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Abstract

Anemia is a frequent complication in patients with
inflammatory bowel disease (IBD), and is associated
with decreased quality of life and increased rate of
hospitalization. The primary therapeutic targets of IBD-
associated anemia are iron deficiency and anemia of
chronic disease. An important prognostic parameter
of the success or failure of therapy is the outcome
of the underlying disease. Iron deficiency should be
appropriately managed with iron supplementation.
However, the use of oral iron therapy is limited by several
problems, the most important being gastrointestinal
side effects leading occasionally to disease relapse and
poor iron absorption. Intravenous iron preparations are
more reliable, with iron sucrose demonstrating the best
efficacy and tolerability. Treatment with erythropoietin
or darbepoetin has been proven to be effective in
patients with anemia, who fail to respond to intravenous
iron. Patients with ongoing inflammation have anemia
of chronic disease and may require combination
therapy comprising of intravenous iron sucrose and
erythropoietin. After initiating treatment, careful
monitoring of hemoglobin levels and iron parameters
is needed in order to avoid recurrence of anemia. In
conclusion, anemia in the setting of IBD should be
aggressively diagnosed, investigated, and treated. Future
studies should define the optimal dose and schedule
of intravenous iron supplementation and appropriate
erythropoietin therapy in these patients.
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INTRODUCTION

Anemia is a frequent and serious complication in
patients with inflammatory bowel disease (IBD), with
reported prevalence varying from 6% to 74%'"%.
Anemia is associated with a decrease in the quality of
life and increased rate of hospitalization™. In the past,
it was common to ascribe anemia as an unavoidable
accompaniment of IBD, but recently, correction of anemia
is being emphasized as a specific therapeutic objective
in these patients[s’ﬁl. Both iron deficiency and anemia of
chronic disease contribute to the development of anemia
in IBD". The therapeutic targets in the treatment of
IBD patients with anemia are iron deficiency and the
mechanisms underlying anemia of chronic disease’.

Anemia is defined as "a reduction in the number of
circulating RBCs, hemoglobin concentration, or the volume
of packed red cells (hematocrit) in the blood"". The World
Health Organization (WHO) specifies the laboratory
definition of anemia as hemoglobin below 120 g/L
(non-pregnant females), 110 g/L (pregnant women) and
130 g/L (men). A hemoglobin level below 100 g/L is
commonly considered as severe anemia and should be
aggressively treated. However, in clinical practice, the
timing of therapeutic intervention is based not only on
the hemoglobin level but also on the relative degree of
hemoglobin reduction, the underlying comorbidities, and
the presence or absence of symptoms.

Anemia is an important manifestation of IBD and
patients with anemia have increased disease severity and
reduced quality of life, indicating the need for effective
treatment. The underlying cause of anemia in IBD is
either iron deficiency, resulting from intestinal bleeding
due to mucosal inflammation and ulceration, or the so-
called anemia of chronic disease, resulting from inhibition
or suppression of erythropoiesis and dysfunction of iron
transport, mediated by inflammatory cytokines™. Thus,
the pathogenesis of IBD-associated anemia is complex and
represents an example of combined iron deficiency anemia
(IDA) and anemia of chronic diseases (ACD). Cobalamin
or folate deficiency, drug induced anemia, and other causes
of anemia such as haemolysis are seen less frequently.

Most patients with IBD-associated anemia respond
to iron therapy. Oral iron supplementation appears to be
effective for short periods but drug intolerance leads to
discontinuation of therapy in up to 21% of patients[gl.
Moreover, the use of oral iron is associated with several
limitations'. By contrast, intravenous administration of
iron sucrose has been found to be an effective treatment
in these patientsp’m]. Erythropoietin (EPO) administration
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is associated with beneficial results in patients who are
refractory to oral iron”. The combination of iron sucrose
and EPO has been proposed as the most efficacious
treatment in IBD-associated anemia®'". The aim of the
present review is to transfer our knowledge, especially the
strategies for stimulating erythropoiesis, into the current
clinical practice of treatment of anemia in IBD.

ANEMIA IN IBD

Iron deficiency (ID) is the most common cause of anemia
in IBD. Iron, which is present in all mammalian cells, is
of pivotal importance not only for oxygen transport and

storage but also for many non-hematological functions.
In normal subjects, the daily iron loss is 1-2 mg which
needs to be replaced from the diet. The causes of
iron deficiency are reduced intake, cither from dietary
deficiency or malabsorption, or increased losses. Chronic
intestinal bleeding in IBD may exceed the quantity of iron
that is absorbed from the diet, resulting in a negative iron
balance!'”. Such an imbalance occurs frequently in IBD,
leading to anemia.

When the rate of iron supply to the developing
erythroblast is reduced as a result of 1D, red cell
haemoglobinisation is impaired. The red cells emerging
from the bone marrow are microcytic and hypochromic.
The increase in EPO response secondary to a drop in
haemoglobin levels stimulates erythropoiesis, creating an
even greater demand for iron, which is unmet. As a result,
there is a high degree of ineffective erythropoiesis'”.
The most appropriate definition of iron deficiency is
bone marrow proliferation in response to intravenous
iron supplementation, an approach that has not been
studied in IBD. Moreover, in addition to a possible iron
deficiency in anemia of chronic disease, functional iron
deficiency occurs because of intense erythropoiesis'™*"
during therapy with erythropoietic agents, with a decrease
in transferrin saturation and serum ferritin. Furthermore,
during erythropoietin therapy, the absorption of iron
increases by as much as 5 fold"*.

After iron deficiency, anemia of chronic disease is the
next important cause of anemia in these patients. There is
general correlation between disease activity and the severity
of anemia. Abnormal iron metabolism and improper use
of iron stores are the typical features of anemia of chronic
disease, characterized by low circulating iron concentration
in the presence of ample reticuloendothelial iron stores.
Thus, anemia of chronic disease can be easily diagnosed by
the presence of hypoferraemia and increased serum levels
of ferritin.

Because of differences in the therapeutic response,
it is important to distinguish anemia of chronic disease
from iron deficiency. Iron parameters need to be checked
regularly. When both ID and ACD are present, many of
the laboratory measutes of iron status become unreliable.
Circulating iron concentrations are subnormal in both
situations. Measurement of serum ferritin reflects the level
of iron in the body stores. When serum ferritin is less
than 15 pg/L, iron stores are definitely depleted. When
ferritin is less than 30 ug/L there is a strong suggestion
of iron deficiency, whereas, a value > 200 ug/L indicates

that iron deficiency is unlikely. Moreover, diagnosis of
iron deficiency in the setting of IBD is difficult and no
single laboratory test is reliable. Undoubtedly, low serum
ferritin levels are indicative of iron deficiency. However, in
the presence of inflammation, ferritin levels may increase
despite iron deficiency. Furthermore, in IBD patients
the diagnostic criteria for iron deficiency depend on the
level of inflammation, thus in quiescent disease a serum
ferritin < 30 ug/L or TS < 15% indicates iron deficiency,
whereas, in active disease a value < 100 pg/L suggests
iron deficiency. A combination of true iron deficiency
and anemia of chronic disease is possible when the ferritin
level is between 30 and 100 g/L. If necessary, a bone
marrow aspirate can be examined, which will show absence
of macrophage iron in iron-deficient subjects. The ratio
of soluble transferrin receptor/log ferritin has also been
proposed as a marker for differentiating TD from ACD'"".
A ratio above 2 is suggestive of iron deficiency, whereas a
ratio of less than 1 indicates anemia of chronic disease.

IRON TREATMENT

Since iron deficiency is the most prevalent cause of IBD-
associated anemia, iron supplementation is the most
relevant therapeutic intervention.

Oral iron preparations

Treatment of anemia in IBD with oral iron is limited
by poor absorption, drug intolerance, and induction
of oxidative stress at the site of bowel inflammation".
Moreover, there is evidence that oral iron may increase
the disease activity in IBD. Oral iron supplements
commonly contain iron in the form of ferrous salts (ferrous
sulphate, ferrous gluconate, and ferrous fumarate). All
ferrous compounds are oxidized in the gut lumen or
within the mucosa with the release of activated hydroxyl
radicals, which act on the gut wall and produce a range
of gastrointestinal symptoms such as nausea, bloating,
diarrhea and upper abdominal pain. Absorption of iron
appears to be reduced in IBD. The acute phase protein
hepcidin may play a central role in this process as it is over
expressed in the liver leading to reduced iron uptake by
the duodenum!”. Moreover, oral iron enhances intestinal
inflammation as well as colon carcinogenesis in animal
models of colitis" .

Intravenous iron preparations

Patients with IBD and anemia respond well to intravenous
iron therapy with an increase in hemoglobin levels™.
Administration of iron directly into the circulation requires
formulations that prevent cellular toxicity of iron salts”".
Three different products are available: Iron dextran, iron
gluconate and iron sucrose. The stability of the dextran
complex allows administration of large doses at a single
setting. The molecule however may cause dextran-induced
anaphylactic reactions. On the other hand, iron gluconate
may cause the so-called transient capillary leak syndrome.
Non-transferrin bound free ionic iron may induce acute
endothelial cell injury, with the development of symptoms
such as nausea, hypotension, tachycardia, dyspnoea,
and oedema of the hands and feet. Iron sucrose is safer
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than iron dextran and is well tolerated even by patients
who have previously reacted adversely to iron dextran™,
Single doses of up to 300 mg of iron sucrose are safe™.
The maximal recommended dose is 600 mg/wk*. If
the infusion speed is too rapid, or the single total iron
dose is too high, non-transferrin bound free iron may
cause transient hypotension, tachycardia and dyspnoea, as
described with iron gluconate.

Recently, a new intravenous iron preparation, ferric
carboxymaltose (FeCarb) has been introduced. FeCarb can
be administered intravenously in single or multiple doses
of up to 1000 mg within 15 min. A recent report suggests
that administration of FeCarb in IBD-associated anemia
provides faster hemoglobin response, a greater increase in
iron stores and better patient tolerance’™. Intravenous iron
therapy for IBD-associated anemia has been recommended
since the 1970, but clinical trials were only performed in
the early 19905 During the last several years, experience
in the use of intravenous iron sucrose in IBD has evolved
greatly. Gasche ¢/ a/ demonstrated the efficacy of such
form of iron supplementation[b’27’28]. Moreover, intravenous
iron sucrose has a good safety profile in IBD-associated
anemia, with a 65%-75% response rate in 4-8 wk,
associated with improvement in the quality of life!”. In
IBD patients, high levels of serum transferrin, soluble
transferring receptor, and serum EPO predict the response
to intravenous iron supplementation, while low levels
indicate the need for concomitant EPO therapym. Two
comparative trials (oral us intravenous iron) have recently
been pubh’shedm’?’[”, indicating better tolerability of iv iron
sucrose therapy.

The current management of IBD-associated
anemia with iron sucrose is based on infusing the
total iron dose by multiple small infusions, since a
single dose should not exceed 500 mg (or 7 mg/kg
body weight). Depending on the body weight, the
usual dose for single infusions varies from 200 mg to
300 mg of iron sucrose in 100 mL sodium chloride.
The total iron infusion may take between 4 to 10 wk.
After this period, about 25% patients will fail to show a
significant hemoglobin increase, defined as an increase in
hemoglobin concentration of = 20 g/L at the end of the
wk 4.

One limitation of intravenous iron in patients not
receiving EPO therapy is that much of the administered
iron is transported into the reticuloendothelial system
as storage iron, where it is less readily available for
erythropoiesis.

Safety issues

Intravenous iron therapy has been carefully analyzed for
risks and adverse events. Iron is an essential nutrient for
proliferating microorganisms, and the sequestration of
iron from microorganisms into the reticuloendothelial
system is a potentially effective defense strategy against
pathogens”. In addition, iron therapy in the setting of
long-term immune activation promotes the formation of
highly toxic hydroxyl radicals that can cause tissue damage
and endothelial dysfunction, with increased risk of acute
cardiovascular events® . Thus, intravenous iron therapy
may predispose patients to infections and unfavorable
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coronary outcomes.

Iron therapy is currently not recommended for patients
with anemia of chronic disease who have high or normal
ferritin levels (above 100 g/L), because of the risk of
possible adverse outcome.

ERYTHROPOIETIN AND ANEMIA IN IBD

Erythropoietin, a glycoprotein hormone secreted by
the kidney, is the primary growth factor regulating
erythropoiesis™. Erythropoiesis must maintain a steady
state level of circulating RBCs and in addition respond to
acute challenges. The bone marrow is a highly dynamic
organ that produces two to three million red cells every
second. These red cells contain hemoglobin and are
replaced after 75-150 d”. Any imbalance in the rates of
red-cell loss and production due to inadequate release of
EPO, absence of co-factors required for red-cell formation
(in particular iron), or an impaired ability of the erythroid
progenitor cells to respond to EPO, results in anemia™.
Erythropoiesis is controlled by the hypoxia sensing
mechanism in the kidney which responds by modulating
the output of EPO"",

EPO acts on committed erythroid progenitor cells
in the bone marrow to regulate their proliferation, to
promote their differentiation and to maintain their viability
as they differentiate. Thus, EPO is the major regulator of
erythropoiesis””. Under normal physiological conditions,
EPO expression is inversely related to tissue oxygenation
and hemoglobin levels, and there is a semilogarithmic
relationship between the EPO response (log) and the
degree of anemia (linear)™. Moreover, the concentration of
EPO that is normally between 5 to 29 U/L, can increase
100-fold in the presence of severe anemia. However, in

some patients, EPO concentrations fail to increase despite
139

significant anemia

Measurement of serum EPO levels is useful only in
anemic patients with hemoglobin levels less than 100 g/L,
since EPO levels at higher hemoglobin concentrations
remain well within the normal range™”. Serum EPO levels
that are inappropriately low for the degree of anemia,
indicates blunted EPO response, and is encountered in
anemia of chronic disease*"

Higher serum EPO levels have been reported in
IBD patients compared to the normal population**,
The EPO levels increase with the degree of anemia
Interestingly, it has been shown that in IBD-associated
anemia, EPO production is inadequate in relation to the
degree of anemia®”. This finding may be of help when
considering EPO therapy'”.

Although anemia is a frequent complication of many
diseases, its clinical relevance and the importance of its
correction have long been neglected. Anemia was found
to have a marked effect not only on the quality of life,
but also on various physiological functions***", Before
the mid-1980s there was no effective therapeutic means
of stimulating erythropoiesis. The clinical use of EPO
began in 1986 with treatment of patients with chronic
kidney disease™*. Since then, indications for the use of
EPO therapy to boost erythropoiesis have broadened
considerably.

[27]
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ERYTHROPOIETIC AGENTS

Three erythropoietic agents are currently available in
routine clinical practice: epoctin alfa, epoetin beta,
and darbepoietin alfa, which differ in terms of their
pharmacologic modifications, receptor-binding affinity,
and serum half-life, thus allowing for alternative dosing

and scheduling strategiesm].

Recombinant Human Erythropoietin

Epoetin-o. and Epoetin-f3 are the two available brands of
recombinant human erythropoietin (rtHu EPO). In 1977,
small amounts of human EPO were obtained from the
urine of patients with aplastic anemia®’. Based on limited
peptide sequence information of this purified material, the
gene of human EPO was isolated and cloned in 1983P",
and the use of genetic engineering techniques allowed
large-scale production of recombinant human EPO in a
suitable mammalian cell line. The clinical success of this
product has resulted in the use of epoetin in millions of
anemic patients.

Like the endogenous hormone, epoetin binds to the
dimerised EPO receptor on the surface of erythroid
progenitor cells, inducing a conformational change in the
receptor. This change induces phosphorylation of tyrosine
residues by JAK-2 kinase on several intracellular molecules,
including STAT-5, which is the major signal transducer
and activator of transcription, causing gene activation in
the cell nucleus™. Activation of these pathways stimulates
proliferation and inhibits apoptosis of the erythroid
progenitor cells™”,

Epoetin is highly effective in stimulating erythro-
poiesis™**. In addition there is increasing experimental
evidence that EPO has a range of non-erythropoietic,
pleiotropic effects, including tissue protection of the
nervous system, myocardium, kidneys, intestines and the
joints™,

Darbepoetin alfa

Despite the undoubted therapeutic efficacy of epoetin,
a major limitation of this treatment is that it has to be
administered parenterally two or three times a week. Much
effort has therefore been directed at producing longer-
acting EPO analogues that would retain their biological
activity, but require less frequent dosing. The first to be
synthesized was darbepoetin (DPO) alfa®”. DPO alfa
has five N-linked glycosylation chains compared with
the endogenous and recombinant EPO, both of which
have three. All three molecules have, additionally, a single
O-linked glycosylation chain®™. The molecular weight of
DPO alfa is 37.1 kDa, compared with 30.4 kDa for EPO,
and its elimination half-life in humans after an intravenous
injection is about three-fold longer (25.3 h »s 8.5 h for
epoetin alfa)™. This allows less frequent dosing, with most
patients receiving injections once weekly or once every
2-3-4 wk!".

Continuous erythropoietin receptor activator

Continuous EPO receptor activator (CERA) is the
another erythropoietic agent, that has recently completed
phase III of its clinical development program[m’(ﬁj. CERA
was developed by the integration of a single 30 kDa

polymer chain into the EPO molecule, thus, increasing
the molecular weight to twice that of epoetin to about
60 kDa, and considerably increasing the elimination half-
life in humans to about 130 h. The hypothesis being
tested in phase III clinical studies is whether CERA can
be administered safely and effectively every 3-4 wk. The
preliminary data suggests that this is perhaps the case!™*",

Next generation erythropoietic analogues

Synthetic erythropoiesis protein, EPO fusion protein
and EPO-mimetic peptides are the next generation of
erythropoietic agents that exploit recent advances in drug
development for stimulating erythropoiesis. These agents
stimulate erythropoiesis through the activation of EPO
receptors[(’sm.

ROLE OF ERYTHROPOIETIN IN IBD-
ASSOCIATED ANEMIA

Hemoglobin increase

Several studies have examined the efficacy and the safety
of EPO in the treatment of refractory anemia in patients
with IBDP*"*! Horina e af first tested tEPO therapy
in three patients with a long-standing history of IBD and
refractory chronic anemia (Hb < 100 gr/L, plasma EPO
< 100 U/L). A marked increase in hemoglobin values
was noted in all three patients[ﬁsl. Gasche ef al”” reported
that after 5 wk of treatment with intravenous iron alone
or in combination with EPQO, all anemic patients had a
marked increase in hemoglobin levels. However, the mean
increase in EPO-treated patients was higher compared to
patients receiving iron therapy alone (50 g/L »s 20 gt/L
respectively). Subsequently, recombinant human EPO
was found to be effective in a controlled trial of patients

with anemia refractory to oral iron supplementationm. In
this double-blind study, the superiority of combination
therapy (iron + rtHEPO) over iron alone was again
demonstrated. In another placebo-controlled study in a
patient with Crohn’s disease-associated anemia that was
refractory to oral iron, intravenous iron, and EPO resulted
in greater and quicker hemoglobin response compared
with intravenous iron alone!”. Concomitant EPO therapy
was associated with a more rapid incline in hemoglobin
levels. EPO treatment has also been shown to be safe and
effective in children with iron refractory IBD-associated
anemia!".

In a recent study'", Darbepoetin-alpha (DPO)
was tested in patients with IBD-associated refractory
anemia. This study, the first to assess DPO alpha in IBD-
associated refractory anemia, demonstrated that the
administration of DPO in combination with intravenous
iron sucrose raised hemoglobin levels. Furthermore, the
longer half-life of DPO compared to EPO allowed less
frequent administration and was more convenient to the
patients. Thus, all the trials have demonstrated a significant
beneficial effect of erythropoietin agents in this patient
population.

Improvement in quality of life
Most studies have shown that successful treatment of
anemia with EPO, is accompanied with improvement in
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the energy and activity level and the overall quality of
life™. Surprisingly, in the hemoglobin range of 80-140 g/L,
the largest improvement in quality of life occurred when
hemoglobin levels increased from 110 to 130 g/Lm.
Alterations in the quality of life were also examined
in anemic patients with Crohn’s disease treated with
iron sucrose and EPO'. The sense of well being, and
improvement in mood, physical ability, and social activity
accounted for most of the improvement in quality of life.
Moreover, avoidance of blood transfusions enhanced the
improvement in quality of life". Thus, the quality of life
is significantly improved in patients with IBD-associated
anemia with erythropoietin therapy.

MECHANISMS OF ACTION

The therapeutic effect of EPO involves counteracting
the antiproliferative effect of cytokines, along with
stimulation of iron uptake and heme biosynthesis in
erythroid progenitor cells. Accordingly, a poor response
to treatment with erythropoietic agents is associated with
increased levels of proinflammatory cytokines, and poor
iron availability.

There is little data on the possible effects of therapy
with erythropoietic agents and the correction of anemia,
on the course of the underlying disease, particulatly since
epoetin can exert additional biologic effects, including
interference with the signal transduction cascade of
cytokines. Treatment of rats with EPO was found to
reduce the degree of colitis caused by DNBS suggesting
that EPO may be useful in IBD treatment . Furthermore,
EPO may enhance the healing of colonic anastomosis
after colonic surgery by increasing the number of
fibroblasts and accelerating the maturation of new blood
vessels™,

PREDICTIVE FACTORS OF RESPONSE TO
ERYTHROPOIETIC THERAPY

The response (erythropoiesis) to a dose of EPO is not
related to the patient’s gender or age, suggesting that
patient-specific factors such the underlying chronic
disease, iron-restricted erythropoiesis, and other factors
that normally result in a wide distribution of hemoglobin
responses, account for the variability in erythropoietin
response to EPO in different individuals'”.

There are no baseline indices of response to
erythropoietin that can be used in routine clinical practice.
If functional iron deficiency and vitamin deficiency are
excluded, a low serum EPO level appears to be the only
established predictive factor of some importance”. In
IBD patients, high levels of serum transferrin, soluble
transferrin receptor, and serum EPO predict the response
to intravenous iron supplementation, while low levels
indicate a need for concomitant EPO therapym.

Further studies are needed to investigate the value
of hepcidin, C-reactive protein and other measures as
predictive factors. The iron-regulatory hormone hepcidin
is of particular interest as it is believed to be the primary
factor in anemia of chronic disease. Cytokine-mediated
induction of hepcidin in inflammatory or infectious
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conditions” decreases duodenal absorption of iron and
induces iron retention by macrophages. Likewise, CRP is
also increased in inflammatory conditions, and high CRP
levels are associated with reduced Hb levels and resistance
to EPO treatment. Therefore, pre-treatment levels of
hepcidin and CRP may provide important information on
the response to erythropoietic proteins in IBD patients.

INDICATIONS FOR ERYTHROPOIETIC
THERAPY IN IBD-ASSOCIATED ANEMIA

It is difficult to determine as to which patient with IBD-
associated refractory anemia will require combination
therapy with erythropoietic agents in view of the absence
of any long-term data. However, EPO should be reserved
for symptomatic patients who may otherwise require blood
transfusions, who have not responded to intravenous iron,
and in whom aggressive management of IBD (including
immunosuppressive therapy) has not suppressed the
mucosal inflammation. EPO is an adjunct and not an
alternative to appropriate treatment of IBD. Several
issues remain to be resolved including the use of EPO for
prevention of anemia, the target hemoglobin levels, and
the immunologic role of EPO in the setting of chronic
bowel inflammation.

SIDE EFFECTS AND CONCERNS ABOUT
EPO THERAPY

Erythropoietic therapy is highly effective in stimulating
erythropoiesis and has an excellent safety profile. Apart
from the rare induction of antibodies, all adverse
effects of epoetin appear to be directly related to its
pharmacodynamic properties i.c., the increase in red-cell
number. In patients with kidney disease, such an increase
may lead to a moderate rise in the blood pressure. In
addition, there is a risk of thromboembolic complications
with higher hemoglobin levels. Clinical trials in patients with
cancer” and chronic kidney disease™, designed to assess
the effect of increasing the haemoglobin concentration
to the normal range, compared with a subnormal target,
have suggested no overall benefit and even the risk of
potential harm. Moreovert, it has recently been observed
that “on the basis of available data, the maintenance
of haemoglobin concentrations above 130 g/L
appeats to be unsafe in patients with chronic renal failure” .

The success of epoetin has been clouded by the
discovery in a few patients of the development of
neutralizing antibodies against recombinant proteins
that cross-react with native EPO, and cause pure red-
cell aplasia®™'. This problem is likely caused by the use
of a new buffer (polysorbate 80), which replaced human
serum albumin, and which induces the release of organic
compounds with adjuvant properties from the rubber
stoppers of prefilled syringes' .

Another issue of concern is the presence of EPO
receptors on several malignant cell lines, including

mammary, ovatrian, uterine, prostate, hepatocellular, and

renal carcinomas, as well as on the myeloid cell lines™”.

There are contradictory reports concerning the effect of
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Treatment of the
underlying disease

Correct causes of
anemia other than IBD

|
| | |

Normal Hb Symtomatic Asymptomatic Hb < 90 g/L
levels anemia anemia

[ [ [
Prophylactic || Initiate iv Consider iv iron || Evaluate for transfusion

treatment not | iron sucroses || sucrose treatment ||and consider iv iron and
recommended || treatment according to EPO treatment according
individual factors ||to individual factors

—

Refractory anemia
(Hb < 20 g/L after 4 wk)

Epo < 100 U/L,
sTfR < 50 nmol/L,
tranferrin levels < 2.9 g/L

Initiate EPO
treatment

Treat to target Hb
120-130 g/L

Figure 1 IBD-associated anemia. Suggested treatment algorithm for stimulating
erythropoiesis in patients with IBD-associated anemia. Hb: Hemoglobin; iv:
Intravenous; EPO: Erythropoietin.

epoetin on such cells. Although the use of EPO caused
tumor regression in a murine model of myeloma[M,
administration to EPO-receptor-expressing human renal
carcinoma cells 7z vitro stimulated their proliferation'™,
Large amounts of EPO receptors were found in 90%
of biopsy specimens of human breast carcinoma™. The
production of EPO receptors by cancer cells appears to
be regulated by hypoxia, and in clinical cancer specimens
the highest levels of EPO receptors were associated
with neoangiogenesis, tumor hypoxia, and presence of
infiltrating tumors. One potential adverse effect may be
the induction of neoangiogenesis, since EPO increases
inflammation and ischemia-induced neovascularization
by enhancing the mobilization of endothelial progenitor
cells®. In a study in nude mice, implantation of EPO-
receptor expressing cell lines and subsequent inhibition
of EPO-receptor signaling resulted in inhibition of
angiogenesis and destruction of the tumor mass®

The effects of erythropoiesis-stimulating agents are
still not fully understood. Not only do they increase
haemoglobin concentration, but they may also act via
alternative dose-dependent pathways that are harmful.
Careful studies on the potential harmful effects of EPO
therapy in patients with different forms of anemia of
chronic disease remain to be carried out.

STRATEGIES FOR STIMULATING
ERYTHROPOIESIS IN IBD

Anemia is a common complication of IBD and poses a

serious therapeutic challenge. The optimal management
of IBD-associated anemia is to promote an increase in
hemoglobin levels accompanied with an improvement in
the quality of life. Therapy is targeted at the mechanisms
underlying anemia of chronic disease and iron deficiency.
The most important approach is to treat the undetlying
disease (Figure 1). In previous studies assessing EPO in
anemic IBD patients, current or recent immunosuppressive
therapy was a specific exclusion criterion™” suggesting
that the patients may not be receiving optimal anti-
inflammatory therapy. Moreover, as the IBD disease
activity correlates with the degree of anemia, treatment of
IBD should lower its incidence. Thus, as effective therapy
(including immunosuppressants and anti TNF-q) induces
mucosal healing™®, one would expect a lower incidence
of anemia.

Additionally, causes of anemia other than IBD
(nutritional defects, bleeding, haemolysis, chronic kidney
disease, cancer, metabolic disorders and cardiovascular
disease) should be evaluated and treated. Asymptomatic
anemia warrants correction, especially in patients older
than 65 years of age, those with additional risk factors (such
as coronary artery disease, pulmonary disease, and chronic
kidney disease), or a combination of these factors.

A stepwise approach for stimulating erythropoiesis
should be followed in patients with IBD. First, iron
deficiency which is the most common cause of anemia
should be corrected. Recent studies have demonstrated the
efficacy and the safety of intravenous iron supplementation
with iron sucrose. About two-thirds of patients respond
to this treatment within 4-10 wk. The remaining subjects
who fail to improve likely have anemia of chronic disease.
Gasche et al suggest that serum levels of EPO, soluble
transferring receptor, and transferrin predict a positive
response to iron infusion, and may identify those patients
who will benefit from early treatment with EPO,

EPO administration has been shown to be of benefit
in patients who do not respond to iron supplementation.
Several studies have demonstrated the efficacy and the
safety of EPO in IBD patients with refractory anemia.
EPO treatment results in a marked increase in hemoglobin
values and improvement in quality of life. However, there
is controversy as to whether EPO is cost-effective in
treating anemia in IBD. Many physicians have employed
erythropoietic agents which are not currently approved
by the FDA. Thus, clinicians will have to make treatment
decisions based on limited data currently available. These
agents are effective in increasing hemoglobin level, and
improving the quality of life for the duration they are
used. However, the length of treatment, optimal dose and
target hemoglobin level remain to be established. The
disadvantage of these agents is that they add another drug
to the patient’s treatment regimen, thereby increasing the
costs, inconvenience, and potential side effects. Several
studies in patients with renal failure and cancer indicate
that the target hemoglobin level with EPO should be
120-130 g/L. Howevet, a normal haematocrit value may
not be optimal.

IBD-associated anemia can also be managed with
blood transfusions which are widely used for rapid and
effective intervention. Transfusions are particularly
helpful in the context of severe anemia (Hb < 90 g/L)
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and life-threatening anemia (Hb < 70 g/L). However, the
optimal hemoglobin threshold for red-cell transfusion
in IBD patients is unknown. Recent evidence””!
not support the unrestricted use of blood transfusions,
because of the risks associated with this procedure such
as iron overload and sensitization of the immune system.
Thus, the timing of blood transfusion in IBD-associated
anemia must take into consider not only the hemoglobin
level but also the relative degree of hemoglobin decrease,
any underlying comorbidities and the presence of anemia-
related symptoms. It is also important that the use of
blood transfusions should be followed by treatment with
iron supplementation, with or without EPO.

In our clinical practice, most patients with IBD-
associated anemia respond well to intravenous iron alone.
It is important that the bowel inflammation is treated
adequately and that sufficient iron is given. In anemic
patients with active IBD, we usually start treatment
with corticosteroids, in order to alleviate the clinical
symptoms, followed by intravenous iron sucrose to
replenish the iron stores. This strategy helps to stimulate
impaired erythropoiesis and thus reduce the need for
concomitant EPO injections. However, patients with
ongoing inflammation have anemia of chronic disease
and may require combination therapy with intravenous

! does

iron sucrose and erythropoietic agents. It has been
suggested that about 25% of patients with IBD-associated
anemia require combined treatment with iron sucrose
and EPO". Recently, we examined the use of DPO to
determine whether it is effective in refractory anemia in
IBD"™. The administration of DPO in combination with
intravenous iron sucrose was effective in these patients.
Careful monitoring of hemoglobin levels and iron
parameters is required to avoid recurrence of anemia in
IBD patients. Additional clinical trials are warranted to
establish the optimal dose and schedule of intravenous
iron supplementation, and erythropoietic therapy in IBD-
associated anemia.

CONCLUSION

Anemia is a frequent complication of IBD. Patients
with anemia usually have greater disease severity and
lower quality of life, demanding aggressive diagnosis and
treatment. Iron deficiency is managed most reliably by
intravenous preparations. Iron sucrose demonstrates the
best efficacy and tolerability. Difficulties atise in patients
with refractory anemia, who do not respond to intravenous
iron. EPO administration has proven to be effective in
these patients. EPO has additional beneficial effects on
hemoglobin concentration. However, EPO is expensive
and not without potential side effects. It is difficult to
determine as to which patient with refractory anemia will
require combination therapy with erythropoietic agents.
The responsible use of medical resources, as well as the
absence of data on long-term safety of EPO in patients
with IBD, suggests that iron sucrose should be considered
as the first-line therapy in IBD-associated anemia.
Therefore, EPO has a secondary role, in patients who
do not respond to intravenous iron alone. The long-term
outcome of alleviating anemia depends on whether the

bowel inflammation can be adequately treated.
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