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ABSTRACT

Anemia is a frequent complication during the late stages of chronic kidney
disease, reaching an almost universal prevalence among those with end stage
kidney disease. There is a clear association between anemia and an increased
risk for decline in the estimated glomerular filiration rate, cardiovascular events,
and all-cause mortality. The main mechanisms for the development of anemia
related to chronic kidney disease are a relative erythropoietin deficiency and
disordered iron homeostasis related to chronic inflammation. Recent
improvements in the understanding of the pathophysiology of anemia in chronic
kidney disease have advanced the diagnosis and treatment of anemia in chronic
kidney disease. While the cornerstone of the diagnosis of anemia related to
chronic kidney disease remains excluding other etiologies of anemia, newer
diagnostic resources include population-informed cutoffs for traditional
measures of iron storage as well as evolving diagnostics of the reticulocyte
hemoglobin index and percent hypochromic red blood cells in plasma.
Intravenous iron has emerged as a novel tool for both the diagnosis and
treatment of disordered iron homeostasis in the anemia of chronic kidney
disease. Outside of iron replacement, the treatment of the anemia of chronic
kidney disease has traditionally relied on erythropoiesis stimulating agents. A
newer class of medications, the Hypoxia-Inducible Factor Prolyl Hydroxylase
Inhibitors, are an emerging therapy that work by stimulating the transcription of
the erythropoietin gene in the Kidney and Liver. These agents are oral therapy,
unlike erythropoiesis-stimulating agents, and are used in those who fail to
respond to traditional therapy. Additional novel and experimental therapies
include SGLT2 inhibitors, inhibitors of hepcidin production, and novel oral and
intravenous iron formulations. This review encompasses the highlights of the
epidemiology, pathophysiology, and the recent diagnostic and therapeutic
advancements for anemia in chronic kidney disease.
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I. Introduction

According to the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines, chronic kidney disease
(CKD) is defined as abnormality of the kidney function or
structure that is present for a minimum of 3 months, with
implications for health.! Anemia is a common and serious
complication of CKD that presents at the early phase of
CKD and worsens as the estimated glomerular filtration
rate (eGFR) declines.2? The pathophysiology of anemia
in CKD is multifaceted and complex but mainly involves
the development of erythropoietin deficiency and
resistance as well as a heightened inflammatory state.4

Anemia, defined by the World Health Organization as a
hemoglobin concentration of <13 g/dL in men and <12
g/dL in women, is associated with decreased quality of
life, as well as with increased morbidity and mortality.5
Prevalence of anemia increases as the e GFR declines due
to development of erythropoietin deficiency, heightened
inflammatory state, and the uremic milieu. The intricate
interplay of sever concomitant factors affects the
distribution and severity of anemia.

Sir Robert Christison in 1839 was the first to define
anemia related to kidney disease. Christison observed
that “by far the most remarkable character of the blood
in the advanced stage of the Bright’s disease is a gradual
and rapid reduction of its colouring” and “no other
natural disease came as close to hemorrhage for
impoverishing the red particles of the blood.”® Similarly,
Richard Bright had noticed that patients with kidney
disease had paleness of the skin.” The severity of anemia
has been shown to be associated with poor outcomes in
patients with CKD. Foley and colleagues demonstrated
that mean hemoglobin was an independent risk factor for
left ventricular dilatation, heart failure, and mortality in
a cohort of 432 patients on dialysis followed
prospectively for 41 months.8 In addition, anemia
accelerates the progression of kidney disease through
multiple mechanisms. First, low hemoglobin levels reduce
oxygen delivery to the kidneys resulting in medullary
hypoxia which favors interstitial fibrosis. Anemia may
also stimulate renal sympathetic nerve activity and then
induce an increase in glomerular pressure and
proteinuria, which is another factor contributing to CKD
progression.?

Prior to the availability and approval of erythrocyte
stimulating agents, it was common for patients on chronic
dialysis to require regular blood transfusion. However,
this treatment resulted in iron overload, human leukocyte
antigen (HLA) sensitization, transfusion reactions, and
transmission of viral agents. Within the last decade, there
have been new insights into the regulation of iron
homeostasis, discoveries of the hepcidin-ferroprotein
axis, erythroferrone and the role of HIFs.'° The aim of the
present review will therefore summarize the most recent
findings, treatment and novel developments in the
management of anemia in patients requiring dialysis.

Il. Epidemiology

Chronic kidney disease is a global public health problem,
involving approximately 10% of the world population.’!
In the United States (U.S.), 14% of adults had a low
eGFR, albuminuria, or both based on the National Health

and Nutrition Examination Survey (NHANES) data from
2020. 5.1% of adults in the U.S., had stage 3 CKD. CKD
was much more prevalent among individuals ages >65
years.'2 In terms of healthcare expenditures, in 2021,
13.5% of Medicare fee-for-service (FFS) beneficiaries
aged =66 years had a diagnosis of CKD, yet they
accounted for about one-quarter of total Medicare FFS
spending for this age group, at $76.8B.12 Regarding end
stage kidney disease (ESKD), between 2001 and 2019,
the number of patients with newly registered ESKD
increased from 97,856 to 134,837, an increase of
37.8%. Overall, in 2021, the mean eGFR and
hemoglobin at initiation of kidney replacement therapy
was 9.9mL/min/1.73m2 and 9.4 g/dL, respectively.!2

Given that patients with CKD often develop anemigq, it is
of no surprise that anemia of CKD presents a
considerable healthcare burden due to increase costs of
associated with disease management as well as a
negative impact on patient health-related quality of
life.’3 According to 2007-2010 data from the NHANES,
the prevalence of anemia among patients with CKD in the
U.S. was previously estimated to be 15.4%.3 However, a
more recent investigation by Kovesdy et al that included
NHANES data from 1999 to 2018 showed that
approximately 25% of individuals with stage 3-5 CKD in
the U.S. had anemia.’# Among this group, about 2% had
hemoglobin <10 g/dL, thus eligible to receive
Erythropoiesis  Stimulating Agent (ESA) treatment.
Furthermore, the weighted prevalences of anemia and
anemia with Hb<10 g/dL also increased with advancing
CKD stage from 17.1% and 1.1%, respectively, in stage
3A to 66.1% and 12.7% respectively in stage 5 CKD.'4

The same authors also demonstrated that anemia was
significantly more likely to occur in patients aged =75
years, females, Black race, and those with CKD stage
>3B with concomitant diabetes. The authors suggested
that enhanced anemia surveillance may be needed for
patients with those risk factors, which may assist in
optimizing the screening of anemia by identifying high
risk patients with CKD who require treatment.

Evans et al. examined anemia management in patients
with advanced chronic kidney (CKD > stage 3B) and how
the dialysis patients compared with patients with
advanced CKD.'5 This was an observational study from
the Swedish Renal Registry evaluating the epidemiology
of anemia across stage 3b CKD to dialysis (both
peritoneal dialysis and hemodialysis). The study
population was 11,370 patients with advanced CKD and
3,045 patients receiving dialysis. The results showed that
anemia occurred in 60% of patients with advanced CKD
and 93% of dialysis patients.

lll. Pathophysiology

RELATIVE ERYTHROPOIETIN DEFICIENCY

Anemia of CKD is driven by a variety of mechanisms
including a relative deficiency of erythropoietin (EPO),
absolute and relative iron deficiency, possible uremic
bone marrow suppression, and decreased RBC lifespan.
Among the causes of anemia in CKD, the most important
and most well-known is a relative EPO deficiency. In the
mid-twentieth century, it was discovered that the kidneys
are the main driver of erythropoiesis, as experimental

© 2024 European Society of Medicine 2



animals with their kidneys removed could not mount an
appropriate erythropoietic response to anemia.'® We
now know that the kidneys maintain erythropoiesis by
producing about 90% of the body’s EPO, a peptide
hormone that mediates appropriate erythrocyte
production in the setting of inadequate oxygenation.’”
The details of EPO cellular physiology are explained
elsewhere.'819 Briefly, anemia or hypoxia stimulate the
transcription factor Hypoxia Inducible Factor (HIF) to
upregulate the transcription of EPO in Renal Pericytes,
which goes on to promote the survival and proliferation
of erythroblasts. Studies have shown that the kidneys of
patients with CKD are unable to produce an appropriate
level of EPO for a given level of anemia; for example,
McGonigle and colleagues found that serum EPO
concentrations increased exponentially as hematocrit
decreased in anemic individuals without CKD, but that
EPO did not increase with decreasing hematocrit in CKD
patients.20 However, the absolute value of EPO in
individuals with CKD is comparable to non-anemic people
without CKD.2! The combination of these findings makes
the basis for the “relative EPO deficiency” seen in
individuals with CKD who are unable to mount an
appropriate EPO production to anemia. The proposed
mechanism behind inadequate EPO production in CKD is
that renal inflammation driven by persistent renal injury
causes a subset of renal pericytes, known as Renal
Erythropoietin  Producing Cells (REPCs), to undergo
metaplasia into myofibroblasts, which have a decreased
ability to produce EPO. The relative EPO deficiency in
CKD is an important cause of the anemia of CKD, but it is
not the only cause. Recent guidelines state that 10-20%
of cases of anemia of CKD are resistant to supplemental
EPO therapies. The resistance to EPO therapy highlights
the importance of other pathophysiologic determinants of
anemia in CKD outside of EPO deficiency.?2

DISORDERED IRON HOMEOSTASIS AND OTHER CAUSES
OF ANEMIA IN CHRONIC KIDNEY DISEASE

The second major cause of the anemia of CKD is
disordered iron homeostasis, which occurs in the form of
both absolute and functional iron deficiency. Absolute
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iron deficiency occurs from a depletion of the total body
stores of iron.23.24.25 |ndividuals with CKD are also prone
to developing a functional (or relative) iron deficiency,
which is when the body’s iron stores are unable to be
mobilized effectively for the generation of hemoglobin in
the bone marrow.2¢ It is helpful to understand basic iron
metabolism for discussions about relative iron deficiency;
There are several excellent reviews of iron
physiology.26-27.28 Hepcidin is a hormone produced by the
liver that is the key player in mediating the sequestration
of iron. Hepcidin is produced in response to increased iron
intake, hypoxia, and inflammation. It inhibits the release
of iron from storage cells by degrading ferroportin, the
transporter that is necessary for iron to exit enterocytes
and reticuloendothelial cells. Hepcidin also inhibits the
intestinal absorption of iron.2? Studies have shown that
hepcidin is increased in CKD, and Zaritsky et. al
demonstrated that in their cohort of CKD patients, higher
stages of CKD were associated with higher levels of
circulating  hepcidin.3®  The increased levels of
inflammation and hepcidin in CKD result in increased
levels of ferritin and decreased levels available iron,
measured as the transferrin receptor saturation, as well
as impaired absorption of oral iron.31:32 The constellation
of these changes results in a relative iron deficiency that
causes decreased  production of  hemoglobin.
Additionally, the mobilization of iron to may not be
adequate to support the increased erythropoietic rate
driven by ESAs in CKD patients.

There has been a lot of interest in whether hypoxia
inducible factor-prolyl hydroxylase inhibitors (HIF-PHI’s)
improve availability of iron compared with Erythropoesis
Stimulating Agents (ESAs). One mechanism we believe is
that erythropoiesis stimulates release of erythroferrone
from the bone marrow. Erythroferrone in turn decreases
hepcidin production to make iron available for
erythropoiesis. As such, HIF-PHIs reduce hepcidin
indirectly by inducing erythropoiesis. Another mechanism
is that HIF-PHI upregulates an iron transporter and
ferroreductase, which would be expected to facilitate
iron absorption from the gastrointestinal tract (figure 1).
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Figure 1 Effects of EPO, HIF-PHI on iron metabolism. Reprinted from Advances in Chronic Kidney Disease, 2019. Volume 26, issue 4,
Sanhani NS, Haase VH, Hypoxia-inducible factor activators in renal anemia: current clinical experience, pages 253-266 [38]
Erythropoiesis stimulates release of Erythroferrone which suppresses Hepcidin production in the liver resulting in increased Ferroportin
(FPN) expression on enterocytes which causes an increase in plasma transferrin and TIBC. The observed effects on plasma hepcidin
level in CKD patients receiving HIF-PHIs are likely indirect as HIF-PHI do not appear to directly affect hepcidin.
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IV.Diagnosis of Anemia in Chronic Kidney

Disease

The diagnosis of anemia in CKD involves periodic
surveillance of hemoglobin levels to establish the
diagnosis of anemia, evaluating for non-CKD related
causes of anemia, and evaluating iron stores. In a
landmark study, Astor et. al showed that among a large
cohort of adult CKD patients, the prevalence and
incidence of anemia increased as eGFR decreased, with
an inflection point where the rate of anemia rapidly
increased starting at an eGFR of 60mL/min/meters-
squared.33 Therefore, patients with lower renal function
should be monitored more frequently for anemia. The
2012 KDIGO guidelines recommend monitoring
hemoglobin at least annually in those with CKD 3, at least
every 6 months in all CKD 4 patients and in CKD 5
patients not on dialysis, and at least every 3 months
among patients on dialysis.

The differential diagnosis of anemia is broad, and
diagnosing anemia due to CKD requires excluding other
causes of anemia.34 Therefore, the initial workup for
anemia of someone with CKD is the same as for someone
without CKD. KDIGO recommends obtaining, at a
minimum, a complete blood count, absolute reticulocyte
count, ferritin, and transferrin saturation (TSAT) at the
time of diagnosis of anemia. Common additional tests
include a fecal occult blood test, and measurements of
serum Folate and Vitamin B12 levels. If all diagnostics do
not suggest an alternative cause of anemia, and iron
studies do not suggest an absolute iron deficiency anemia
(more below), then anemia due to CKD can be
diagnosed.

Although absolute iron deficiency can be reasonably
excluded with laboratory tests, patients with anemia and
CKD still have a relative iron deficiency driven by
inflammation. The practical matter of predicting whether
a patient will respond to iron therapy is difficult. A group
found that even among those with adequate iron stores
as measured by bone marrow biopsy, an erythropoietic
response to intravenous iron is still seen in 30% of
patients.35 In fact, those receiving EPO therapy may have
a relative iron deficiency induced by the increased iron
demands caused by EPO itself, which can make the use
of traditional iron indices limited in their determination of
iron-responders versus non-responders.

Finally, there are other newer indices used to diagnose
absolute and relative iron deficiency anemia in CKD,
namely the percent hypochromic red blood cells and the
reticulocyte hemoglobin index. These indices were
evaluated in a meta-analysis performed within the 2016
National Institute of Health Care Excellence (NICE)
Guidelines.3¢ The meta-analysis found that a percent
hypochromic red blood cell greater than 6% and a
reticulocyte hemoglobin index less than 29pg could be
used to diagnose iron-responsiveness in anemics with CKD
with a better negative predictive value compared to
using a TSAT less than 20% and a ferritin less than 100
ng/dL. These tests are limited by the fact that they
require flow cytometry, which is not as available as
standard iron tests like TSAT and ferritin.3”

V.Management and novel therapies

If we take an overview of the optimal management of
anemia between patients with CKD nondialysis and ESKD,
they should be fundamentally different. CKD patients
require individualized, patient focused care due to the
limited use of ESA products in this population. There is a
high rate of iron deficiency in the CKD patients and if that
is treated then you delay the need for ESA very late into
CKD stages and hopefully not need ESA at all. In
addition, the risk benefit analysis does not strongly favor
using ESA because the main value is reducing transfusions
which is less common in the CKD population. And the
competing risk of cancer progression or recurrence, risk
of stroke. The target Hemoglobin in the CKD population
should generally be decided based on the patient’s
quality of life. Kidney Disease Improving Global
Outcomes provides a grade 1A recommendation to
target a hemoglobin <11 g/dl. In contrast to nondialysis
patients, management of anemia in dialysis population is
largely managed by protocols, which is appropriate
because all patients on dialysis have a universal need for
IV iron, either intermittently or continuously, and up to
90% need ESA.

Anemia in CKD is usually mild. If the hemoglobin is below
9 g/dl in an otherwise stable stage 3 or stage 4 CKD
patient, then other causes of anemia must be
investigated. Such as dysproteinemias, gastrointestinal
blood loss, drug-induced causes and or hemolysis or
vitamin B12 deficiency superimposed on CKD-related
anemia.

SEEK AND TREAT IRON DEFICIENCY

Both oral and intravenous formulations of iron are
considered safe alternatives for management of anemia
in CKD and ESKD. Evidence supporting a more liberal
approach to iron supplementation came from the
Randomized Trial Comparing Proactive, High dose versus
Reactive, Low dose IV iron supplementation in
Hemodialysis (PIVOTAL).38 The PIVOTAL trial, although
done in the dialysis populations, warns of about the risks
of iron deficiency. The study included 2,141 incidental
hemodialysis patients and randomized them fo a
proactive arm and a reactive arm. The proactive arm
repleted the iron stores with 400mg IV iron monthly if
ferritin was <700 ng/ml and maintained ferritin around
700 ng/ml. The reactive arm, which was conservative
approach, repleted iron stores with 100-200mg IV iron
only if the ferritin was <200 ng/ml. Results showed that
patients will achieve higher hemoglobin much faster, and
this reduces the rate of transfusions significantly by 20%.
The other important results showed that maintaining iron
stores reduced major adverse cardiovascular events
(Hazard ratio 0.85) and reduced death from any cause
(Hazard ratio 0.84). This trial also analyzed infections
rates and showed there was no difference infection rates.
A study by Guedes et al. showed that iron deficiency,
even in the absence of anemiaq, is associated with worse
cardiovascular outcomes in nondialysis CKD patients.2

In the nondialysis CKD population, first and foremost, iron
deficiency must be treated. In the NHANES data, 58 to
7 3% of patients with stages 3-5 CKD had iron deficiency.
Many of those patients were not anemic. There is nothing

© 2024 European Society of Medicine 4



wrong with treating iron deficiency before someone
becomes anemic. To be effective, patients must be
treated for iron deficiency much earlier to preclude the
need for ESA therapy and to maintain higher hemoglobin.
The general criteria for making the diagnosis are a
transferrin saturation of <20% and a ferritin <200 to
500 ng/ml. Certainly, a ferritin<100 ng/ml is considered
iron deficient in the CKD population. Treatment with oral
iron works, that is if patients take it regularly. Patients will
need to take around 200mg of elemental iron in split

doses for a few months. The exception to this is Ferric
Citrate, which offers higher oral iron levels per day, which
leads to more iron absorption and a rise in ferritin
significantly. IV iron is now considered a diagnostic and
therapedutic test for CKD related iron deficiency anemia.
There are several IV formulations that are available, but
there are now three formulations where you can
administer 1 gram in a single setting which is considered
sufficient to treat iron deficiency (Table 1).

Table 1. intravenous iron formulations used for anemia treatment in patients with kidney disease.

Max single dose Inj./Infuse Time | Doses to equal 1g m

Iron Sucrose

200 mg (300 mg)
Ferric Gluconate 125 mg (250 mg)

100 mg (1g off

Iron Dextran label)
Ferumoxytol 510 mg
Ferric Carboxymaltose 1000 mg
Ferric Derisomaltose 1000 mg

ERYTHROPOIESIS STIMULATING AGENTS

ESA products have been considered standard of care for
the treatment of anemia in CKD and ESKD. These
products are reserved for a hemoglobin less than 10
g/dl. Epoetin alfa and beta were approved by the US
Food and Drug Administration (FDA) in 1989. Some years
later the first two ESAs (darbepoetin alfa and methoxy
polyethylene glycol-epoetin beta) entered clinic practice.
All ESA products share a common mechanism of action
which is activation of the erythropoietin receptor. ESA
products should be used in caution in patients with specific
risk factors (cancer, diabetes, stroke, ischemic heart
disease) given the risk of myocardial infarction, stroke,
venous thromboembolism, thrombosis of vascular access
and tumor progression or recurrence. As such, it is
important to monitor patients and ensure ESAs are not
over-dosed. To initiate ESA therapy in non-dialysis CKD,
guidelines recommend to first demonstrate iron
sufficiency and a hemoglobin less than 10 g/dl. The
actual hemoglobin that triggers ESA use should be based
on persistence of anemia, patient benefit from higher
hemoglobin level (increase physical functioning, reducing
fatigue and transfusions) and patient risk factors from
ESA related side effects. Goal is to maintain the
hemoglobin between 10 and 11 g/dl. Epoetin can be
given subcutaneous weekly or bi-weekly with a dose
between 2,000-10,000 units depending on initial
hemoglobin and response, as well as patient size.

HYPOXIA INDUCIBLE FACTOR PROLYL HYDROXYLASE
INHIBITORS, A NOVEL THERAPY

Hypoxia inducible factor prolyl hydroxylase inhibitors
(HIF-PHIs) are an emerging therapy that work by
preventing the degradation of Hypoxia Inducible Factor
(HIF) to ultimately stimulate the transcription of the
erythropoietin gene. These agents thus cause increased
levels of endogenous erythropeitin3?. As mentioned

2-5 minutes

10 minutes

(1 g over 3-4 hr)  dose)

15 minutes

15 minutes

20 minutes

5 doses (3-4 doses) Hypotension

8 doses (4 doses) Hypotension

10 (off label, 1 Anaphylaxis

(requires test dose)

Anaphylaxis &

2 doses hypotension
Anaphylaxis,
hypertension,

1 dose flushing

1 dose Anaphylaxis

earlier, HIF PHIs may also increase the levels of available
iron through increasing intestinal absorption of iron.
Recent Phase 3 clinical trials have shown that Roxadustat,
Vadadustat, and Daprodustat are noninferior to
conventional EPO therapy in terms of achieving and
maintaining goal hemoglobin concentrations and
cardiovascular safety outcomes.40-42 Moreover, a meta-
analysis of six randomized control trials found that
Roxadustat increased hemoglobin values by 0.52 g/dI
compared to epoetin-alfa in dialysis-dependent
patients.48  This same meta-analysis found that
Daprodustat decreased hepcidin levels compared to
placebo and epoetin-alfa. This finding bolsters the idea
that Daprodustat and other HIF PHIs may address the
underlying cause of disordered iron homeostasis that is
central to the anemia of CKD.

While the efficacy of HIF PHIs in the treatment of anemia
of CKD is promising, these agents are not as ubiquitous
as ESAs due to clinical familiarity with HIF PHIs and a
relative lack of long-term safety data for HIF PHIs. Trials
have suggested that Daprodustat, Vadadustat, and
Roxadustat have noninferior rates of adverse events
compared to ESAs in the short-term for the treatment of
anemia in dialysis-dependent CKD patients43-45. The
types of adverse effects of HIF PHIs are similar to those
of ESAs, given that the two share a similar biologic
mechanism. However, the longest follow-up period in
these trials was 52 weeks. Thus, there remains a concern
that HIF PHIs may have unknown long-term adverse
effects that are yet to be uncovered. The United States
FDA issued regulatory directives to evaluate the long-
term safety of Daprodustat and Vadadustat, the two HIF
HPIs that have been approved in the United States.

Daprodustat and Vadadustat are only approved in the
United States for the treatment of anemia in dialysis-
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dependent CKD patients, as there is more evidence to
support their safety in this population compared to non-
dialysis CKD patients. In clinical practice, these agents
are mostly used for the 10-20% of patients who have
anemia refractory to iron and ESA therapy.4¢ One
rationale for the use of HIF PHIs in ESA hyporesponders
is that chronic inflammation is thought to be a cause of
ESA hyporesponsiveness, and that HIF PHIs may decrease
chronic inflammation through modulating hepcidin and
other inflammatory mediators. A study investigated the
use of Daprodustat in patients with anemia refractory to
ESA and iron treatment and found that 29% percent of
participants achieved hemoglobin concentrations within
the target range.#” It should be noted that this study only
enrolled 15 participants. Further investigations will clarify
the role for HIF PHIs in those with anemia refractory to
ESA therapy. One advantage of HIF PHIs over ESAs is
that HIF PHIs are oral agents, which may be preferred
among those on peritoneal dialysis who cannot receive IV
ESA therapy during dialysis. Finally, HIF PHIs are a
reasonable option for those with an allergy to ESAs.

HIF PHI agents are approved for management of anemia
in nondialysis CKD only outside the United States and
have not received approval within the United States for
this indication due to concerns for overall safety in the
nondialysis CKD population. Studies have suggested that
HIF PHIs are as effective for the treatment of anemia in
nondialysis CKD compared to ESAs.48-4° However, several
studies have raised concerns that there may be increased
safety risks with the use of HIF PHIs in the nondialysis CKD
population. An investigation of a pooled analysis
between two clinical trials of nondialysis CKD patients
found that Vadadustat had a higher risk of major
adverse cardiovascular events compared to Darbepoetin
Alfa (hazard ratio 1.17).59 In another study, Daprodustat
was associated with an increased risk of heart failure
hospitalizations compared to conventional ESA therapy in
nondialysis CKD patients (risk ratio 1.46).52 The same
study did not observe an association between heart
failure hospitalizations and Daprodustat use in dialysis-
dependent patients. As discussed earlier, HIF-PHI agents
have all shown to reduce Hepcidin expression indirectly
as a result leading to a decrease in hepcidin and ferritin
and an increase in transferrin and total iron binding
capacity. There are studies ongoing investigating
hepcidin antagonists that are in development.

Daprodustat and Vadadustat are the only HIF-PHI to
receive FDA approval for treatment of CKD-related
anemia in patients on dialysis > 4 months. There are some
notable treatment considerations that clinicans should be
aware of when using these agents. First, their use is
contraindicated in patients taking Cytochrome P450
inhibitors. Second, the initial Daprodustat or Vadadustat
dose is based on prior ESA dose that the patient was
taking, and not Hemoglobin level. Finally, it is common in
current clinical practice for the dose to be adjusted every
4 weeks as needed to maintain goal Hemoglobin.

OTHER NOVEL THERAPIES

Several new agents have been introduced into practice
that may be beneficial for patients with nondialysis CKD
related anemia and may be used concurrently with ESAs
or HIF-PHIs such as sodium-glucose cotransporter-2

(SGLT2) inhibitors. SGLT2 inhibitors are hypothesized to
stimulate endogenous EPO production. A recent meta-
analysis from Kanbay et al. reported a mean increase in
Hemoglobin of about 5.6 g/L (about 0.6 g/dL) among
patients using SGLT inhibitors compared to placebo.52 All
three agents included in the meta-analysis (Dapagliflozin,
Empagliflozin, and Ipragliflozin) significantly increased
hemoglobin, suggesting that the therapeutic effect of
SGLT 2 inhibitors on anemia is a class effect. In addition,
supplementary data from the EMPA-KIDNEY trial
reported a similar magnitude increase in hemoglobin
among patients using SGLT 2 inhibitors.53 A potential
mechanism of the observed increase in hemoglobin with
SGLT2 inhibitors is the possibility that SGLT2 inhibitors
reduce ischemia in the kidney and restore EPO producing
cells.

Since iron repletion is required for effective hemoglobin
production, there has been a focus on development of
novel oral iron agents. These novel oral iron agents have
improved tolerability and Gl absorption. Sucrosomial
iron is a reasonable first choice because of its low cost
and access. Ferric maltol is the next option and finally
ferric citrate which also offers phosphate binding
capability. Newer IV formulations of iron have steadily
increased, which reduce rates of anaphylaxis. There are
now three IV iron formulations that can be given in Tgm
total over a single session.

Other new therapeutic agents include inhibitor of
hepcidin production or action which are in preclinical and
clinical stages. Other areas under investigation target
multiple underlying pathogenic disease processes
simultaneously. These combination therapies would create
individualized therapies, reduce costs, side effects, and
importantly enhance equality of life.

VI. Conclusion

Anemia remains a commonly encountered problem in the
nondialysis CKD and ESKD populations. In CKD, anemia
and iron dysregulation are prevalent and have a
significant adverse outcome. Since the 2012 KDIGO
guideline on anemia management, new trials and data
have emerged. First, the importance of iron-related
disorders should be considered prior to initiating other
therapies. Secondly, treatment of anemia in CKD is
dependent on both ESA and iron repletion. If hemoglobin
levels do not respond after therapy with ESA,
investigation for bleeding or other causes of anemia
should be considered, since higher doses of ESA are
associated with inflammation and higher risk of major
adverse cardiovascular event. Future research should
explore the role of combination therapies which target
different pathogenetic mechanisms underlying the
development of CKD anemia. In addition, future research
should take advantage of agents or treatment that are
being studied in other clinical settings.
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