIF transcription factor activity by initiating 
proteasomal degradation of the HIF-α subunit. HIF1 and HIF2, the 
most extensively studied HIFs, regulate many genes that con
trol various biological processes and cellular pathways, includ
ing EPO and iron metabolism genes such as transferrin, divalent 
metal transporter 1, and duodenal cytochrome B (Figure 1).4

As anemia drugs, HIF-PHIs promote erythropoiesis primarily 
through increased production of endogenous EPO (HIF2 depen

Table 1. HIF-PHIs approved for marketing

HIF-PHI Recommended starting dose Maximal dose Dosing frequency Countries with approval for marketing

Daprodustat ND-CKD: 2 - 4  mg (ESA-naive), 4  mg (switch  
from ESA)
DD-CKD: [Japan] 4  mg, [United States] 1 - 4  mg 
(ESA-naive), 4-12  mg (switch from ESA)

24  mg QD United States (DD-CKD only),
Japan

Desidustat ND-CKD: 100  mg (ESA-naive), 100,125 or  
150  mg (switch from ESA)
DD-CKD: 100  mg

150  mg TIW India

Enarodustat ND-CKD and DD-CKD-PD: 2  mg
DD-CKD: 4  mg

8  mg QD China, Japan, Korea

Molidustat ND-CKD: 25  mg (ESA-naive), 25 - 50  mg  
(switch from ESA)
DD-CKD: 75  mg

200  mg QD Japan

Roxadustat [European Union] 70  mg for BW <100  kg,  
100  mg for BW ≥100  kg
[Japan] 50  mg (ESA-naive), 70 - 100  mg  
(switch from ESA)

3.0  mg/kg BW TIW China, Chile, Egypt, European Union, 
Iceland, Japan, Kuwait, Lichtenstein, 
Mexico, Norway, Russia, Saudi Arabia, 
South Africa, South, Korea, Turkey, 
United Arab Emirates, United Kingdom

Vadadustat 300  mg 600  mg QD For DD-CKD only: United States,
Australia, European Union, Korea, Taiwan
For both DD- and ND-CKD: Japan

ESA-naive is defined as no previous use of ESA.

BW, body weight; DD, dialysis-dependent (maintenance); ND, non–dialysis-dependent; QD, once daily; TIW, three times weekly.
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dent) and by facilitating iron uptake, transport, and mobilization 
for Hb synthesis (Figure 1).4 HIF-PHIs stimulate the endogenous 
production of EPO in both the kidneys and liver.1,16,17 However, the 
contribution of liver-derived EPO to serum EPO levels in patients 
treated with HIF-PHIs has not been studied in clinical trials but 
has been investigated in experimental models of chronic kidney 
injury.17,18 Animal studies suggest that the availability of HIF-PHIs 
to induce EPO production in the kidney depends on the sever
ity of fibrosis and degree of myofibroblast transdifferentiation of 
kidney interstitial cells that have the capacity to produce EPO—
ie, much less kidney EPO production is expected from more 
severely fibrosed kidneys.17

Because HIF-PHIs are oral drugs, their bioavailability may be 
affected by the coadministration of other drugs, such as iron and 

non–iron-containing phosphate binders,9 or by medical condi
tions that result in gastrointestinal malabsorption. Additionally, 
due to the high burden of medications required to treat the 
many comorbidities affecting patients with CKD, HIF-PHIs should 
be carefully screened for potential drug interactions.4 Therefore, 
medical conditions affecting bioavailability and drug interac
tions must be considered when prescribing HIF-PHIs.

HIF-PHI dosing and non-erythropoietic actions
Because HIF transcription factors control multiple biological 
processes, systemic PHD inhibition can potentially produce 
adverse, HIF-dependent, on-target effects. HIF-mediated effects 
on cellular differentiation and growth, vascular homeostasis 
and hemodynamics, and inflammation and cellular metabolism 
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Figure 1. Mechanisms of action of HIF-PHIs. Schematic overview of HIF activity regulation by PHD dioxygenases. The oxygen-sensitive 
HIF-α subunit is constitutively synthesized and rapidly degraded under normoxic conditions. Proteasomal degradation of HIF-α is 
initiated by prolyl-hydroxylation and mediated by the von Hippel-Lindau (VHL)-E3-ubiquitin ligase complex. PHD1, PHD2, and PHD3 
utilize molecular oxygen and 2-oxoglutarate (2OG) for HIF-α hydroxylation. PHD2 is the main regulator of HIF activity in most cells. 
Hypoxia or exposure to HIF-PHIs reduces PHD catalytic activity, which results in intracellular accumulation of HIF-α and its nuclear 
translocation. In the nucleus, HIF-α heterodimerizes with constitutively expressed HIF-β, forming the HIF transcription factor, which 
increases the expression of HIF target genes such as EPO, ceruloplasmin (CP), divalent metal transporter 1 (DMT1), duodenal cyto­
chrome b (DCYTB), ferroportin (FPN), transferrin (TF), lactate dehydrogenase (LDH), VEGF, and others. Also shown are examples of 
HIF-regulated biological processes. HIF-2 induces renal and hepatic EPO synthesis in response to hypoxia or HIF-PHI administration. 
Chemical structures of HIF-PHIs daprodustat (2-[(1,3-dicyclohexyl-2,4,6-trioxo-1,3-diazinane-5-carbonyl)amino]acetic acid) and vada-
dustat (2-[[5-(3-chlorophenyl)-3-hydroxypyridine-2-carbonyl]amino]acetic acid) are shown at the top. A common feature of HIF-PHIs 
is the presence of a carbonylglycine side chain, which is structurally analogous to 2-OG.
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are well documented in animal studies and might affect clini
cal outcomes of patients with CKD. Moreover, PHDs belong to a 
larger group of 2-oxoglutarate-dependent dioxygenases, which 
hydroxylate targets involved in collagen synthesis, gene regu
lation, metabolism, and other biological processes. Therefore, 
HIF-PHIs, which are competitive structural 2-oxoglutarate ana
logues, may inhibit other dioxygenases with clinically relevant 
effects that are HIF independent.19-21 The generation of undesir-
able on-target and/or off-target effects in patients is likely to 
depend on the dosing and pharmacokinetic properties of an 
individual HIF-PHI.

HIF-regulated genes are not equally sensitive to hypoxia 
and/or HIF activation. For example, the degree of hypoxia 
needed to induce EPO transcription in rat kidneys is much less 
than that required to induce vascular endothelial growth fac­
tor (VEGF) in kidneys or other organs.22 Higher doses of HIF-PHIs 
may therefore activate HIF-regulated processes that otherwise 
would not have been activated with lower doses. In clinical stud
ies, for example, daprodustat, in doses above the recommended 
maximum, statistically significantly elevated serum VEGF con
centrations.23,24 Additionally, non-erythropoietic actions have 
consistently been reported in clinical studies with roxadustat 
and daprodustat, such as reductions in total serum cholesterol, 
low- and high-density lipoprotein cholesterol, and triglycer
ides.4,6 Thus, when initiating HIF-PHI treatment, the lowest dose 
possible should be used to avoid the risk of undesirable effects.

HIF-PHIs and iron metabolism
Iron is required for the efficient production of red blood cells 
(RBCs), and regular monitoring of iron status is critically impor
tant for anemic patients with CKD who are treated with ESAs 
or HIF-PHIs, as these agents increase erythropoietic activity and 
therefore the need for iron. In dialysis patients, iron status is 
monitored, often monthly, by measuring serum TIBC, TSAT, and 
ferritin to guide iron-replacement therapy. The current defini
tions of iron deficiency in CKD patients are related to the high 
prevalence of inflammation and the routine administration of iron 
supplements to those patients with more advanced disease who 
are receiving dialysis.5 For patients not receiving dialysis, abso
lute iron deficiency is defined as a TSAT level lower than 20% 
and ferritin below 100  µg/L and functional iron deficiency as a 
TSAT level lower than 20% and ferritin higher than 100  µg/L. For 
patients receiving dialysis, absolute iron deficiency is defined as 
a TSAT level lower than 20% and ferritin below 200  µg/L and 
functional iron deficiency as a TSAT level lower than 20% and 
ferritin above 200  µg/L. Importantly, iron deficiency has been 
associated with increased risk of ischemic stroke in a large epi
demiological study and in a standard animal model.25,26 Labo-
ratory studies and clinical presentation indicate that patient 
H has absolute iron deficiency complicated by functional iron 
deficiency due to iron sequestration induced by severe inflam
mation, which further increases his preexisting risk for major car
diovascular events due to ESKD and underlying atherosclerotic 
vascular disease.

Do HIF-PHIs reduce the need for IV iron?
HIF activation increases duodenal iron absorption and iron mobi
lization from hepatic and reticuloendothelial stores through the 
transcriptional upregulation of iron metabolism genes (Figure 
1). Increased TIBC and variably decreased TSAT are therefore 

expected with HIF-PHI treatment and have been consistently 
observed.6 The reduced serum levels of iron-regulatory peptide 
hepcidin reported in clinical trials occurred indirectly due to 
increased erythropoietic activity and the production of eryth-
roferrone.4 However, greater and more persistent hepcidin 
suppression with HIF-PHI therapy than with ESA therapy likely 
results from the salutary effects of HIF on TIBC and TSAT.27,28 This 
improved iron availability to the erythroid marrow resulted in 
increased mean corpuscular volume and mean corpuscular Hb 
of RBCs in patients on HIF-PHI therapy compared with those 
on ESA therapy.29 Thus, HIF-PHIs can potentially enhance iron 
absorption and utilization, thereby reducing IV iron supplemen
tation as suggested by several studies.4,6 However, in the design 
of most phase 3 clinical trials HIF-PHI effects on iron metabolism 
were not primary end points, so the degree of HIF-HPI reduction 
in IV iron administration requires examination in postmarketing 
analyses.4,6 However, completely avoiding IV iron supplementa
tion in HIF-HPI-treated patients with ESKD is very unlikely.

Cardiovascular and other safety concerns
Despite predictions from preliminary analyses of phase 3 trials 
that some HIF-PHIs might positively impact the cardiovascular 
risk of patients with CKD, the cardiovascular superiority of HIF-
PHIs over ESAs was not established in any large global safety 
trial. Non-inferiority criteria were met in patients on dialysis but 
not in all cardiovascular safety analyses of patients not on dial
ysis.7 In the United States, concerns for increased risk of major 
cardiovascular events led to the limited regulatory approval of 
daprodustat and vadadustat for only those patients on mainte
nance dialysis (a minimum of 4 and 3 months of dialysis therapy, 
respectively).8,9

Thromboembolic events
As with ESA therapy, patients receiving HIF-PHIs can experience 
serious thrombotic vascular events. Roxadustat has been asso
ciated with an increased risk of thrombotic events compared 
to ESAs or placebo.4,6 Nonfatal thromboembolic events, such as 
deep vein thrombosis, pulmonary embolism, and vascular access 
thrombosis, were reported in 171 patients on dialysis who were 
treated with daprodustat (11.5%) vs 203 patients (13.7%) in the 
ESA treatment cohort.12 In global phase 3 trials, 23 patients on 
vadadustat (1.2%) had thromboembolic events excluding dialy
sis access failure vs 26 patients receiving darbepoetin alfa (1.4%), 
and 112 patients (5.7%) vs 88 patients (4.5%) developed arte
riovenous fistula thrombosis, respectively.15 Underlying mecha
nisms are not well understood and may be related to the rate 
of rise in Hb or drug dosing.6 HIF effects on iron metabolism, 
such as the upregulation of transferrin,30 or on the coagulation 
system—eg, such as via plasminogen activator inhibitor (PAI-
1),31 may be contributory. Further studies are needed to better 
understand the mechanisms by which HIF-PHIs or ESAs affect 
thrombotic risk.

Cancer risk
Hypoxia is a common and salient feature of the tumor microenvi
ronment leading to HIF activation in tumor cells, which results in 
transcriptional changes that regulate key features of tumorigen
esis, including reprogramming of glucose, fatty acid and amino 
acid metabolism, angiogenesis, cell migration, proliferation and 
differentiation, and metastasis. The degree of HIF activation 
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correlates with tumor progression and poor prognosis.32,33 These 
findings have raised concerns that pharmacological HIF activa
tion with HIF-PHIs may promote cancer growth and/or metasta
ses. Recently, the HIF-2 inhibitor belzutifan, which prevents the 
dimerization of HIF-2α with HIF-β and generates effects oppo
site to those of HIF-PHIs, was approved for sporadic advanced 
clear cell renal cancer and tumors associated with VHL disease, 
which are both characterized by persistent and high levels of HIF 
activation.34,35 However, low levels of systemic HIF activation in 
nontransformed cells are unlikely to cause cancer. Specifically, 
patients with Chuvash polycythemia, who are homozygous for 
specific VHL germline mutations leading to low levels of HIF acti
vation, exhibit increased erythropoiesis and are prone to arte
rial and venous thromboses, as well as cerebrovascular events, 
but do not have an increased cancer risk.36 Animal studies have 
shown no evidence that prolonged exposure to approved HIF-
PHIs is oncogenic.37-39 Furthermore, a cancer signal was not 
detected in global phase 3 safety trials, except for the ASCEND-
ND trial (nondialysis), where cancer-related death, tumor pro
gression, or tumor recurrence was more frequently observed in 
the daprodustat cohort (72 patients, 3.7% vs 49 2.5%, for dar-
bepoetin alfa; relative risk, 1.47; 95% CI, 1.03-2.10).10 However, 
this relative risk increase was mitigated by accounting for the 
different half-lives and dosing frequencies of daprodustat and 
darbepoetin alfa during a post-hoc analysis. Nonetheless, longer 
drug exposure and extended follow-up of patients treated with 
HIF-PHIs are necessary for more conclusive safety assessments 
regarding cancer risk.

Subpopulations of special interest
Among subpopulations of patients with CKD in whom the safety 
and efficacy of HIF-PHIs have not been sufficiently investigated 
are those with polycystic kidney disease (PKD). HIF pathway 
activation occurs in polycystic kidneys, and experimental manip
ulation of the HIF pathway can enhance cyst expansion in ani
mal models.40 Whether HIF-PHIs enhance cyst growth in PKD 
patients is unclear. Without sufficient long-term safety data, 
the authors advise against using HIF-PHIs in patients with PKD.40 
Other subpopulations of patients with CKD where safety and effi

cacy data are lacking include children and patients post kidney 
transplant.4,6 Although the role of the HIF pathway in develop
ment has been studied in genetic animal models, little is known 
about the effects of HIF-PHIs during pregnancy. They are likely to 
cause fetal harm during pregnancy and should also be avoided 
in women who are pregnant or expect to be pregnant and dur
ing breastfeeding.41

Caution regarding the use of HIF-PHIs is also advised for 
patients with pulmonary arterial hypertension and diabetic ret
inopathy. Both animal and human genetic studies suggest that 
sustained HIF activation can worsen pulmonary arterial hyper
tension.42 Proliferative retinal diseases, such as diabetic retinop
athy and age-related macular degeneration, are associated with 
increased HIF activity and VEGF expression.43,44 Although serum 
VEGF levels were not increased in patients participating in phase 
2 and 3 HIF-PHI trials, localized retinal activation of the HIF-VEGF 
axis may accelerate disease progression. Notwithstanding this 
concern, worsening of retinopathy or other adverse ocular 
events have not been reported in clinical trials.4,6

In sum, oral HIF-PHI therapy may benefit some patients but 
also increase risk for adverse events, and they should be used 
with caution or avoided in certain subpopulations of patients 
with CKD until further safety data are available.4,7 Table 2 com
pares risks and benefits of HIF-PHIs in anemic patients with CKD.

ESA hyporesponsiveness in CKD
Patients with anemia of CKD on ESA therapy who do not achieve 
target Hb levels despite significant increases in ESA dosing or 
continue to require high ESA doses to maintain target Hb are 
considered ESA hyporesponders. Although ESA hyporesponsive-
ness affects both patients on dialysis and those not receiving 
dialysis, it occurs more frequently in dialyzed patients, who have 
a much greater prevalence of anemia. ESA hyporesponsiveness 
is often transient due to an underlying and often treatable dis
ease, including dialysis catheter or other bacterial infections, 
noninfectious inflammation, or malignancy. ESA hyporespon-
siveness prevalence varies geographically, ranging from 12.5% 
to 30.3%,45-50 and affected patients have increased risk for car
diovascular events, ESKD, and death.46,47,49,51-54 Numerical values 

Table 2. Risk and benefit considerations for use of HIF-PHIs in patients with CKD

Potential benefits Potential disadvantages including theoretical risks

Oral dosing for patients not on dialysis (indication  
not yet approved in United States), patients on  
home HD or peritoneal dialysis

In NDD-CKD cardiovascular safety trials, lack of non-inferiority compared to ESAs 
(dependent on type of analysis and geographical location)

No cold storage needed Potential drug-drug interactions due to polypharmacy

Beneficial effects on iron metabolism (absorption  
and utilization)

Increased pill burden, potential for error due to different strength pills and overdosing, 
narrow therapeutic window

Effective in patients with chronic inflammationa Difficult compliance monitoring

Potential cytoprotective effects Risk of promoting malignancy or kidney cyst growth

Risk of promoting proliferative retinopathy

Risk of promoting pulmonary arterial hypertension

Lack of studies on use in children and patients post renal transplantation
aIt is unclear whether HIF-PHIs are more effective in patients with inflammation at the recommended dose levels; further studies are pending.

NDD, non–dialysis-dependent.



414  |  Hematology 2024  |  ASH Education Program

that define ESA hyporesponsiveness are mostly based on clinical 
experience rather than randomized controlled studies that con
sider clinical outcomes relative to ESA responsiveness (Table 3).

Although multiple factors can contribute to ESA hyporespon-
siveness, specific causes cannot be identified in approximately 
30% of cases (Table 4).55 The most common causes and strongest 

predictors of ESA hyporesponsiveness are inflammation and iron 
deficiency. Inflammation inhibits erythropoiesis via cytokine- 
mediated suppression of EPO synthesis, EPO receptor signaling, 
iron mobilization and utilization, and other mechanisms (Fig-
ure 2).56 Patients with ESA hyporesponsiveness have elevated 
serum levels of CRP, interleukin 6 (IL-6), and hepcidin, which are 

Table 3. Definitions of hyporesponsiveness to ESAs

Definitions of ESA hyporesponsiveness Organization or study

Failure to attain the target Hb concentration while receiving >300 IU/kg/wk (20 000 IU/wk)  
of epoetin or 1.5  µg/kg of darbepoetin alfa (100  µg/wk), or a continued need for such high dosages  
to maintain the target

Revised EBPG, ERA-EDTA, 200468

Initial ESA hyporesponsiveness:
• �if no increase in Hb concentration from baseline after the first month of ESA treatment on appropriate 

weight-based dosing
Subsequent ESA hyporesponsiveness:
• �classify patients as having acquired ESA hyporesponsiveness if after treatment with stable doses of ESA, 

they require 2 increases in ESA doses up to 50% beyond the dose at which they had maintained a stable 
Hb concentration

KDIGO, 20122

Failure to achieve Hb target:
HD patients: despite 3000 IU dose of IV rHuEPO 3  ×  wk (9000 IU/wk) or 60  µg/wk of IV darbepoetin alfa 
once per week
PD patients: despite 6000 IU dose of SC rHuEPO once per week (6000 IU/wk) or 60  µg/wk of IV 
darbepoetin alfa once per week
Predialysis CKD patients: despite 6000 IU dose of SC HuEPO once per week (6000 IU/wk)

Japanese Society for Dialysis 
Therapy, 201569

Failure to achieve target Hb levels with epoetin doses >
• IV EPO 450 IU/kg/wk
• SC EPO: 300 IU/kg/wk
• darbepoetin dose >1.5 µg/kg/wk

The Renal Association, UK, 2017  
and 202070

Weight-adjusted ERI
[weekly ESA dose/(body weight  ×  Hb)]
ESA resistance: ERI >15.4 IU/kg  ×  g/dL (quartile IV)a

Panichi et al, RISCAVID study, 201152

Shown are examples of regional guideline definitions based on numerical threshold values. Also shown is a hyporesponsiveness definition based on 
the ERI. In the RISCAVID study, IL-6 was the best predictor for ESA resistance. Patients in quartile 4 were defined as hyporesponders. In this study, 
quartile 4 was associated with worse cardiovascular outcome and higher mortality.
aThresholds to meet the definition of ESA hyporesponsiveness vary between different studies that use the ERI.

EBPG, European best practice guidelines; ERI, ESA resistance index; ERA-EDTA, European Renal Association-European Dialysis and Transplantation 
Association; KDIGO, Kidney Disease: Improving Global Outcomes; PD, peritoneal dialysis; rHuEPO, recombinant human erythropoietin;  
SC, subcutaneous.

Table 4. ESA hyporesponsiveness

Causes of ESA hyporesponsiveness

Iron deficiency

Inflammation (infections, dialysis catheter use, autoimmune disease)

Hyperparathyroidism

Blood loss (gastrointestinal tract bleeding, dialysis procedure, menses, and hemolysis)

Inadequate dialysis

Malignancy

Marrow disorders (hemoglobinopathies, multiple myeloma, myelodysplasia, antibody-mediated pure red cell aplasia)

Nutritional deficiencies (copper, zinc, folic acid, vitamin B12, carnitine, vitamin E)

Medications (eg, renin-angiotensin system [Ras] inhibitors)

Unexplained (~30%)



HIF-PHIs in anemia therapy  |  415

strong predictors of increased ESA requirements.52,57-64 Patient H 
receives high doses of epoetin alfa and has multiple risk factors 
for ESA-hyporesponsiveness. He is acutely ill, requiring hospital
ization, has inadequately controlled secondary hyperparathy
roidism, and his laboratory findings are consistent with severe 
inflammation.

Are HIF-PHIs more effective than ESAs in patients  
with ESA hyporesponsiveness?
Investigations in animals suggested that HIF-PHIs may be more 
effective than ESAs in experimental inflammation.4 Phase 2 and 
3 trials demonstrated that HIF-PHIs are efficacious in patients 
with elevated baseline CRP.4 However, whether HIF-PHIs are 
more effective than ESAs in patients with CKD is not clear. 
Clinical studies, mostly with roxadustat, suggested that for Hb 
maintenance in patients with inflammation, an increase in HIF-
PHI doses may not be necessary or needed to the same degree 
as for ESAs. For example, in the SIERRAS study (mostly mainte

nance dialysis patients), weekly doses of roxadustat were sim
ilar for patients with normal-baseline high-sensitivity (hs) CRP 
and those with above-normal hsCRP, whereas the weekly epo-
etin alfa doses needed to maintain Hb targets were higher in 
patients with above-normal baseline hsCRP compared to those 
with normal-baseline hsCPR.65 However, hsCRP levels at efficacy 
end points and the number of patients who actually met guide
line definitions for ESA hyporesponsiveness were not reported.65 
In contrast, post hoc analyses did not suggest that dialysis 
patients with significantly elevated CRP were more responsive 
to daprodustat than epoetin alfa.12,13 Comparable efficacy was 
also observed between darbepoetin alfa and vadadustat regard
less of baseline ESA dose, including patients receiving more than 
300 IU/kg/wk at baseline.66 Conversely, a small uncontrolled 
prospective study reported that 15 of 32 dialysis patients diag
nosed with ESA hyporesponsiveness who met their Hb target 
level when treated with roxadustat had lower baseline serum 
levels of hsCRP and IL-6 compared to nonresponders prescribed 
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the maximum recommended dose of roxadustat.67 These results 
would suggest that HIF-PHIs at the approved dosing levels will 
not be effective in patients with severe inflammation. Further-
more, patients with long-standing ESA hyporesponsiveness due 
to certain hemoglobinopathies, myelofibrosis, or other marrow-
based diseases will most likely not respond to HIF-PHI therapy. 
Cardiovascular safety data from large global HIF-PHI trials raise 
concerns that HIF-PHI use in patients with significant inflamma
tion may further increase their preexisting risk for serious car
diovascular events. To clarify whether HIF-PHIs are beneficial 
to patients at risk for ESA hyporesponsiveness, randomized 
controlled trials need to be conducted to address therapeutic 
efficacy, impact on quality of life, drug dosing, and most impor
tantly, cardiovascular safety.

CLINICAL CASE (continued)

Patient H’s anemia was multifactorial, involving not only rel
ative EPO deficiency due to CKD but also intermittent blood 
loss, worsening inflammation, and hyperparathyroidism. 
Acutely, he received transfusions of packed RBCs and urolog
ical evaluation for macroscopic hematuria, which identified 
prostatic disease with accompanying inflammation. Patient H 
was treated for his secondary hyperparathyroidism and sub
sequently underwent carotid endarterectomy followed by 
prostatic enucleation. EPO therapy was suspended during 
his hospitalization but resumed by his outside nephrologist. 
His ESA resistance improved, and he received IV iron. Had he 
remained resistant to ESA therapy, a trial of HIF-PHI could have 
been considered.

Summary and future directions
HIF-PHIs are a new class of oral drugs that effectively treat ane
mia in patients with CKD. In addition to stimulating endogenous 
EPO production, they have beneficial effects on iron utilization. 
Because of cardiovascular safety concerns, regulatory approval 
has been restricted to patients on dialysis in the United States 
and other countries. The decision to treat anemia with HIF-PHIs 
should be based on careful patient selection weighing potential 
risks vs benefits. Given the limited therapeutic window, stay
ing within the recommended dosing ranges and using the low
est possible HIF-PHI dose is of paramount importance to avoid 
undesirable on- and off-target effects. Postmarketing studies 
and surveillance are needed to address the remaining safety 
concerns.

Acknowledgments 
The authors regret that due to the constraints on manuscript 
length and the number of allowable citations, it was not possi
ble to reference all original works. They apologize to those col
leagues whose original contributions were not cited.

Volker H. Haase is supported by the Krick-Brooks Chair in Ne-
phrology at Vanderbilt University, by NIH grants R01-DK081646, 
R01-DK135308, R21-AG082416, R35-GM145375, and U24-DK128851, 
and by Department of Veterans Affairs Merit Award I01-BX002348. 
Tetsuhiro Tanaka is supported by JSPS KAKENHI Grant Number 
23K07713. Information about research conducted in the Haase lab
oratory can be found at https:​/​/www​.haaselab​.org.

Conflict-of-interest disclosure
Volker H. Haase has received honoraria for consulting from Ake-
bia Therapeutics Inc. and GlaxoSmithKline.
Tetsuhiro Tanaka has received honoraria from Astellas, Bayer, 
Kyowa-Kirin, Mitsubishi-Tanabe and Torii.
Mark J. Koury has received consulting fees from Akebia Thera-
peutics Inc., GlaxoSmithKline, and Alexion Pharmaceuticals.

Off-label drug use
Volker H. Haase: nothing to disclose.
Tetsuhiro Tanaka: nothing to disclose.
Mark J. Koury: nothing to disclose.

Correspondence
Volker H. Haase, Division of Nephrology and Hypertension, Van-
derbilt University Medical Center, C-3119A Medical Center North, 
1161 21st Ave South, Nashville, TN 37232-2372; e-mail: volker​
.haase@vanderbilt​.edu.

References
1.	 Koury MJ, Haase VH. Anaemia in kidney disease: harnessing hypoxia 

responses for therapy. Nat Rev Nephrol. 2015;11:394-410.
2.	 Kidney Disease Improving Global Outcomes Anemia Work Group. KDIGO 

clinical practice guideline for anemia in chronic kidney disease. Kidney Int 
Suppl. 2012;2:279-335.

3.	 Horl WH. Anaemia management and mortality risk in chronic kidney dis
ease. Nat Rev Nephrol. 2013;9:291-301.

4.	 Haase VH. Hypoxia-inducible factor-prolyl hydroxylase inhibitors in the 
treatment of anemia of chronic kidney disease. Kidney Int Suppl (2011). 
2021;11:8-25.

5.	 Babitt JL, Eisenga MF, Haase VH, et  al. Controversies in optimal anemia 
management: conclusions from a Kidney Disease: Improving Global Out-
comes (KDIGO) conference. Kidney Int. 2021;99:1280-1295.

6.	 Ku E, Del Vecchio L, Eckardt KU, et al. Novel anemia therapies in chronic 
kidney disease: conclusions from a Kidney Disease: Improving Global Out-
comes (KDIGO) Controversies Conference. Kidney Int. 2023;104:655-680.

7.	 Locatelli F, Del Vecchio L. Hypoxia-inducible factor–prolyl hydroxyl domain 
inhibitors: from theoretical superiority to clinical noninferiority compared 
with current ESAs? J Am Soc Nephrol. 2022;33(11):1966-1979.

8.	 Food and Drug Administration. Daprodustat prescribing information. 
Accessed 20 July 2024. https:​/​/www​.accessdata​.fda​.gov​/drugsatfda_
docs​/label​/2023​/216951s000lbl​.pdf.

9.	 Food and Drug Administration. Vadadustat prescribing information. 
Accessed 20 July 2024. https:​/​/www​.accessdata​.fda​.gov​/drugsatfda_
docs​/label​/2024​/215192s000lbl​.pdf.

10.	 Singh AK, Carroll K, McMurray JJV, et al. Daprodustat for the treatment of 
anemia in patients not undergoing dialysis. N Engl J Med. 2021;385:2313-
2324.

11.	 Singh AK, Cizman B, Carroll K, et al. Efficacy and safety of daprodustat for 
treatment of anemia of chronic kidney disease in incident dialysis patients: 
a randomized clinical trial. JAMA Intern Med. 2022;182(6):592.

12.	 Singh AK, Carroll K, Perkovic V, et al. Daprodustat for the treatment of ane
mia in patients undergoing dialysis. N Engl J Med. 2021;385:2325-2335.

13.	 Coyne DW, Singh AK, Lopes RD, et al. Three times weekly dosing of dapro-
dustat versus conventional epoetin for treatment of anemia in hemodialysis 
patients: ASCEND-TD: a phase 3 randomized, double-blind, noninferiority 
trial. Clin J Am Soc Nephrol. 2022;17(9):1325-1336.

14.	 Chertow GM, Pergola PE, Farag YMK, et al. Vadadustat in patients with 
anemia and non-dialysis-dependent CKD. N Engl J Med. 2021;384:1589-
1600.

15.	 Eckardt KU, Agarwal R, Aswad A, et al. Safety and efficacy of vadadustat 
for anemia in patients undergoing dialysis. N Engl J Med. 2021;384:1601-
1612.

16.	 Kapitsinou PP, Liu Q , Unger TL, et al. Hepatic HIF-2 regulates erythropoi
etic responses to hypoxia in renal anemia. Blood. 2010;116:3039-3048.

17.	 Kobayashi H, Davidoff O, Pujari-Palmer S, et al. EPO synthesis induced by 
HIF-PHD inhibition is dependent on myofibroblast transdifferentiation and 
colocalizes with non-injured nephron segments in murine kidney fibrosis. 
Acta Physiol (Oxf). 2022;235:e13826.

https://www.haaselab.org
mailto:volker.haase@vanderbilt.edu
mailto:volker.haase@vanderbilt.edu
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/216951s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/216951s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/215192s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/215192s000lbl.pdf


HIF-PHIs in anemia therapy  |  417

18.	 Flamme I, Oehme F, Ellinghaus P, et al. Mimicking Hypoxia to treat anemia: 
HIF-stabilizer BAY 85-3934 (molidustat) stimulates erythropoietin produc
tion without hypertensive effects. PLoS One. 2014;9:e111838.

19.	 Bhute VJ, Harte J, Houghton JW, Maxwell PH. Mannose binding lectin is 
hydroxylated by collagen prolyl-4-hydroxylase and inhibited by some PHD 
inhibitors. Kidney360. 2020;1(6):447-457.

20.	Kiriakidis S, Hoer SS, Burrows N, et al. Complement C1q is hydroxylated 
by collagen prolyl 4 hydroxylase and is sensitive to off-target inhibition by 
prolyl hydroxylase domain inhibitors that stabilize hypoxia-inducible fac
tor. Kidney Int. 2017;92(4):900-908.

21.	 Maxwell PH, Eckardt KU. HIF prolyl hydroxylase inhibitors for the treatment 
of renal anaemia and beyond. Nat Rev Nephrol. 2016;12(3):157-168.

22.	Sandner P, Gess B, Wolf K, Kurtz A. Divergent regulation of vascular endo
thelial growth factor and of erythropoietin gene expression in vivo. Pflug 
Arch. 1996;431(S6):905-912.

23.	Hara K, Takahashi N, Wakamatsu A, Caltabiano S. Pharmacokinetics, phar
macodynamics and safety of single, oral doses of GSK1278863, a novel 
HIF-prolyl hydroxylase inhibitor, in healthy Japanese and Caucasian sub
jects. Drug Metab Pharmacokinet. 2015;30(6):410-418.

24.	Bailey CK, Caltabiano S, Cobitz AR, et  al. A randomized, 29-day, dose-
ranging, efficacy and safety study of daprodustat, administered three 
times weekly in patients with anemia on hemodialysis. BMC Nephrol. 
2019;20:372.

25.	Chang YL, Hung SH, Ling W, et al. Association between ischemic stroke 
and iron-deficiency anemia: a population-based study. PLoS One. 2013; 
8:e82952.

26.	Jimenez K, Leitner F, Leitner A, et al. Iron deficiency-induced thrombo-
cytosis increases thrombotic tendency in rats. Haematologica. 2021; 
106:782-794.

27.	 Parrow NL, Li Y, Feola M, et al. Lobe specificity of iron binding to trans
ferrin modulates murine erythropoiesis and iron homeostasis. Blood. 
2019;134:1373-1384.

28.	Lin L, Valore EV, Nemeth E, Goodnough JB, Gabayan V, Ganz T. Iron trans
ferrin regulates hepcidin synthesis in primary hepatocyte culture through 
hemojuvelin and BMP2/4. Blood. 2007;110(6):2182-2189.

29.	Koury MJ, Agarwal R, Chertow GM, et al. Erythropoietic effects of vadadu-
stat in patients with anemia associated with chronic kidney disease. Am J 
Hematol. 2022;97(9):1178-1188.

30.	Tang X, Fang M, Cheng R, et al. Iron-deficiency and estrogen are associ
ated with ischemic stroke by up-regulating transferrin to induce hyperco
agulability. Circ Res. 2020;127(5):651-663.

31.	 Gupta N, Zhao YY, Evans CE. The stimulation of thrombosis by hypoxia. 
Thromb Res. 2019;181(9):77-83.

32.	Rankin EB, Giaccia AJ. The role of hypoxia-inducible factors in tumorigene
sis. Cell Death Differ. 2008;15(4):678-685.

33.	Wicks EE, Semenza GL. Hypoxia-inducible factors: cancer progression and 
clinical translation. J Clin Invest. 2022;132(11):e159839.

34.	Chappell JC, Payne LB, Rathmell WK. Hypoxia, angiogenesis, and metab
olism in the hereditary kidney cancers. J Clin Investig. 2019;129(2): 
442-451.

35.	Food and Drug Administration. Belzutifan prescribing information. 
Accessed 20 July 2024. https:​/​/www​.accessdata​.fda​.gov​/drugsatfda_
docs​/label​/2023​/215383s006lbl​.pdf.

36.	Gordeuk V, Prchal J. Vascular complications in Chuvash polycythemia. 
Semin Thromb Hemost. 2006;32(3):289-294.

37.	 Seeley TW, Sternlicht MD, Klaus SJ, et al. Induction of erythropoiesis by 
hypoxia-inducible factor prolyl hydroxylase inhibitors without promotion 
of tumor initiation, progression, or metastasis in a VEGF-sensitive model of 
spontaneous breast cancer. Hypoxia (Auckl). 2017;5:1-9.

38.	Beck J, Henschel C, Chou J, Lin A, del Balzo U. Evaluation of the carcino
genic potential of roxadustat (FG-4592), a small molecule inhibitor of hyp
oxia-inducible factor prolyl hydroxylase in CD-1 mice and Sprague Dawley 
rats. Int J Toxicol. 2017;36(6):427-439.

39.	 Adams DF, Watkins MS, Durette L, et  al. Carcinogenicity assessment of 
daprodustat (GSK1278863), a hypoxia-inducible factor (HIF)-prolyl hydrox
ylase inhibitor. Toxicol Pathol. 2020;48(2):362-378.

40.	Buchholz B, Eckardt KU. Role of oxygen and the HIF-pathway in polycystic 
kidney disease. Cell Signal. 2020;69:109524.

41.	 Dunwoodie SL. The role of hypoxia in development of the mammalian 
embryo. Dev Cell. 2009;17(6):755-773.

42.	Shimoda LA, Yun X, Sikka G. Revisiting the role of hypoxia-inducible factors 
in pulmonary hypertension. Curr Opin Physiol. 2019;7(62):33-40.

43.	Penn JS, Madan A, Caldwell RB, Bartoli M, Caldwell RW, Hartnett ME. 
Vascular endothelial growth factor in eye disease. Prog Retin Eye Res. 
2008;27(4):331-371.

44.	Lin M, Chen Y, Jin J, et  al. Ischaemia-induced retinal neovascularisation  
and diabetic retinopathy in mice with conditional knockout of hypoxia-
inducible factor-1 in retinal Muller cells. Diabetologia. 2011;54:1554-1566.

45.	Rossert J, Gassmann-Mayer C, Frei D, et al. Prevalence and predictors of 
epoetin hyporesponsiveness in chronic kidney disease patients. Nephrol 
Dial Transplant. 2007;22:794-800.

46.	Sibbel SP, Koro CE, Brunelli SM, et al. Characterization of chronic and acute 
ESA hyporesponse: a retrospective cohort study of hemodialysis patients. 
BMC Nephrol. 2015;16:144.

47.	 Luo J, Jensen DE, Maroni BJ, et al. Spectrum and burden of erythropoiesis-
stimulating agent hyporesponsiveness among contemporary hemodialysis 
patients. Am J Kidney Dis. 2016;68:763-771.

48.	Ingrasciotta Y, Lacava V, Marciano I, et al. In search of potential predic
tors of erythropoiesis-stimulating agents (ESAs) hyporesponsiveness: a  
population-based study. BMC Nephrol. 2019;20:359.

49.	Narita I, Hayashi T, Maruyama S, et  al. Hyporesponsiveness to  
erythropoiesis-stimulating agent in non-dialysis-dependent CKD patients: 
The BRIGHTEN study. PLoS One. 2022;17:e0277921.

50.	Goodkin DA, Zhao J, Cases A, Nangaku M, Karaboyas A. Resistance to 
Erythropoiesis-stimulating agents among patients on hemodialysis is typi
cally transient. Am J Nephrol. 2022;53(5):333-342.

51.	 Solomon SD, Uno H, Lewis EF, et al. Erythropoietic response and outcomes 
in kidney disease and type 2 diabetes. N Engl J Med. 2010;363(12):1146-1155.

52.	Panichi V, Rosati A, Bigazzi R, et  al. Anaemia and resistance to erythro
poiesis-stimulating agents as prognostic factors in haemodialysis patients: 
results from the RISCAVID study. Nephrol Dial Transplant. 2011;26:2641-
2648.

53.	Minutolo R, Conte G, Cianciaruso B, et  al. Hyporesponsiveness to  
erythropoiesis-stimulating agents and renal survival in non-dialysis CKD 
patients. Nephrol Dial Transplant. 2012;27:2880-2886.

54.	Okazaki M, Komatsu M, Kawaguchi H, Tsuchiya K, Nitta K. Erythropoie-
tin resistance index and the all-cause mortality of chronic hemodialysis 
patients. Blood Purif. 2014;37(2):106-112.

55.	Gillespie IA, Macdougall IC, Richards S, et  al. Factors precipitating  
erythropoiesis-stimulating agent responsiveness in a European haemo-
dialysis cohort: case-crossover study. Pharmacoepidemiol Drug. 2015; 
24(4):414-426.

56.	Raichoudhury R, Spinowitz BS. Treatment of anemia in difficult-to-manage 
patients with chronic kidney disease. Kidney Int Suppl. 2021;11(1):26-34.

57.	 Kalantar-Zadeh K, McAllister CJ, Lehn RS, Lee GH, Nissenson AR, Kopple 
JD. Effect of malnutrition-inflammation complex syndrome on EPO hypo-
responsiveness in maintenance hemodialysis patients. Am J Kidney Dis. 
2003;42(4):761-773.

58.	Malyszko J, Malyszko JS, Mysliwiec M. Hyporesponsiveness to erythropoie
tin therapy in hemodialyzed patients: potential role of prohepcidin, hepci-
din, and inflammation. Ren Fail. 2009;31(7):544-548.

59.	Bradbury BD, Critchlow CW, Weir MR, et al. Impact of elevated C-reactive 
protein levels on erythropoiesis- stimulating agent (ESA) dose and respon
siveness in hemodialysis patients. Nephrol Dial Transplant. 2009;24:919-
925.

60.	Inrig JK, Bryskin SK, Patel UD, et  al. Association between high-dose  
erythropoiesis-stimulating agents, inflammatory biomarkers, and soluble 
erythropoietin receptors. BMC Nephrol. 2011;12:67.

61.	 Lee SW, Kim JM, Lim HJ, et al. Serum hepcidin may be a novel uremic toxin, 
which might be related to erythropoietin resistance. Sci Rep. 2017;7:4260.

62.	Petrulienė K, Žiginskienė E, Kuzminskis V, Nedzelskienė I, Bumblytė IA. Hep-
cidin serum levels and resistance to recombinant human erythropoietin 
therapy in hemodialysis patients. Medicina. 2017;53(2):90-100.

63.	Karaboyas A, Morgenstern H, Fleischer NL, et  al. Inflammation and 
Erythropoiesis-stimulating agent response in hemodialysis patients: a 
self-matched longitudinal study of anemia management in the Dialy-
sis Outcomes and Practice Patterns Study (DOPPS). Kidney Med. 2020; 
2(3):286-296.

64.	Kimachi M, Fukuma S, Yamazaki S, et al. Minor elevation in C-reactive pro
tein levels predicts incidence of erythropoiesis-stimulating agent hypore-
sponsiveness among hemodialysis patients. Nephron. 2015;131(2):123-130.

65.	Charytan C, Manllo-Karim R, Martin ER, et al. A randomized trial of roxadu-
stat in anemia of kidney failure: Sierras study. Kidney Int Rep. 2021;6(7):1829-
1839.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/215383s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/215383s006lbl.pdf


418  |  Hematology 2024  |  ASH Education Program

66.	Chertow G, Jardine AG, Burke S, et al. #2063 safety and efficacy of vadadu-
stat vs darbepoetin alfa in patients on maintenance dialysis by prespecified 
subgroups of baseline ESA dose. Nephrol Dial Transplant. 2024;39(suppl 
1):gfae069-0863-2063.

67.	 Zhou Y, Chen X, Zhang Y, Lou J, Yuan H. Roxadustat for dialysis patients 
with erythropoietin hypo-responsiveness: a single-center, prospective 
investigation. Intern Emerg Med. 2021;16(8):2193-2199.

68.	Locatelli F, Aljama P, Barany P, et al. Revised European best practice guide
lines for the management of anaemia in patients with chronic renal failure. 
Nephrol Dial Transplant. 2004;19(suppl 2):ii1-47.

69.	Yamamoto H, Nishi S, Tomo T, et al. 2015 Japanese Society for Dialysis Ther-
apy: guidelines for renal anemia in chronic kidney disease. Ren Replace 
Ther. 2017;3:36.

70.	Mikhail A, Brown C, Williams JA, et al. Renal association clinical practice 
guideline on anaemia of chronic kidney disease. BMC Nephrol. 2017;18:345.

© 2024 by The American Society of Hematology
DOI 10.1182/hematology.2024000655


