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Introduction

A large number of changes, distant from the intest-
inal mucosa and involving many organ systems, may
accompany the inflammatory process in ulcerative
colitis (UC) or Crohn’s disease (CD). The systemic
response to inflammation includes changes in the
concentration of many plasma proteins, known as
the acute-phase proteins, and several neuro-
endocrine, metabolic, and hematopoietic alterations
collectively termed the acute-phase response [1]. The
acute-phase response occurs in many clinical
situations characterized by tissue injury, such as
trauma, ischemia, burns, infections, malignancy,
and autoimmune diseases. At the molecular level
these symptoms correlate with changes in the levels
of proinflammatory cytokines such as tumor necro-
sis factor (TNF), interleukin (IL)-1, and IL-6,
although other cytokines and chemokines also
mediate the acute phase response. Many constitu-
tional symptoms such as anorexia, malaise, fatigue,
fever, myalgias, arthralgias, night sweats, weight loss
and cachexia are directly or indirectly attributed to
the effects of these proinflammatory cytokines.

During inflammation the inflammatory cytokines
TNF, IL-1 and IL-6 are secreted in that order [2, 3].
Although many cytokine effects are predominantly
paracrine and autocrine, they do mediate systemic
effects [4]. For example, central infusion of TNF led
to predominant anorexia whereas peripheral produc-
tion of TNF produced predominant metabolic losses
of protein [5, 6].

TNF is a 17 kDa protein that is produced by cells
of hematopoietic lineage in response to several
stimuli such as bacterial pathogens and lipopolysac-
charide. It is first produced as a maebrane-bound
protein of 26 kDa, which is cleaved to the mature
form by the TNF-a converting enzyme. It has several
biological effects depending on the amount and the
rapidity with which it is produced in response to a
specific stimulus. High levels of TNF that are
produced acutely lead to shock and tissue injury,

vascular leakage syndrome, acute respiratory
distress syndrome (ARDS), gastrointestinal necro-
sis, acute tubular necrosis, adrenal hemorrhage,
disseminated intravascular coagulation, and fever.
Chronic low-dose exposure to TNF leads to weight
loss, anorexia, protein catabolism, lipid depletion,
hepatosplenomegaly, insulin resistance, acute-phase
protein release, and endothelial activation [6-8].
IL-1 is a family of three proteins, IL-1a, IL-13, and
the IL-1 receptor antagonist (IL-1ra); the latter acts
as inhibitor of IL-1 signaling [9, 10]. IL-1aoand IL-1f
are synthesized as precusors and are cleaved to the
mature forms by the action of interleukin-13-con-
verting enzyme (ICE) (caspase-1). IL-1 function as a
lymphocyte-activating factor by enhancing the pro-
duction of IL-2, and IL-2 receptors by T lympho-
cytes. It synergizes with various colony-stimulating
factors to stimulate early bone marrow hemato-
poietic progenitor cell proliferation. IL-1 and TNF
share numerous biologic activities and frequently act
in synergism. IL-1 stimulates the catabolism of
muscle, and in joints stimulates synovial cell prolif-
eration, cartilage and bone resorption, and collagen
deposition. The effects of IL.-1 on muscles and joints
contribute to the myalgias and arthralgias associated
with illness. Many of the proinflammatory activities
of IL-1 relate to the generation of small mediator
molecules, frequently in synergy with TNF, such as
platelet-activating factor and leukotrienes,
prostanoids, nitric oxide, and chemokines. IL-1 has
several proinflammatory activities, such as induction
of fever, slow-wave sleep, anorexia, and neuropep-
tide release. Hypotension, myocardial suppression,
septic shock, and death can all be physiologic
responses to overwhelming expression of IL-1 and
other proinflammatory cytokines [11]. Humans
injected with IL-1 experience fever, headache,
myalgias, and arthralgias, each of which is reduced
by the coadministration of COX inhibitors [12].
IL-6 is a 26-kDa protein produced by a wide
variety of cells. IL-6 is one of the principal mediators
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of the clinical manifestations of tissue injury, includ-
ing fever, cachexia, leukocytosis, thrombocytosis,
increased plasma levels of acute-phase proteins, and
decreased plasma levels of albumin. It is a pleiotropic
cytokine with both proinflammatory and anti-
inflammatory properties. IL-6 also stimulates plas-
macytosis and hypergammaglobulinemia and acti-
vates the hypothalamic-pituitary-adrenal axis [2]. In
addition to differentiating B cells, IL-6 stimulates
proliferation of thymic and peripheral T cells. Along
with 1L-1, IL-6 induces T cell differentiation to
cytolytic T cells and activates natural killer cells.
These observations emphasize the importance of
IL-6 in both innate and adaptive immunity. In
addition to its immunologic/inflammatory role, I1L-
6 may play an important role in bone metabolism,
spermatogenesis, epidermal proliferation, megakar-
yocytopoiesis, and neural cell differentiation and
proliferation. The age-associated rise in IL-6 has
been linked to lymphoproliferative disorders, multi-
ple myeloma, osteoporosis, and Alzheimer’s disease
[13]. Recently IL-6/1L-6 receptor (IL6R) signaling
has been shown to be crucial in liver regeneration
following hepatectomy [14, 15]. The IL-6 family of
cytokines, apart from IL-6 itself, comprises IL-11,
ciliary neurotrophic factor, cardiotropin, oncostatin
M, leukemia inhibitory factor, and neurotrophin 1 /B
cell stimulating factor 3, which all share the common
signal transducer gpl30 as part of their receptors
[15].

Elevated mucosal and serum levels of several
proinflammatory cytokines have been observed in
patients with CD and UC, including IL-1 and TNF.
IL-6 serum levels have been reported to be elevated in
active CD but not in UC, whereas elevated circulat-
ing levels of IL-6R have been detected in active
stages of both diseases [16]. Increased serum levels
of IL-8 have also been reported in active UC but not
in CD [17]. Approximately 90% of patients with CD
have a triad of features that are persistent and
progressive, namely diarrhea, abdominal pain, and
weight loss [18]. As many as 40% of patients with UC
may experience noticeable weight loss [19]. Cachexia,
the loss of body mass that occurs in severe chronic
inflammatory disease, results from decreases in ske-
letal muscle, fat tissue, and bone mass [20]. Cytokines
such as IL-1, IL-6, TNF, and interferon gamma
(IFN-v) contribute to these processes [21]. Investiga-
tors have found a link between inflammatory cyto-
kines and muscle damage. TNF-o and IFN-y are
both activators of nuclear factor kappa B (NF-«B)
in muscle. Activation of NF-xB results in the
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decreased expression of MyoD, a transcription fac-
tor that is essential for repair of damaged skeletal
muscle. Thus, the net effect of TNF-o and IFN-v is
defective muscle repair which may explain the
cachexia that develops in patients with cancer and
other high TNF-u states. Although cachexia is char-
acterized by hypermetabolism, defined as an eleva-
tion in resting energy expenditure, in CD patients
without malabsorption, short-term weight change is
more closely related to decreased caloric intake
rather than to increased resting energy expenditure.
Although ‘sitophobia’ - in anticipation of abdominal
pain — may contribute to weight loss, it usually relates
to the severity of anorexia. Anorexia is one of the
most common symptoms associated with acute ill-
ness, results from proinflammatory cytokine activity
and has both central and peripheral elements [4].
Several cytokines affect food intake directly or indir-
ectly with effects on other mediators such as cortico-
trophin-releasing hormone, serotonin, cholecystoki-
nin, neuropeptide Y, insulin or leptin. A number of
hypothalamic nuclei involved in eating behavior
contain binding sites for cytokines [22]. In animals
endotoxin increases the plasma levels of leptin and
white fat leptin mRNA suggesting that leptin may be
a mediator of anorexia in inflammatory states [4, 23].
Several alterations in gastrointestinal function that
indirectly affect nutritional status have been ascribed
to proinflammatory cytokines, including altered
gastric emptying, decreases in intestinal blood flow,
changes in small bowel motility and cellular prolif-
eration, and altered ion fluxes [4].

A significant percentage of patients with active
CD and UC have fever, usually low-grade [19, 24].
Several cytokines, including IL-1a, IL-1B3, TNF,
lymphotoxin o (LT-o), IFN-o and IL-6, are intrinsi-
cally pyrogenic in that they produce a rapid-onset
fever by acting directly on the hypothalamus without
the requirement for the formation of another cyto-
kine. Several other cytokines that use the gpl30
signal transducer as part of their receptor, as
mentioned earlier, may also contribute to the febrile
response [25]. Pyrogenic cytokines released during
the inflammatory response interact with a rich
vascular network close to the cluster of neurons in
the preoptic/anterior hypothalamus. These sites,
called the circumventricular organs or organum
vasculosum laminae terminalis (OVLT), possess lit-
tle if any blood-brain barrier. It is likely that
endothelial cells lining the OVLT either offer no
resistance to the movement of pyrogenic cytokines
into the brain or release arachidonic acid metabolites
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which then may diffuse into the preoptic/anterior
hypothalamic region to induce fever. Alternatively,
prostaglandin E2 (PGE,) and other prostaglandins
may be produced by the endothelial cells which, in
turn, induce a neurotransmitter-like substance, such
as cCAMP, that acts to raise the set-point [25].

Acute phase proteins

An acute-phase protein has been defined as one
whose plasma concentration increases (positive
acute-phase proteins, such as C-reactive protein
(CRP) and serum amino acids (SAA) or decreases
(negative acute-phase proteins, such as albumin) by
at least 25 % during inflammation. The changes in
the concentration of acute-phase proteins are due
largely to changes in their production by hepatocytes
[20]. Inflammatory cytokines, which operate both as
a cascade and as a network in stimulating the
production of acute-phase proteins, include IL-6,
IL-1B, TNF, IFN-y, TGF-B, and IL-8 [20] (Table 1).
IL-61s a major hepatocyte stimulator and produces a
variety of acute-phase proteins in the liver of experi-
mental animals and in cultured human hepatocytes,
SAA and CRP being most induced [26]. Glucocorto-
coids act synergistically with 1L-6 in stimulating the
production of acute-phase proteins. Synthesis of
acute-phase proteins in IL-6 knockout mice is greatly
impaired in response to non-specific irritants, such as
turpentine, but is normal when bacterial lipopoly-
saccharide is the inflammatory stimulus [27]. Inacti-
vation of gp130 in adult mice decreases the ability of
these mice to synthesize acute-phase response
proteins similarly to the 1L-6 knockout mice [28].
The acute-phase proteins include several compo-
nents of the complement system, which are involved
in the accumulation of phagocytes at an inflamma-
tory site and the killing of microbial pathogens. CRP
binds various pathogens and materials from
damaged cells, promotes opsonization of these mate-
rials, and activates the complement system. Recently
it has been shown that CRP enhanced opsonization
and phagocytosis of apoptotic cells by macrophages
associated with the expression of the anti-inflamma-
tory cytokine TGF-B. These observations demon-
strate that CRP and the classical complement com-
ponents act in concert to promote non-inflammatory
clearance of apoptotic cells [29]. In this context,
production of acute-phase proteins by proinflamma-
tory cytokines can be viewed as a protective host
defense mechanism that limits tissue injury [2]. How-
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ever, acute-phase protein production is not
uniformly beneficial. For example, secondary
amyloidosis has long been recognized as a deleter-
ious consequence of elevated SAA concentrations in
some patients with chronic inflammatory conditions,
including IBD [30]. Several acute-phase proteins
have been measured in IBD, including CRP,
oromucoid (a-acid glycoprotein), serum and fecal
aj-antitrypsin, By-microglobulin, phospholipase A2,
as well as the erythrocyte sedimentation rate (ESR),
and have been shown to correlate with disease
activity [16].

The systemic effects of several proinflammatory
cytokines have been substantiated by inhibiting their
action in several human diseases. For example,
Castleman’s disease, an atypical lymphoproliferative
disorder, is characterized by dysregulated over-
production of IL-6. Patients with this disease fre-
quently have systemic manifestations such as fever,
anemia, leukocytosis, thrombocytosis, hyper-
gammaglobulinemia, hypoalbuminemia, and an
increase in acute-phase proteins. Administration of
a humanized anti-IL-6R antibody in patients with
Castleman’s disease led to immediate disappearance
of fever and fatigue and gradual improvement of
anemia, as well as serum levels of CRP, fibrinogen,
and albumin, thus confirming the role of IL-6 in the
systemic manifestations of the disease. Similarly
patients with lymphoma who experience fever,
weight loss, and night sweats (B symptoms) exhibit
significantly higher levels of serum IL-6 levels
compared to patients without B symptoms [31].
Anti-TNF treatment in CD and rheumatoid arthritis
has been associated with a decrease in the levels of
CRP and IL-6 respectively.

Table 1. Relationship of cytokines to systemic manifestations

Inflammatory Systemic

mediator manifestations

TNF Fever, cachexia, anorexia, protein catabolism,
insulin resistance, activation of HPA axis

IL-1 Fever, myalgias, arthralgias, bone resorption,
anorexia, induction of acute-phase proteins,
activation of HPA axis

IL-6 Fever, fatigue, leukocytosis, thrombocytosis,
induction of acute-phase proteins, activation
of HPA axis

HPA = hypothalamic—pituitary—adrenal axis
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Hematologic consequences of
intestinal inflammation

Anemia

Anemia in patients with inflammatory bowel disease
(IBD) is multifactorial and can contribute to the
fatigue and poor quality of life experienced in this
patient group [32, 33] (Table 2). Between one-third
and one-half of patients with IBD are anemic [34-36]
and the anemia may occasionally predate the devel-
opment of gastrointestinal symptoms, especially in
children [37-39]. Studies performed in CD patients
with anemia reveal that correction of the underlying
anemia improves quality-of-life scores, especially the
feeling of well-being, mood, physical ability, and
ability to perform social activities, supporting the
idea that anemia is an important cause of constitu-
tional symptoms [33]. This section will focus on the
effect of chronic intestinal inflammation on red
blood cell homeostasis and treatment of the common
causes of anemia.

Intestinal ulceration, whether related to UC or CD
is associated with increased intestinal blood loss,
both microscopic and macroscopic, and iron defi-
ciency anemia [35). Iron-deficiency anemia can be
assessed by measuring iron and total iron binding
capacity (TIBC) levels which should reflect low iron
saturation, < 15%. Ferritin levels may be falsely
elevated because of inflammation but low levels (< 5
pg/L) are indicative of iron deficiency {40]. Poor iron
absorption in the proximal gastrointestinal tract can
contribute to the anemia of patients with CD and
rapid intestinal transit in both CD and UC can
impair oral iron replacement therapy. Because oral
iron supplementation is often poorly tolerated and
poorly absorbed, patients may require administra-
tion of parenteral iron. In an open-label study
performed in patients with UC and anemia, defined
as hemoglobin < 10.5 g/dl, investigators adminis-
tered iron saccharate over an 8-week period [41].
Mean hemoglobin increased by 3.6 g/dl. Only four
patients out of 22 did not respond to intravenous
iron. This latter group was given erythropoietin and
achieved a mean hemoglobin increase of 3.3 g/dl.
Similar results have been observed in patients with
CD. Specifically, patients with CD and anemia who
fail oral iron replacement, or are intolerant of oral
iron, who are then given intravenous iron have a 75%
response rate with mean hemoglobin increases of 3.3
g/dl [33]. Intravenous iron is associated with a low
(< 1%) but significant risk of anaphylactoid reaction
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which manifests during the first few minutes of an
infusion and resembles a type I (IgE-mediated)
allergic reaction [42, 43]. More commonly up to
30% of patients given iron dextran develop
arthralgias and fever within 24-48 h of initiation of
intravenous iron therapy.

Ileal disease and resections in patients with CD
result in impaired vitamin B, absorption leading to
a megaloblastic anemia. Indeed, up to three-fifths of
patients with ileal CD who have never had an
intestinal resection have evidence of vitamin B,
deficiency and megaloblastosis {44, 45]. As little as
30 cm of terminal ileum resected can lead to vitamin
B, malabsorption, but in general greater than 60 cm
of terminal ileum must be resected for vitamin By,
malabsorption [46, 47]. These patients require
monthly injections of vitamin B, (cyanocobalamin)
(1000 pg) or weekly nasal delivery of topical B, once
stores have been replenished [48]. Rarely, patients
with CD and short bowel who are dependent on total
parenteral nutrition (TPN) may develop anemia and
pancytopenia as a result of copper deficiency [49].

The anemia experienced by patients with IBD is
generally mixed and may have features of anemia of
chronic disease. Anemia of chronic disease can be
attributed to the increased production of the cyto-
kines that contribute to the underlying IBD includ-
ing TNF-a, IL-1, and the interferons [50, 51]. These
cytokines have the effect of shortening red cell
survival, blunting the erythropoietin response to
anemia, impairing erythroid colony formation in
response to erythropoietin, and abnormal mobiliza-
tion of reticuloendothelial iron stores. Not surpris-
ingly, the degree of anemia in patients with IBD
correlates with underlying disease activity as well as
systemic levels of IL-1B [52]. In addition to iron-
deficiency anemia from increased blood loss,
patients with IBD have inappropriately low levels of
erythropoietin for their degree of anemia and there-
fore cannot utilize iron appropriately [50, 52].
Erythropoietin is a renally produced hormone that
regulates red blood cell mass by preventing apoptosis
of erythroid precursors [53]. The reason for low
erythropoietin levels in patients with IBD may be
elevated systemic inflammatory cytokines, especially
TNF-a, IL-1, IL-6 and the interferons which have
been shown to decrease mRNA expression of
erythropoietin [54-56]. In addition to causing lower
than expected levels of erythropoietin, systemic
inflammation leads to relative hyporesponsiveness
to erythropoietin [57, 58]. A study performed in UC
and CD patients failing oral iron therapy has shown
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that supplemental erythropoietin (150 U per kilo-
gram of body weight twice per week) in combination
with oral iron replacement (100 mg/day) resulted in
an average hemoglobin increase of 1.7 g/dl over a 12-
week period whereas the placebo-controlled, iron-
only group experienced a decline in hemoglobin
levels (0.9 g/dl) [52]. Another study performed in
patients with CD and anemia has shown that intra-
venous iron alone, or in combination with erythro-
poietin, is effective at increasing hemoglobin levels
[33]. Patients receiving erythropoietin had greater
increases in hemoglobin levels than the placebo
group (4.9 g/dl compared with 3.3 g/dl). Impor-
tantly, patients whose anemia responded to therapy
had an improved quality of life, suggesting that
anemia does contribute to the constitutional symp-
toms experienced by these patients. Thus in patients
with IBD and anemia who have not responded to
oral iron replacement, iron levels should be evalu-
ated. Erythropoietin is not effective in patients whose
iron stores are not replete, and is the most common
cause of erythropoietin resistance [59]. If iron stores
are normal, patients should be treated empirically
with weekly erythropoietin. A response to oral iron
with or without supplemental erythropoietin is
generally obtained within § weeks of therapy. If iron
stores are reduced, intravenous iron can be used
alone or in combination with erythropoietin to
achieve a clinical effect.

In addition to these physiologic causes of anemia,
the treatment of IBD may also result in anemia.
Antimetabolites such as azathioprine (AZA) and 6-
mercaptopurine (6-MP) are purine antagonists and
are thought to exert their beneficial effects by inter-
fering with DNA synthesis. As a result, these drugs
can cause a megaloblastic anemia that is generally
dose-related [60]. Both can cause dose-dependent
bone marrow suppression by inhibiting DNA and
RNA synthesis. Thiopurine methyltransferase
(TPMT) converts 6-MP to 6-methylmercaptopurine.
TPMT is inherited in an autosomal co-dominant
fashion such that patients who are heterozygous
(14% of Caucasians) or homozygous (1% of Cauca-
sians) for a mutant TPMT gene have diminished or
absent ability to metabolize azathioprine or 6-
mercaptopurine and are therefore at increased risk
for developing hematologic toxicity [61-63]. In addi-
tion to an inherited inability to metabolize 6-MP/
AZA, certain mesalamine-containing compounds
have been described to inhibit the TPMT enzyme,
leading to bone marrow suppression [64—66]. For this
reason, patients who are initiating 6-MP/AZA
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therapy, or who are on a stable dose but have a recent
addition of a 5-ASA product, should be followed for
the development of hematologic toxicity.

Sulfa and methotrexate (MTX) both interfere with
folate metabolism which is required for nucleotide
synthesis. Folate supplementation is required in
patients taking either sulfasalazine or MTX. MTX
acts by inhibiting dihydrofolate reductase. 5-Formal
tetrahydrofolate (calcium leucovorin, citrovorum
factor or folinic acid) administered 24 h after the
administration of MTX can rescue normal cells from
the effects of MTX by providing a reduced form of
folic acid to the cells. Folate deficiency has been
detected in patients receiving sulfasalazine for IBD
and may be due to impaired absorption of folate [67].
Red cell folate levels correlate inversely with the dose
of sulfasalazine [68]. Patients who are slow acetyla-
tors are also at increased risk for sulfasalazine-
induced anemia [69]. In addition to the antimetabo-
lite effect of drugs for IBD, mesalamine and sulfasa-
lazine have been associated with rare cases of
aplastic anemia, thrombocytopenia or neutropenia
[70-73].

Perhaps the least common reason for anemia in a
patient with IBD is hemolytic anemia [74-76].
Hemolytic anemia develops in an animal model of
UC in which animals are genetically unable to
produce IL-2 (IL-2 ~7). Whereas the colitis in these
animals is mediated by T cells, B cells are required for
the anemia [77]. Although there are many case
reports in the literature of UC associated with
hemolytic anemia, it is not clear that this complica-
tion is more common in patients with IBD than in the
general population [74, 78]. In the largest series of
patients reported from the Mount Sinai School of
Medicine only eight patients out of 1150 hospitalized
patients with UC (0.7%) were identified with auto-
immune hemolytic anemia [74]. The highest inci-
dence of hemolytic anemia was found in a prospec-
tive study performed in 302 Greek patients with UC
in which 1.7% developed autoimmune hemolytic
anemia [79]. Some studies have found a correlation
of the hemolysis with disease activity [79] but others
have not [74]. The reasons for hemolytic anemia
include idiopathic immune-mediated destruction or
drugs, especially sulfasalazine [80-82]. Mononuclear
cells extracted from the colon of a patient with severe
hemolytic anemia and UC, but not peripheral blood
cells, were able to transfer IgG with anti-red cell
activity, suggesting that in certain cases the colon is
the source of hemolysis-inducing antibodies [83].
Characteristics of hemolysis including high lactate
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dehydrogenase (LDH) and low haptoglobin levels
should prompt a Coombs’s test for the presence of
anti-red blood cell (RBC) antibodies. The hemolysis
generally responds to steroids but may require
colectomy or splenectomy in patients who fail
medical therapy [74, 79, 84].

Hemolytic anemia secondary to sulfasalazine can
occur as a result of immune-mediated hemolysis
associated with Coombs’ positivity, or may be due to
glucose-6-phosphate dehydrogenase deficiency [80,
81, 85]. Patients who develop Coombs’ positive
hemolytic anemia secondary to sulfasalazine may
have been taking sulfasalazine for several years prior
to the development of this type of anemia [80]. In
addition to Coombs testing, agglutination studies
may be done wherein sulfasalazine can be added to
the patient’s serum in the presence of normal
erythrocytes and may demonstrate abnormal agglu-
tination.
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Disorders of coagulation

An estimated one in 1000 people in the general
population experience a thrombotic episode [86]
compared with approximately 1-7% of patients with
IBD [87-91]; thus hypercoagulability is an important
systemic consequence of IBD (Fig. 1). In addition to
deep venous thromboses or life-threatening
pulmonary emboli, other manifestations of hyper-
coagulability in patients with IBD include cerebral
venous thromboses [92-98], portal vein thromboses
[99, 100], hepatic vein thromboses (Budd—Chiari)
[101-104] and arterial thromboses [105]. The reasons
for hypercoagulability include inherited disorders of
coagulation and acquired disorders of coagulation
often due to inflammation-associated changes in
hemostatic factors. Most thrombotic events are
coincident with flares of IBD [87, 89]. In a study of
52 patients with IBD who experienced thrombo-
embolic events, 45% of patients with UC and 89% of
patients with CD had active disease at the time of the
event [90].

Table 2. Evaluation of anemia in patients with inflammatory bowel disease

Cause of Characteristics

anemia

of anemia

Disease prevalence

Diagnostic tests

Treatment

Increased intestinal
blood loss

Diminished iron
absorption

Drug-induced

Anemia of
chronic disease

Vitamin By,
deficiency

Anti-RBC
antibodies

Iron deficiency/
microcytic

Iron deficiency/
microcytic

Ineffective
erythropoeisis/
megaloblastic

Normocytic or
microcytic if mixed

Megaloblastic

Hemolytic anemia

Ulcerative colitis >
Crohn’s disease

Crohn's disease >
ulcerative colitis

Both

Crohn’s disease >
ulcerative colitis

Crohn’s disease
(ileal disease or
ileal resection)

Ulcerative colitis >
Crohn’s disease

Serum Fe, TIBC ratio < 15%;
ferritin <5 pg/L (may be
confounded by acute
inflammation)

Serum Fe, TIBC ratio <15%

Normal iron stores, By, and
folate; drug withdrawal or dose
adjustment improves anemia
within 4 weeks

Serum Fe, TIBC ratio >15%
(serum erythropoietin levels are
not useful)

Vitamin By, levels

Coombs test positive

Oral iron replacement
(ferrous sulfate 300 mg
tid.); if no response within
4 weeks, parenteral iron
replacement*

Parenteral iron
replacement*

Reduce dose of anti-
metabolite; supplement
with folate (sulfasalazine or
MTX); leucovorin (MTX)

Supplement with
recombinant erythropoietin
(150 U/kg t.iw. subq for up
to 12 weeks or 10000 U
subq q week)

Monthly IM B12 injections
1000 pg dose

Corticosteroids, usually
self-limited

*Parenteral iron dextran replacement is based on the following formula; 0.0476 x (normal hemoglobin — observed hemoglobin in g/dl) (+) 1 ml/5

kg body weight (up to maximum of 14 ml) which accounts for storage iron = total dosage of iron-dextran in ml.
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Active IBD is associated with changes in hemo-
static factors which may lead to hypercoagulability.
Increases in coagulation factors are known risk
factors for the development of thromboembolic dis-
ease [106]. The most common hemostatic abnorm-
ality identified in patients with IBD is thrombo-
cytosis, which correlates with underlying bowel
disease activity [107] (Table 3). In a study of 92
thromboembolic events occurring in 7199 (1.3%)
patients with IBD, 60% of patients had thrombo-
cytosis and 73% had elevated ESR values, suggesting
active IBD [89]. Patients with IBD have increased
levels of thrombin generation (prothrombin frag-
ment 1 + 2 and thrombin—antithrombin I1I complex)
compared with control populations, and these levels
correlate with disease activity [107-110]. Fibrinogen,
factor V and factor VIII are also commonly elevated
in patients with IBD whereas the anticoagulant
factors antithrombin III, and proteins S and C, are
decreased, which may contribute to the propensity
for thrombosis [89, 107, 110-119]. Other platelet-
related abnormalities identified in patients with IBD
are increased spontaneous and induced platelet
aggregation which correlated with a history of
thromboembolism in seven of eight patients [107,
120]. Surgical resections in patients with CD result
in significant decreases in platelet counts, fibrinogen
levels and spontaneous platelet aggregation support-
ing the concept that the underlying bowel disease
contributes to the hypercoagulable state [121].
Increased platelet mass in IBD is due to systemic
increases in thrombopoietin and IL-6 [122]. Specifi-
cally, patients with active IBD have significantly
increased levels of thrombopoietin compared with
patients in remission and this increase in thrombo-
poietin is associated with increased platelet counts.
Increased megakaryocyte maturation occurs in
response to endogenous production of IL-11 and
increases with IL-11 therapy for IBD [123]. Acute
inflammation can also result in increased hepatic
production of fibrinogen and increased platelet
aggregation, which is another risk factor in throm-
bosis. A study of thrombotic risk factors in IBD
found that patients with IBD had increased plasma
factor VII coagulant activity (a marker of thrombin
generation), lipoprotein (a) and fibrinogen concen-
trations compared with a normal population [124].

With respect to acquired disorders of coagulation,
anticardiolipin antibodies or the lupus anticoagulant
are associated with an increased risk of thrombo-
embolic events, and have been found with increased
frequency in patients with IBD [107, 118, 125].

241

Studies examining the prevalence of anticardiolipin
antibodies in patients with IBD found that both CD
and UC patients had increased antibody titers com-
pared to a control group, but the presence of anti-
cardiolipin antibodies was not associated with a
higher risk of thromboembolic events in these
patients [87, 126]. Others, however, have described
the presence of a lupus anticoagulant in the setting of
severe thrombotic events such as dural sinus throm-
bosis or hepatic vein thrombosis in patients with IBD
[94, 104, 127]. Based on these studies, a screen for a
lupus anticoagulant should be part of the evaluation
of a patient with IBD and a recognized thrombotic
event, but has little predictive value in a patient
without demonstrated hypercoagulability.

Patients with hypercoagulability and IBD may
have inherited disorders of coagulation. In combina-
tion with inflammation-associated changes in hemos-
tasis these inherited disorders may become manifest
[128]. Activated protein C resistance from a mutation
in the prothrombin gene (factor V Leiden) is the most
common inherited disorder leading to thrombosis,
and accounts for 30-40% of episodes of idiopathic
venous thrombosis [128-130]. Other inherited causes
of hypercoagulability include hyperhomocysteine-
mia and mutations in the prothrombin gene [131].
Since the description of the relatively common factor
V Leiden mutation as an inherited cause of thrombo-
philia, several groups have investigated the frequency
of this mutation in IBD patients with and without a
history of thromboembolism. A study evaluating the
prevalence of factor V Leiden, methylene tetrahydro-
folate reductase (resulting in hyperhomocysteinemia)
and prothrombin gene mutations in IBD patients
without thrombosis compared with an age-matched
control group found no increase in these inherited
disorders [132]. Several studies examining the pre-
valence of activated protein C resistance or factor V
Leiden mutations in adults or children with IBD and
without a history of thrombosis have not found an
increased prevalence of these mutations compared
with healthy controls [119, 133, 134]. A large Greek
series identified factor V Leiden mutations in 8.3% of
IBD patients, which was not significantly different
when compared with a healthy control group with a
4.9% mutation rate [111]. Two studies found a slightly
increased allelic frequency of factor V Leiden muta-
tionsin UC[135] or CD patients [136], but the sample
sizes were limited. Although the prevalence of factor
V Leiden mutations or resistance to activated protein
C does not appear to be increased in an unselected
population of IBD patients, the frequency of this
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mutation is increased in those IBD patients with a
history of thromboembolic events. An Austrian study
evaluated the presence of resistance to activated
protein C in patients with IBD compared with healthy
controls. In IBD patients without a history of
thromboembolism, the frequency of activated protein
C resistance was similar to that of healthy controls
(7% versus 5.9%) [137]. By contrast, 31.3% of IBD
patients with a history of thromboembolism had
activated protein C resistance, suggesting that
patients with thromboembolism and IBD are just as
likely to have activated protein C resistance as
patients with thromboembolism in the general
population [129]. Similar results were observed in an
American study that found four of 11 IBD patients
(36"%) with thrombosis and two of 51 IBD controls
(4%) were heterozygotes for the factor V Leiden
mutation [138]. In a group of 20 patients with IBD
complicated by thrombosis, a screen for the most
common inherited and acquired disorders of coagu-
lation including protein S, protein C levels, and
antithrombin I levels, antiphospholipid antibodies,
and activated protein C resistance were negative, with
only one patient found to be heterozygous for factor V
Leiden mutation [90]. In patients with IBD there is an
increased prevalence of hyperhomocysteinemia, a
risk factor for thrombophilia, which can be corrected
by the administration of folate, cobalamin and pyr-
idoxine [139]. Recent data also suggest that patients
with IBD have increased prevalence of the C677T
variant of the methylenetetrahydrofolate reductase
gene (17% versus 7.3% in healthy controls) which is
associated with thromboembolic disease [140]. In a
retrospective study of 231 patients with IBD, hyper-
homocysteinemia was more prevalentin patients than
in healthy controls, but was not higher in IBD patients
with a history of thromboembolic disease[141]. These
studies suggest that the majority of patients with
thromboembolic events and IBD have the same risk
as the rest of the population for inherited disorders of
coagulation, but the majority will have no identifiable
risk factor except active inflammation. Although the
risk of inherited disorders predisposing to thrombo-
philia is not increased in IBD patients, there is an
epidemiologic study suggesting that hemophilia and
Von Willebrand’s disease are under-represented in the
IBD population [142]. As the molecular mechanisms
regulating disorders of coagulation are elucidated,
additional patients with IBD and hypercoagulability
will be recognized to have an inherited disorder of
coagulation.
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Management of thromboses in patients with IBD
requires a multi-faceted approach (see Fig. 1). Even
in patients with active IBD, a search for an under-
lying disorder of coagulation is required. If active
IBD is the only identifiable risk factor for the
thrombosis, and it is a single thrombotic event,
short-term anticoagulation combined with treat-
ment of the underlying IBD is appropriate [143].
Heparin therapy can generally be given safely, and
has a small therapeutic benefit in patients with UC
[144]. Thrombolytic therapy may be given cautiously
in IBD patients with extensive thromboses or if the
condition is life-threatening [145, 146]. In patients
with recurrent thrombotic episodes or life-threaten-
ing thromboses, long-term anticoagulation is
required. This may be difficult in the setting of active
IBD because of associated intestinal bleeding.

In addition to hypercoagulability due to inherited
genetic mutations in coagulation factors or inflam-
mation, there are multiple case reports of dissemi-
nated intravascular coagulation in patients with UC
generally associated with a flare of the UC [148-150).
Thrombocytopenia may also complicate 1BD, and
may be immune-mediated [151, 152] or associated
with drug-induced bone marrow suppression as
described above. Cases of sulfasalazine-induced and
mesalamine-induced immune-mediated thrombo-
cytopenia have been reported [153].

Leukocytosis

As with inflammation of any type, leukocytosis is
often present in patients with IBD [122]. Elevated
leukocyte counts prior to surgical resection for CD
are associated with an increased risk of recurrence
[154]. White blood cell counts above 18000 or the
presence of an elevated band count, should prompt
an investigation for a septic process. Neutrophil and
monocyte maturation and release from the bone
marrow is regulated by granulocyte colony-stimulat-
ing factor (GCSF) and monocyte colony-stimulating
factor (MCSF), respectively. These factors are
derived from bone marrow stromal cells and mono-
cytes which are activated by IL-1, TNF-oand LPS to
release these trophic factors. In addition, GM-CSF is
derived from activated T lymphocytes and IL-1/
TNF-a-activated stromal cells and monocytes. In
patients with active IBD, leukocytosis correlates with
serum concentrations of IL-6 and thrombocytosis
[122]. The presence of leukocytosis in patients with
active IBD is thus related to increased circulating
levels of proinflammatory cytokines or a septic



Konstantinos A. Papadakis and Maria T. Abreu 243

Thrombotic event

{

Screen for disorder of coagulation (see Table 3)

/\

Disorder of
coagulation
identified

/

No disorder of
coagulation identified

Long-term Anti-

coagulation

Multiple thrombotic Single thrombotic
events or life- event; associated with
threatening; active inflammatory

inflammatory bowel | bowel disease

disease well-controlled \

Control intestinal Short-term Anti-
inflammation coagulation (6
months)

Figure 1. Evaluation of the IBD patient with a thrombotic event.

Table 3. Causes of hypercoagulability in patients with inflammatory bowel disease [128, 147]

Inherited causes of hypercoagulability

Acquired causes of hypercoagulability

Activated protein C resistance (Arg 506 changed to Gin in factor V) Thrombocytosis (active inflammation)

(factor V Leiden mutation)

Prothrombin G20210A polymorphism (results in increased levels Increased platelet aggregation

of prothrombin)

Methylene tetrahydrofolate reductase mutations
(hyperhomocysteinemia)

Deficiency or mutations in protein C
Deficiency or mutations in protein S

Antithrombin Ill deficiency

Elevated factor VIII plasma levels

Elevated fibrinogen levels
Anticardiolipin antibodies
Deficiency in protein S

Secondary hyperhomocysteinemia (due to folate, pyridoxine
or cobalamin deficiency)
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complication such as a microperforation, frank per-
foration or abscess. Corticosteroids also lead to
leukocytosis secondary to down-regulation of inter-
cellular adhesion molecule expression and granulo-
cyte demargination.

Hematologic malignancies

In spite of multiple case reports of leukemias or
lymphomas associated with IBD, it remains contro-
versial whether patients with IBD are at increased
risk for the development of hematologic malignan-
cies either as a result of chronic inflammatory disease
or its treatment [155-157]. Other chronic inflamma-
tory disorders such as rheumatoid arthritis do pose
an increased risk of hematologic malignancies [158].
Based on several case series and population-based
studies, it seems that patients with CD are at a
slightly increased risk for the development of non-
Hodgkin’s lymphomas than the average population
search. A recent study based on Olmstead County,
Minnesota, records found a standardized incidence
ratio of lymphomas of 2.4 (95% confidence intervals
0.1-13) in patients with CD and no cases of lympho-
mas occurred in patients with UC [155]. Only three
patients out of 61 who developed lymphomas were
receiving purine analogs. Few patients with IBD in
this study were on immunomodulator therapy thus
this may represent the true incidence of lymphomas
in IBD patients in the absence of immunosuppressive
therapy. There was no increased risk of leukemia in
these patients. In another large series of 1BD
patients, five lymphomas occurred among 1156
patients (0.43%) with UC and four lymphomas
among 1480 patients (0.27%) with CD and the risk
of lymphomas correlated with disease duration in
patients with CD [159]. A recent population-based
study performed in Florence, Italy, reported a nine-
fold increased incidence of Hodgkin’s lymphoma in
patients with UC compared with the general popula-
tion [160]. The same study found a reduced risk
(standardized incidence ratio 0.6) of respiratory tract
cancers in patients with UC and increased risk in
patients with CD. Severity of the IBD has not been
established as an independent risk factor in the
development of lymphomas.

Immunosuppressive therapy has been implicated
as a risk factor in the development of hematologic
malignancies, but a causal role of immuno-
suppressive therapy in the development of lympho-
mas associated with IBD has not been established
[161, 162]. To date there have been three published
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cases of brain lymphomas (one each from three large
series) in patients with IBD on long-term AZP or 6-
MP in a total of 1701 patients [156, 161, 163].
Although the overall risk of brain lymphomas is low
in patients with IBD treated with purine antimetabo-
lites, immunosuppression is clearly a risk factor for
this otherwise rare malignancy [164]. In a series of
550 patients with IBD on long-term 6-MP therapy,
two patients developed non-Hodgkin’s lymphoma,
one leukemia and one brain lymphoma [161]. The
overall rate of these malignancies was not higher
than in the general population. Two other large series
of 755 and 396 patients found no excess in the risk of
any hematologic malignancies in IBD patients trea-
ted with AZP or 6-MP[156, 163]. A decision analysis
comparing the efficacy of AZP at maintaining remis-
sion in IBD compared with the risk of non-Hodgkin’s
lymphoma found that AZP was favorable and
resulted in improved quality of life [165]. In spite of
the encouraging data in patients with IBD, children
treated with 6-MP for acute lymphoblastic leukemia
have an increased risk of secondary myelodysplasia
or acute myeloid leukemia (5/493), and this risk is
associated with low TPMT enzymatic activity and
high erythrocyte 6-thioguanine nucleotides [166]. 6-
MP and AZP have also been associated with rare
cases of acute myeloid leukemia in patients with
autoimmune diseases including IBD treated for
prolonged periods of time [167, 168]. In all the cases
a prolonged pancytopenic phase preceded the onset
of the leukemia suggesting an antecedent myelo-
dysplastic phase.

Immunocompromised hosts, especially patients
who have undergone solid organ transplantation,
are at significantly increased risk for the develop-
ment of B cell lymphomas related to Epstein—Barr
virus (EBV) infection [169, 170]. The risk in patients
post-transplantation is thought to be high because of
the use of multiple immunosuppressive drugs, as well
as the long-term nature of the immunosuppression.
In a series of four patients with gastrointestinal
Hodgkin’s lymphoma and IBD, all four lymphomas
were found to be EBV-mediated with only two
patients on immunomodulator therapy [171]. An
additional case of an EBV-driven lymphoprolifera-
tive disorder in a CD patient on long-term AZP
regressed after discontinuation of the AZP [172,
173]. Finally, one B cell lymphoma and one Hodg-
kin’s lymphoma have been reported in patients with
CD after receiving infliximab anti-TNF-o therapy
[174]. These lymphomas occurred 3 weeks and 10
months after receiving infliximab. It is too soon to
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determine the relationship of anti-TNF-« strategies
to the development of hematologic malignancies.

Amyloidosis in patients with IBD

An uncommon but morbid systemic consequence of
IBD is the development of amyloidosis [30, 175-177].
Amyloidosis is a group of diseases characterized by
the extracellular deposition of pathologic insoluble
fibrillar proteins in organs and tissues [178, 179].
There are three principal forms of amyloidosis.
Systemic AL amyloidosis is associated with blood
cell dyscrasias and monoclonal gammopathies.
There are multiple familial forms of amyloidosis or
type ATTR amyloidosis. As with other chronic
inflammatory states such as rheumatoid arthritis,
IBD may rarely result in secondary systemic amyloi-
dosis type AA [180, 181]. In general, rheumatologic
diseases are more commonly associated with amy-
loidosis than IBD, and CD is more often complicated
by amyloidosis than UC [175, 178, 179, 182]. In a
large series of IBD followed at the Mount Sinai
Hospital, amyloidosis occurred in 15 of 1709 patients
with CD (0.9%) and one of 1341 patients with UC
(0.07%) [30]. Amyloidosis was more often associated
with CD of the colon than with pure small bowel
disease.

The diagnosis of amyloidosis is made by appro-
priate pathology demonstrating Congo red-positive
amyloid deposits on fat-pad biopsy, rectal biopsy or
renal biopsy [178, 179]. Scintigraphy has recently
been developed as a non-invasive and quantitative
alternative to histology. A radioactive tracer '*I-
serum amyloid P component is injected and specifi-
cally targets amyloid deposits in vivo. The technique
has almost 100% sensitivity for systemic AA amyloi-
dosis. In four patients with CD and amyloidosis, '**I-
serum amyloid P nuclear medicine scanning demon-
strated the increased amyloid content and correlated
with disease improvement following renal transplan-
tation [180].

In patients with CD and AA amyloidosis, protei-
nuria is the most common presentation [30, 175, 177,
179, 180, 183]. The overall 5-year mortality for AA
amyloidosis is 50% [178, 179]. In one series, one of
four patients died prior to renal transplantation
demonstrating the high morbidity and mortality
from this complication [180]. Nephropathy is the
most common lethal manifestation of IBD-asso-
ciated amyloidosis. Nephrotic syndrome was respon-
sible for 10 deaths out of 25 patients with IBD-
associated amyloidosis in a large series [30].
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Therapy for type AA amyloidosis is directed at
limiting the acute-phase response generating the
amyloid protein [178, 179]. Unfortunately, this type
of amyloidosis is generally advanced by the time of
diagnosis with extensive amyloid deposits and renal
failure {175]. Only limited case report information is
available on the management of IBD complicated by
amyloidosis. Several cases of UC complicated by AA
amyloidosis have been effectively treated with colchi-
cine, which led to reduction in proteinuria [182, 184—
187]. AZP and colchicine combination therapy has
also been effective in improving amyloidosis-induced
renal failure and controlling CD in one patient [188].
An elemental diet has been reported as effective in
preventing ongoing renal damage in a CD patient
with amyloidosis [189]. Regression of amyloid has
also been reported in patients with CD after bowel
resection or after treatment with dimethylsulfoxide
(DMSO) [190, 191]. Based on the limited data,
periodic tests of renal function are warranted in
patients with IBD to assess nephrotoxicity from
medications, as well as the rare occurrence of
amyloidosis.
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