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Anemia is a hall mark of chronic kid ney dis ease (CKD), wors ens with dis ease pro gres sion, and pro foundly affects a patient’s  
well-being. Major path o genic fac tors are inad e quate kid ney eryth ro poi e tin (EPO) pro duc tion and abso lute and func tional 
iron defi ciency. The 2 main stays of cur rent ane mia treat ment are a) replace ment ther apy with recom bi nant EPO or 1 of its 
glycosylated deriv a tives, admin is tered sub cu ta ne ously or intra ve nously, and b) intra ve nous (IV) iron injec tions. Over the 
past 5 years, hyp oxia-induc ible fac tor (HIF)-prolyl hydrox y lase inhib i tors (HIF-PHIs) have been approved in many coun-
tries for the man age ment of ane mia in both nondialysis and dial y sis-depen dent patients with CKD. Due to car dio vas cu lar 
safety con cerns, only 2 HIF-PHIs, daprodustat and vadadustat, have been approved for mar ket ing in the United States, 
and only for patients on main te nance dial y sis. HIF-PHIs are oral agents that are effec tive at improv ing and maintaining 
hemo glo bin lev els by acti vat ing HIF sig nal ing in ane mic patients with CKD. They stim u late the pro duc tion of endog e nous 
EPO, increase total iron-bind ing capac ity through their direct effects on trans fer rin gene tran scrip tion, lower plasma 
hepcidin indi rectly, and have ben e fi cial effects on red blood cell param e ters. Here, we dis cuss the mech a nisms of action 
and phar ma co logic prop er ties of dif fer ent HIF-PHIs. We dis cuss unwanted on-tar get and off-tar get effects, review car-
dio vas cu lar and other safety con cerns, and pro vide a ben e fit/risk-based per spec tive on how this new class of oral drugs 
might impact cur rent ane mia man age ment in CKD. A clin i cal case is presented that high lights the clin i cal complexities 
and ther a peu tic chal lenges in man ag ing ane mia in CKD.

LEARNING OBJEC TIVES
 • Understand the mech a nisms of action and safety pro files of HIF-PHIs
 • Understand both the clin i cal complexities and ther a peu tic chal lenges in man ag ing ane mia asso ci ated with CKD

CLINICAL CASE
Patient H, a 74-year-old man on main te nance hemo di-
al y sis (HD), has type 2 dia be tes mellitus, hyper ten sion, 
cor o nary artery dis ease, ath ero scle rotic dis ease of the 
carotid arteries, and benign pros tatic hyper pla sia. His 
end-stage kid ney dis ease (ESKD) is sec ond ary to hyper-
ten sive nephrosclerosis and dia be tes mellitus. His out-
pa tient HD reg i men, thrice weekly through a tunneled 
dial y sis cath e ter, has been sta ble with good dial y sis ade-
quacy and vol ume con trol. On admis sion to the hos pi tal 
for workup of inter mit tent mac ro scopic hema tu ria, his 
lab o ra tory results are as fol lows: hemo glo bin (Hb) level, 

6.4  g/dL (base line, 9.0 to 9.5  g/dL); mean cor pus cu lar 
vol ume, 85.3 fL; serum iron, 41  µg/dL; total iron-bind ing 
capac ity (TIBC), 245  µg/dL; trans fer rin sat u ra tion (TSAT), 
17%; and fer ri tin level, 1130 ng/mL (100.9  ng/mL 3 months 
prior to admis sion). C-reac tive pro tein (CRP) of 162  mg/L 
and intact para thy roid hor mone of 621.3  pg/mL are ele-
vated. Prior to admis sion, he was receiv ing epoetin alfa 
via IV dur ing dial y sis total ing 18 000 IU/wk and reports 
tak ing oral iron. The patient’s hos pi tal course is com pli-
cated by a tran sient ische mic attack felt to be due to a 
sig nifi  cant com mon carotid artery ste no sis and end ar ter-
ec tomy is recommended.
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Introduction to hyp oxia-induc ible fac tor acti va tors
Anemia is a com mon com pli ca tion of advanced chronic kid ney 
dis ease (CKD) and pro foundly affects a patient’s well-being. 
Major eti o log i cal fac tors are the inabil ity of the dis eased kid-
ney to ade quately increase eryth ro poi e tin (EPO) pro duc tion in 
response to tis sue hyp oxia, as well as abso lute and func tional 
iron defi ciency.1 Current main stays of ane mia ther apy in CKD 
are IV or sub cu ta ne ous injec tions of eryth ro poi e sis-stim u lat ing  
agents (ESAs), which are recom bi nant human EPO or one of 
its glycosylated deriv a tives, and oral or IV iron sup ple men ta-
tion.2 EPO ther apy has reduced the need for blood trans fu sions 
in patients with severe ane mia, with some stud ies show ing 
improved over all qual ity of life.3

Anemia in CKD is asso ci ated with a sub stan tial Hb-depen dent 
increase in car dio vas cu lar risk, put ting for ward the notion that 
rais ing Hb may improve car dio vas cu lar out come in CKD.3 How-
ever, sev eral ran dom ized con trolled stud ies in which patients 
were treated with ESAs with the goal to nor mal ize Hb dem on-
strated increased risk for car diac and cere bro vas cu lar events, 
vas cu lar access throm bo sis, pro gres sion to ESKD, or all -cause 
mor tal ity for patients in the high Hb tar get cohorts (13-14  g/dL).3 
These stud ies, which included patients on dial y sis and not on 
dial y sis, led to the cur rently recommended Hb tar get ranges for 
patients with CKD, which are 10 to 11  g/dL in the United States 
and 10 to 12  g/dL out side the United States.2 The degree to which 
increased car dio vas cu lar risk is directly linked to ESAs has been 
debated. However, high ESA doses have been asso ci ated with 
worse car dio vas cu lar out come in clin i cal stud ies and have raised  
safety con cerns, prompting the US Food and Drug Administra-
tion to issue a black box warn ing for ESAs.3 These safety con cerns 
pro vided the ratio nale for devel op ing alter na tive strat e gies for 
treating CKD ane mia that more com pre hen sively address the 
under ly ing path o phys i  ol ogy.4-6

The new class of oral hypoxia-inducible factor-prolyl hydroxy-
lase inhibitors (HIF-PHIs), which was first intro duced into clin i cal 
prac tice in China and Japan with the approval of roxadustat in 
late 2018 and 2019, is now marketed for the treat ment of ane mia 
of CKD in many countries (Table 1).4 HIF-PHIs treat ane mia of CKD 
effec tively and raise Hb lev els in a dose-depen dent man ner.4,7 
In the United States, daprodustat and vadadustat have been 
recently approved for the treat ment of ane mia in CKD, but only 
for patients under go ing main te nance dial y sis.8,9 This lim i ta tion is 
due to car dio vas cu lar safety con cerns asso ci ated with HIF-PHI 
use in patients with CKD who are not on dial y sis or are transition-
ing to dial y sis. The US Food and Drug Administration’s car dio vas-
cu lar safety eval u a tions that led to these restric tions were based 
on the global phase 3 ASCEND pro gram for daprodustat (Ane-
mia Studies in Chronic Kidney Disease: Erythropoiesis via a novel 
prolyl hydrox y lase inhib i tor daprodustat) and the PRO2TECT and 
INNO2VATE tri als for vadadustat.10-15 Roxadustat, the third HIF-PHI 
stud ied in global car dio vas cu lar safety tri als, was not approved 
in the United States but is approved in the Euro pean Union and 
other countries for both patients on dial y sis and not on dial y sis 
(for an over view of all  rel e vant roxadustat tri als, see Ku et al6).

HIFs are evo lu tion arily con served, ubiq ui tously expressed, 
heterodimeric tran scrip tion fac tors essen tial for cel lu lar sur-
vival under hyp oxic con di tions. HIF-PHIs revers ibly inhibit pro-
lyl hydrox y lase domain (PHD) dioxygenases, the cel lu lar oxy gen 
sen sors that con trol HIF tran scrip tion fac tor activ ity by ini ti at ing 
proteasomal deg ra da tion of the HIF-α sub unit. HIF1 and HIF2, the 
most exten sively stud ied HIFs, reg u late many genes that con-
trol var i ous bio log i cal pro cesses and cel lu lar path ways, includ-
ing EPO and iron metab o lism genes such as trans fer rin, diva lent 
metal trans porter 1, and duo de nal cyto chrome B (Figure 1).4

As ane mia drugs, HIF-PHIs pro mote eryth ro poi e sis pri mar ily 
through increased pro duc tion of endog e nous EPO (HIF2 depen-

Table 1. HIF-PHIs approved for mar ket ing

HIF-PHI Recommended starting dose Maximal dose Dosing fre quency Countries with approval for mar ket ing

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 [Eu ro pean 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, Euro pean 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, Euro pean Union, Korea, Taiwan
For both DD- and ND-CKD: Japan

ESA-naive is defined as no pre vi ous use of ESA.

BW, body weight; DD, dial y sis-depen dent (main te nance); ND, non-dial y sis-depen dent; QD, once daily; TIW, three times weekly.
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dent) and by facil i tat ing iron uptake, trans port, and mobi li za tion 
for Hb syn the sis (Figure 1).4 HIF-PHIs stim u late the endog e nous 
pro duc tion of EPO in both the kid neys and liver.1,16,17 However, the 
con tri bu tion of liver-derived EPO to serum EPO lev els in patients 
treated with HIF-PHIs has not been stud ied in clin i cal tri als but 
has been inves ti gated in exper i men tal mod els of chronic kid ney 
injury.17,18 Animal stud ies sug gest that the avail abil ity of HIF-PHIs 
to induce EPO pro duc tion in the kid ney depends on the sever-
ity of fibro sis and degree of myofibroblast transdifferentiation of 
kid ney inter sti tial cells that have the capac ity to pro duce EPO—
ie, much less kid ney EPO pro duc tion is expected from more 
severely fibrosed kid neys.17

Because HIF-PHIs are oral drugs, their bio avail abil ity may be 
affected by the coad min is tra tion of other drugs, such as iron and 

non-iron-containing phos phate bind ers,9 or by med i cal con di-
tions that result in gas tro in tes ti nal mal ab sorp tion. Additionally, 
due to the high bur den of med i ca tions required to treat the 
many comorbidities affect ing patients with CKD, HIF-PHIs should 
be care fully screened for poten tial drug inter ac tions.4 Therefore, 
med i cal con di tions affect ing bio avail abil ity and drug inter ac-
tions must be con sid ered when pre scrib ing HIF-PHIs.

HIF-PHI dos ing and non-erythropoietic actions
Because HIF tran scrip tion fac tors con trol mul ti ple bio log i cal 
pro cesses, sys temic PHD inhi bi tion can poten tially pro duce 
adverse, HIF-depen dent, on-tar get effects. HIF-medi ated effects 
on cel lu lar dif fer en ti a tion and growth, vas cu lar homeo sta sis 
and hemo dy nam ics, and inflam ma tion and cel lu lar metab o lism 
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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 ani mal stud ies and might affect clin i-
cal out comes of patients with CKD. Moreover, PHDs belong to a 
larger group of 2-oxoglutarate-depen dent dioxygenases, which 
hydrox yl ate tar gets involved in col la gen syn the sis, gene reg u-
la tion, metab o lism, and other bio log i cal pro cesses. Therefore, 
HIF-PHIs, which are com pet i tive struc tural 2-oxoglutarate ana-
logues, may inhibit other dioxygenases with clin i cally rel e vant 
effects that are HIF inde pen dent.19-21 The gen er a tion of undesir-
able on-tar get and/or off-tar get effects in patients is likely to 
depend on the dos ing and phar ma co ki netic prop er ties of an 
indi vid ual HIF-PHI.

HIF-reg u lated genes are not equally sen si tive to hyp oxia 
and/or HIF acti va tion. For exam ple, the degree of hyp oxia 
needed to induce EPO tran scrip tion in rat kid neys is much less 
than that required to induce vas cu lar endo the lial growth fac
tor (VEGF) in kid neys or other organs.22 Higher doses of HIF-PHIs 
may there fore acti vate HIF-reg u lated pro cesses that oth er wise 
would not have been acti vated with lower doses. In clin i cal stud-
ies, for exam ple, daprodustat, in doses above the recommended 
max i mum, sta tis ti cally sig nifi  cantly ele vated serum VEGF con-
cen tra tions.23,24 Additionally, non-erythropoietic actions have 
con sis tently been reported in clin i cal stud ies with roxadustat 
and daprodustat, such as reduc tions in total serum cho les terol, 
low- and high-den sity lipo pro tein cho les terol, and tri glyc er-
ides.4,6 Thus, when ini ti at ing HIF-PHI treat ment, the low est dose 
pos si ble should be used to avoid the risk of unde sir able effects.

HIF-PHIs and iron metab o lism
Iron is required for the effi cient pro duc tion of red blood cells 
(RBCs), and reg u lar mon i tor ing of iron sta tus is crit i cally impor-
tant for ane mic patients with CKD who are treated with ESAs 
or HIF-PHIs, as these agents increase eryth ro poi etic activ ity and 
there fore the need for iron. In dial y sis patients, iron sta tus is 
mon i tored, often monthly, by mea sur ing serum TIBC, TSAT, and 
fer ri tin to guide iron-replace ment ther apy. The cur rent defi  ni-
tions of iron defi ciency in CKD patients are related to the high 
prev a lence of inflam ma tion and the rou tine admin is tra tion of iron 
sup ple ments to those patients with more advanced dis ease who 
are receiv ing dial y sis.5 For patients not receiv ing dial y sis, abso-
lute iron defi ciency is defined as a TSAT level lower than 20% 
and fer ri tin below 100  µg/L and func tional iron defi ciency as a 
TSAT level lower than 20% and fer ri tin higher than 100  µg/L. For 
patients receiv ing dial y sis, abso lute iron defi ciency is defined as 
a TSAT level lower than 20% and fer ri tin below 200  µg/L and 
func tional iron defi ciency as a TSAT level lower than 20% and 
fer ri tin above 200  µg/L. Importantly, iron defi ciency has been 
asso ci ated with increased risk of ische mic stroke in a large epi-
de mi o log i cal study and in a stan dard ani mal model.25,26 Labo-
ratory stud ies and clin i cal pre sen ta tion indi cate that patient 
H has abso lute iron defi ciency com pli cated by func tional iron 
defi ciency due to iron seques tra tion induced by severe inflam-
ma tion, which fur ther increases his preexisting risk for major car-
dio vas cu lar events due to ESKD and under ly ing ath ero scle rotic 
vas cu lar dis ease.

Do HIF-PHIs reduce the need for IV iron?
HIF acti va tion increases duo de nal iron absorp tion and iron mobi-
li za tion from hepatic and retic u lo en do the lial stores through the 
tran scrip tional upregulation of iron metab o lism genes (Figure 
1). Increased TIBC and variably decreased TSAT are there fore 

expected with HIF-PHI treat ment and have been con sis tently 
observed.6 The reduced serum lev els of iron-reg u la tory pep tide 
hepcidin reported in clin i cal tri als occurred indi rectly due to 
increased eryth ro poi etic activ ity and the pro duc tion of eryth-
roferrone.4 However, greater and more per sis tent hepcidin 
sup pres sion with HIF-PHI ther apy than with ESA ther apy likely 
results from the sal u tary effects of HIF on TIBC and TSAT.27,28 This 
improved iron avail abil ity to the ery throid mar row resulted in 
increased mean cor pus cu lar vol ume and mean cor pus cu lar Hb 
of RBCs in patients on HIF-PHI ther apy com pared with those 
on ESA ther apy.29 Thus, HIF-PHIs can poten tially enhance iron 
absorp tion and uti li za tion, thereby reduc ing IV iron sup ple men-
ta tion as suggested by sev eral stud ies.4,6 However, in the design 
of most phase 3 clin i cal tri als HIF-PHI effects on iron metab o lism 
were not pri mary end points, so the degree of HIF-HPI reduc tion 
in IV iron admin is tra tion requires exam i na tion in postmarketing 
ana ly ses.4,6 However, com pletely avoiding IV iron sup ple men ta-
tion in HIF-HPI-treated patients with ESKD is very unlikely.

Cardiovascular and other safety con cerns
Despite pre dic tions from pre lim i nary ana ly ses of phase 3 tri als 
that some HIF-PHIs might pos i tively impact the car dio vas cu lar 
risk of patients with CKD, the car dio vas cu lar supe ri or ity of HIF-
PHIs over ESAs was not established in any large global safety 
trial. Non-inferiority cri te ria were met in patients on dial y sis but 
not in all  car dio vas cu lar safety ana ly ses of patients not on dial-
y sis.7 In the United States, con cerns for increased risk of major 
car dio vas cu lar events led to the lim ited reg u la tory approval of 
daprodustat and vadadustat for only those patients on main te-
nance dial y sis (a min i mum of 4 and 3 months of dial y sis ther apy, 
respec tively).8,9

Thromboembolic events
As with ESA ther apy, patients receiv ing HIF-PHIs can expe ri ence 
seri ous throm botic vas cu lar events. Roxadustat has been asso-
ci ated with an increased risk of throm botic events com pared 
to ESAs or pla cebo.4,6 Nonfatal throm bo em bolic events, such as 
deep vein throm bo sis, pul mo nary embolism, and vas cu lar access 
throm bo sis, were reported in 171 patients on dial y sis who were 
treated with daprodustat (11.5%) vs 203 patients (13.7%) in the 
ESA treat ment cohort.12 In global phase 3 tri als, 23 patients on 
vadadustat (1.2%) had throm bo em bolic events exclud ing dial y-
sis access fail ure vs 26 patients receiv ing darbepoetin alfa (1.4%), 
and 112 patients (5.7%) vs 88 patients (4.5%) devel oped arte-
rio ve nous fis tula throm bo sis, respec tively.15 Underlying mech a-
nisms are not well under stood and may be related to the rate 
of rise in Hb or drug dos ing.6 HIF effects on iron metab o lism, 
such as the upregulation of trans fer rin,30 or on the coag u la tion 
sys tem—eg, such as via plas min o gen acti va tor inhib i tor (PAI-
1),31 may be con trib u tory. Further stud ies are needed to bet ter 
under stand the mech a nisms by which HIF-PHIs or ESAs affect 
throm botic risk.

Cancer risk
Hypoxia is a com mon and salient fea ture of the tumor micro en vi-
ron ment lead ing to HIF acti va tion in tumor cells, which results in 
tran scrip tional changes that reg u late key fea tures of tumor i gen-
e sis, includ ing reprogramming of glu cose, fatty acid and amino 
acid metab o lism, angio gen e sis, cell migra tion, pro lif er a tion and 
dif fer en ti a tion, and metas ta sis. The degree of HIF acti va tion 
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 cor re lates with tumor pro gres sion and poor prog no sis.32,33 These 
find ings have raised con cerns that phar ma co log i cal HIF acti va-
tion with HIF-PHIs may pro mote can cer growth and/or metas ta-
ses. Recently, the HIF-2 inhib i tor belzutifan, which pre vents the 
dimer iza tion of HIF-2α with HIF-β and gen er ates effects oppo-
site to those of HIF-PHIs, was approved for spo radic advanced 
clear cell renal can cer and tumors asso ci ated with VHL dis ease, 
which are both char ac ter ized by per sis tent and high lev els of HIF 
acti va tion.34,35 However, low lev els of sys temic HIF acti va tion in 
nontransformed cells are unlikely to cause can cer. Specifically, 
patients with Chuvash poly cy the mia, who are homo zy gous for 
specific VHL germline muta tions lead ing to low levels of HIF acti-
va tion, exhibit increased eryth ro poi e sis and are prone to arte-
rial and venous throm bo ses, as well as cere bro vas cu lar events, 
but do not have an increased can cer risk.36 Animal stud ies have 
shown no evi dence that prolonged expo sure to approved HIF-
PHIs is onco genic.37-39 Furthermore, a can cer sig nal was not 
detected in global phase 3 safety tri als, except for the ASCEND-
ND trial (nondialysis), where can cer-related death, tumor pro-
gres sion, or tumor recur rence was more fre quently observed in 
the daprodustat cohort (72 patients, 3.7% vs 49 2.5%, for dar-
bepoetin alfa; rel a tive risk, 1.47; 95% CI, 1.03-2.10).10 However, 
this rel a tive risk increase was miti gated by account ing for the 
dif fer ent half-lives and dos ing fre quen cies of daprodustat and 
darbepoetin alfa dur ing a post-hoc anal y sis. Nonetheless, lon ger 
drug expo sure and extended fol low-up of patients treated with 
HIF-PHIs are nec es sary for more con clu sive safety assess ments 
regard ing can cer risk.

Subpopulations of spe cial inter est
Among sub pop u la tions of patients with CKD in whom the safety 
and effi cacy of HIF-PHIs have not been suf fi ciently inves ti gated 
are those with poly cys tic kid ney dis ease (PKD). HIF path way 
acti va tion occurs in poly cys tic kid neys, and exper i men tal manip-
u la tion of the HIF path way can enhance cyst expan sion in ani-
mal mod els.40 Whether HIF-PHIs enhance cyst growth in PKD 
patients is unclear. Without suf fi cient long-term safety data, 
the authors advise against using HIF-PHIs in patients with PKD.40 
Other sub pop u la tions of patients with CKD where safety and effi-

cacy data are lacking include chil dren and patients post kid ney 
trans plant.4,6 Although the role of the HIF path way in devel op-
ment has been stud ied in genetic ani mal mod els, lit tle is known 
about the effects of HIF-PHIs dur ing preg nancy. They are likely to 
cause fetal harm dur ing preg nancy and should also be avoided 
in women who are preg nant or expect to be preg nant and dur-
ing breastfeeding.41

Caution regard ing the use of HIF-PHIs is also advised for 
patients with pul mo nary arte rial hyper ten sion and dia betic ret-
i nop a thy. Both ani mal and human genetic stud ies sug gest that 
sustained HIF acti va tion can worsen pul mo nary arte rial hyper-
ten sion.42 Proliferative ret i nal dis eases, such as dia betic ret i nop-
a thy and age-related mac u lar degen er a tion, are asso ci ated with 
increased HIF activ ity and VEGF expres sion.43,44 Although serum 
VEGF lev els were not increased in patients par tici pat ing in phase 
2 and 3 HIF-PHI tri als, local ized ret i nal acti va tion of the HIF-VEGF 
axis may accel er ate dis ease pro gres sion. Notwithstanding this 
con cern, wors en ing of ret i nop a thy or other adverse ocu lar 
events have not been reported in clin i cal tri als.4,6

In sum, oral HIF-PHI ther apy may ben e fit some patients but 
also increase risk for adverse events, and they should be used 
with cau tion or avoided in cer tain sub pop u la tions of patients 
with CKD until fur ther safety data are avail  able.4,7 Table 2 com-
pares risks and ben e fits of HIF-PHIs in ane mic patients with CKD.

ESA hyporesponsiveness in CKD
Patients with ane mia of CKD on ESA ther apy who do not achieve 
tar get Hb lev els despite sig nifi  cant increases in ESA dos ing or 
con tinue to require high ESA doses to main tain tar get Hb are 
con sid ered ESA hyporesponders. Although ESA hyporesponsive-
ness affects both patients on dial y sis and those not receiv ing 
dial y sis, it occurs more fre quently in dia lyzed patients, who have 
a much greater prev a lence of ane mia. ESA hyporesponsiveness 
is often tran sient due to an under ly ing and often treat able dis-
ease, includ ing dial y sis cath e ter or other bac te rial infec tions, 
non in fec tious inflam ma tion, or malig nancy. ESA hyporespon-
siveness prev a lence varies geo graph i cally, rang ing from 12.5% 
to 30.3%,45-50 and affected patients have increased risk for car-
dio vas cu lar events, ESKD, and death.46,47,49,51-54 Numerical val ues 

Table 2. Risk and ben e fit con sid er ations for use of HIF-PHIs in patients with CKD

Potential ben e fits Potential dis ad van tages includ ing the o ret i cal risks

Oral dos ing for patients not on dial y sis (indi ca tion  
not yet approved in United States), patients on  
home HD or peri to neal dial y sis

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

No cold stor age needed Potential drug-drug inter ac tions due to polypharmacy

Beneficial effects on iron metab o lism (absorp tion  
and uti li za tion)

Increased pill bur den, poten tial for error due to dif fer ent strength pills and overdosing, 
nar row ther a peu tic win dow

Effective in patients with chronic inflam ma tiona Difficult com pli ance mon i tor ing

Potential cytoprotective effects Risk of pro mot ing malig nancy or kid ney cyst growth

Risk of pro mot ing pro lif er a tive ret i nop a thy

Risk of pro mot ing pul mo nary arte rial hyper ten sion

Lack of stud ies on use in chil dren and patients post renal trans plan ta tion
aIt is unclear whether HIF-PHIs are more effec tive in patients with inflam ma tion at the recommended dose lev els; fur ther stud ies are pend ing.

NDD, non-dial y sis-depen dent.
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that define ESA hyporesponsiveness are mostly based on clin i cal 
expe ri ence rather than ran dom ized con trolled stud ies that con-
sider clin i cal out comes rel a tive to ESA respon sive ness (Table 3).

Although mul ti ple fac tors can con trib ute to ESA hyporespon-
siveness, spe cific causes can not be iden ti fied in approx i ma tely 
30% of cases (Table 4).55 The most com mon causes and stron gest 

pre dic tors of ESA hyporesponsiveness are inflam ma tion and iron 
defi ciency. Inflammation inhib its eryth ro poi e sis via cyto kine- 
medi ated sup pres sion of EPO syn the sis, EPO recep tor sig nal ing, 
iron mobi li za tion and uti li za tion, and other mech a nisms (Fig-
ure 2).56 Patients with ESA hyporesponsiveness have ele vated 
serum lev els of CRP, inter leu kin 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 tar get Hb con cen tra tion while receiv ing >300 IU/kg/wk (20 000 IU/wk)  
of epoetin or 1.5  µg/kg of darbepoetin alfa (100  µg/wk), or a con tin ued need for such high dos ages  
to main tain the tar get

Revised EBPG, ERA-EDTA, 200468

Initial ESA hyporesponsiveness:
•  if no increase in Hb con cen tra tion from base line after the first month of ESA treat ment on appro pri ate 

weight-based dos ing
Subsequent ESA hyporesponsiveness:
•  clas sify patients as hav ing acquired ESA hyporesponsiveness if after treat ment with sta ble doses of ESA, 

they require 2 increases in ESA doses up to 50% beyond the dose at which they had maintained a sta ble 
Hb con cen tra tion

KDIGO, 20122

Failure to achieve Hb tar get:
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)

Jap a nese Society for Dialysis 
Therapy, 201569

Failure to achieve tar get Hb lev els 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 resis tance: ERI >15.4 IU/kg  ×  g/dL (quar tile IV)a

Panichi et al, RISCAVID study, 201152

Shown are exam ples of regional guide line defi  ni tions based on numer i cal thresh old val ues. Also shown is a hyporesponsiveness defi  ni tion based on 
the ERI. In the RISCAVID study, IL-6 was the best pre dic tor for ESA resis tance. Patients in quar tile 4 were defined as hyporesponders. In this study, 
quar tile 4 was asso ci ated with worse car dio vas cu lar out come and higher mor tal ity.
aThresholds to meet the defi  ni tion of ESA hyporesponsiveness vary between dif fer ent stud ies that use the ERI.

EBPG, Euro pean best prac tice guide lines; ERI, ESA resis tance index; ERA-EDTA, Euro pean Renal Association-Euro pean Dialysis and Transplantation 
Association; KDIGO, Kidney Disease: Improving Global Outcomes; PD, peri to neal dial y sis; rHuEPO, recom bi nant human eryth ro poi e tin;  
SC, sub cu ta ne ous.

Table 4. ESA hyporesponsiveness

Causes of ESA hyporesponsiveness

Iron defi ciency

Inflammation (infec tions, dial y sis cath e ter use, auto im mune dis ease)

Hyperparathyroidism

Blood loss (gas tro in tes ti nal tract bleed ing, dial y sis pro ce dure, men ses, and hemo ly sis)

Inadequate dial y sis

Malignancy

Marrow dis or ders (hemo glo bin op a thies, mul ti ple mye loma, myelodysplasia, anti body-medi ated pure red cell aplasia)

Nutritional deficiencies (cop per, zinc, folic acid, vita min B12, car ni tine, vita min E)

Medications (eg, renin-angio ten sin sys tem [Ras] inhib i tors)

Unexplained (~30%)
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strong pre dic tors of increased ESA require ments.52,57-64 Patient H 
receives high doses of epoetin alfa and has mul ti ple risk fac tors 
for ESA-hyporesponsiveness. He is acutely ill, requir ing hos pi tal-
i za tion, has inad e quately con trolled sec ond ary hyper pa ra thy-
roid ism, and his lab o ra tory find ings are con sis tent with severe 
inflam ma tion.

Are HIF-PHIs more effec tive than ESAs in patients  
with ESA hyporesponsiveness?
Investigations in ani mals suggested that HIF-PHIs may be more 
effec tive than ESAs in exper i men tal inflam ma tion.4 Phase 2 and 
3 tri als dem on strated that HIF-PHIs are effi ca cious in patients 
with ele vated base line CRP.4 However, whether HIF-PHIs are 
more effec tive than ESAs in patients with CKD is not clear. 
Clinical stud ies, mostly with roxadustat, suggested that for Hb 
main te nance in patients with inflam ma tion, an increase in HIF-
PHI doses may not be nec es sary or needed to the same degree 
as for ESAs. For exam ple, in the SIERRAS study (mostly main te-

nance dial y sis patients), weekly doses of roxadustat were sim-
i lar for patients with nor mal-base line high-sen si tiv ity (hs) CRP 
and those with above-nor mal hsCRP, whereas the weekly epo-
etin alfa doses needed to main tain Hb tar gets were higher in 
patients with above-nor mal base line hsCRP com pared to those 
with nor mal-base line hsCPR.65 However, hsCRP lev els at effi cacy 
end points and the num ber of patients who actu ally met guide-
line defi  ni tions for ESA hyporesponsiveness were not reported.65 
In con trast, post hoc ana ly ses did not sug gest that dial y sis 
patients with sig nifi  cantly ele vated CRP were more respon sive 
to daprodustat than epoetin alfa.12,13 Comparable effi cacy was 
also observed between darbepoetin alfa and vadadustat regard-
less of base line ESA dose, includ ing patients receiv ing more than 
300 IU/kg/wk at base line.66 Conversely, a small un con trolled 
pro spec tive study reported that 15 of 32 dial y sis patients diag-
nosed with ESA hyporesponsiveness who met their Hb tar get 
level when treated with roxadustat had lower base line serum 
lev els of hsCRP and IL-6 com pared to non re spond ers pre scribed 
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the max i mum  recommended dose of roxadustat.67 These results 
would sug gest that HIF-PHIs at the approved dos ing lev els will 
not be effec tive in patients with severe inflam ma tion. Further-
more, patients with long-stand ing ESA hyporesponsiveness due 
to cer tain hemo glo bin op a thies, mye lo fi bro sis, or other mar row-
based dis eases will most likely not respond to HIF-PHI ther apy. 
Cardiovascular safety data from large global HIF-PHI tri als raise 
con cerns that HIF-PHI use in patients with sig nifi  cant inflam ma-
tion may fur ther increase their preexisting risk for seri ous car-
dio vas cu lar events. To clar ify whether HIF-PHIs are ben e fi cial 
to patients at risk for ESA hyporesponsiveness, ran dom ized 
con trolled tri als need to be conducted to address ther a peu tic 
effi cacy, impact on qual ity of life, drug dos ing, and most impor-
tantly, car dio vas cu lar safety.

CLINICAL CASE (con tin ued)

Patient H’s ane mia was mul ti fac to rial, involv ing not only rel-
a tive EPO defi ciency due to CKD but also inter mit tent blood 
loss, wors en ing inflam ma tion, and hyper pa ra thy roid ism. 
Acutely, he received trans fu sions of packed RBCs and uro log-
i cal eval u a tion for mac ro scopic hema tu ria, which iden ti fied 
pros tatic dis ease with accom pa ny ing inflam ma tion. Patient H 
was treated for his sec ond ary hyper pa ra thy roid ism and sub-
se quently under went carotid end ar ter ec tomy followed by 
pros tatic enu cle ation. EPO ther apy was suspended dur ing 
his hos pi tal i za tion but resumed by his out side nephrol o gist. 
His ESA resis tance improved, and he received IV iron. Had he 
remained resis tant to ESA ther apy, a trial of HIF-PHI could have 
been con sid ered.

Summary and future direc tions
HIF-PHIs are a new class of oral drugs that effec tively treat ane-
mia in patients with CKD. In addi tion to stim u lat ing endog e nous 
EPO pro duc tion, they have ben e fi cial effects on iron uti li za tion. 
Because of car dio vas cu lar safety con cerns, reg u la tory approval 
has been restricted to patients on dial y sis in the United States 
and other countries. The deci sion to treat ane mia with HIF-PHIs 
should be based on careful patient selection weighing potential 
risks vs benefits. Given the lim ited ther a peu tic win dow, stay-
ing within the recommended dos ing ranges and using the low-
est pos si ble HIF-PHI dose is of par a mount impor tance to avoid 
unde sir able on- and off-tar get effects. Postmarketing stud ies 
and sur veil lance are needed to address the remaining safety 
con cerns.
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