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Abstract

The long-term clinical experiences with recombinant human erythropoietin (rHuEPO) and its analog derivatives
have clearly proven that correction of anemia with erythropoiesis stimulating agent (ESA) not only reduces blood
transfusion and improves patients’ QOL but has multiple benefits for the concurrent complications of CKD such as
Cardio-Renal–Anemia (CRA) syndrome and/or malnutrition-inflammation-atherosclerosis (MIA) syndrome.
Unlike ESA, the newly available agent, hypoxia-inducible factor (HIF) stabilizer, stimulates endogenous
erythropoietin (EPO) by mimicking hypoxia with HIF prolyl hydroxylase domain enzyme (HIF-PHD) inhibition. The
phase 2 and 3 clinical studies have shown that HIF stabilizers are as efficacious as ESA in ameliorating renal anemia.
Whether the same clinical benefits on CRA and MIA syndrome hold true in patients given HIF stabilizers is a matter
for future debate. Given that HIF stabilizers act on the multiple target genes, the use of this novel agent may lead
to unwanted adverse events.
Launching HIF stabilizers into the treatment of renal anemia provokes a concern about how this alternative
treatment will be taken up in the daily clinical practice. However, guideline-oriented strategies on how to use HIF
stabilizer is not available at this limited point due to scant clinical information. Nevertheless, this opinion-based
review provides a future insight into the management of renal anemia with HIF stabilizer by reference to the past
experiences with ESA. HIF stabilizers can preferably be indicated for CRA syndrome at pre-dialysis stage, ESA
resistant anemia at advanced CKD stage, and perhaps for dysregulated iron metabolism akin to MIA syndrome in
patients on dialysis.
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Introduction
The epoch-making recombinant human erythropoietin
(rHuEPO) came into clinical practice for renal anemia in
chronic kidney disease (CKD) patients on dialysis in
1990, and its indication was extended to those at pre-
dialysis stage in 1994 in Japan. The pharmacological
potency of correction of anemia with rHuEPO and its
pharmacological analogues was so efficacious that most

of the CKD patients benefited from the treatment. One
of the remarkable effects of the erythropoiesis stimulating
agents (ESA) was the reduction in blood transfusion that
contributed to the prevention of blood-transfusion-borne
infections such as viral hepatitis and other intractable life-
threatening diseases before the Era of ESA. ESA has proven
to be cardio-renal protective, reducing cardio-renal-anemia
(CRA) syndrome, a highly risky cardiovascular (CV) condi-
tion associated with CKD. Indeed, a large body of evidence
has clearly proven that ESA regresses left ventricular hyper-
trophy (LVH) and retards the progression of CKD
[1, 2]. In addition, ESA also improves malnutrition-
inflammation-atherosclerosis (MIA) syndrome, an abnormal
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iron metabolism characterized by the increased hepcidin
and serum ferritin levels [3, 4].
Lagging about 3 decades behind ESA in 2019, the hyp-

oxia inducible factor (HIF) stabilizer which stimulates
endogenous erythropoietin (EPO) by mimicking hypoxia
with HIF prolyl hydroxylase domain enzyme (HIF-PHD)
inhibition was launched for the first time into the
clinical practice of renal anemia in Japan. Its clinical
indication was limited only to patients on dialysis at the
beginning in 2019, and it was extended to those in pre-
dialysis stage in August 2020. Although the pharmaco-
logical mode of action of HIF stabilizer to stimulate
erythropoiesis is totally different from ESA, the phase-2
and phase-3 clinical studies have shown that HIF stabi-
lizers are as efficacious as ESA in ameliorating renal
anemia [5–19]. However, at this point whether HIF
stabilizer exerts the same benefits in patients with CRA
and MIA syndrome is a matter for future debate. In
addition, upcoming problems to be solved are to what
extent the assumptive adverse effects originate from the
multiple target genes that the HIF activates will be clin-
ically problematic.
Treatment of renal anemia with HIF stabilizers provokes

a clinical concern about how this alternative treatment
will be taken up in our daily CKD practice. Clinical guide-
lines on how to use HIF stabilizer are not yet available due
to insufficient clinical information. Therefore, by reference
to many clinical experiences with ESA in the past three
decades, this opinion-based review may provide anew a
future insight into how we clinicians should manage renal
anemia with HIF stabilizer.

The differential diagnosis on renal anemia
The total number of human cells is approximately 30 ×
1012. The largest contributor to the overall number of
human cells is red blood cells (RBCs) with a total of 25
× 1012, indicating that 84% of the total body cells are
RBCs [20]. The regulatory system of RBCs is a dynamic
and actively operating one, constantly producing 2.0 ×
106 (cells/second) and destroying the same number at
the same time. Iron is an essential element for erythro-
poiesis and the regulatory system of iron is basically the
closed circuit in which iron in the RBCs is constantly
reused, as long as loss of RBCs such as gastrointestinal
(GI) bleeding did not happen. Once RBCs are destroyed
in the reticuloendothelial system, iron is reused efficiently
as heme iron. The total body iron storage is estimated ap-
proximately 3 ~ 4 g. In a physiological condition in which
there is no blood loss, only 1 ~ 2mg of iron is excreted
from the decidual cells in the GI tracts which is routinely
replenished with food.
Causative conditions/diseases for anemia in CKD pa-

tients are multifactorial; these include CKD-associated
reduced EPO production, loss of blood, iron deficiency,

malabsorption of iron, dysregulation of iron metabolism,
hemolysis, vitamin B12 and/or folic acid deficiency, use
of RAS inhibitors, malnutrition, autoantibodies to EPO
receptor, and coincidental hematological disorders such
as MDS and aplastic anemia. The definition of renal
anemia, in a narrow sense, is a normocytic normochro-
mic anemia without the elevation of reticulocytes. For
making a differential diagnosis of renal anemia, measure-
ment of circulating EPO concentration is practically im-
portant. In renal anemia in CKD, due to the reduced
production of EPO in the kidney, the EPO concentration
is normally less than 50 mIU/mL. In contrast, in anemic
patients without CKD, the most of them have a circulating
EPO exceeding 50 mIU/mL. It is also known that patients
with acute GI bleeding sometimes have increased EPO
concentration above 200 ~ 300 mIU/mL. All in all, the
differential diagnostic criteria for renal anemia include; (1)
normocytic normochromic anemia without increase in
reticulocytes, (2) EPO < 50 mIU/mL, and (3) able to rule
out other diseases that cause anemia. Regarding how to
make a differential diagnosis on renal anemia, the guide-
lines published in the Japanese Society of Dialysis and
Transplantation (JSDT) described it in detail [21].

Cardio-renal effect of ESA therapy
Effect of ESA in patients with CRA syndrome
Anemia and/or anemia-induced hypoxia increases
cardiac burden and accelerates LVH [22]. In general, the
more the CKD progresses into the further advanced
stage, the more the deterioration of LVH advances. Pa-
tients with extremely advanced LVH could occasionally
further deteriorate into congestive heart failure (CHF),
which jeopardizes patient’s life prognosis. In the pres-
ence of renal anemia in CKD patients, the reduced car-
diac function further accelerates the decline in renal
function, creating a vicious circle so-called the cardio (or
cardiovascular)-renal-anemia (CRA) syndrome. CKD in-
creases inflammation and oxidative stress via hypoxia
and eventually activates renin-angiotensin-aldosterone
system (RAS) via reduced renal perfusion, which also fa-
cilitates cardiovascular disease (CVD). CKD also induces
sodium and water retention which frequently leads to
hypertension. These changes trigger to aggravate LVH
and reduce cardia output, which in turn decreases perfu-
sion of the kidney. Inflammation in CVD also becomes a
risk for CKD progression. After all, CKD and CVD to-
gether with renal anemia create an intractable vicious
circle. The concept of CRA syndrome has been widely
acknowledged and discussed elsewhere [23] (Fig. 1).
Silverberg et al. reported that treatment of anemia with
ESA in patients with the CRA syndrome having congest-
ive heart failure (HF) improved not only patients’ sub-
jective symptoms, but also the ejection fraction (EF),
NYHA classification, eGFR, and shortened the duration
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of hospitalization, suggesting that ESA serves as cardio-
renal protective [24]. The similar study was conducted
by Ayus et al. who confirmed that ESA significantly
regressed the LVM index (LVMI) in CKD patients at
pre-dialysis stage [25]. After collecting 15 related studies,
Parfrey et al. confirmed in a meta-analysis that the
regression of LVMI was unequivocally found in the
anemia treatment with ESA [1]. Supporting this con-
clusion is a multicenter study recruiting pre-dialysis
patients in Japan that maintaining hemoglobin (Hb)
levels above 12 g/dL with the use of darbepoetin-α
(DA) significantly reduced LVMI [26].
As for the effect of ESA on residual renal function in

pre-dialysis patients, early studies showed that the use of
ESA retarded the progression of CKD [27, 28]. Recently,
Covic et al. performed an extensive meta-analysis on the
renal protective effect of ESA and found that there was
no benefit when evaluated using the hard-endpoint (EP)
such as composite EP including mortality, commencement

of dialysis, and renal death. However, when using a doub-
ling of Cr concentration, the relative risk was as low as 0.53
(95%CI, 0.31 ~ 0.89), suggesting that early intervention with
ESA may serve as renal protective [2]. Focusing on renal
protection, Akizawa et al. and Tsubakihara et al. also con-
firmed that the early intervention maintaining the Hb levels
above 12 g/dL with ESA was advantageous in protecting
the kidney from failing [29, 30]. On the contrary, a random-
ized multicenter study by Hayashi et al. in patients with
advanced CKD patients with an eGFR of 8 to 20mL/min/
1.732 demonstrated that there was no difference in the
renal survival between the high Hb-group and the low-Hb
group [31].
Taking all the above mentioned studies into consider-

ation, it can be safely concluded that ESA regresses
LVH; thus, serving as cardio-protective, preventing HF
and/other cardiac diseases, and eventually contributing
to prolonging patients’ lives. With respect to renal pro-
tection, ESA appears not to have benefits in advanced

Fig. 1 Cardio-renal-anemia (CRA) syndrome. CKD-induced anemia produces hypoxic condition which leads to an increase in oxidative stress. CKD
also facilitates chronic inflammation and hypoxia in renal tissue, activating systemic, and local RAS. These changes trigger to aggravate cardiac
hypertrophy and reduce cardiac output, which in turn decreases organ perfusion including the kidney. With such a mechanism, renal anemia in
CKD creates a vicious circle in conjunction with CVD/HF, so-called the CRA syndrome, which may eventually result in poor patients’ prognosis.
CVD cerebrovascular disease, LVH left ventricular hypertrophy, HF heart failure. Quoted from reference # 23,24
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CKD patients, but early intervention with ESA is prob-
ably advantageous in retarding the progression of CKD.
All in all, the effect of ESA in improving the CRA
syndrome appears to be indisputable. Of note is that
whether the same holds true with the use of HIF stabi-
lizers remains undetermined, thus needs to be addressed
in the future trials.

Factors to explain ESA hyporesponsiveness
Normal hematocrit cardiac (NHC) trial was the first
large-scale RCT to evaluate the effect of ESA in patients
on dialysis. Defining death and non-fatal myocardial
infarction as the primary EP, comparison was made be-
tween the high-hematocrit (Ht) (Ht 42%) and the low-
Ht (Ht 30%) group. The NHC trial was not completed
because of a trend of unexpectedly increased number of
death and the excessive amount of iron-supplementation
dosage [32]. This study widely provokes a concern that
“normalization of Ht with ESA” may not always be
necessary for the better outcomes, and thus, setting the
target Ht level in the neighbor of “normal” was in gen-
eral not recommended. Discussion on the normalization
of anemia with ESA was later years extended to patients
at pre-dialysis stage in the CREATE, CHOIR, and TREA
T studies. The CREATE showed that therapy with ESA
aiming at normal Hb level had no beneficial effect on
the prevention of CV diseases [33]. Second, the CHOIR
showed that there was an increasing rate of death, con-
gestive HF, non-fatal myocardial infarction, and cerebral
apoplexy [34]. Third, the TREAT study indicated that
the incidence of cerebral apoplexy had risen significantly
in the high Hb group [35]. Following these trials, the
RED-HF study aiming at the target Hb level above 13 g/
dL in patients with chronic HF resulted in an increase in
the incidence of cerebral thrombosis [36]. The clinical
message of these clinical studies is that a targeted Hb
well over 13 g/dL or near normal may have an inherent
CV risk that would lead to the poor prognosis of the
CKD patients. Notably, post hoc analyses on the CREA
TE, CHOIR, and TREAT studies suggested that the true
cause for the unexpected adverse events is not the ESA
treatment aiming at the high Hb level per se, but “the
ESA hyporesponsiveness” in which there is either high
dose of ESA (as a result of weakened response to ESA)
or large dose iron supplementation [37–39]. The under-
lying abnormality to explain ESA-hyporesponsiveness is
chronic inflammation and the subsequently accompany-
ing iron dysregulation in CKD patients.
Based on the abovementioned studies, the KDIGO

guideline is rather cautious about using ESA. The guide-
line recommends that iron therapy is the first priority
and that ESA should not be the choice even if patient’
Hb > 10 g/dL. Moreover, it recommends that the target
Hb should be less than 11.5 g/dL [40]. However, unlike

the KDIGO guideline, the JSDT guideline paid a special
attention to set the stage-specific individual target Hb
value, especially distinguishing patients on dialysis from
those at pre-dialysis stages. Based on them, the ESA
should be started when the Hb value measured repeat-
edly is less than 11 g/dL if patients are at pre-dialysis
stage or on peritoneal dialysis (PD), and it is less than
10 g/dL if patients are on hemodialysis (HD). In
addition, the targeted Hb value should be set to 10 ~ 12
g/dL if the patients were on HD and 11 ~ 13 g/dL if they
were in pre-dialysis stage or on PD [41].
Now that the guideline for HIF stabilizer is not avail-

able at this limited point, these values obtained from the
studies of ESA should be applicable for the treatment of
renal anemia with HIF stabilizers.
As mentioned above, high-dose ESA treatment for

anemia in CKD patients might be associated with in-
creased mortality in those patients. With respect to EPO
concentration, levels of EPO after administration of ESA
is obviously increased compared with those with HIF
stabilizers. HIF stabilizers could control renal anemia
while keeping EPO within an almost normal physio-
logical range. That could be the advantage in CKD pa-
tients with anemia who would be required high dose of
ESA for the management.

Dysregulated iron metabolism in CKD patients
CKD and MIA syndrome
The incidence of renal anemia increases linearly as the
CKD progresses into its further advanced stage. Recruit-
ing more than 1,000,000 individuals in the in USA in
research, Go et al. clearly showed that the progression of
renal function to end stage renal disease (ESRD) acceler-
ates risks of death and CV events in an exponential fash-
ion [42, 43]. What are the hidden mechanisms to create
this vicious cycle in CKD? One of the answers to this
question is the CRA syndrome, as was discussed previ-
ously in this review. But there is another crucial mechan-
ism to cause deterioration of CKD; that is, the abnormal
regulation of iron in an association with chronic inflam-
mation. Steinvinkel et al. proposed for the first time the
conceptual disease entity of the MIA syndrome [3, 4].
MIA syndrome can be found in most of advanced CKD.
Via increase in circulating cytokines such as interleukin
(IL)-6, chronic inflammation, and abnormal iron metabol-
ism plays a crucial role in the ESA unresponsiveness and
other CKD-accompanying complications in the MIA syn-
drome. It is conceivable that its pathogenetic mechanisms
are more or less overlapped with the CRA syndrome.

Iron sequestration inside of the cells in CKD
Under the influence of chronic inflammation, secondary
to increased inflammatory cytokines and oxidative stress,
the iron metabolism is dysregulated in patients with
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CKD. In addition, reactive oxygen species (ROS) forma-
tion and production of free radicals due to chronic in-
flammation also adversely affects iron metabolism [44].
Utilizing polymorphonuclear leukocytes, Otaki et al. for
the first time proved clinically that intracellular iron
content was increased in patients on dialysis [45], sug-
gesting that iron is sequestrated in the cells. In other
words, iron is trapped inside the cells. This mechanism
can be accounted for by an increase in hepcidin. Under
the circumstances akin to MIA syndrome in CKD, hep-
cidin synthesis is stimulated in the liver by the increased
inflammatory cytokines such as IL-6, and in addition,
the reduced renal clearance in CKD also synergistically
increases the circulating hepcidin level. Stimulated by
iron overload, IL-6, leptin, and the hepcidin downregu-
late ferroportin-1 (FPN-1) to inhibit iron release from
the cells, and at the same time tumor necrosis factor
(TNF)-NFolipopolysaccharide (LPS), etc., upregulates
transferrin receptor (TfR) and divalent transporter-1
(DMT-1) to trap more iron into the cells [46] (Fig. 2a).
Recently, erythroferrone (ERFE) has been identified as a
suppressor of hepcidin. Honda et al. demonstrated that
ERFE levels are significantly increased with a concomi-
tant decrease in hepcidun-25 by ESA treatment [47].
Hepcidin is involved in iron sequestration inside the

cells, and ERFE may be a key regulator which facilitates
iron release of the inside the cells into the circulating
blood. Since ERFE are produced and released from
erythroblasts, ESA or HIF stabilizer acts on the bone
marrow to stimulate ERFE and as a result inhibits hepci-
din, helping the dysregulated iron mobilization to yield
better outcomes [48]. Interestingly, HIF could regulate
FPN-1 and hepcidin production directly in non-ERFE-
dependent pathway. That is, the von Hippel–Lindau/
hypoxia-inducible transcription factor (VHL/HIF) path-
way is an essential link between iron homeostasis and
hepcidin regulation in vivo. Through coordinate down-
regulation of hepcidin and upregulation of erythropoi-
etin and FPN-1, the VHL-HIF pathway mobilizes iron to
support erythrocyte production [49].
All in all, iron metabolism in renal anemia of CKD is

characterized by increase in hepcidin due to the in-
creased inflammatory cytokines. Iron in CKD is not defi-
cient, and there is rather abundant iron inside the cells.
Nevertheless, functionally deficient iron outside of the
cells is not sufficient enough to elicit efficient erythro-
poiesis. So, this is a paradoxical regulation of iron where
“Excessive iron is present inside the cells but, function-
ally iron is deficient outside the cells”. Incidentally,
elevation of EPO by either ESA or HIF stabilizer lowers

Fig. 2 “Iron sequestration in the cells” (a) and “hematopoietic action of HIF stabilizers” (b). As a result of the HIF-PHD inhibition with HIF stabilizers, HIF
induces endogenous EPO and facilitates RBC production in the bone marrow. HIF also induces genes related to iron mobilization for effective
erythropoiesis. Serum hepcidin levels are increased in CKD patients, and HIF inhibits hepcidin through the stimulation of erythroferrone (ERFE) to
accelerate erythropoiesis. FPN ferroportin, DMT-1 divalent metal transporter-1, TfR transferrin receptor. Quoted from reference # 46
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hepcidin level and improves the utilization of iron more
effectively through the increase in ERFE [46] (Fig. 2b).

Serum ferritin and patients’ mortality
Serum ferritin concentration is crucial in the determin-
ation of a patient’s prognosis. It is known that the higher
the serum ferritin concentration is, the poorer the
patients’ mortality becomes [50]. Serum ferritin levels
are substantially different country by country. It is 83
ng/mL in Japan, 405 ng/mL in Europe, and 718 ng/mL
in the USA [51]. The similar trend has been found in
two other Japanese studies in which serum ferritin levels
were relatively low of 73 ng/mL in HD patients [52], and
the rate of patients with ferritin levels > 500 ng/mL
accounted for only 11.4% in a separate study population
[53]. Of note is that Hamano et al. investigated thresh-
olds of iron markers for iron deficiency erythropoiesis
and suggested that the patient subgroup with TSAT <
20% and ferritin > 100 ng/mL had significantly higher
ERIs compared with the subgroup with TSAT > 20%
and ferritin < 100 ng/mL, implying that TSAT, rather
than ferritin, should be a primary iron marker predicting
ESA response [53].
Coincidentally, the mortality is the lowest in Japan,

followed by Europe and the USA in this order, suggest-
ing a possibility that higher ferritin levels can be associ-
ated with worse outcomes. Japan is a leading country
when it comes to the outcomes of dialysis treatment.
Death risk in dialysis patients is 1 (a reference) in Japan,
2.4 in Europe, and 2.8 in the USA, which is in good
accordance with the abovementioned patients’ ferritin
status [54]. Using the baseline data of 191,902 patients
on dialysis, Maruyama et al. performed the nationwide
survey on the relationship between serum ferritin and
mortality. The study found that higher baseline serum
ferritin levels were associated with higher mortality rate
among patients undergoing HD [55]. Nevertheless, the
reason why Japan leads Europe and the USA is not
simply because the iron management therapy in Japan is
superior to other countries. It may be influenced by
multiple factors and reasons, i.e., health insurance
systems, reimbursement system, differences in dialysis
modality, quality of dialysis technique, the availability of
A-V fistula, quantity of blood flow, and patients’ adher-
ence to the therapy.

Appropriate iron supplement therapy
Excessive iron overload may have a deleterious effect on
life prognosis even in individuals without CKD. Notably,
in Iowa women’s health study recruiting 38,772 women
in the USA, the hazard risk was higher in individuals
who consumed iron supplement for a longer period and
a larger amount [56]. Because iron metabolism is a
closed reuse circuit without efficient excretion pathway,

iatrogenic excessive iron overload will easily result in
excessive iron burden in humans. Rostoker et al. using
MRI demonstrated that HD patients whose serum
ferritin level exceeded 290 ng/mL frequently have
serious iron deposition in the liver [57]. Through the
observational study in patients on HD, Ogawa et al.
recommended that an appropriate criterion in iron
management might be “serum ferritin < 90 ng/mL and
TSAT < 20%” [58]. In addition, Anraku et al. found
that acute and frequent administration of intravenous
iron induced a substantial increase in oxidized albu-
min and serum ferritin level, suggesting that the iron
supplement plan should be carefully managed [59].
Based on these studies, the JSDT takes these studies
into consideration and creates a guideline, recommending
the moderate use of iron. The JSDT guideline suggests that
iron supplementation has priority when serum ferritin level
< 50 ng/mL in ESA naïve patients. The guideline also sug-
gests iron therapy for patients who are treated with ESA
and cannot maintain target Hb levels if both the following
conditions are satisfied: absence of disease that decreases
iron utilization rate; and serum ferritin level < 100 ng/mL
or TSAT < 20%. On the other hand, iron therapy is not rec-
ommended when ferritin level ≥ n300ng/mL [60].
Compared to the JSDT guideline which imposes rela-

tively strict restriction on the use of iron, overseas guide-
lines are affirmative to allow a relatively high-dose iron
supplementation. In the PIVOTAL study in which pa-
tients on maintenance dialysis were randomly assigned
to the two dose of iron, Macdougall et al. demonstrated
that the high-dose intravenous iron administration (400
mg/month) improved death rate, CV event, and reduc-
tion in blood transfusion treatment [61]. Moreover,
there was no difference in the prevalence of infection
between the high dose (400 mg/month) and the low dose
(100 mg/month) [62]. These results may support an
argument that iron supplementation might be required
even though patients’ ferritin levels exceed 200 ~ 300
ng/mL. Similarly, Coyne and Fishbane insisted that an
iron status of “serum ferritin around 200 ng/mL and
TSAT < 20%” is regarded as a functional iron deficiency
and that iron supplementation should be recommended
[63]. This concept of relatively high dose of iron therapy
has been supported by the other oversea researchers that
even if serum ferritin level exceeds 700 ng/mL under the
condition of ESA resistance, the iron supplementation is
still acceptable. An AIM-HD trial, performed in Taiwan
recruiting 42,230 HD patients during 2001 to 2008, dem-
onstrated that patients with Hb levels lower than 10 g/dL
had a higher mortality [64]. In contrast, the AIM-HD
found that those having ferritin level of 300 ~ 800 ng/mL
and TSAT of 30 ~ 50% had a lower mortality, and this
also defends that the high-dose iron may be acceptable.
Incidentally, according to the KDIGO guideline, iron
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therapy is the first priority even if patients’ iron status is
TSAT 30% and serum ferritin 500 ng/mL [40].
Although at this point, there is no direct clinical evi-

dence that excessive iron load would lead to poor patients’
prognosis, one must be alert to the possibility that careless
and aimless iron supplementation is far physiological
considering that the regulatory system of iron is a closed
circuit. One must also be aware of a fact that even without
ESA or HIF stabilizers, iron replacement therapy, per se,
at least in part, improves renal anemia. But that does not
necessarily imply that the treatment is scientifically justi-
fied. Physicians must recognize that there is “A pitfall in
iron therapy in CKD”; CKD is unequivocally associated
with “Sequestration of iron in the cells with functional
iron deficiency outside the cells”. After all, iron therapy
should also be considered on the premise that the use of
either ESA or HIF stabilizers improves the dysregulated
iron metabolism via the hepcidin-ERFE axis.

Clinical significance of HIF stabilizers
Development of HIF stabilizers
Now that we come to understand the pathophysiology
of renal anemia and its therapeutic interventions
through the experiences with ESA, the latter part of this
article will deal with how HIF stabilizer will be applied
for CKD in our daily clinical practice.
Given that high altitude training improves physical

performance of athletes, continuous exposure to hypoxia
stimulates endogenous EPO. The similar effect is expected
even in patients with impaired renal function. Focusing on
the relationship between land altitude and the death rate
of inhabitants who were on dialysis, Winkelmayer et al.
performed a large-scale observational study recruiting 80,
000 HD patients for a period of 20 years. The cohort
suggests that those who live in high lands over 1800 m in
altitude had a lower relative death rate by 15% [65].
It implies that even if kidney function is severely
damaged, it responds well to the altitude-dependent
hypoxic condition.
In CKD, glomerular sclerosis, interstitial fibrosis, and

vascular lesions accelerate hypoxia in the kidney. Under
these abnormal conditions, the activation of HIF is not
sufficient to induce the secretion of endogenous EPO
from the EPO-producing (REP) cells, resulting in renal
anemia. HIF stabilizer is an inhibitor of HIF-PHD which

stimulates endogenous EPO by mimicking hypoxia with
HIF-PHD inhibition [66]. For the first time in 30 years
since ESA became available in 1990, HIF stabilizer has
been newly launched into the treatment of renal anemia.
Of note is that circulating endogenous blood concentra-
tion of EPO produced by HIF inhibition are within a
physiological level (the peak is about 100mU/mL at
most). In contrast, exogenously given ESA produces a
so-called overshooting of EPO concentration (the peak
is about 500 mU/mL or more) (Table 1). It is of particu-
lar interest by inferring from this fact that EPO-induced
hypertension with the use of ESA may be relevant to
increase in unphysiologically high EPO concentration
which acts on VSMC to constrict the vasculature, lead-
ing to increase in blood pressure (BP).

Characteristics of HIF stabilizers
In November 2019, the novel drug for renal anemia,
Roxadustat, became available for the first time in Japan.
At the beginning, its indication was only limited to renal
anemia in patients on dialysis. Subsequently, as of
August 2020, daprodustat and vadadustat become avail-
able, which are indicated for both patients on dialysis
and those in pre-dialysis stage. The indication of roxadu-
stat will be extended to patients at pre-dialysis stage by
the end of this year. The other two new agents, molidu-
stat and enarodustat, will also be available soon.
The pharmacological potency of these HIF stabilizers

to ameliorate renal anemia may be different because
each has its own different pharmacological property in
the pharmacokinetics (PK) and the pharmacodynamics
(PD) (Cmax, T1/2, Tmax, AUC, Ki, IC50). Molecular
and cellular mechanisms of HIF stabilizers have been
reviewed by Yeh et al. that there are substantial differ-
ences in the in vitro characterizations of pharmaco-
logical properties, PK, and PD of HIF inhibition among
different HIF stabilizers [67].
The notable difference between ESA and HIF stabilizer

is the route of administration (Table 1). ESA is given
either subcutaneously or intravenously, whereas HIF
stabilizer is given orally. Because of the clinical problem
of polypharmacy in which CKD patients are normally
given multiple drugs, whether the oral use is more
advantageous than the other still needs to be further
evaluated. Other potential merits of choosing HIF

Table 1 Clinical characteristics of ESA and HIF stabilizer

Drug EPO origin EPO concentration at peak Route Correction of anemia Adverse events

ESA Exogenous High (overshooting) IV or SC Correction of anemia Hypertension thrombosis

HIF-S Endogenous Within physiological levels Oral Effective (especially, nondialysis) Thrombosis/embolism pulmonary
hypertension/ADPKD/malignancy/
retinopathy/hyperkalemia
hypertension?

ESA erythropoiesis stimulating agent, HIF-S HIF stabilizer, ADPKD autosomal dominant polycystic kidney disease, IV intravenous use, SC subcutaneous use
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stabilizers include probably low cost, improved iron pro-
file, and endogenous EPO at levels close to physiological
range.
Of note is that there are a lot of target genes of HIF

activation (approximately 100 ~ 200 genes); thus, the
gene-dependent unwanted pharmacological effects should
be taken into consideration. At this point, however, there
is no precise information on the class effects, the drug
effects, and the adverse effects of HIF stabilizers. The
followings are the main results of HIF stabilizers obtained
in the phase-2 and phase-3 clinical studies that may pro-
vide us some hints to differentiate one from the others.

Daprodustat Based on the phase-2 trials in patients on
HD and those at pre-dialysis stage, daprodustat increased
Hb levels in a dose-dependent manner compared to the
placebo and the rHuEPO-treated group [8–11]. In a phase-
3 trial, Tsubakihara et al. demonstrated that daprodustat
significantly increased Hb value up to 10 ~ 12 g/dL in the
ESA-naïve patients. This effect was accompanied by the re-
duction in hepcidin, ferritin, and TSAT with a subsequent
increase in TIBC [68]. In addition, Akizawa et al. also found
that daprodustat increased Hb in a dose-dependent manner
in HD patients having anemia ranging 8.5 ~ 10.5 g/dL
(average 9.8 g/dL). Furthermore, this study found that
VEGF remained unchanged, and the circulating endogen-
ous EPO remained within a physiological range with a few
exceptional cases whose EPO levels were as high as the
ones observed in the ESA-treated [10]. Other reports
showed that daprodustat increased Hb in a dose-dependent
manner in HD patients whose pretreatment average Hb
value was less than 10 g/dL, and the secondary analysis
showed that VEGF remained unchanged and the endogen-
ous EPO concentration was within a physiological range
(maximum EPO concentration < 50 mIU/mL). As for ESA
resistance, Akizawa et al. found that darbepoetin-αrDA),
compared to daprodustat, required a broader range admin-
istration dose, suggesting that the ESA hyporesponsiveness
is better controlled in the daprodustat-treated group [69].
In addition, there was basically no difference in the PK and
the PD between Caucasian and Japanese with a slightly high
AUC in the latter, which may be originated from the differ-
ence in body size [70]. The protein binding is about 99%,
and thus, the drug is not dialyzable. The T1/2 is estimated
to be 1.3 ~ 2.5 h.

Roxadustat The phase-2 and phase-3 randomized clin-
ical studies clearly demonstrated that roxadustat was
effective in ameliorating renal anemia in all patient
groups; pre-dialysis, HD, and PD [71–73]. Interestingly,
Provenzano et al. compared roxadustat to epoetin-αto
investigate how inflammation affects drug responses.
They found that the epoetin-α-treated group required
larger dosage to maintain Hb levels in patients having

higher CRP, whereas such a dose dependency was not
found in the roxadustat-treated group [6]. Chen et al. re-
ported that patients treated with epoetin-α had lower
and slower response to attain the target Hb especially in
patients with higher CRP. In contrast, roxadustat re-
quired smaller dosage to attain the target Hb value, irre-
spective of CRP levels [74]. These results of roxadustat
are suggestive that HIF stabilizer may be more beneficial
than ESA in maintaining the target Hb levels even in the
presence of chronic inflammation. In fact, roxadustat
unequivocally reduced hepcidin and ferritin levels [6,
72–74]. More interestingly, increase in EPO concentra-
tion in response to the treatment was significantly lower
in the roxadustat-treated (maximum EPO concentration
< 130 mIU/mL) than in the epoetin-α-treated (max-
imum EPO concentration < 700 mIU/mL), suggesting a
benefit of choosing the former to prevent, for instance,
an abrupt increase in BP due to ESA, so-called EPO-
induced hypertension [6].
Lowering effects of total- and LDL-cholesterol concen-

tration has been reported in the phase-3 trial [74]. In
terms of adverse events, there were less incidence of
hypertension and hyperkalemia compared to the
rHuEPO-treated [73, 74]. The T1/2 is estimated to be 12
~ 15 h. The protein binding is sufficiently high; thus, the
drug is not dialyzable.

Vadadustat A phase-2 study in patients at pre-dialysis
stage demonstrated that vadadustat improved renal
anemia compared to the placebo [18]. There was a sig-
nificant reduction in hepcidin and ferritin accompanied
by an increase in TIBC, while CRP, VEGF, total choles-
terol, and BP remain unchanged. Another phase-2 study
demonstrated that Hb levels were well maintained with
vadadustat after the pre-treatment with epoetin-αp12.
Serum iron was slightly increased; hepcidin, ferritin, and
TSAT remained unchanged; and TIBC was increased.
No serious adverse events were observed [12]. Note-
worthy is that the phase-2 study recruiting 210 patients
at pre-dialysis stage, cystatin-C, was significantly lowered
in the vadadustat-treated group than in the placebo
group (vadadustat group 34.9 ng/mL (n = 138) vs. pla-
cebo: 298.2 ng/mL (n = 72)), suggesting that vadadustat
may provide a renal protective effect [17]. Whether this
agent contributes to retard the progressive lowering of
residual renal function in non-dialysis patients needs to
be evaluated. Interestingly, the dose-response curve of
HIF inhibition showed that the %inhibition with vadadu-
stat had the most gentle slope among other HIF stabi-
lizers, suggesting a slow and mild pharmacological
action that may be essential to avoid abrupt increase in
Hb value in the treatment of renal anemia [67]. The T1/
2 of vadadustat is estimated to be 7 ~ 9 h, and the effect
is not influenced by HD treatment.
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Currently, the internationally organized large-scale
studies, the INNO2VATE, and PRO2TECT trials are
ongoing. The former makes a prompt news, reporting
the non-inferiority of vadadustat to DA with respect to
the effect on anemia correction and the incidence of
major cardiovascular events (MACE). The results of the
INNO2VATE will be announced sometime soon.

Molidustat In a phase-2 study, Macdougall et al. re-
ported that there was a dose-dependent increase in Hb
levels in the moridustat-treated group and the effect was
better than that in the placebo, the DA-treated, and the
rHuEPO-treated groups [13]. Notably, patients on dialy-
sis required higher dosage. In patients at pre-dialysis
stage, molidustat reduced hepcidin, ferritin, and in-
creased TIBC. However, in patients on dialysis who were
previously treated with ESA, the ferritin, TSAT, and iron
were increased instead. There was a slight decrease in
LDL cholesterol concentration. As an extension of the
former phase-2 study, Akizawa et al. confirmed that
molidustat is effective in improving renal anemia in both
patients on HD and those at pre-dialysis stage [13, 75].
Furthermore, hepcidin in the molidustat-treated was
lowered more efficiently than that in the DA-treated in
patients at pre-dialysis stage [76]. Although there were
some cases with thrombosis/embolism, their symptoms
were all mild. As far as the effect of molidustat on BP
level, only small number of cases showed mild elevation
of BP, all of whom were not clinically problematic. In
addition, only a few cases with hyperkalemia were
reported [13]. Currently, a phase-3 study, named the
MIYABI study, is ongoing in Japan which aims at evalu-
ating the effect of anemia correction of molidustat in
patients on HD, PD, and those at pre-dialysis stage. The
result will be announced sometime within this year,
2020.

Enarodustat Akizawa et al. investigated the effect of
enarodustat in CKD patients at pre-dialysis stage in a
double-blind placebo phase-2 trial [19]. The study
showed that enarodustat increased Hb in a dose-
dependent fashion. Analyses of iron regulation showed
that ferritin, hepcidin, and TSAT were lowered, whereas
TIBC was increased. The incidence of hypertension was
8.5% in the enarodustat naïve group and 4.9% in the
conversion group (from ESA) group. The prevalence of
hyperkalemia was 3.2% in the naïve group and 5.8% in
the conversion group. No other serious adverse events
were observed [77]. In another phase-2 study in HD
patients, VEGF remained unchanged throughout the
study period [19]. The T1/2 of enarodustat is 15 h.
The results of phase-3 study were announced in the

American Society of Nephrology (ASN) in 2019, and the
related matters will soon be published. The basic message

in the ASN was the non-inferiority of enarodustat to DA
in both patients on dialysis and those at pre-dialysis stage.

Meta-analysis of HIF stabilizers
Collecting 12 clinical studies, Zhong et al. summarized
the effect of HIF stabilizers in the meta-analysis [78]. In
general, the improvement of renal anemia is more
apparent in the pre-dialysis group than in the dialysis
group. It implies that patients having residual renal func-
tion may have a greater capacity to produce endogenous
EPO from the kidney in response to HF inhibition treat-
ment. Hasse et al. focused on the iron metabolism in
CKD patients and summarized that HIF stabilizers
reduced ferritin, hepcidin, and TSAT with the concomi-
tant increase in TIBC, proposing that these changes are
“the class effect of HIF stabilizers” [79].
Although the precise comparative study is not available

at this point, whether lowering of hepcidin in patients at
pre-dialysis stage is superior to that in dialysis patients or
not is of particular interest. Based on the speculation from
the abovementioned previous meta-analyses, it appears
that hepcidin lowering effect is more efficacious in pre-
dialysis patients than in those on dialysis [78, 79].

Adverse events of HIF stabilizers
Ultimately, clinical evaluation of adverse reactions
should be carried out with a focus on the major cardio-
vascular events (MACE). In a pooled phase 3 data of the
placebo-based, double-blind studies consisting of 4270
non-dialysis patients, the risks of MACE (death, apo-
plexy, and myocardial infarction), MACE+ (MACE + un-
stable angina and/or CHF requiring hospitalization), and
overall death were comparable between the roxadustat-
treated and the placebo. In a pooled data in 3880 pa-
tients on dialysis, the risks of MACE and overall death
were comparable between the roxadustat-treated and
theαtepoetin-treated. However, the risk of MACE+ in
the roxadustat-treated was significantly lower than that
in the α-epoetin-treated (HR 0.86, 95%CI 0.74 ~ 0.98).
Furthermore, in 1526 patients who were newly treated
with dialysis, the risk of MACE (HR 0.70, 95%CI 0.51 ~
0.96) and MACE+ (HR 0.66, 95%CI 0.50 ~ 0.89) were
lower in the roxadustat-treated than in theα-epoetin-
treated [80].
The target genes on HIF activation are estimated as

much as 100 ~ 200, theoretical fear that some of them
may bring unfavorable reactions is inevitable. Such
assumptive events of HIF stabilizers include thrombo-
embolic (TA) event, relapse of cancer, hypertension,
pulmonary hypertension, worsening of retinopathy,
hyperglycemia, and BP elevation [81].
Despite theoretical fear, no serious TA events and few

cases of the arterio-venous shunt failure have been re-
ported in the treatment with roxadustat [71], daprodustat
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[10], vadadustat [12, 17, 18], molidustat [13], and enarodu-
stat [19]. Another concern is the potential involvement of
increased VEGF which may induce worsening of diabetic
retinopathy, vascular neogenesis of malignant tumor, and
progression of autosomal dominant polycystic kidney dis-
ease (ADPKD). Most of the clinical studies suggested that
VEGF was unchanged [9, 10, 18, 77], but there may be a
slight elevation at a higher dosage. HIF stabilizer may have
an adversely effect on pulmonary hypertension (PH), since
the prevalence of PH is higher in CKD and the pathogen-
esis of PH may have a link to HIF-2. As far as hyperten-
sion is concerned, compared to ESA, which is frequently
associated with an increase in BP, the net effect of HIF
stabilizers on BP appears not so problematic. The
prevalence of hypertension was reported to be 10% in the
overall roxadustat-treated groups [5], and 8.5% in the
enarodustat-treated group [77], both of which were not
placebo-based comparisons. Hypertension was found 8%
in the vadadustat-treated patients, which was lower than
the rates in the ESA-treated patients [17]. Interestingly,
molidustat lowered BP through the inhibition of RAS in
an experimental model [82]. All of the above findings are
supportive that the effect of HIF stabilizers on BP appears
to be neutral. In many animal experiments in general, HIF
stabilizers have been proven renal protective [66].
Whether there is any association of malignant tumors

with the clinical use of HIF stabilizers is a matter for de-
bate. So far, no clinical studies are suggestive such a re-
lationship [11, 16–18], and one of the main reasons is
that the observation periods were too short.
An experiment using rats showed that the teratogen-

icity was found in the fetus; therefore, one must be alert
to the possibility that HIF stabilizer may not indicated
for pregnant women and those who are willing to be
pregnant.
Most of the studies are supportive that HIF stabilizers

reduced total and LDL cholesterol levels [10, 13, 15, 73].
The effect on total cholesterol and TG was neutral with
vadadustat [18].
As for drug interactions, the effect of HIF stabilizers

can be weakened with the co-administration of the
phosphate binding polymers such as sevelamer and uric
acid lowering agent, probenecid. On the contrary, the
effect may be potentiated with the combined use of
lipid-lowering agent, statin.

Is HIF stabilizer alternative to ESA?
Perspectives on the indications of HIF stabilizers
The issue of whether ESA can be fully or partially re-
placed by HIF stabilizer in the future treatment is worth
debating, but at this point, there is no appropriate guide-
lines except for the recommendation released by the
Japanese Society of Nephrology (JSN) in the 29th of
September 2020 [83]. By taking this newly available

recommendation into consideration and by having what
we obtained in the clinical practice on ESA thoroughly
reconsidered, we gain a new insight into how to use HIF
stabilizers. The followings are our opinion-based recom-
mendation on the positive indications of HIF stabilizers
(Table 2). There may be 3 major practical indications
which are summarized as the following:

1) CRA syndrome aiming at more efficient cardio-renal
protection (especially, at pre-dialysis stage)

2) ESA-resistant anemia or ESA-unresponsiveness
(especially, at dialysis stage)

3) MIA syndrome and/or the neighborhood of iron
dysregulated state (especially, at dialysis stage)

These assumptive proposals listed above, especially [2]
and [3], are both closely related to the dysregulation iron
metabolism in CKD. We feel that it is of importance on
choosing HIF stabilizers; evaluation of the iron status is
indispensable. Seeking the possible causes for ESA-
unresponsiveness is also crucial.
We would like to make sure that our listed indications

above do not imply that we only insist the indication of
“conversion from ESA therapy to HIF stabilizers ther-
apy”. Needless to say, when facing the commencement
of renal anemia therapy (either ESA or HIF stabilizer
naïve case), either of them in conjunction with an appro-
priate iron therapy is a decent option. To fulfil this
purpose, early pharmacological introduction of the above
may have a significant contribution to prevent both
the CRA syndrome and the accompanying MIA syn-
drome [1–4, 23, 24].
Aside from the above positive indications, consider-

ation should be paid to avoid the HIF stabilizer-related

Table 2 Positive indications and conditions requiring clinical
consideration (opinion-based recommendations of HIF
stabilizers)

Positive indications

1. ESA resistance or unresponsiveness
2. Cardio-renal protection in CRA syndrome
3. Iron mobilization in the condition akin to MIA
syndrome

Consideration required

1. Thrombosis and/or embolism
2. Malignancy and retinopathy
3. Pulmonary hypertension
4. ADPKD
5. Pregnancy or desire to bear children
6. Hyperkalemia, liver dysfunction

Note:The adverse effects of ESA are already well known; however, those of HIF
stabilizers have not always been clarified clinically. The adverse effects with
HIF stabilizers include expanded interpretations of the ESA-based findings
and/or the inferences based on animal experiments
ESA erythropoiesis stimulating agent, MIA malnutrition-inflammation-
atherosclerosis, CRA cardiovascular-renal-anemia, ADPKD autosomal dominant
polycystic kidney disease

Kuriyama et al. Renal Replacement Therapy            (2020) 6:63 Page 10 of 14



putative adverse events. Most of these unknown clinical
adverse events have not yet been virtually clarified. In-
deed, most of them are only suggested in experimental
animal studies. Such adverse events include thrombosis/
embolism, relapse of the latent cancer, worsening of pul-
monary hypertension, autosomal dominant polycystic
kidney disease (ADPKD), and diabetic nephropathy et al.
(Table 2). Clinical information on these fearful adverse
effects with HIF stabilizers is scant at this point, since
the observation period in the most studies are too short
to draw any scientific conclusion. Regarding hyperten-
sion, because no serious BP elevation has been found in
patients treated with HIF stabilizers, an insight into
whether ESA-induced hypertension is improved with the
alternative use of HIF stabilizers or not is of particular
interest.

Evidence-practice-gap
The Japan Chronic Kidney Disease Database (J-CKD-
DB) is a large-scale, nationwide comprehensive clinical
database of patients with CKD. Recruiting 31,082 CKD
patients staging 3–5 in 7 university hospitals. The J-
CKD-DB cohort discloses that the rate of Hb levels with
optimal ranges defined as Hb value≥ 11 g/dL without
ESA or 11 <Hb value < 13 g/dL with ESA in the CKD
stages 4 and 5 is estimated 51.7%. Notwithstanding this
high incidence, the utilization of ESA is limited to only
12.1%, suggesting that the recognition and treatment of
renal anemia among physicians in clinical practice is still
low and inadequate [84]. This evidence-practice-gap can
be solved by introducing early use of either ESA or HIF
stabilizer with an appropriate iron management.
Finally, our personal opinions about the best way to

treat renal anemia are as the following: (1) start the
treatment with oral iron supplementation, (2) co-
administer one of the HIF stabilizers, (3) evaluate the
iron status periodically, and (4) adjust their dosages
carefully. By doing so, one can accomplish slow and
stable supply of both iron and the effective erythropoi-
esis that will be maximally beneficial not only for the
correction of anemia but for the prevention of CV
events and the dysregulation of iron metabolism.

Conclusion
The novel anti-anemic agent HIF stabilizer has been
evaluated through the clinical lessons of ESA obtained
in the past 3 decades. HIF stabilizer will be primarily in-
dicated for CRA syndrome, ESA-resistant anemia, and
MIA syndrome. Multiple other factors such as medico-
economical consideration, patients’ preference and ad-
herence, management of concurrent complications, drug
interactions, and unwanted adverse events should fur-
ther be taken into consideration.
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