
Anemia of chronic kidney disease:
Will new agents deliver
on their promise?

A nemia is a common complication of 
chronic kidney disease. Its prevalence 

increases as the glomerular fi ltration rate de-
creases,1 and most patients with a rate lower 
than 30 mL/min/1.72 m2 develop anemia.2 

Older studies linked anemia of kidney disease 
to numerous complications, including the on-
set and progression of left ventricular hyper-
trophy, heart failure, decreased quality of life, 
faster progression of chronic kidney disease, 
and death.3–6

 Subsequently, several randomized con-
trolled trials shed light on the benefi ts and 
limitations of iron supplements and erythro-
poiesis-stimulating agents (ESAs). This al-
lowed the development of iron supplementa-
tion and hemoglobin targets. In addition to 
traditional ESAs, newer therapies have been 
developed and are now being used in clinical 
practice. 
 In this article, we discuss the pathophysiol-
ogy of anemia of chronic kidney disease, the 
major clinical trials, and novel therapies.

 ■ HOW CHRONIC KIDNEY DISEASE
LEADS TO ANEMIA

Anemia of chronic kidney disease is multi-
factorial and can be caused by decreased eryth-
ropoietin production by the peritubular intersti-
tial cells of the kidney, higher circulating levels 
of uremia-induced inhibitors of erythropoietin, 
shorter red blood cell life span, and relative iron 
defi ciency.7 However, measuring serum levels of 
erythropoietin is of no diagnostic utility in pa-
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ABSTRACT
Anemia is a well-known complication of chronic kidney 
disease, and its treatment remains a challenge. Although 
erythropoiesis-stimulating agents (ESAs) raise hemoglobin 
levels, their benefi ts appear to be limited to decreasing the 
number of blood transfusions needed and perhaps improv-
ing quality of life. The newly developed prolyl hydroxylase 
inhibitors (PHIs)—agents that increase endogenous eryth-
ropoietin production—promise to improve outcomes for 
patients with anemia of chronic kidney disease. Randomized 
controlled trials have found these drugs to be at least as 
effective as ESAs, and the drugs are used in other countries. 
However, PHIs have yet to be approved in the United States. 

KEY POINTS
The approval of the fi rst of the ESAs in 1989 was a turning 
point in treating anemia of chronic kidney disease, but the 
only proven benefi t of ESAs is reducing the need for blood 
transfusions.

Of the recently developed PHIs (also known as hypoxia-
inducible factor stabilizers), roxadustat is the most stud-
ied in phase 2 and 3 randomized control trials.

PHIs seem to be as effective as ESAs in raising hemoglo-
bin levels and potentially more effective in infl amma-
tory states, but there are lingering concerns about their 
cardiovascular safety.
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tients with anemia of chronic kidney disease, 
as there is no clear threshold defi ning a low 
value, especially in uremia, which can induce 
resistance to erythropoietin.8,9 
 Absolute iron defi ciency results from de-
creased iron stores, whereas functional iron 
defi ciency is characterized by suffi cient iron 
stores but inadequate incorporation of iron 
into erythroid precursors.10 Hepcidin, a liver 
peptide and crucial regulator of iron homeo-
stasis, is thought to play a key role in this pro-
cess. Mobilization of iron into the circulation 
from enterocytes, iron-recycling macrophages, 
and hepatocytes requires transport across the 
cellular membrane by a transporter called fer-
roportin.11 Binding of hepcidin to ferroportin 
degrades the channel and inhibits iron mobi-
lization out of the cell. 
 Normally, hepcidin levels decrease in 
conditions such as anemia, absolute iron de-
fi ciency, and hypoxia, in which more iron is 
needed for erythropoiesis. Conditions of sys-
temic infl ammation, such as chronic kidney 
disease, result in elevated hepcidin levels, di-
minished iron mobilization, and relative iron 
defi ciency.12,13 The result is less iron available 
for erythropoiesis, with resistance to the ac-
tion of ESAs (Figure 1).14–16

 ■ ESAs ARE THE MAINSTAY, 
BUT HAVE LIMITED BENEFIT

Before erythropoietin was discovered, anemia 
of chronic kidney disease was treated with red 
blood cell transfusions and androgens. Fre-
quent red blood cell transfusions led to iron 
overload, transmission of viral infections, and 
allosensitization to human lymphocyte anti-
gens, with potential adverse effects on trans-
fusion responsiveness and importantly, trans-
plant candidacy and outcomes. Androgen 
therapy was the only potentially transfusion-
sparing option, and it was used in the 1970s.17 
 After approval of the fi rst of the ESAs by 
the US Food and Drug Administration (FDA) 
in 1989, studies continued to demonstrate 
benefi ts of the drugs. In a study published in 
1990, the ESA recombinant human eryth-
ropoietin showed promising results, raising 
hemoglobin levels by more than 5 g/dL and 
keeping them there after 2 months of therapy 
in 10 patients on hemodialysis whose mean 

baseline hemoglobin level was 6.3 g/dL.18 A 
year later, a double-blind, randomized place-
bo-controlled trial in 118 patients on hemo-
dialysis with hemoglobin levels less than 9 g/
dL found improvements in quality of life and 
exercise capacity.19 
 By 2006, ESAs had become the treatment 
of choice of renal anemia, along with oral and 
intravenous iron supplementation, and were 
being given to most patients on dialysis in the 
United States.20

Clinical trials dampen enthusiasm
for normalizing hemoglobin levels with ESAs
However, then came 4 randomized controlled 
trials21–24 using ESAs to raise hemoglobin lev-
els to higher vs lower target levels in patients 
with chronic kidney disease, some of whom 
were on dialysis and some not. Except for re-
ducing the number of transfusions needed and 
perhaps improving quality of life (the results 
differed), the trials found no benefi ts of treat-
ing to higher targets, and indeed highlighted 
higher risks of cardiovascular and cerebro-
vascular events and worsening of cancer out-
comes (Table 1).21–25

 In view of these results, the Kidney Dis-
ease Improving Global Outcomes (KDIGO) 
guidelines26 strongly advised against trying to 
raise hemoglobin to normal levels (eg, higher 
than 13.5 g/dL in men, 12 g/dL in women), 
instead recommending a target of 10 to 11.5 
g/dL in patients with end-stage kidney disease. 
The guidelines also advised that the decision 
to start ESAs should be individualized for pa-
tients with chronic kidney disease with a he-
moglobin level less than 10 g/dL.26 
 In addition, a closer look at the data identi-
fi ed a “hyporesponsive” group in whom ESAs 
failed to achieve a higher hemoglobin target 
despite increasing doses. Interestingly, pa-
tients who received higher doses of ESAs had 
a higher rate of adverse events.27,28 Therefore, 
the KDIGO guidelines recommend using the 
lowest ESA doses needed to achieve the hemo-
globin goal, realizing the only proven benefi t 
is avoiding transfusions.29 Other possible ben-
efi ts (again, the data confl ict) include lessening 
of anemia-related symptoms, higher quality of 
life,30–32 and reduction in left ventricular hyper-
trophy.33 Table 2 summarizes the potential risks 
and benefi ts of ESA therapy.18,21–24,29–33

The KDIGO 
guidelines 
strongly
advised 
against trying 
to raise 
hemoglobin
to normal levels
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Figure 1. Hepcidin limits erythropoiesis. (A) Hepcidin plays a key role in iron homeostasis. It is produced by the 
liver and acts to degrade the iron transporter ferroportin, thus preventing release of iron (Fe2) from entero-
cytes, hepatocytes, and macrophages into the circulation. (B) In chronic kidney disease, hepcidin levels are 
elevated as a result of the underlying occult infl ammatory state and as a result of decreased renal clearance 
of hepcidin. This makes less iron available for erythropoiesis and can lead to resistance to erythropoiesis-stim-
ulating agents. Prolyl hydroxylase inhibitors (PHIs) decrease liver production of hepcidin, which may improve 
iron metabolism and lead to effi cient management of anemia of chronic kidney disease. (RBC = red blood 
cell.)
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TABLE 1

Clinical trials of erythropoiesis-stimulating agents to increase hemoglobin
to different targets in chronic kidney disease

Trial Normal HCT21 CHOIR22 CREATE23 TREAT24

Population Patients with chronic Chronic kidney disease Chronic kidney Chronic kidney disease
 heart failure and end- (N = 1,432) disease (N = 603) with diabetes (N = 4,038)
 stage kidney disease on
 dialysis (N = 1,233)

Hemoglobin 10 vs 14 g/dL 13.5 vs 11.3 g/dL > 13 vs 11 g/dL > 13 vs 9 g/dL
targets

Target No No Yes No
achieved?

Primary Time to death or fi rst Composite of death, Time to fi rst Composite of death
outcomes myocardial infarction myocardial infarction, cardiovascular event   or a cardiovascular
  hospitalization for    event, or
  chronic heart failure,  Composite of death or
  stroke    end-stage kidney
      disease

Results with Higher risk of primary Higher risk of primary Trend toward higher No increase or
higher outcomea  outcomeb risk of primary reduction in risk of
hemoglobin   outcome (not  primary outcome
target   statistically
   signifi cant)

Other results Higher rate of  Improved quality Higher rates of stroke
with higher thrombosis  of life and malignancy-
target      associated mortality;
    less need for blood
    transfusions

a Risk ratio 1.28, 95% confi dence interval 1.06–1.56, P = .01.
b Hazard ratio 1.34,  95% confi dence interval 1.03–1.74, P = .03.

CHOIR = Correction of Hemoglobin and Outcomes in Renal Insuffi ciency trial; CREATE = Cardiovascular Risk Reduction by Early Anemia Treatment With 
Epoetin Beta trial; HCT = hematocrit; TREAT = Trial to Reduce Cardiovascular Events With Aranesp Therapy

Adapted from Nakhoul G, Simon JF. Anemia of chronic kidney disease: treat it, but not too aggressively [published correction appears in Cleve Clin J Med 2016; 83(10):739].
Cleve Clin J Med 2016; 83(8):613–624. doi:10.3949/ccjm.83a.15065 with permission from the Cleveland Clinic Foundation © 2016.

 Commonly used ESAs are recombinant hu-
man erythropoietin (epoetin alfa), darbepoetin 
alfa (which has a longer half-life),34,35 and a 
recently approved form of pegylated recombi-
nant human erythropoietin (Table 3).36–39

 ESAs continue to be the mainstay in 
managing anemia of chronic kidney disease. 
The newer ESAs were developed by increas-
ing the glycosylation or pegylation of recom-
binant human erythropoietin to prolong its 
half-life and affi nity for the erythropoietin 
receptor. However, their mechanism of ac-

tion is essentially the same, and they carry 
the same potential risks, ie, adverse cardio-
vascular events, thrombosis, stroke, and poor 
cancer outcomes.

 ■ A NEW CLASS OF DRUGS:
PROLYL HYDROXYLASE INHIBITORS

The hypoxia-inducible factor (HIF) pathway 
was a revolutionary discovery, and drugs that 
target it promise to improve outcomes in dis-
eases that include anemia of chronic kidney 
disease. 
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 HIF is a heterodimer consisting of an alpha 
and a beta subunit. Heterodimerization of the 
2 subunits activates transcription of numerous 
genes and regulates a multitude of biologic and 
metabolic processes such as angiogenesis, cell 
growth and differentiation, and erythropoi-
esis.40,41 The transcriptional activity of HIF is 
controlled primarily by its degradation rate.42

Stable HIF leads to more erythropoietin
While the beta subunit of HIF is constitutive-
ly expressed (ie, it is present all the time), the 
alpha subunit is regulated by oxygen tension. 
At normal oxygen levels, the proline residue 
of HIF alpha is hydroxylated (ie, receives a 
hydroxyl [OH–] group) by the enzyme prolyl 
hydroxylase, leading to ubiquitylation (inac-
tivation by binding to ubiquitin) and protea-
somal degradation.43 This impedes formation 
of alpha-beta heterodimers, preventing eryth-
ropoietin transcription. The opposite happens 
in hypoxic states, in which HIF alpha is no 
longer degraded, and HIF heterodimers bind 
to the hypoxia-response elements, increasing 
erythropoietin transcription. 
 Prolyl hydroxylase inhibitors (PHIs), also 
known as HIF stabilizers, prevent hydroxyl-
ation of HIF alpha and its subsequent degrada-
tion. Thus, they stabilize the HIF alpha-beta 

heterodimer and enhance downstream expres-
sion of the erythropoietin gene EPO, leading 
to increased endogenous erythropoietin pro-
duction (Figure 2).

 ■ TRIALS OF THE NEW AGENTS
IN PATIENTS NOT ON DIALYSIS

In 2015, a phase 2 randomized clinical trial 
compared an oral PHI (roxadustat) with pla-
cebo in patients with anemia of chronic kid-
ney disease not on dialysis who had never 
received an ESA.44 An effective hemoglobin 
increase from baseline (arbitrarily defi ned as 
≥ 1 g/dL) occurred in all 20 of the 20 patients 
receiving roxadustat 2 mg/kg 2 to 3 times per 
week compared with 3 (13%) of the 23 pa-
tients receiving placebo. Notably, roxadustat 
raised endogenous erythropoietin and lowered 
hepcidin levels. 
 In 2019, in an 18-week, double-blind, ran-
domized, open-label, phase 3 trial in China in 
154 patients with anemia of chronic kidney dis-
ease who were not on dialysis, those receiving 
roxadustat had a higher mean hemoglobin level 
than those receiving placebo after 8 weeks, with 
maintained effi cacy afterwards.45 In this study, 
roxadustat reduced cholesterol levels. 
 In 2020, in the ANDES study,46 a phase 3 
global randomized clinical trial in 916 anemic 
patients with nondialysis-dependent chronic 
kidney disease (analyzed by an intention-to-
treat model), oral roxadustat given 3 times per 
week was superior to placebo in hemoglobin 
correction and maintenance, with the same 
overall tolerability. 
 In OLYMPUS,47 another recent phase 3 
randomized clinical trial, in 2,781 patients, 
roxadustat signifi cantly raised hemoglobin 
levels and decreased the need for blood trans-
fusions, with a side-effect profi le similar to 
that of placebo. 
 Additionally, the ALPS study,48 a phase 3, 
multicenter, randomized, double-blind, place-
bo-controlled trial in 594 patients, found that 
roxadustat was superior to placebo with regard 
to hemoglobin response rate and change in 
hemoglobin level from baseline, with a com-
parable adverse-event profi le.
 A pooled analysis of the ANDES, OLYM-
PUS, and ALPS trials concluded that roxa-
dustat was effective at increasing hemoglobin 

Drugs targeting 
the hypoxia-
inducible factor 
pathway
hold promise
to improve
outcomes in 
diseases that
include anemia 
of chronic 
kidney disease

TABLE 2

Potential benefi ts and risks of 
erythropoiesis-stimulating agents

Benefi ts
Higher hemoglobin levels18

Decreased blood transfusion needs29

Better quality of life23,30–32

Reduction in left ventricular hypertrophy33

Risks
Cardiovascular events21,24

Malignancy-associated mortality24

Thromboembolic events21,24

Hypertension21–24

Hemodialysis vascular-access thrombosis21
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TABLE 3

The most widely used erythropoiesis-stimulating agents in the United States

                Half-life (hours)               
Drug Intravenous  Subcutaneous Dosage in adults

First-generation

Epoetin alfa36 4–13 5–24 Initial 50–100 U/kg 3 times weekly
      intravenously or subcutaneously
   Maintenance individualized 

Second-generation

Darbepoetin alfa 37 21 35–139 Initial 0.45 μg/kg weekly, adjusted as
      needed to maintain hemoglobin
      11–13 g/dL
   Do not adjust dose more frequently
      than once a month unless clinically
      indicated

Third-generation

Methoxypolyethylene 119 124 Initial 0.6 μg/kg every 2 weeks
glycol–epoetin beta38    intravenously or subcutaneously

Epoetin zeta39         Similar to fi rst-generation epoetin alfa

levels in anemic patients with chronic kidney 
disease not on dialysis, reduced the need for 
blood transfusions, and did not demonstra-
bly increase the risk of major adverse cardiac 
events.49,50

 ■ TRIALS IN PATIENTS ON DIALYSIS

The fi rst phase 2 clinical trial of oral PHI 
therapy to report hemoglobin correction in 
patients on dialysis who had never received 
ESAs, published in 2016, was an open-label 
study of roxadustat (with no placebo group).51 

The mean hemoglobin level increased by at 
least 2.0 g/dL within 7 weeks, independent 
of initial hemoglobin level, iron-repletion 
state, iron supplementation, C-reactive pro-
tein level, and dialysis type (hemodialysis or 
peritoneal), and hepcidin concentrations de-
creased. This was the fi rst study to challenge 
the historical notion that anemia in dialysis-
dependent chronic kidney disease was a result 
of loss of the cells that produce endogenous 
erythropoietin. Instead, it showed that the 
mechanism remains intact but was suppressed 
in the uremic milieu. 

 In 2019, a randomized phase 3 study of 305 
patients in China with dialysis-dependent 
chronic kidney disease on ESAs found that 
oral roxadustat was noninferior to intrave-
nous epoetin alfa.52 A notable result also seen 
in the 2016 phase 2 trial51 was that infl amma-
tion (assessed by C-reactive protein levels) 
did not affect the hemoglobin-correcting ef-
fect of roxadustat, whereas ESAs produce less 
of a response in infl ammatory states.53 
 In 2021, the HIMALAYAS study54 ex-
plored the effi cacy and safety of roxadustat in 
a phase 3 open-label trial using epoetin alfa as 
the control treatment in 1,043 patients with 
anemia who had never received an ESA be-
fore and who had recently started on dialysis 
(from 2 weeks up to 4 months before random-
ization). Roxadustat was noninferior to epo-
etin alfa in correcting and maintaining hemo-
globin levels, with comparable adverse-event 
rates with either treatment.54

 ■ BENEFITS AND SIDE EFFECTS OF PHIs

PHIs are promising drugs, as they are at least 
as effective as ESAs in raising hemoglobin 
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levels in patients with chronic kidney disease 
either on or off dialysis. They increase iron 
availability by decreasing hepcidin levels, thus 
potentially reducing the need for intravenous 
iron. Most importantly, they seem to remain 
effective in infl ammatory states. This is a 
striking difference from ESAs, which require 
higher doses in infl ammatory states and often 
fail to achieve target hemoglobin values.21,22,24 

This ESA resistance and the higher required 
doses are likely responsible for the negative 
cardiovascular outcomes in hyporesponsive 
patients.27,28 
 Additional advantages of PHIs include 
ease of administration (oral dosing, especial-

ly advantageous in patients not on dialysis 
or who are on home hemodialysis), cheaper 
manufacturing with less stringent transporta-
tion logistics (ESAs need to be kept refriger-
ated),55 and less immunogenicity (a concern 
with ESAs), given that they are not protein-
based. Also, roxadustat seemed to lower cho-
lesterol levels, though the mechanism remains 
to be understood.45

Adverse effects of PHIs
So far, no major serious adverse effects have 
been found in clinical trials. The serious adverse 
events that happened in phase 2 trials were 
not considered drug-related or were deemed 

PHIs are 
promising 
drugs,  as they 
are at least as 
effective as 
ESAs in raising 
hemoglobin
levels in
patients with 
chronic kidney 
disease on or 
off dialysis

Figure 2. Prolyl hydroxylase (PH) inhibitors increase erythropoiesis. Hypoxia-inducible
factor (HIF) is a heterodimer consisting of 2 subunits, alpha and beta (HIF-α, HIF-β). Under 
normal oxygen tension, the proline residue of HIF-α is hydroxylated and subsequently 
degraded. This prevents the formation of the heterodimer and stops subsequent erythro-
poietin transcription. When oxygen tension is low, HIF-α is not degraded, thus allowing HIF 
heterodimers to form. This leads to an increase in erythropoietin transcription. By prevent-
ing hydroxylation of HIF-α, PHIs prevent its degradation and stabilize the HIF-α/HIF-β het-
erodimer. This leads to increased downstream gene expression with increased production 
of endogenous erythropoietin.
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“within expected range,” as they happened at 
comparable rates in comparable patients who 
were not on these drugs.56 However, studies of 
the PHI FG-2216 were suspended after a pa-
tient died of hepatic necrosis, making it the 
only drug of this class for which a study was 
halted due to safety concerns.57 
 Hyperkalemia. The two Chinese phase 3 
trials45,52 showed an increased risk of hyperka-
lemia with roxadustat. Hyperkalemia has also 
been reported in trials of daprodustat in pa-
tients on hemodialysis.58 Thus, use of PHIs in 
patients predisposed to hyperkalemia should 
be approached with caution. 
 Upper respiratory tract infections and 
metabolic acidosis have also been reported. 
More side effects may emerge with larger and 
longer studies.
 Cardiovascular safety. A pooled post hoc 
analysis compared roxadustat with epoetin alfa 
in 1,530 patients newly started on dialysis.49 

Although the results suggested a lower risk of 
death, myocardial infarction, and stroke in the 

roxadustat group, an analysis with prespecifi ed 
stratifi cation factors had shown attenuated 
benefi ts and wider confi dence intervals,59 lead-
ing to the results of this study being called into 
question.60 Thus, the cardiovascular superior-
ity of PHIs is yet to be fully established. 
 Theoretical risk of malignancy. To date, 
no animal or human study has shown PHIs 
to increase the risk of kidney cancer or other 
malignancies. However, HIF activation may 
enhance the proliferation, invasion, and met-
astatic potential of cells, as HIFs appear to be 
linked to metastasis in several malignancies 
(breast, prostate, lung, bone, and colorectal 
cancer).61 
 Diabetic retinopathy (either its induction 
or progression) is another potential adverse 
effect. HIF-1 alpha can induce vascular en-
dothelial growth factor, which is involved in 
the progression of this disease. No such cases 
have been reported, but because many trials 
excluded patients at high risk of retinal hem-
orrhage, PHIs should be used with caution in 

TABLE 4

Published phase 2 and 3 trials of roxadustat

Trial No.  Patients Effect on hemoglobin

Besarab et a44  104 Not on dialysis Better than placebo

Chen et al45  154 Not on dialysis or ESAs  Better than placebo

ANDES46 922 Not on dialysis or ESAs Better than placebo

OLYMPUS47  2,781 Not on dialysis Better than placebo

ALPS48  594 Not on dialysis or ESAs Better than placebo

Besarab et al51  60  On dialysis, or ESAs Better than baseline

Chen et al52  305 On dialysis and ESAs As good as epoetin alfa

HIMALAYAS54  1,043 New to dialysis As good as epoetin alfa

Akizawa et al66  303 On dialysis As good as darbepoetin alfa

Akizawa et al67  56  On dialysis Better than baseline

Akizawa et al68   239 On dialysis Better than baseline in those not on ESAs

Akizawa et al69  99  Not on dialysis or ESAs Better than baseline

Provenzano et al70  145 Not on dialysis Better than baseline

Provenzano et al71  90  On dialysis As good as epoetin alfa

ESA = erythropoiesis-stimulating agent
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this population.42 
 Progression of autosomal dominant poly-
cystic kidney disease. In theory, PHIs could 
raise the risk of cyst growth, since HIF expres-
sion levels have been correlated in human and 
rat models with increased cyst burden.62 Until 
better evidence is available, some experts sug-
gest limiting PHI use in patients with this dis-
ease who are not on dialysis.63

 ■ PHI DRUGS: CURRENT STATUS

Roxadustat is currently approved for use in 
anemia of chronic kidney disease in nondialy-
sis-dependent and dialysis-dependent patients 
in China, Japan, and Chile, and recently re-
ceived a positive opinion by the Committee 
for Medicinal Products for Human Use of the 
European Medicines Agency.64 
 However, concerns about its cardiovascu-
lar safety prompted the FDA Cardiovascular 
and Renal Drugs Advisory Committee to vote 
against the approval of roxadustat in July 2021. 
In August 2021, the FDA responded to roxa-
dustat’s New Drug Application by asking for a 
new clinical trial to assess the safety of this drug 
in both nondialysis- and dialysis-dependent 
chronic kidney disease.64 Therefore, it seems 
unlikely that roxadustat will be available in the 
United States in the immediate future. 
 Although other PHIs have been approved 
for clinical use in Japan,65 roxadustat is the most 
studied to date. The 14 published phase 2 and 3 

trials of roxadustat44–48,51,52,54,66–71 are summarized 
in Table 4. (See ccjm.org for an expanded ver-
sion of Table 4.)

 ■ KEY QUESTIONS REMAIN

More research is needed to answer the follow-
ing important questions about PHIs: 
• Given their ability to achieve hemoglobin 

targets at physiologic plasma erythropoi-
etin levels, could they be used to treat hy-
poresponsive patients more effectively and 
safely? 

• Given their effects on iron mobilization, 
can they reduce the need for intravenous 
iron in patients with anemia of chronic 
kidney disease? 

• Will their cholesterol-lowering properties 
prove clinically relevant? 

• What is the future of roxadustat in light of 
the recent FDA decision? 

 However, regardless of the lingering ques-
tions, the exploration and exploitation of the 
HIF pathway opens the door to multiple pos-
sibilities. Will PHIs deliver on the promises? 
We certainly hope so. It would be great to 
have 1 more tool at our disposal to treat ane-
mia in patients with kidney disease. ■
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