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INTRODUCTION

Anemia, defined as hemoglobin (Hb) < 12 g/dL in
women and Hb < 13 g/dL in men’, was first linked
to chronic kidney disease (CKD) in 1836 by Richard
Bright? This condition is highly prevalent, although
treatable, whose frequency increases in the more
advanced stages of the disease. It can be found in
more than 50% of patients with the diagnosis of CKD
in stages 4 and 5° and appears earlier in individuals
with diabetes mellitus (DM)?.

Anemia in CKD is typically normocytic, normo-
chromic, and hypoproliferative. The discovery of a
factor produced in the renal cortex and responsi-
ble for stimulating erythropoiesis, later identified
as erythropoietin (EPO), led to the hypothesis that
its deficiency could be the main cause of anemia in
CKD patients.

PHYSIOPATHOLOGY

The erythropoietic system is responsible for main-
taining the balance in the supply of red blood cells, thus,
ensuring an adequate tissue oxygenation®. To maintain
this balance, the senescent erythrocytes are replaced by
new cells. Hypoxia plays an important role in stimulat-
ing erythrocyte production through its interaction with
the HIF (hypoxia-inducible factor) system. The HIF is a

heterodimer consisting of two subunits: alpha and beta.
The production of HIF-alpha is continuous; however, its
degradation occurs in the absence of tissue hypoxia. On
the opposite situation, alpha and beta subunits join and
bind in the nucleus of the cell, a DNA sequence called
hypoxia-responsive elements. Thus, the production of
erythropoietin is stimulated.

Erythropoietin, in turn, is a molecule of 165 amino
acids and 4 chains of carbohydrates. Pro duced mainly
in the interstitial cells of the renal cortex, with the
reduction of glomerular filtration, the hepatic produc-
tion increases significantly. The half-life of erythropoi-
etin is 5 to 12 hours, and it acts as a true hormone that
binds to receptors of bone marrow cells to produce
erythrocytes*®.

Although the reduction in the production of eryth-
ropoietin significantly contributes to anemia in CKD,
it is not the only cause. Iron deficiency is common,
and it is estimated that patients on hemodialysis have
an iron loss of around 1 to 3 grams per year’. Even in
patients not receiving dialysis, low levels of iron are
often found*. Frequent phlebotomies, blood loss in
the hemodialysis apparatus, and impairment in its
absorption may explain this finding®. The beginning
of treatment with erythropoietin analogs showed how
common iron deficiency is among CKD patients>5.
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Iron deficiency often occurs as a functional defi-
ciency and is characterized by a low transferrin sat-
uration index (TSI) and normal or increased ferritin.
Ferritin can be increased in the presence of inflamma-
tion, infection, liver disease, and malignancy? Thus,
its high levels may not reflect stored iron. The regu-
lation and maintenance of systemic iron homeostasis
also depend on hepcidin®'. Produced in the liver, it
induces the degradation of ferroportin in duodenal
enterocytes, hepatocytes, and macrophages, which
prevents proper absorption and use of iron. Inflamma-
tory cytokines are capable of inducing the transcrip-
tion of hepcidin®®, and there is evidence of its increase
in patients with CKD>.

Anemia in CKD is, therefore, a process with mul-
tiple causes, which includes mainly the deficiency of
erythropoietin, reduction in the life span of erythro-
cytes (of poorly defined etiology), and changes in the
homeostasis of iron.

CLINICAL CONSEQUENCES

Anemia is associated with several symptoms that
lead to reduced quality of life, such as fatigue, dys-
pnea, insomnia, and headache. It is also related to
reduced cognitive capacity. However, these symptoms
are nonspecific and could be, in patients with CKD,
a consequence of uremia4. Since symptoms develop
gradually, many patients do not report complaints
spontaneously; however, when actively questioned,
they may report limitations in their usual activities.

In addition, anemia is associated with left ven-
tricular hypertrophy (LVH), an increased number of
hospitalizations, a possible progression of CKD, and
death™®. The increase in mortality occurs mainly
when Hbs 8 g/dL®.

In relation to LVH, some studies have associated
lower levels of hemoglobin, especially Hb < 7.7 g/dL,
with the increase of left ventricular mass. Silberberg et
al.™ described that for each 1g/dL reduction of hemo-
globin, there was an increase of 6% in the incidence
of LVH.

The hypothesis that anemia may be related to the
progression of CKD emerged from experimental stud-
ies. Since there is a direct relationship between the
concentration of hemoglobin and tissue oxygenation,
the presence of anemia could lead to hypoxia of the
tubular cells, which, in turn, would contribute to the
progression of the tubulointerstitial injury present
in CKD. Furthermore, erythrocytes are described as

an antioxidant component, and its reduction could
be associated with increased oxidative stress®™. In a
post hoc analysis of the RENAAL study, the initial
concentration of hemoglobin was an independent pre-
dictor of renal outcome. Even slightly decreased values
were related to the risk of disease progression. How-
ever, it is important to remember that the prevalence
of anemia increases with the progression of CKD,
and, therefore, a cause-effect relationship cannot be
established. In opposition to the RENAAL study, other
observational and intervention studies " did not find
a significant relationship between the evolution of the
CKD and hemoglobin concentrations.

Before the start of treatment with erythropoie-
tin analogs, lower hemoglobin levels were common
among patients on dialysis- which exposed them to
the risk of multiple blood transfusions and reduced

functionality™".

DIAGNOSIS AND TREATMENT

The presence of anemia in CKD does not imply that
treatment with erythropoietin analogs should nec-
essarily be initiated. It is recommended, however, to
investigate its cause even with values slightly below
normal (Hb < 12g/dL)*.

The initial assessment is similar to that in other
populations, although an emphasis on iron deficiency
is suggested. It is common to find high levels of fer-
ritin, which can reflect inflammation and does not
exclude iron deficiency. TSI, the level of circulating
iron, should also be analyzed. However, none of these
two parameters, alone, can predict the actual iron
status in CKD patients. When analyzed together and
according to their fall or rise tendency, it is possible
to predict response to treatment.

The dosage of erythropoietin should not be
performed since its deficiency is relative. Tests
results would not help in the diagnosis or treat-
ment management®.

In 1989, the approval of the first erythropoietin
analog revolutionized treatment of anemia in CKD.
Until then, patients were treated only when very
symptomatic, with multiple blood transfusions®. The
transfusions exposed them to the risk of infections,
transfusion reactions and, in addition, often prevent
renal transplantation.

Currently, the use of erythropoietin analogs is
widespread. However, before starting these erythro-
poiesis-stimulating agents (ESA), iron deficiency must
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be investigated. Iron replacement can be done orally or
parenterally. The first route is used for most patients
not receiving dialysis or undergoing peritoneal dialysis
since there is a concern to preserve vascular access.
However, in patients undergoing hemodialysis, the
oral route presents reduced effectiveness”.

An exception is ferric citrate supplementation,
which is effective even for patients on dialysis.

Parenteral iron, on the other hand, presents
excellent effectiveness and is the treatment choice
for patients undergoing hemodialysis. Iron infusion
can lead to hypotension or hypersensitivity reactions,
although it is quite safe”.

The doses recommended for iron replacement
depend, among other factors, on the stage of the disease.

The recommendation by the Brazilian Society of
Nephrology is that patients with CKD stages 1 and 2
should maintain the same levels of ferritin and TSI
as the general population™ For patients in stage 3,
4, and 5 who are not on dialysis, serum ferritin and
TSI should be kept higher than 100ng/mL and 20%,
respectively. In dialysis patients, ferritin levels should
remain over 200ng/mL and TSI > 20%. In the same
way, the interruption of iron replacement is consid-
ered when ferritin > 500ng/mL and IST> 30%. Iron
therapy should be suspended in the presence of active
systemic infection™.

In 2018, the PIVOTAL study” showed that higher
doses of iron might be associated with a lower risk of
cardiovascular events and reduced doses of ESA without
anincrease in the risk ofinfections. The beginning of
treatment with erythropoietin analogs should occur,
ideally, when iron deficiency is corrected.

The first erythropoietin analog used was epoetin alfa.
Subsequently, darbepoetin was also approved. Both can
be administred subcutaneously or parenterally. The
use of erythropoietin analogs is not devoid of risks.
It is important that blood pressures is controlled". It
should be avoided in the presence of active neoplasia,
especially when cure is the anticipated outcome, and it is
recommended to use with great cautionin patients with
previous stroke or malignancy”.

After initiating treatment, an increase of hemo-
globin at around 1g/dL is expected in the first month.
In case of elevations above 1g/dL in two weeks, a dose
reduction 0f25-50% is recommended.

The optimal level of hemoglobin is still a contro-
versial issue. Initial studies sought to correct ane-
mia to maintain hemoglobin values similar to the
general population. However, two large randomized

trials™ showed more cardiovascular events and a lack
ofimprovement in the quality of life when the hemo-
globin level was completely corrected. It has been
questioned whether this increase in adverse events
is related to the higher dose of erythropoietin analogs,
and not to the hemoglobin levels reached®.

The use of erythropoietin analogs has a clear ben-
efit in patients with Hb<10 g/dL and increased risk
when Hb>13g/dL. The recommendation to maintain
a target of Hb between 10 and 11.5g/dL seems advis-
able to achieve the benefits of treatment without
increased risks®*.

Recently, a new drug class (the HIF stabilizers)
has been proposed for the treatment of anemia in
CKD patients®. This medication acts through the
enzymatic inhibition of prolyl-hydroxylase, leading
to the stabilization of HIF factor. The HIF, as men-
tioned, is a determinant factor in the physiological
response to tissue hypoxia. The stabilization of HIF
stimulates the endogenous production of erythro-
poietin. However, its levels are lower than with the
use of EPO analogs. This consistent, though less
pronounced, increase can be related to a lower risk
of cardiovascular events or access thrombosis than
those attributed to EPO analogs. Besides stimulating
the production of EPO, HIF stabilizers are involved
in the iron metabolism. They act reducing the lev-
els of hepcidin, which leads to improved intestinal
absorption, as well as increased release of iron from
macrophages to transferrin. An additional advantage
of HIF stabilizers is its oral administration.

Two phase-3 studies on the use of Roxadustat,
a second-generation HIF stabilizer, have been pub-
lished®*#. One of them showed the superiority of
Roxadustat in the treatment of anemia in patients not
receiving dialysis when compared to a placebo. The
other highlighted the non-inferiority of this medica-
tion compared to epoetin alfa in patients undergoing
dialysis. As additional effects, they found a reduc-
tion of hepcidin and total cholesterol, LDL, and tri-
glycerides in patients who used the HIF stabilizer.
Hyperkalemia was also more common with the use
of Roxadustat.

This new drug option leads to questions regarding
the proposed treatment for anemia in CKD. Further
studies are needed to ensure that long-term adverse
events are evaluated. In addition, it raises the question
of whether HIF stabilizers could normalize the hemo-
globin level of patients without the risks associated
with erythropoietin analogs.
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