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ABSTRACT

The clinical course of Crohn’s disease (CD) is characterized by unpredictable
phases of disease activity and quiescence. The majority of CD patients experience mild to
moderate disease or are in clinical remission over significant periods during the course of
their disease. These patients can be treated conservatively with 5-aminosalicylates or
budesonide depending on the disease location. Those patients with more severe forms of
the disease who require corticosteroids should be treated more aggressively with early
introduction of immunomodulator and/or biologic therapy, which may help to prevent the
complications associated with CD. It has been suggested that therapies directed at mucosal
healing may favorably modify the natural history of CD. As newer, more effective
medications become available and new therapeutic approaches are introduced (top-down
therapy), mucosal healing, and not solely clinical remission, may well become the preferred
treatment objective.
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Objectives: Upon completion of this article, the reader should be able to summarize the management of Crohn’s disease and its

associated complications.

Crohn’s disease (CD) is a chronic inflammatory
condition of unknown etiology. The disease can affect
any part of the gastrointestinal tract from the mouth to
the anus, but most commonly involves the ileum and
colon. The inflammatory process begins as a mucosal
process and may progress to affect the entire wall,
typically in a patchy distribution with normal interven-
ing mucosa.

CD affects an estimated 400,000 to 600,000
people in North America; it often presents in the teenage
years, although individuals in their 60s and 70s are at
increased risk of developing the disease.1–4 CD carries
significant morbidity, with up to 15% of patients being
rendered incapable of working after 10 to 20 years of
diagnosis.5–7 The mortality rate for CD is slightly higher
than in the general population.5

The clinical course of CD is characterized by
unpredictable phases of disease activity and quiescence.
Over the course of the disease �75% of patients will
experience chronic intermittent disease, �10% will suf-
fer from chronically active disease; the remainder will be
asymptomatic over many years.2,8 Over 50% of patients
will go on to develop complications in the form of
stricturing (stenotic) or perforating (fistulizing, abscess)
disease.9,10

The location of inflammation is an important
determinant of the type of complications that are likely
to develop.9–11 Stricturing disease is more likely to occur
in patients with small bowel disease involvement; fistul-
izing disease will occur more frequently in patients with
perianal disease involvement.9–11 Surgical intervention is
generally reserved for patients whose complications are
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severe or when medical management is unsuccessful. As
many as 50% of all CD patients undergo intestinal
resection within 5 years from initial diagnosis.2,6–9,11–14

Because this percentage is based on studies at tertiary
referral centers, the overall percentage is likely to be
lower.

The pathogenesis of CD is not well understood, a
fact that has stood in the way of the discovery of an
effective cure and the development of more effective
treatment strategies. The disease process varies substan-
tially from individual to individual. Unfortunately, at its
onset, the frequency and intensity of exacerbations, as
well as the precise form that the disease will take and
whether complications will develop cannot be known.15

Therefore, medical therapies have been largely directed
at controlling symptoms by targeting the hosts immune
response in an effort to effectively suppress the inflam-
matory process. Thus, the goals of medical therapy have
been limited to the following:

1. Induction and maintenance of clinical remission
2. Reduction of complications (strictures, fistula)
3. Improving quality of life
4. Minimizing drug toxicity
5. Restoring and maintaining nutrition
6. Limiting the need for surgery and/or hospitalization

MEDICAL THERAPY
Treatment for CD depends upon the location of inflam-
mation, severity of disease, complications, and the re-
sponse of the patient to medical treatment. Over the
years, several classes of medications have been developed
for the treatment of CD. These differ largely on the basis
of their relative potency in suppressing the host immune
response. However, the more potent the medication, the
more likely will be the occurrence of adverse affects.

Therefore, the usual recommended approach to
medical therapy is to start with the least potent medi-
cation for milder disease and to escalate therapy as
disease severity increases. Unfortunately, relapses with
the conventional forms of therapy are common and
research into alternative therapeutic approaches, both
to control symptoms and to prevent recurring episodes
continues.

The clinical assessment of disease severity and its
response and remission for use in clinical studies has
been a major challenge. Most trials evaluating medica-
tion efficacy use the Clinical Disease Activity Index
(CDAI), which is a research tool used to quantify the
symptoms of patients with CD.16 The role of CDAI in
clinical practice, however, is limited. It is a cumbersome
technique and has been criticized for being highly
subjective. It has a substantial degree of interobserver
variability, it depends upon a continuous variable with
arbitrary cut-off values, and it fails to take into account

inflammation activity.17–19 Studies have shown that
better accuracy for assessing disease severity can be
achieved when combining clinical data with biochemical
markers of inflammation (such as CRP [c-reactive pro-
tein]) and endoscopy findings.20 Currently, no gold
standard for assessing clinical disease activity in clinical
practice has been proposed.

The American College of Physicians has estab-
lished working definitions for CD activity to guide
the physician in a clinical practice setting (Table 1).21

Treatment of stenotic, fistulation, and perianal CD not
accounted for by these working definitions will be
discussed in later sections by Weiss, Efron, and Vivas.

Induction and Maintenance of Remission in

Mild to Moderate Crohn’s Disease

The treatment guidelines for mild to moderate CD have
generated much controversy over the years. Issues of
drug safety and tolerance in a setting of lesser disease
severity have predominated largely at the expense of
therapeutic efficacy. An increased awareness of the
detrimental effects of corticosteroids, which were pre-
viously used as a first-line therapy, has led to stringent
attempts to limit their use for patients with more severe
forms of the disease and those who have not responded
to other agents. Consequently, the current established
first line agents for the treatment of mild to moderate

Table 1 Working Definitions of Crohn’s Disease
Activity

MILD–MODERATE DISEASE

Patient is ambulatory and able to tolerate oral alimentation

without manifestations of dehydration, toxicity (high fevers,

rigors, prostration), abdominal tenderness, painful mass,

obstruction, or > 10% weight loss.

MODERATE–SEVERE DISEASE

Patients have failed to respond to treatment for mild–moderate

disease or have more prominent symptoms of fevers,

significant weight loss, abdominal pain or tenderness,

intermittent nausea or vomiting (without obstructive findings),

or significant anemia.

SEVERE–FULMINANT DISEASE

Patients have persisting symptoms despite the introduction of

steroids as outpatients, or present with high fever, persistent

vomiting or evidence of intestinal obstruction, rebound

tenderness, cachexia or evidence of an abscess.

REMISSION

Patients are asymptomatic or without inflammatory sequelae.

Definition includes patients who have responded to acute

medical intervention or have undergone surgical resection

without gross evidence of residual disease. Patients requiring

steroids to maintain well-being are considered to be

steroid-dependent and are usually not considered to be

in remission.
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CD include 5-aminosalicylate (5-ASA) compounds,
budesonide, and antibiotics.

5-AMINOSALICYLATES (5-ASA)

Sulfasalazine, consisting of 5-ASA linked to sulfapyr-
idine moiety, was the first 5-ASA to be used for the
treatment of CD. Several controlled clinical trials using
sulfasalazine at dosages between 3 to 6 g per day have
demonstrated a benefit over placebo in inducing remis-
sion in subgroups of patients with mild to moderate
CD.22–24 The subgroups that achieved superior rates
over placebo at induction of clinical remission included
patients with disease involvement of the colon and
patients not previously exposed to steroids.22,23 Patients
with disease localized to the small bowel and those who
had undergone previous surgery were less likely to
benefit from sulfasalzine.22,23,25 Unfortunately, adverse
side effects are common with sulfasalazine and occur in
up to 30% of patients in a dosage-dependent manner,
which limits their use over extended periods of time.26,27

Delayed release 5-ASA (mesalamine) exists in
the form of enteric-coated preparations that deliver the
active 5-ASA component in variable amounts to
the small bowel and colon. This class of drug includes
those that are released by intraluminal pH > 7 primarily
in the terminal ileum and colon (Asacol; Proctor &
Gamble Pharmaceuticals, Cincinnati, OH) and those
that are released by hydrophilic effects primary in the
small bowel (Pentasa-Ferring A/S Corp., Wayne,
PA).11,28 The overall benefit of these agents, even at
high dosages, in inducing clinical remission in mild to
moderate CD was not demonstrated in several random-
ized controlled trials.29–32 In these trials, however, a
reduction in disease severity as measured by CDAI
scores was observed with higher dosages of mesalamine
(Pentasa 4 g/day; Asacol 3.2 g/day).29–32 The clinical
significance of this benefit is unclear. Although these
agents are safe, a solid evidence base for their use as first-
line agents for the induction of clinical remission in
patients with mild to moderately active CD is lacking.

BUDESONIDE

Budesonide is a corticosteroid with a strong affinity for
corticosteroid receptors and rapid hepatic metabo-
lism.33,34 It acts as a topical steroid and has fewer side
effects than conventional corticosteroids.33,34 Budesonide
has been formulated into a coated-capsule that facilitates
delivery of the medication to the terminal ileum and
proximal colon.

In a meta-analysis, budesonide at a dosage of
9 mg/day was effective for induction of remission in
patients with mild to moderate CD, particularly in
patients with disease involvement of the ileum or ileum
and proximal colon.35 The rate of clinical remission
was �50% after 8 weeks of therapy.36,37 In a single
randomized controlled trial comparing budesonide with

mesalamine favored budesonide for induction of remis-
sion in patients with mild to moderately active CD of the
ileum and/or proximal colon. A higher rate of severe
adverse events was observed in the mesalamine group, a
factor that was attributed, in part, to its lower efficacy.38

In a meta-analysis of five randomized controlled trials,
budesonide was not as effective as conventional cortico-
steroids in inducing clinical remission in CD patients,
but did produce significantly less adverse events.35

In summary, for CD in the ileum alone and /or
proximal colon, budesonide offers an effective therapy
for induction of remission in patients with mild to
moderate CD. Although budesonide may be less effica-
cious than conventional corticosteroids for inducing
remission, it is associated with far fewer adverse effects.

ANTIBIOTICS

Metronidazole and ciprofloxacin are widely used by
clinicians for treatment of mild to moderately active
CD. Unfortunately, the available data are limited to
small uncontrolled trials that have not consistently
demonstrated efficacy with these agents at inducing
clinical remission for mild to moderate CD.39–43

A single randomized controlled trial did demon-
strate improvement in disease activity with high-dosage
metronidazole (20 mg/kg per day) over placebo in the
treatment of ileocolitis and colitis.39 However, no differ-
ence in clinical remission rates between groups was
observed.39 In a small preliminary study, ciprofloxacin
at a dosage of 1 g/day proved superior to placebo at
inducing clinical remission when combined with other
therapies for mild to moderately active CD.43 In a larger
study, the combination of ciprofloxacin 1 g/day and
metronidazole fared no better than a placebo when
added to budesonide for induction of clinical remission
in patients with mild to moderately active CD.44 The
high frequency of serious adverse effects, however,
militates against long-term use of these medications.43,44

Rifaximin, an oral antibacterial agent with negli-
gible systemic absorption, was shown in a recent
randomized controlled trial at a dosage of 800 mg twice
daily to be superior to placebo at inducing clinical
remission in a subgroup of patients with mild to mod-
erately active CD. This subgroup also presented with
elevated C-reactive protein serum levels.45 Although
these results were encouraging and the medication was
well tolerated, further studies are needed to confirm the
drug’s efficacy.

Sandborn et al46 proposed an evidence-based
algorithm for inducing remission in patients with mild
to moderate CD that is dependent on disease location.
For ileal or ileocecal disease, budesonide was recom-
mended as a first-line therapy at a dosage of 9 mg daily
for 8 to 16 weeks. In patients with mild ileocecal disease
or disease limited to the colon, sulfasalazine at a dosage
of 4 g daily was recommended as an induction therapy
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for 16 weeks. Mesalamine at a dosage 3.2 to 4.6 g daily
was suggested for patients who were intolerant to sulfa-
salazine, although evidence for such use was lacking.
Patients who did respond to first-line therapy were
reclassified as having moderate to severe disease and
treated accordingly (see next section).

There is no data to support the continued use of
5-ASA, antibiotics, or budesonide in patients with mild
to moderate CD who are induced into clinical remission.
In several trials, neither sulfasalazine nor mesalamine
demonstrated a benefit over placebo for maintenance of
remission in mild to moderate CD.22,47,48 Similarly,
trials using budesonide at a maintenance dosage of
6 mg/day did not demonstrate significant long-term
benefits.49 In a pooled analysis of four randomized,
placebo controlled trials, budesonide was found to be
superior to placebo at prolonging time to relapse. How-
ever, the effect was not sustained at one-year follow-up.
No data exists to support a role for antibiotics in
maintenance therapy.50

Induction and Maintenance of Remission in

Moderate to Severe Crohn’s Disease

CORTICOSTEROIDS

Patients who do not respond to therapy for mild to
moderate CD disease or whose symptoms are more
prominent (Table 1) are commonly treated with oral
corticosteroids (CS). Approximately 50% of patients
with CD require CS at some point in their disease
history.2,51 However, the need for therapy with CS in
the first 6 months of disease is considered a bad prog-
nostic factor as these patients are more likely to require
surgery.52

In population-based studies and in clinical trials,
CS have been shown to be superior to placebo, 5-
aminosalicylates, antibiotics, and budesonide at inducing
clinical remission in patients with CD.22,23,35,45,53 More
than half of patients receiving CS are induced into
clinical remission at dosages adjusted to disease se-
verity.18,54,55 Patients with fistulizing and stricturing
CD at diagnosis are at an increased risk of CS failure.54

Treatment consists of oral prednisone or predni-
solone starting at 40 mg daily titrating up to 1 mg/kg per
day for clinical response. Patients who fail to achieve
complete clinical response within 8 to 12 weeks are
considered treatment failures. After a complete clinical
response is reached, dosage is gradually reduced by 5 to
10 mg weekly to a dosage of 20 mg. Dosage then
continues to be reduced by 2 to 5 mg weekly until
discontinuation.1

After the medication is discontinued a majority of
patients relapse and either become steroid dependent
and/or require surgery.54,55 With long-term use, CS are
associated with a variety of adverse effects including

moon face, acne, easily bruised, fluid retention, diabetes
mellitus, osteoporosis, osteonecrosis, and adrenal sup-
pression. Therefore, CS should not be considered as
maintenance therapy. Their role is strictly to induce
remission.

IMMUNOMODULATORS

Azathioprine (AZA) and 6-mercaptopurine (6-MP) are
the most widely used immunomodulators for patients
with CD. Azathioprine is a prodrug of 6-MP, which is
metabolized to 6-methylmercaptopurine (6-MMP) and
the active 6-thioguanine (6-TG) metabolites (Fig. 1).
AZA and 6 MP have shown efficacy over placebo at
inducing and maintaining remission and at reducing or
eliminating steroid dependence while maintaining a
steroid free remission.56–59 These medications have a
delayed onset of action and their maximal effects are
often observed after 2 to 3 months.58 As a result, they are
used to maintain clinical remission and less frequently
for induction of remission in a setting of an acute
exacerbation.

The timing for the introduction of 6-MP or AZA
in the treatment process has been the subject of much
debate. These medications are usually prescribed for
patients with steroid refractory or steroid-dependent
CD. In two randomized placebo controlled trials in
pediatric and adult populations, the addition of 6-MP
or AZA to CS significantly lessened the need for CS and
improved maintenance of steroid-free remission.60,61

These results suggest that AZA or 6MP should be
seriously considered as part of the initial treatment
regimen for patients with moderate-to-severe CD.

The benefits of 6-MP and AZA have been dem-
onstrated at dosages of 1.0 to 1.5 mg/kg per day and 2.0 to
2.5 mg/kg per day, respectively.62 However, �9 to 11%
of patients are at risk of developing severe myelosuppres-
sion within weeks after introduction of therapy.63–65

The patients that are at risk for myelosuppression

Figure 1 Thiopurine metabolism: azathioprine (AZA)

is converted in the body to 6-mercaptopurine (6-MP).

6-MP is metabolized along three competing pathways.

(1) Xanthine oxidase (XO) yielding thiouric acid (6-TU),

(2) thiopurine methyltransferase (TPMT) yielding 6-methyl-

mercaptopurine (6-MMP), and (3) hypoxanthine-guanine

phosphoribosyltransferase (HPRT) yielding 6-thioguanine

nucleotides (6-TGN).
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preferentially metabolize 6-MP to 6-TG instead of
6-MMP due to a complete (0.3% of the population) or
partial (9 to 11% of the population) deficiency of the
enzyme thiopurine methyl transferase (TPMT).63–65

Therefore, many practitioners start 6-MP/AZA at lower
dosages and gradually increase dosage at 1- to 2-week
intervals while monitoring blood counts. An alternative
approach is to determine TPMT activity (through geno-
type analysis) prior to initiating 6-MP/AZA and adjust
the dosage accordingly. This approach allows for ther-
apeutic levels of medication to be reached more quickly
and can be cost effective.66–69 Patients with normal
TPMT activity (normal genotype) can begin therapy at
the standard dosage. Patients with intermediate enzyme
activity (heterozygote genotype) can be started at half the
standard dosage; patients with no enzyme activity (ho-
mozygote genotype) should be considered for alternative
therapies.66

The major side effect of 6-MP/AZA is myelo-
suppression, which is a more common occurrence in
patients with partial or absent TPMT activity. Myelo-
suppression, however, can still occur in patients with
normal TPMT activity at any time over the course of
therapy.64 Therefore, the monitoring of blood counts
every 2 weeks from initiation of therapy for the first
6 weeks followed by monthly monitoring is advisable. At
3 months, once a stable dosage is achieved monitoring
of blood counts should continue at intervals of 8 to 10
weeks. Awareness of drug interactions is essential when
administering 6-MP/AZA. Drug interaction is particu-
larly common with concomitant use of allopurinol, which
can increase levels of 6-MP by inhibiting xanthine
oxidase, thereby potentiating the effect of myelosuppres-
sion (Fig. 1). When both drugs are used concomitantly,
the dosage of 6-MP/AZA should be decreased by a factor
of two thirds or greater from the standard dosage.70 In
cases of myelosuppression, medication should be discon-
tinued and alternative therapies considered.

A small subgroup of CD patients do not respond to
6-MP or AZA due to higher than normal TPMT activity
that results in the preferential metabolism of 6-MP to
6-MMP instead of the active 6-TG metabolite.71 In these
patients, coadministration of allopurinol can safely and
effectively optimize 6-TG levels thus increasing the
therapeutic efficacy of 6-MP/AZA.72 This approach,
however, has not been universally adopted and should
be practiced with caution due to the potential for serious
adverse effects associated with combination therapy.

There is no clear consensus as to the duration of
therapy with 6-MP or AZA in patients who are main-
tained in clinical remission. Data from a randomized
placebo controlled trial demonstrated that patients on
AZA in remission for 42 months had fewer relapses
when therapy was continued for an additional
18 months.73 The suggestion is that therapy should be
continued for at least 3.5 years and beyond.

AZA and 6-MP are relatively safe for long-term
maintenance; however, serious though infrequent, ad-
verse effects can occur.66,74 A slight increased risk of
lymphoma has been reported in patients treated with
6-MP.75,76 However, this risk must be weighed against
the clinical benefits of these medications in CD patients.

Methotrexate (MTX) is considered a second-line
immunomodulator for patients who do not respond to or
cannot tolerate 6MP/AZA. MTX is effective when
administered subcutaneously or intramuscularly (oral
route has minimal benefit) and usually requires 8 to
16 weeks before the beneficial effects are observed.76–80

In randomized placebo controlled trials of CD patients
with chronically active steroid-dependent disease, MTX
at a dosage of 25 mg intramuscularly (IM) weekly was
more effective than placebo at inducing remission and for
maintenance of remission when used at a lower dosage
(15 mg IM weekly) over 40 weeks.76,80 MTX treated
patients were less likely to require prednisone, which
supports the use of MTX as a steroid-sparing agent.76,80

The occurrence of adverse events with MTX is
not uncommon.81 In the North American Crohn’s
Study Group, MTX treatment was withdrawn in 17%
of patients (as compared with 2% in the placebo
group).80 A major concern with long-term use of
MTX is its potential to induce hepatic fibrosis and
cirrhosis, as is sometimes seen in patients who are
treated with MTX for psoriasis.82 Because some of
the toxic effects of MTX are thought to be mediated
by the antifolate effect of MTX, folic acid supplemen-
tation at a dosage of 1 to 5 mg/day is recommended and
is commonly used in conjunction with MTX in clinical
practice.83

Therefore, although low-dosage MTX is effective
in the treatment in steroid-dependent and AZA-/6MP-
intolerant CD patients it remains to be seen whether
low-dosage MTX is effective and safe as a long-term
maintenance therapy in these patients.

BIOLOGIC THERAPY
Biologic therapy interferes with the body’s inflammatory
response in CD by targeting specific molecular players in
the inflammatory process such as cytokines. Promising
targets include tumor necrosis factor (TNF)-a, interleu-
kins, adhesion molecules, and colony-stimulating fac-
tors. Biologic therapies offer a distinct advantage in CD
treatment. Unlike corticosteroids, which tend to sup-
press the entire immune system and thereby produce
major undesirable side effects, biologic agents act more
selectively in the inflammatory pathway.

Infliximab, a chimeric anti-TNF monoclonal
antibody, is the most widely used biologic in CD and
is effective for rapid induction of remission in patients
with moderate to severe CD.84 It is most commonly used
in patients who have not responded to 5-ASA, CS, or
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immunomodulators. Infliximab has also been shown to
be effective in maintenance of remission.85,86

A large, prospective, randomized controlled
trial (A Crohn’s Disease Clinical Trial Evaluating
Infliximab in a New Long-term Treatment Regimen
[ACCENT-1]) demonstrated superior efficacy of
maintenance therapy with infliximab compared with
placebo in patients with moderate to severe CD who
had responded to initial dosages of infliximab for
maintenance of long-term clinical remission.86 Inflix-
imab was also shown to have a significant steroid-
sparing effect.86

Infliximab has a rapid onset of action with a
median duration of response of 8 weeks. The effective
dosing regimen for infliximab is 5 mg/kg intravenous
infusion at week 0, 2, and 6 for induction followed by
repeat infusions every 8 weeks for maintenance.87 Acute
infusion reactions occur in 10 to 13% of patients, usually
within 2 hours of treatment. However, less than 2% of
patients actually discontinued infliximab because of in-
fusion reactions.88 Severe infusion reactions were seen in
only 0.5% of infusions. Infusion reactions can be med-
ically managed with Benadryl (Johnson & Johnson
Consumer Companies, Inc., Skillman, NJ) and CS and
patients can be maintained on therapy.

A proportion of patients receiving infliximab
infusions develop antibodies against infliximab reducing
its beneficial effect over the long term.85 Concomitant
use of immunomodulators (6-mercaptopurine, azathio-
prine, or methotrexate) can reduce the risk of infusion
reactions as well as the development of antibodies
against infliximab.89

Serious adverse effects with infliximab, although
uncommon, can occur.86 Prolonged use can lead to
complications associated with immunosuppression, es-
pecially when used in combination with immunomodu-
lators.90 Any acute infectious complication requires
immediate cessation of therapy until complete resolution
is achieved. Reactivation of latent tuberculosis, as well as,
hepatitis B can occur following therapy with inflixi-
mab.91–93 Screening patients for tuberculosis prior to
treatment is recommended and although no screening
guidelines currently exists for hepatitis B, patients
should probably be tested for serological markers prior
to infliximab therapy and, if positive, considered for
prophylaxis of reactivation using antiviral therapy.93

Long-term safety data on the risk of lymphopro-
liferative malignancy remains to be determined.94–96 Rare
cases of fatal hepatosplenic T cell lymphoma in young
patients have been reported with infliximab and concom-
itant immunomodulators (AZA/6MP).97

Despite the initial successes reported for inflix-
imab in CD, �30% of patients fail to respond to treat-
ment. Newer biologic agents such as adalimumab,
certolizumab, and natalizumab have demonstrated ex-
cellent efficacy and safety in early trials.98–106

Adalimumab has been shown in two randomized
placebo controlled trials (CLASSIC 1, CLASSIC 2) to
be effective for induction and maintenance of clinical
remission in patients with moderate to severely active
CD.98,99

Induction of remission was achieved after 4 weeks
of adalimumab therapy and clinical remission was main-
tained for up to 56 weeks in patients with moderate to
severely active CD naive to other anti-TNF therapy.
Adalimumab at a dosage of 40-mg subcutaneously ad-
ministered every other week was as efficacious as weekly
dosing.98,99 In these trials, adalimumab was generally
well tolerated.

Recent data from the CHARM trial presented in
abstract form demonstrated that adalimumab adminis-
tered weekly or every other week was effective for
maintenance of remission and was steroid sparing in
patients with moderate to severely active CD disease.
Adalimumab was also found to be effective for closure of
fistulae in these patients. An advantage of adalimumab
over infliximab is that it can be self-administered
through subcutaneous injection with either a prefilled
syringe or an auto-injection pen.100 The effective dosage
for adalimumab is 160 mg at week 0, 80 mg at week 2,
and then 40 mg every other week.

Certolizumab pegol is a humanized anti-TNF Fab’
fragment linked to polyethylene glycol that is adminis-
tered subcutaneously. Preliminary data from two
phase 3 randomized control studies (PRECISE 1 and
PRECISE 2) showed superior efficacy of certolizumab
pegol over placebo at clinical response in patients with
moderate to severely active CD.101,102 A clinical response
was defined as a decrease in the baseline CDAI score
� 100 points. Certolizumab pegol was effective in CD
patients regardless of whether they had previously recei-
ved infliximab therapy.103 The effective dosage of certo-
lizumab pegol was 400 mg administered subcutaneously
at weeks 0, 2, and 4 and at every 4 weeks to week 24.

Natalizumab is a humanized monoclonal anti-
body to a-4 integrin and is administered intravenously.
Two phase 2 studies demonstrated that natalizumab may
be efficacious in the induction of clinical remission when
administered as a single dose of 3 mg/kg at week 0, or as
2 infusions of 3 or 6 mg/kg at weeks 0 and 4 in patients
with moderate to severely active CD.104,105

In the ENACT 1 study, natalizumab adminis-
tered intravenously at a dose of 300 mg at 0, 4, and
8 weeks failed to induce clinical response (defined as a
decrease in the baseline CDAI � 70 points) at week
10.106 However, subgroup analysis demonstrated the
efficacy of natalizumab versus placebo in patients with
an elevated C-reactive protein level greater than the
upper limit of normal (2.87 mg/L). The success of
a-4-integrin blockade with natalizumab has been
tempered by reports of three cases of multifocal
leukoencephalopathy caused by the human polyoma JC
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virus in patients with multiple sclerosis and CD patients
treated with this agent.107–110

New Therapeutic Concepts

Conventional therapeutic algorithms have not effectively
changed the natural history of CD nor have they pre-
vented the need for surgery or the development of disease
complications. Initiation of CS is usually associated with
a poor clinical course with �30% requiring surgery within
one year of commencement of therapy.111 There is
evidence to suggest that therapy directed at mucosal
healing may alter the natural course of CD.112 Recent
studies have shown improved rates of mucosal healing in
CD patients treated with infliximab and AZA.113–115

It has been suggested that the need for CS is the
tipping point at which patients should be treated more
aggressively. Early introduction of immunomodulators is
an option that has proven effective at maintaining long-
term remission in the pediatric population.61 This ther-
apeutic option is termed ‘‘top-down therapy’’ and involves
early introduction of biologic therapy in the disease
process. A recent landmark study compared the effective-
ness of combined immunomodulation and biologic ther-
apy (top-down) with a conventional ‘‘step-up’’ approach
(‘‘top-down versus step-up therapy’’) in steroid-naı̈ve CD
patients with a CDAI � 200.113 The top-down arm of
treatment consisted of AZA and three infusions of
infliximab, followed by episodic infliximab for disease
flare and, if necessary, CS. The step-up algorithm in-
cluded induction of remission with CS, followed by
repeat courses of steroids and AZA in cases where new
exacerbations were encountered, and eventually inflixi-
mab, if these therapeutic interventions failed.

The top-down approach leads to more frequent
and rapid remission rates.113 At 6 and 12 months sig-
nificantly more patients in the top-down arm were in
corticosteroid-free remission compared with patients
receiving standard therapy. Beyond this initial 12 months
period, however, a significant difference could no longer
be detected. This result appeared to be due to a combi-
nation of decreasing remission rates in the top-down
group and a gradual increasing remission rate in the
conventional study group. Conceivably, these differences
may have been due to the frequent use of immunomo-
dulators in patients receiving conventional therapy and
to the ineffective maintenance-dosing regimen of inflix-
imab as needed in the top-down group.

Rates of mucosal healing were significantly better
in the top-down treatment group as compared with the
step-up group at 24 months. Overall, the benefits of top-
down therapy were reflected in fewer clinical relapses,
less steroid use, and better mucosal healing. Whether
these beneficial effects can translate into fewer hospital-
izations, surgeries, and disease complications remains to
be determined.86,90 Furthermore, the risk of serious side

effects (i.e., opportunistic infections, lymphoprolifera-
tive disease) that are associated with this form of therapy
must always be weighed against the potential benefits.

Severe Fulminant Disease

Patients with severe or fulminant CD as described in
Table 1 should be hospitalized. Supportive resuscitation
with fluids and electrolytes is essential. Intestinal ob-
struction or abscess should be ruled out before starting
parental CS (equivalent to 40 to 60 mg of prednisone) in
divided dosages or continuous infusion as there is no
difference between both forms of administration.116

Broad spectrum antibiotics should be administered
together with CS for patients with an inflammatory
mass.117 Patients who do not respond to parenteral
steroids may respond to intravenous cyclosporine.118

Patients with worsening symptoms or those who do
not respond to therapy should be referred for surgical
intervention.

Oral nutrition should be continued if tolerated in
patients without evidence of obstruction or peritoneal
signs. In patients who are unable to maintain nutritional
requirements after 5 to 7 days, elemental feeding or
parenteral hyperalimentation should be initiated.

MANAGEMENT OF COMPLICATIONS OF
CROHN’S DISEASE
Small bowel obstruction is a serious complication in
CD patients. This may be secondary to inflammatory
narrowing, fibrostenotic stricture or adhesions from
previous surgery. Obstruction in the absence of fever or
rebound tenderness does not require emergent surgical
intervention. Inflammatory bowel narrowing may
respondto nasogastric suction, bowel rest, and CS,
whereas in fibrostenotic or adhesive obstruction symp-
toms will often not respond to medical therapy. Patients
in this latter group will experience recurrent obstructive
symptoms and surgery will likely be required.

Fistulae develop in approximately one third of
patients with CD and usually require lengthy periods of
healing. Fistulae are generally divided into two types,
external and internal. Internal fistulae are those that
terminate in the body and include enteroenteric, gastro-
colic, duodenocolic, rectovaginal, and rectovesical.
Externalfistulae terminate on the skin, perianal surface,
or stoma and are typically associated with pain and
discharge.

The primary management of patients with fistul-
izing CD depends upon the type of fistulae and
combines medical and surgical management with the
aim of healing the fistula and keeping it closed. Current
medical therapies include antibiotics, AZA and 6-MP,
and infliximab. 5-ASA is generally ineffective for the
treatment of fistulizing CD.119 CS are not beneficial as a
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form of therapy and may not only delay wound healing,
but may also exacerbate abscess formation.120

Metronidazole and ciprofloxacin are considered
first-line therapies in the management of perianal fistu-
lae in CD. Data from case series and uncontrolled trials
have demonstrated that metronidazole (500 mg twice
daily) and ciprofloxacin (250 mg twice daily) used alone
or in combination are effective as a short-term therapy at
improving and healing draining perianal fistulae.121–124

However, relapse is common upon discontinuation and
adverse events resulting from prolonged use of metroni-
dazole limit its utility over the long term.125 No data are
available upon the effectiveness of antibiotics in the
treatment of internal fistulae.

Immunomodulators (AZA 2.5 mg/kg per day or
6-MP1.5 mg/kg per day) are effective for perianal fistula
disease, but noticeable improvement is slow and healing
is often incomplete.125,126 Recurrence and exacerbation
is common after discontinuation of drug.125,126

The data on the effectiveness of immunomodu-
lators in the treatment of internal fistulae and other types
of external fistulae is sparse. Limited case studies do
suggest that their use may be beneficial for enteroenteric,
gastrocolic, enterovesical, and rectovaginal fistulae.127–131

A randomized placebo controlled trial of infliximab 5
to 10 mg/kg administered as an induction regimen at 0,
2, and 6 weeks demonstrated superior efficacy over
placebo at reducing fistula discharge by at least 50%
and at complete closure of fistula in CD patients with
draining enterocutaneous and perianal fistulae.132 Inflix-
imab therapy had a rapid onset of action (usually within
2 weeks) with effects lasting a median of 12 weeks.132

Maintenance therapy with infliximab every 8 weeks may
prolong the time to loss of response and is required in
many patients for long-term symptom control.125

The data on the efficacy of infliximab therapy in
treating internal fistulae is limited. A post hoc analysis of
a randomized controlled trial demonstrated that women
who achieved closure of their rectovaginal fistulae on
infliximab therapy had a prolonged period of fistula
closure when infliximab therapy was continued.133 In
perianal fistula disease, infliximab therapy is associated
with a high rate of abscess formation, probably due to
closure of the cutaneous opening of the fistula tract prior
to closure of the fistula tract itself.132,133 To avoid this
complication, placement of noncutting Setons before
initiating infliximab therapy has been recommended.134

Improved rates of fistula closure have been demonstrated
with this approach.120,134,135

POSTOPERATIVE MANAGEMENT OF
CROHN’S DISEASE
Over 70% of patients who undergo surgical resection for
CD will have endoscopic recurrence at 1 year usually in
the neo-terminal ileum and/or at the anastomosis.136

Endoscopic recurrence is currently evaluated and graded
according to the criteria of Rutgeerts et al (Table 2).136

Endoscopic findings precede clinical symptoms and the
severity of the endoscopic recurrence often predicts the
clinical course.136

Approximately 70% of CD patients will require
a second surgery within 20 years.137,138 Risk factors
for postoperative CD recurrence include smoking, ileo-
colonic disease, and perianal disease.138–141 Medical
therapy in the postoperative course of CD patients has
consistently proven limited for the prevention of post-
operative recurrence of CD. In a randomized controlled
trial, high-dosage mesalamine produced no benefit
over placebo.142 A placebo controlled trial study with
high-dosage metronidazole demonstrated modest bene-
fits over placebo at reducing clinical and endoscopic
postoperative recurrence. However, frequent side effects
limit long-term use of this medication.143

Conversely, in a randomized placebo controlled
trial 6-MP 50 mg/day was more effective than placebo at
preventing postoperative clinical relapse in patients who
underwent resection for ileal CD.144 However, the endo-
scopic recurrence was not statistically different between
groups. In this study, the overall efficacy of 6 MP may
have been reduced by suboptimal dosing of the drug. In
an open-label randomized study comparing AZA to
mesalamine, no significant difference was observed in
the rates of postoperative clinical relapse of CD between
groups.145

The need for an effective therapy in postoperative
CD is evident. Randomized controlled trials investigat-
ing the role of infliximab or other biologic agents in the
prevention of postoperative CD are warranted. Our
approach is to initiate immunomodulator therapy or
biologic therapy in symptomatic patients, as well as
those with grades 2 or greater on the Rutgeerts scale.

CONCLUSION
Whether the goal of CD therapy should be clinical
remission alone or clinical remission combined with

Table 2 Rutgeerts Scale of Postoperative Endoscopic
Recurrence*

Grade Endoscopic Findings

0 No lesions

1 <5 aphthous lesions

2 >5 aphthous lesions with normal mucosa between

the lesions, or skip areas of larger lesions, or

lesions confined to the ileocolonic anastomotic

lining (<1 cm)

3 Diffuse aphthous ileitis with diffusely inflamed mucosa

4 Diffuse ileal inflammation with larger ulcers, nodules,

or narrowing

*Hyperemia and edema alone are not considered as signs of
recurrence.
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mucosal healing remains to be determined. Whether
new therapeutic concepts directed at mucosal healing
will reduce relapses, hospitalizations, surgeries, and CD-
associated complications over the long term also remains
to be determined. As new effective medications become
available, our goal will be mucosal healing not solely
clinical remission, as we feel that this approach will
favorably modify the natural history of CD.

It is important to realize that the majority of CD
patients experience mild to moderate disease or are in
clinical remission over significant periods during the
course of their disease. These patients can be treated
conservatively with 5-ASA or budesonide depending on
the disease location. Those patients with more severe
forms of the disease who require CS should be treated
more aggressively with early introduction of immuno-
modulator therapy, which may help to prevent the
complications associated with CD. In light of
the potential for serious adverse effects we feel that the
introduction of biologic therapy should be reserved
for patients who fail to respond to therapy with immu-
nomodulators, or are unable to tolerate such therapy.

More randomized controlled trials are necessary
to assess the value of clinical and biochemical prognostic
markers, as well as the efficacy and safety of long-term
treatment with the newer biologic agents before
improvement in the clinical outcomes of CD can be
expected.
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