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See CME Quiz on page 932.

he disorders collectively known as inflammatory
bowel disease (IBD) include Crohn’s disease (CD)

nd ulcerative colitis (UC). CD, initially credited as
aving been described in 1932 by Drs Burrill Crohn,
ordon Oppenheimer, and Leon Ginzburg,1 is an idio-
athic transmural chronic inflammatory disorder affect-
ng the gastrointestinal tract. UC, on the other hand, is
redited to have been described by Drs Wilks and Moxon
n 1875.2

These disorders spare no socioeconomic class, age, sex,
r country of origin. These disorders are relatively com-
on in the United States, accounting for disease in

pproximately 1 million individuals, with similar num-
ers in Europe. These complex disorders may have varied
resentations and complications that ensue during their
ourse, as has been evidenced by wide variations in
linical practice. This position statement reviews the
vidence-based medicine and current practice patterns
or the treatment of IBD in adults with 3 classes of
rugs: corticosteroids, immunomodulators, and inflix-
mab. The intent of this position statement is to bring
onsistency to patient care, but this should not necessar-
ly be viewed as the standard of care for all patients.
ndividual care of patients should be managed on the
asis of all clinical data available for that particular case.
atient preferences should be sought in an effort to make
ecisions in a partnership between patients and health
are professionals.

Development of Position Statement

An exhaustive review of the literature was per-
ormed using electronic databases (MEDLINE, PubMed,
nd Ovid; key words included “inflammatory bowel dis-
ase,” “ulcerative colitis,” and “Crohn’s disease”). Stan-
ard textbooks with chapters on inflammatory bowel
isease were evaluated, and the reference lists were also
ompiled for all articles to obtain references before a
reliminary document was drafted. The preliminary
raft was then reviewed by the Clinical Practice and
conomics Committee of the American Gastroenter-

logical Association.
Grading of Recommendations

This position statement conforms to the Ameri-
an Gastroenterological Association guidelines for evi-
ence-based position statement development. The grad-
ng of each recommendation is dependent on the
ategory of evidence supporting it.

The quality of evidence on which a recommendation is
ased is as follows.
Grade A: Homogeneous evidence from multiple well-

esigned, randomized (therapeutic) or cohort (descrip-
ive) controlled trials, each involving a number of par-
icipants to be of sufficient statistical power.

Grade B: Evidence from at least 1 large well-designed,
linical trial with or without randomization from cohort
r case-control analytic studies or well-designed meta-
nalysis.

Grade C: Evidence based on clinical experience, de-
criptive studies, or reports of expert committees.

General Principles of Medical
Therapy for IBD

The treatment of patients with CD and UC is
ependent on several distinct factors, including disease
ocation (eg, ileocecal vs colonic or proctitis vs pancoli-
is), severity (mild, moderate, or severe), and complica-
ions. The treatment of patients should be individualized
ased on the patient’s prior symptomatic response and
olerance to specific medical therapies. Therapy is se-
uential to treat acute disease and then to maintain
emission. Surgery is appropriate for obstructing steno-
es, cancerous or precancerous lesions, suppurative com-
lications, or medically refractory disease. The use of
arcotic analgesics should be avoided except for the
reatment of patients in the perioperative setting, given

Abbreviations used in this paper: ATI, antibodies to infliximab; AZA,
zathioprine; CI, confidence interval; CIR, controlled ileal release;
CCDS, European Cooperative Crohn’s Disease Study; FDA, Food and
rug Administration; MMF, mycophenolate mofetil; 6-MP, 6-mercap-

opurine; 6-MMP, 6-methylmercaptopurine; NCCDS, National Cooper-
tive Crohn’s Disease Study; OR, odds ratio; 6-TGN, 6-thioguanine
ucleotide; TNF, tumor necrosis factor; TPMT, thiopurine methyltrans-
erase.
© 2006 by the American Gastroenterological Association Institute
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he potential for tolerance and abuse in the setting of
hronic disease.

Medications Used for the Treatment
of Patients With IBD

The current status of therapy for IBD is rapidly
volving, with many new biologic agents under investi-
ation. In the forthcoming sections, the data that sup-
ort the use of immunomodulators in IBD are reviewed.
he use of corticosteroids, azathioprine (AZA), 6-mer-
aptopurine (6-MP), methotrexate, mycophenolate
ofetil (MMF), cyclosporine, tacrolimus, and infliximab

n particular are reviewed in both UC and CD. Amin-
salicylates and antibiotics are not discussed.

Corticosteroids

Corticosteroids include parenteral, oral, and top-
cal agents. Examples of oral corticosteroids include
rednisolone, prednisone, and budesonide, whereas par-
nteral agents include intravenous (IV) hydrocortisone,
drenocorticotropic hormone, and methylprednisolone.
orticosteroids, when used orally or parenterally, are
otent anti-inflammatory agents for the acute treatment
f patients with moderate to severe relapses of IBD.
udesonide (Entocort; AstraZeneca Pharmaceuticals,
ayne, PA) is a highly potent corticosteroid with lim-

ted systemic bioavailability due to extensive first-pass
epatic metabolism. Enteric preparations with distal
mall intestinal and proximal colonic release can produce
herapeutic benefit with reduced systemic toxicity in
leocecal CD. Topical agents in the form of suppositories
r foam have been used to treat patients with proctitis,
hereas enemas are effective in patients with disease up

o the splenic flexure. The mechanism of action of cor-
icosteroids is not discussed here in detail given recent
eviews of these data.3–9 The use of corticosteroids in
atients with IBD is intended to reduce inflammatory
ediators through binding of the glucocorticoid receptor

xpressed by immune cells. Binding of glucocorticoids to
heir receptors results in the trans-repression of proin-
ammatory transcription factors such as nuclear factor
B and apoptosis of target inflammatory cells and acti-
ated lymphocytes.10,11 Choice of corticosteroid should
e based on which has the greatest glucocorticoid activ-
ty compared with its mineralocorticoid activity.

Mild to moderate IBD. The use of conventional
orticosteroids such as prednisone is generally reserved
or patients with moderate to severe disease. An excep-
ion would be patients who have failed to respond to
rst-line therapies for IBD such as mesalamine for UC or

ntibiotics for CD in whom corticosteroids are used l
ecause of the absence of effective, less toxic medications.
ontrolled ileal release (CIR) budesonide (Entocort) is

ndicated for the treatment of patients with mild to
oderate ileal and right-sided colonic CD. Enteric-

oated budesonide has not been shown to be more effec-
ive than placebo in patients with distal UC.12 Indeed,
ven patients with CD who have distal colon or rectal
nvolvement respond less well to enteric-coated budes-
nide than to conventional prednisone (remission, 47%
s 62.5%), suggesting this therapy is most efficacious in
hose with ileal and right-sided colonic involvement.13

Budesonide is a topically active glucocorticoid structur-
lly related to 16-hydroxyprednisolone.14,15 Budesonide has
very high affinity for the glucocorticoid receptor (15 times

hat of prednisolone and 195 times that of hydrocortisone).
he majority of the drug is converted by the cytochrome
-450 system in the liver to inactive metabolites, with only
0%–15% of the drug reaching the systemic circulation.
he current preparation of budesonide (Entocort) available

n the United States is formulated to allow the slow release
f the drug, mainly in the ileum and the right side of the
olon.16–18 The Entocort capsule contains microcapsules
ade of an inner sugar core surrounded by budesonide in

thylcellulose and an outer acrylic-based resin coating (Eu-
ragit; Rohm America, Piscataway, NJ) that dissolves at a
H of �5.5. Fifty-two percent to 70% of the CIR budes-
nide formulation is absorbed in the ileocolonic region,
ith a mean absorption time of 6.4 hours and a systemic
ioavailability of 9% in healthy volunteers. The improved
oxicity profile (discussed in the following text) of this agent
ompared with conventional corticosteroids relates to its
ow systemic bioavailability.

Level A evidence supports the use of CIR budesonide
or induction of remission of ileocolonic CD. First, CIR
udesonide at a dosage of 9 mg/day is more effective than
lacebo at inducing remission (51% vs 20%) at 8 weeks
Table 1).19 CIR budesonide at a dosage of 9 mg/day is
lso more effective than mesalamine (Pentasa; Shire Phar-
aceuticals, Wayne, PA) at a dosage of 4 g/day (69% vs

5% at 8 weeks).20 The time to onset of action with CIR
udesonide is approximately 2 weeks. Trials comparing
ral budesonide with prednisolone show comparable ef-
cacy for inducing remission in active CD.13,21–23 In a
eta-analysis comparing CIR budesonide with pred-

isolone, patients with moderate to severe disease
Crohn’s Disease Activity Index [CDAI] scores �300)
ere less likely to respond to CIR budesonide.24 Because

he side effect profile is superior to that of conventional
orticosteroids (discussed in the following text), CIR
udesonide may be considered first-line therapy for pa-
ients with mild to moderate ileal and right-sided co-

onic disease.



Table 1. Short-term Efficacy of Corticosteroids in IBD

Type of IBD n Interventions tested Response/remission Period of study P value References

Mild to moderate
active IBD

CD (ileocecal) 67 Bud 3 mg daily Remission 33% 8 wk �.001 (9 mg vs placebo) Greenberg et al, 199419

61 Bud 9 mg daily 51%
64 Bud 15 mg daily 43%
66 Placebo 20%

CD (ileocecal) 80 Bud 9 mg daily Remission 48% 8 wk �.05 (Bud groups vs placebo) Tremaine et al, 2002313

79 Bud 4.5 mg BID 53%
41 Placebo 33%

CD (ileocecal) 91 Bud 9 mg daily Remission 69% 16 wk (primary end
point, 8 wk)

.001 Thomsen et al, 199820

83 Mesalamine 2 g BID 45%
CD (ileocecal) 88 Bud 9 mg daily Remission 52% 8 wk NS Rutgeerts et al, 199421

88 Prednisolone 40 mg daily then
tapered

65%

CD (ileocecal) 58 Bud 9 mg daily Remission 60% 8 wk NS Campieri et al, 199723

61 Bud 4.5 mg BID 42%
58 Prednisolone 40 mg daily then

tapered
60%

CD (ileocecal) 34 Bud 3 mg TID Remission 56% 8 wk NS Gross et al, 199622

33 Prednisolone 48 mg daily then
tapered

72.7%

CD (ileocecal) 100 Bud 3 mg TID Remission 51% 8 wk NS Bar-Meir et al, 199813

101 Prednisone 40 mg daily then
tapered

52.5%

Moderate to severe
CD 85 Prednisone 0.5–0.75 mg ·

kg�1 · day�1
Remission 60% 17 wk .0001 (prednisone vs

placebo)
Summers et al

(NCCDS), 197936

77 Placebo 30%
59 AZA 2.5 mg/kg 40%
74 Sulfasalazine 1 g/15 kg 43%

CD 47 Methylprednisolone 48 mg/day
(tapered by 8 mg/wk)

Remission 83% 18 wk �.001 for prednisolone, �.05
for sulfasalazine, �.001 for
combination compared with
placebo

Malchow et al (ECCDS),
198437

54 Sulfasalazine 3 g/day 50%
56 Methylprednisolone � 3 g/day

Sulfasalazine
78%

58 (active
disease
group)

Placebo 38%

CDa 109 Population-based Prednisolone
1 mg · kg�1 · day�1

Complete remission, 48%
Partial response, 32%
No response, 20%

30 days N/A Munkholm et al, 199441

CDb 173 Population-based Prednisone
40–60 mg/day

Complete remission, 58%
Partial response, 26%
No response, 16%

30 days N/A Faubion et al, 200140
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UCc 109 Cortisone 100 mg/day Remission, 41.3%
Partial response, 27.5%

6 wk �.001 Truelove and Witts,
1954, 195542,43

101 Placebo Remission, 15.8%
Partial response, 24.8%

UCc 58 Prednisolone 5 mg 4 times
daily � hydrocortisone
enema 100 mg

Remission 76% 2 wk �.05 Truelove et al, 196244

60 Sulfasalazine 2 g 4 times daily
for first wk, 1 g 4 times daily
second wk

52%

UC 20 Prednisone 60 mg Remission, 13/20 (65%)
Partial response, 6/20

(30%)

5 wk �.01 for 2 higher doses
compared with 20 mg/day

Baron et al, 196266

20 Prednisone 40 mg Remission, 13/20 (65%)
Partial response, 1/20

(5%)
20 Prednisone 20 mg (all doses

divided TID or 4 times daily)
Remission, 6/20 (30%)
Partial response, 3/20

(15%)
UCb 185 Population-based Prednisone

40–60 mg/day
Complete remission, 54%
Partial response, 30%
No response, 16%

30 days N/A Faubion et al, 200140

Severe
UCc 149 Prednisolone 60 mg/day IV �

hydrocortisone 100 mg
rectally

Remission, 64%
Partial response, 13%
No response, 23%

5 days N/A Truelove et al, 1974,
197846,47

UCd 32 Corticotropin (ACTH) 120 U/day Overall remission 42% 10 days .025 Meyers et al, 198348

34 Hydrocortisone 300 mg/day IV No prior corticosteroids:
ACTH, 63%
Hydrocortisone, 28%
Prior corticosteroids:
ACTH, 25%
Hydrocortisone, 53%

.05

CD 44 ACTH 120 U/day IV ACTH, 82% 10 days NS Chun et al, 199853

44 Hydrocortisone 300 mg/day IV Hydrocortisone, 93%

NOTE. Unless otherwise stated, remission for CD is defined as a CDAI score �150 and response is defined as a decrease in CDAI of �70 points.
Bud, budesonide; BID, twice daily; TID, 3 times daily.
aCorticosteroid dosing was prednisolone 1 mg/kg body wt per day, reduced within weeks to a maintenance dose of 10–15 mg and kept at that level for 3–5 months.
bThe initial dosages of prednisone ranged from 40 to 60 mg/day, and individual treating physicians attempted prednisone taper over a variable period of 3–6 months. Short-term 30-day responses
for both studies were defined as follows. Complete remission: total regression of clinical symptoms declining to �2 bowel movements/day; no blood, pus, or mucus in feces; no abdominal pain,
fever, weight loss, and extraintestinal symptoms. Partial remission: regression of clinical symptoms declining to �4 stools/day; blood, pus, mucus in feces; or abdominal pain or all 4 less than
daily and no systemic symptoms as fever and weight loss. No response: no regression of clinical symptoms.
cFor UC studies by Truelove et al, remission was defined as 1–2 stools/day, no blood, no fever, no tachycardia, hemoglobin normal or returning toward normal, erythrocyte sedimentation rate
normal or returning toward normal, and gaining weight. Partial remission was defined as intermediate between remission and no response.
dTherapeutic success was defined as the absence of all symptoms and the reduction of the frequency of bowel movements to �2 per day. All other cases were classified as therapeutic failures. Also,
if after the fourth day of treatment there was continuous fever of �37.5°C or colonic dilation on radiography, the study period was terminated early and the study treatment recorded as a failure.
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Topical therapy with either conventional corticoste-
oids or budesonide is effective for distal colonic inflam-
ation. In 2 meta-analyses, topical corticosteroids were

ound to be less effective than topical mesalamine for
nducing remission of distal UC.25,26 In placebo-con-
rolled trials, mesalamine enemas achieve remission rates
etween 60% and 70% at dosages between 1 and 4 g/day
t 4 weeks of treatment. By contrast, 4-week remission
ata for corticosteroid enema preparations range between
0% and 40%.26 However, the combination of topical
orticosteroids with topical mesalamine is often more
fficacious than either alone in the short-term treatment
f patients with distal UC.27 Foam preparations are often
etter tolerated by patients and may be easier to retain.28

lthough absorption of corticosteroids after topical ad-
inistration is less than after oral administration, pro-

onged treatment with topical corticosteroids may still
e associated with corticosteroid-related side effects.29 In
ddition to the use of liquid and foam formulations,
ndividuals can use corticosteroid suppositories. In gen-
ral, suppositories or foams are useful for the treatment of
atients with proctitis, whereas foams and enemas are
apable of treating patients with more extensive disease
eaching to the level of the splenic flexure.

Recently, a new generation of topical corticosteroids
eg, budesonide) has been developed in an attempt to
educe these side effects. Danielsson et al compared
udesonide enemas in a dose of 2 mg/100 mL with
lacebo for active distal colitis or proctitis.30 Budesonide
as more effective than placebo without systemic side

ffects. A separate study showed that dosages of budes-
nide up to 4 mg/day for 2 weeks had no effect on
orning plasma cortisol levels.31 Several, but not all,

ubsequent trials have shown topical budesonide to be as
fficacious as prednisolone enemas,32 mesalamine ene-
as,33 and systemic corticosteroids34 in the treatment of

atients with distal UC. Budesonide enemas are compa-
able to prednisolone enemas for induction of remission
n patients with distal UC.32,35 Budesonide enemas are
ot available in the United States. Additional trials are
eeded to determine the effect of longer-term use of
opical budesonide.

Moderate to severe IBD. Conventional cortico-
teroids are effective in the short-term induction of re-
ission in patients with UC and CD. In patients with
D, corticosteroids are justified in those with moderate

o severe symptoms, regardless of disease location, or
hose who failed to respond to CIR budesonide for ileo-
ecal CD. There have been 2 major prospective, random-
zed, placebo-controlled trials showing that corticoste-
oids are effective agents for induction of remission in

atients with CD. The National Cooperative Crohn’s C
isease Study (NCCDS)36 randomized 162 patients;
0% achieved remission using oral prednisone 0.5–0.75
g/kg daily with tapering over 17 weeks compared with

0% in the placebo group (number needed to treat, 3).
imilar findings were seen in the European Cooperative
rohn’s Disease Study (ECCDS).37 Of the 215 patients
ho entered the study with active disease (CDAI score
150), 83% were able to achieve clinical remission

sing oral prednisolone 1 mg/kg daily compared with
8% receiving placebo over 18 weeks (number needed to
reat, 2). There was a 92% remission rate within 7 weeks
n 142 patients with moderately active CD who were
iven oral prednisone 1 mg/kg daily without tapering.38

o dose-response studies have been performed in pa-
ients with CD. One consideration in patients with CD
s decreased oral absorption compared with healthy
olunteers.39

In population-based studies, corticosteroids are used
n 43% of patients with CD.40 In the Olmsted County
atabase, 30-day outcomes following a course of cortico-
teroids were complete remission in 58%, partial remis-
ion in 26%, and no response in 16% (Table 1). The
esults in Denmark were remarkably similar except that

slightly higher percentage of their inception cohort
ere given corticosteroids (109/196 [56%]).41 In the
lmsted County cohort, patients were given prednisone
0–60 mg/day; in Copenhagen, corticosteroids were
osed at 1 mg/kg. The similarity in their results suggests
hat this dose range for induction of remission is ade-
uate. Budesonide was found to be slightly less active
han prednisolone for the treatment of patients with
oderate to severe active CD.24

Corticosteroids also have an important role in induc-
ng remission in patients with moderate to severe UC
ho are intolerant of or who have failed to respond to
esalamine. Truelove and Witts initially described the

se of oral cortisone at a dosage of 100 mg/day for the
reatment of patients with mild to severely active
C.42,43 Truelove et al examined the efficacy of sulfasala-

ine 8 g/day compared with prednisolone 40 mg/day for
he treatment of patients with UC and found a greater
ikelihood of remission using corticosteroids.44 In pa-
ients with moderate to severely active UC, adding sul-
asalazine to corticosteroids does not result in better
fficacy compared with corticosteroids alone.45 Using the
ame population-based Olmsted County cohort, Faubion
t al found that approximately one third of patients with
C will require corticosteroid therapy during the course

f their disease.40 The short-term 30-day outcomes for
atients with UC were complete remission in 54%,
artial remission in 30%, and no response in 16%.

oncurrent use of mesalamine or sulfasalazine was neg-
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tively associated with a lack of response to corticoste-
oids (odds ratio [OR], 0.35; P � .04). No differences in
hort-term outcomes were seen regardless of disease du-
ation, disease extent, or age at diagnosis. The similarity
n efficacy for corticosteroids across disease types and
iverse populations speaks to the broad, nonspecific anti-
nflammatory effect of corticosteroids. For patients with
C without a response to corticosteroids in the short

erm, the rate of colectomy was 90%.40 A distinction
etween IV or oral corticosteroids was not made in this
opulation-based study. These patients should be con-
idered in the severe category and may benefit from
alcineurin inhibitors (discussed in the following text) or
iologic agents.

Severe or fulminant IBD. Patients who fail to
espond to oral prednisone should be hospitalized and
iven IV corticosteroids in the form of methylpred-
isolone (48–60 mg daily) or hydrocortisone (300–400
g daily) either by continuous or bolus infusion. Meth-

lprednisolone has decreased mineralocorticoid proper-
ies compared with hydrocortisone and is currently fa-
ored for this reason. Placebo-controlled studies have not
een performed because of the high mortality associated
ith severe attacks of UC. Studies comparing the efficacy

n IBD of different types of parenteral corticosteroids
ave not been performed; however, several studies have
ompared the efficacy of corticotropin or adrenocortico-
ropic hormone (ACTH) compared with hydrocortisone
or the treatment of patients with UC.

Truelove et al reported the use of IV hydrocortisone in
atients with severe UC.46,47 In their pioneering studies,
hey administered prednisolone at a dosage of 60 mg/day
or an average of 5 days and found that 64% of patients
ntered remission, an additional 13% improved, and
3% had no response and required colectomy. IV corti-
otropin may be more effective than IV hydrocortisone
00 mg/day for patients with UC who have not received
rior corticosteroid treatment,48 although adrenal hem-
rrhage has been reported as a complication of ACTH
herapy. Other smaller studies have not shown a benefit
f ACTH over hydrocortisone.49,50 The general range of
esponse seen with these dosages of corticosteroids in
hort-term studies (5–14 days) is approximately 50%
ranging from approximately 45%–80%).46–48,51 The
ariability in results is dependent on the severity of
isease at baseline and the definitions of response. Pro-
ongation of therapy with parenteral corticosteroids be-
ond 7–10 days has not been proven to add any benefit
nd may be deleterious. Alternative biologic agents,
mmunomodulators, or surgery must be considered for

atients failing to respond to parenteral corticosteroids. t
Randomized controlled trials of corticosteroids in pa-
ients with severe CD have not been performed, but large
necdotal evidence supports its use. In one study, IV
herapy resulted in remission in 76% (38/49).52 A study
omparing ACTH and hydrocortisone 300 mg/day found
high rate of remission with both strategies.53 Given the

imilarity in treatment efficacy of corticosteroids in mod-
rate to severe disease between UC and CD, it is likely
he remission rate in CD for parenteral corticosteroids is
imilar to that in UC.

Maintenance therapy. Although corticosteroids
re effective for induction of remission, they have not
een shown to be effective for maintenance of remission
nd the risks of long-term therapy outweigh their ben-
fits. Patients who require a short-term course of corti-
osteroids have more aggressive disease as reflected by the
tatistic that once corticosteroids are initiated, there is a
0% rate of colectomy for UC and 38% rate of surgery
or CD within that year (Table 2). Even patients who
ave a complete response to corticosteroids in the short
erm have a high rate of surgery within the year. In the
lmsted County data, 12% of patients who were in

emission in the short term had a colectomy for UC and
6% had surgery for CD.40 At the other extreme, how-
ver, were patients with UC or CD who had no response
o corticosteroids and a surgery rate of 90%. Corticoste-
oids have not been shown to be beneficial for mainte-
ance of remission in patients with UC.54–56 Oral corti-
one 50 mg/day was not effective at maintaining a
orticosteroid-induced remission.54 Other strategies that
ave been used include prednisone 15 mg daily (5 mg by
outh 3 times daily) for 6 months.55 In this study, the

ame number of patients maintained remission or expe-
ienced a relapse whether taking prednisone (remission,
2/32; relapse, 18/32) or placebo (remission, 12/30; re-
apse, 17/30), but the prednisone group experienced
ore side effects. Oral prednisolone 40 mg every other

ay compared with placebo for 3 months at a time was
ssociated with a reduced number of patients experienc-
ng a relapse56 but again was associated with a higher
requency of corticosteroid-related side effects. In light of
his, corticosteroids should not be used for maintenance
reatment of patients with IBD.

The NCCDS and the ECCDS provided the most com-
lete data on evaluation of the use of prednisone for
aintenance of remission in patients with CD.36,37 In the
CCDS, the study population consisted of patients who

ad entered the maintenance phase following a 17-week
nduction regimen with prednisone, sulfasalazine, AZA,
r placebo. A second group included patients who were
n remission at the time of enrollment and received 1 of

hese 4 medications at “maintenance” doses. Of the 85



Table 2. Long-term Outcomes of Corticosteroid Therapy in Prospective and Population-Based Studies

Moderate
to severe

No. of
patients Interventions tested Remission Time P values References

CD See remission
column

Pred 0.25 mg · kg�1 · day�1

Placebo
AZA 1 mg/kg
Sulfa 0.5 g/15 kg

Remission (year 1 and year 2,
respectively): Part 1 (baseline
CDAI score �150) Pred: 21/59
(36%) and 11/35 (31%) Placebo:
14/76 (18%) and 6/52 (12%)
AZA: 15/54 (28%) and 7/34
(21%) Sulfa: 16/53 (30%) and
5/32 (16%)

1 and 2 y Part 1 Pred: .001, .003;
AZA: .292, .68; Sulfa:
.147, .825 compared
with placebo

Summers et al, 1979
(NCCDS)36

Part 2 (baseline CDAI score �150)
Pred: 35/61 (57%) and 12/37
(32%) Placebo: 65/101 (64%)
and 23/57 (40%) AZA: 37/54
(69%) and 10/35 (29%) Sulfa:
36/58 (62%) and 12/39 (31%)

Part 2 All NS compared with
placebo

CD 113 Methylprednisolone 8 mg/day 57% and 42% 1 and 2 y �.001 for Pred and
combination, �.05
for Sulfa compared
with placebo

Malchow et al, 1984
(ECCDS)37

117 Sulfa 3 g/day 43% and 33%
112 Methylprednisolone � 3 g/

day Sulfasalazine
50% and 39%

110 Placebo 30% and 22% (% of patients failure-
or relapse-free at 1 and 2 years;
includes patients entering active
and in remission)

CDa 109 Population-based Response off corticosteroids, 55% 1 y N/A Munkholm et al,
199441

Corticosteroid dependent, 45%
Surgical resection (21%):

● 26% corticosteroid dependent
● 59% corticosteroid refractory

CDb 172 Population-based Response off corticosteroids, 32% 1 y N/A Faubion et al, 200140

Corticosteroid dependent, 28%
Surgical resection, 38%

UC 109 Cortisone (dose range, 100
mg/day for 6 weeks or 100
mg/day for 2–3 weeks
tapered to 50–75 mg/day
for remainder of 6 weeks)

Symptom-free for 9 mo: First attack
of UC: Cortisone, 21/43 (48.8%)
Placebo, 8/38 (21.1%)

9 mo First attack: �.02
Relapsed: NS

Truelove and Witts,
195543

101 Placebo Relapsed UC: Cortisone, 23/64
(35.9%) Placebo, 26/60 (43.3%)

Ileostomy rate: Cortisone, 9/107
(8.3%) Placebo, 15/98 (14.9%)

UC 185 Population-based Response off corticosteroids, 49%
Corticosteroid dependent, 22%
Colectomy 29%

1 y N/A Faubion et al, 200140

NOTE. Patients in the NCCDS and ECCDS were followed up for 1 and 2 years following induction of remission or entry into the study in remission. The percentages refer to the patients still in remission at the end of 1 and
2 years.
Pred, prednisone; Sulfa, sulfasalazine.
aCorticosteroid dosing was prednisolone 1 mg/kg body wt per day, reduced within weeks to a maintenance dose of 10–15 mg and kept at that level for 3–5 months. Thirty days after prednisolone treatment had finished,
irrespective of its length, the following outcome categories were defined: prolonged response, maintenance of complete remission or partial remission after treatment had finished; dependence, relapse within 30 days after
treatments had finished or relapse at dose reduction impeding discontinuation of prednisolone treatment for more than 1 year.
bOutcomes at 1 year were defined as follows. Prolonged response: maintenance of complete or partial remission after corticosteroid therapy was completed; patients who required subsequent courses of corticosteroids
but maintained complete or partial response and were corticosteroid free at the end of 1 year were included in the prolonged response outcome group. Corticosteroid dependent: continued corticosteroid therapy at year
end caused by relapse after corticosteroids were discontinued or caused by relapse at dose reduction impeding discontinuation of corticosteroid therapy; patients who required surgical resection (see below) and were also
corticosteroid dependent at 1 year were counted in the surgical resection group. Surgical resection: relapse within 1 year after corticosteroid therapy was initiated, resulting in surgical resection.
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atients who entered the study with active disease and
ere treated with corticosteroids, 28 were available to

nter the maintenance phase of the study in which they
ere treated with prednisone 0.25 mg · kg�1 · day�1. By

omparison, of the 77 patients who were given placebo
or 17 weeks, 20 patients entered the maintenance phase
nd were continued on placebo. At the end of 1 year, 21
f the 28 patients (75%) who received prednisone and 14
f the 20 patients (70%) who received placebo were still
n remission (P � .001). A second cohort of 274 patients
as entered directly into the maintenance phase of the
CCDS without the 17-week induction phase. These

atients were assigned to receive placebo, sulfasalazine
00 mg/day, prednisone 0.25 mg · kg�1 · day�1, or AZA
.5 mg · kg�1 · day�1. None of these strategies proved
uperior to placebo at 1 year in prevention of clinical
elapse or need for surgery.

In the ECCDS, 452 patients were randomized to re-
eive prednisolone 48 mg/day (followed by a tapering
egimen), sulfasalazine 3 g/day, a combination of the
wo, or placebo. At the end of 1 year, approximately 57%
f patients treated with prednisolone remained relapse-
ree compared with 50% in the combination group, 43%
n the sulfasalazine group, and 30% in the placebo group
P � .001 for prednisolone and combination therapy,

� .05 for sulfasalazine compared with placebo).
lthough there appears to be a benefit to corticosteroids

lone or in combination with sulfasalazine for mainte-
ance, if only looking at the patients who entered the
tudy in remission (CDAI score �150), there was no
ifference compared with placebo for any intervention.
hese data can be interpreted in a variety of ways. The
nding that patients were “maintained” on corticoste-
oids if their disease was induced by corticosteroids prob-
bly means that these patients were in fact corticosteroid
ependent. For patients with CD in remission, the data
o not support initiation of corticosteroids to prevent a
elapse, even at high doses of corticosteroids.

Corticosteroid dependence differs from maintenance
herapy. A true maintenance therapy should demonstrate
dose response in a population of patients and prevent
isease recurrence. Corticosteroid dependence refers to
he inability of a particular patient to taper below a
ertain dose of corticosteroid without flaring. In the
lmsted County data, approximately one fourth of pa-

ients with either UC or CD were steroid dependent at
he end of 1 year.40 The Danish cohort revealed similar
ndings, with 40% of patients with CD becoming cor-
icosteroid dependent.41 To a certain extent, these dis-
inctions are semantic because for a given patient who is
orticosteroid dependent, there is usually a dose of cor-

icosteroid that maintains the patient in clinical remis- r
ion. Immunomodulators and/or infliximab are indicated
or patients who cannot taper corticosteroids without
aring.
The observation that corticosteroids are effective in

nducing short-term remission but have unacceptable
ong-term consequences may have several explanations.
irst, the need to administer corticosteroids is likely to
ndicate that a patient has more severe disease. The
econd is that corticosteroids do not alter the natural
istory of disease. In particular, corticosteroids do not
eliably result in endoscopic healing of the mucosa in
atients with CD.38 In a study of 142 patients with CD
reated with prednisone 1 mg · kg�1 · day�1 for up to 7
eeks, 92% went into clinical remission whereas only
9% had endoscopic remission.38 In the NCCDS, of the
5 patients who received prednisone as induction ther-
py, 49 patients completed the 17-week study in remis-
ion (CDAI score �150). Of these 49 patients, 9 were
xcluded from further participation because of worsening
n their barium radiographs, suggesting that even pa-
ients in a corticosteroid-induced clinical remission can
ave their disease progress.
In patients with UC, topical budesonide appears to be

uperior to topical prednisolone at achieving endoscopic
ealing (52% vs 24%).30 Oral budesonide 10 mg/day in
preparation that achieves colonic delivery and pred-

isolone 40 mg/day were similarly effective at improving
ndoscopic appearance in patients with UC, but the rates
f endoscopic healing (sigmoidoscopy score of 0) were
ow in both groups (4/31 and 6/36, respectively).12 Data
n endoscopic healing in UC with parenteral corticoste-
oids is limited. The original studies by Truelove and

itts on oral cortisone for the treatment of patients with
ild to severe UC showed that treatment with cortisone

esulted in normal or near-normal findings on sigmoid-
scopy in 19 of 63 patients compared with 6 of 57
atients receiving placebo.42,43 In the same study, 14 of
6 patients in the cortisone group and 19 of 25 patients
n the control group had no change or worsening on
arium radiographic examination. It is likely that agents
hat result in endoscopic healing will alter the natural
istory of IBD with respect to need for hospitalization,
urgery, or development of cancer, but these correlates
re currently unproven.

Because of its favorable side effect profile, budesonide
C has been examined for maintenance of remission in
atients with ileocecal CD following induction therapy
ith budesonide or conventional corticosteroids (Table
). Budesonide has a limited role in maintenance of
emission. None of the studies have shown a significant
enefit at 1 year.57–61 Greenberg et al conducted a 1-year,

andomized, double-blind, placebo-controlled trial using
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udesonide 3 mg daily and 6 mg daily.57 Patients re-
eiving budesonide 6 mg daily had a median time to
elapse or discontinuation of therapy of 178 days com-
ared with 124 days in those receiving budesonide 3 mg
nd 39 days in those receiving placebo. However, at 1
ear, the rates of relapse in the 3 groups were similar. In
similar randomized, double-blind, controlled trial by

ofberg et al, the same dosages of budesonide were
valuated for maintenance of remission.58 In the dosages
tudied (3 mg, 6 mg, and placebo), there were no dif-
erences in remission rates observed at 1 year between the
roups. However, at 3 months, only 19% of patients
reated with budesonide (6 mg daily) had experienced a
elapse compared with 45% in the 3-mg group and 44%
n the placebo group. In a third study by Ferguson et al
rom the Global Budesonide Study Group, the efficacy
nd safety of budesonide for maintenance of remission in
5 patients with ileal or ileocolonic CD was assessed.59

he patients received either placebo or budesonide at
osages of 3 mg or 6 mg daily for 12 months. There were
o statistically significant differences observed among
he 3 groups (placebo, 3 mg daily, or 6 mg daily) at 12
onths with respect to relapse rate. In another study,
ross et al reported similar results using budesonide (1
g 3 times daily) versus placebo.60 As distinct from the
aintenance studies by Lofberg et al and Greenberg et

l, these last 2 studies failed to show a prolongation in
edian time to relapse.59,60 Finally, an American study

ound a prolongation in time to relapse in patients
reated with budesonide EC 6 mg/day compared with

able 3. Results of Randomized Placebo-Controlled Trials of

References
Type of

remission Comparison groups

reenberg et al, 199657 Medical Budesonide 3 and 6 mg
daily vs placebo

ofberg et al, 199658 Medical Budesonide 3 and 6 mg
daily vs placebo

erguson et al, 199859 Medical Budesonide 3 and 6 mg
daily vs placebo

ross et al, 199860 Medical Budesonide 1 mg 3 times
daily vs placebo

anauer et al, 200561 Medical Budesonide 6 mg daily vs
placebo

ellers et al, 199964 Surgical Budesonide 6 mg daily vs
placebo

we et al, 199963 Surgical Budesonide 1 mg 3 times
daily vs placebo
lacebo (360 vs 169 days).61 s
A meta-analysis of 4 double-blind, placebo-controlled,
2-month trials showed that patients (380 patients total)
aintained on budesonide EC 6 mg/day had a longer

ime in remission compared with placebo or budesonide
C 3 mg/day (268 days for budesonide 6 mg/day com-
ared with 170 days for budesonide 3 mg and 154 days
or placebo).62 In pairwise comparisons, budesonide 6

g/day was significantly superior to placebo (P �
0024); there was a trend toward significance when com-
ared with budesonide 3 mg/day (P � .052). The pro-
ortion of patients experiencing a relapse was signifi-
antly lower (P � .05) for the patients treated with
udesonide 6 mg/day at 3 months (25%) and 6 months
37%) than for the patients treated with budesonide 3
g/day (39% at 3 months, 51% at 6 months) and

lacebo (40% at 3 months, 50% at 6 months). The
roportion of patients experiencing a relapse at 1 year
as lower for budesonide (51%) than for placebo (59%)
ut did not reach statistical significance. Overall, the
ncidence of adverse events and serious adverse events was
ot significantly different among the 3 treatment groups,
lthough moon face (7.6% budesonide, 2.1% placebo)
nd acne (10.3% budesonide, 4.2% placebo) were more
ommon in patients treated with budesonide 6 mg/day
han patients receiving placebo (P � .05). The investi-
ators thus concluded that budesonide 6 mg/day pro-
ongs time to relapse for patients with CD versus
lacebo.
Similar to the findings in medically induced remis-

sonide for the Maintenance of Remission in CD

Follow-up
duration (y)

Efficacy

Remission rates at 1 year Time to relapse

1 No difference 6 mg, 178 days
3 mg, 124 days
Placebo, 39 days

1 No difference 6 mg, 258 days
3 mg, 139 days
Placebo, 92 days

1 No difference No difference

1 No difference No difference

1 No difference 6 mg, 360 days
Placebo, 169 days
(P � .132)

1 Budesonide efficacious only
in patients whose
indication for surgery was
for active inflammation

1 No difference No difference
Bude
ion, budesonide EC prolongs surgically induced remis-
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ion but does not change the percentage of patients free
f clinical or endoscopic relapse at 1 year.63,64

One of the concerns related to use of budesonide EC as
aintenance therapy relates to the fact that it does not

ead to endoscopic healing. Mantzaris et al performed a
tudy on 67 patients with CD with corticosteroid-in-
uced remission and compared budesonide EC 6–9 mg/
ay with AZA 2.2 mg · kg�1 · day�1.65 Although both
trategies were comparably effective at maintaining clin-
cal remission at the end of 1 year, only AZA resulted in
mprovement in the CD endoscopic index of severity.
hus, the long-term benefits of budesonide as mainte-
ance therapy are unclear. Budesonide EC monotherapy
ay be considered in patients with mild to moderate

isease who are intolerant of immunomodulators or bi-
logic agents.

Dosing and tapering for IBD. Few dose-ranging
tudies are available to determine the most efficacious
osage of corticosteroids in the treatment of patients
ith IBD. In population-based studies, prednisone
0–60 mg/day or 1 mg · kg�1 · day�1 achieved remis-
ion in approximately 50% of patients. Studies compar-
ng 3 dosages of prednisone (20, 40, and 60 mg/day) in
atients with UC found that the 2 higher dosages were
ore effective than a dosage of 20 mg/day; a dosage of 60
g/day was associated with a higher likelihood of corti-

osteroid-related toxicity but not significantly greater
fficacy than a dosage of 40 mg/day.66 This study, how-
ver, was underpowered to determine inferiority of a
osage of 40 mg/day compared with a dosage of 60
g/day. A small study found that in patients with UC,

plitting the dose of prednisone every 6 hours is not more
ffective than once-daily dosing.67 In terms of parenteral
rednisolone, administration by continuous infusion
ather than bolus infusion results in higher plasma con-
entrations but has not been shown to be more effec-
ive.68 No dose-ranging studies have been performed in
atients with CD, but in prospective studies prednisone
mg · kg�1 · day�1 achieves a high rate of remission.38

The current evidence suggests that the algorithm used
or corticosteroid tapering after achieving an initial re-
ponse is unlikely to influence the long-term outcome in
atients with CD or patients with UC. In the NCCDS,
he dosage of prednisone was adjusted during the 17-
eek induction period based on the severity of disease

ctivity as measured by the CDAI (0.75
g · kg�1 · day�1 for a CDAI score of 300, 0.5
g · kg�1 · day�1 for a CDAI score between 150 and

00, and 0.25 mg · kg�1 · day�1 for a CDAI score of
50).36 In the ECCDS,37 6-methylprednisolone was
iven initially and then there was a 6-week corticosteroid

apering regimen: 48 mg/day in week 1 tapered to 32 w
g/day in week 2, 24 mg/day in week 3, 20 mg/day in
eek 4, 16 mg/day in week 5, and finally 12 mg/day in
eek 6. In patients who received placebo after induction
f remission, about 35% remained in remission at 2
ears. In another study (the Groupe d’Etudes Therapeu-
iques des Affections Inflammatoires du Tube Digestif
GETAID] study),69 the initial dosage of corticosteroid
as prednisone 1 mg · kg�1 · day�1 for 3–7 weeks.
hose who responded clinically but did not have endo-

copic responses were randomized to receive either an-
ther 5 weeks of corticosteroid therapy or begin cortico-
teroid tapering immediately. Those who responded both
ndoscopically and clinically began corticosteroid taper-
ng immediately. The schedule for tapering of pred-
isone was to taper 10 mg every 10 days until a dosage
f 0.5 mg · kg�1 · day�1 and then by 5 mg every 10 days
hereafter until medication was discontinued. This taper-
ng regimen in a 70-kg patient would last about 16
eeks. All 3 groups that were evaluated had comparable

bility to maintain remission (rates of about 30%–40%
t 18-month follow-up). In a subsequent placebo-con-
rolled trial assessing the efficacy of mesalamine in the
aintenance of remission (GETAID study),70 the same

nduction regimen and corticosteroid-tapering regimen
ere used, and the remission rate at 1 year was 36% in

he placebo group. Thus, despite the wide variations in
hese corticosteroid-tapering regimens, none appear to
ave led to a more favorable long-term outcome com-
ared with placebo. In the case of corticosteroids, an
rgument may be made that endoscopic remission should
ot be the basis of tapering the dosage.
In a prospective, randomized, controlled corticoste-

oid-tapering study,71 patients with active CD were
tudied to assess whether the rate of corticosteroid taper-
ng influences the rate of relapse. The 2 groups of pa-
ients in the study initially received prednisolone 40
g/day intramuscularly (IM) for 3 weeks. In 1 group, the

orticosteroids were then tapered off in 1 week. In the
econd group, the dosage of prednisolone was tapered to
0 mg/day IM for 3 weeks, 20 mg/day IM for 3 weeks,
2 mg/day IM for 3 weeks, and finally 8 mg/day IM for
weeks. The relapse rates at 6 months were identical in

he 2 groups. Thus, the available evidence does not
ustify a protracted taper of conventional corticosteroids
n patients with IBD.

Finally, budesonide has been studied as an alternative
o conventional corticosteroids in patients who are cor-
icosteroid dependent. Cortot et al studied 120 patients
ho had failed to taper their dosage of prednisolone
ithout flaring after 2 attempts.72 The mean dosage of
rednisolone was 15–17 mg/day at study entry. Patients

ere randomized to receive placebo or budesonide 6
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able 4. Adverse Effects of Corticosteroids

Type of IBD n
Interventions

tested Time Overall AEs

Corticosteroid-related side effects

Overall Moon face Acne Hirsutism
Psychosis/mood

swings

D (ileocecal) 67 Bud 3 mg daily 8 wk 81% 15% Bud, 7%;
placebo, 2%
(P � .001)

ND ND NR
61 Bud 9 mg daily 90% 26%
64 Bud 15 mg daily 88% 38%
66 Placebo 76% (all NS) 26% (all NS

compared
with
placebo)

D (ileocecal) 80 Bud 9 mg daily 8 wk ND for overall AEs (93%, 91%,
94%, respectively) Early
termination due to AEs: Bud
9 mg daily, 6/80; Bud 4.5
mg BID, 8/79; placebo, 3/
41 (NS)

ND (specific
data not
provided)

NR NR NR NR

79 Bud 4.5 mg BID

41 Placebo

D (ileocecal) 91 Budesonide 9
mg daily

16 wk 63% SAEs, 13%; 72% SAEs,
25%a (P � .04)

NR NR NR NR NR

89 Mesalamine 2 g
BID

D (ileocecal) 88 Bud 9 mg daily 8 wk Bud, 29/88
(33%)

Bud, 15/88 Bud, 5/88 Bud, 2/88 NR

88 Pred 40 mg
daily then
tapered

Pred, 48/88
(55%) (P
� .003)

Pred, 31/88 Pred, 20/88 Pred, 2/88

D (ileocecal) 58 Bud 9 mg daily 8 wk Bud 9 mg, 78% Weight gain:
Bud 9 mg,
1 kg

Higher in Pred
group
(specific
numbers NR)

NR NR NR

61 Bud 4.5 mg BID Bud 4.5 mg BID, 90% Bud 4.5 mg
BID, 0

58 Pred 40 mg
daily then
tapered

Pred, 90% Pred, 2.1 kg
(P �

.0001)
D (ileocecal) 35 Bud 3 mg TID 8 wk Bud, 11/35 (31.4%) Bud, 10/35

(28.6%)
Bud, 5/35

(14%)
Bud, 5/35

(14%)
Bud, 5/35

(14%)
Bud, 7/35

(20%)
33 Pred 48 mg

daily then
tapered

Pred, 24/33 (72.7%) Pred, 23/33
(69.7%) (P
� .0015)

Pred, 16/33
(48%)
Dermatologic
side effects

Pred, 16/33
(48%)
Dermatologic
side effects

Pred, 16/33
(48%)
Dermatologic
side effects

Pred, 10/33
(30%)

D (ileocecal) 100 Bud 3 mg TID 8 wk ND Bud, 14% Bud, 16/100 Bud, 19/100 Bud, 2/100 Bud, 10/100
101 Prednisone 40

mg daily then
tapered

Prednisone,
30%
(P �

.006)

Prednisone,
33/101
(P � .05)

Prednisone,
29/101
(P � .05)

Prednisone,
8/101
(P � .05)

Prednisone,
16/101
(P � .05)

D (ileocecal) 427 Bud 9 mg/day 8 wk NR NR 11% 15% 5% NR
145 Pred 40 mg/day 37%a 23%a 3%
107 Placebo 4% 13% 2% (P � NS)

D (ileocecal) 138 Bud 6.8 mg/day
(mean)

2 y 96% (SAEs, 35%) 51% 9% 15% 7% 17%

134 Pred 14.9 mg/
day (mean)

98% (SAEs, 29%) 71%
(P �

.001)

33%a

(P � .0001)
26%a

(P � .026)
13% (NS) 25% (NS)

D (active) 85 Prednisone 0.5–
0.75 mg ·
kg�1 · day�1

17 wk Prednisone, 27/85 (32%) NR Prednisone,
47%

Prednisone,
30%

Prednisone, 7% Prednisone, 2%

77 Placebo Placebo, 5/77 (6%) Placebo, 3% Placebo, 7% Placebo, 1% Placebo
59 AZA 2.5 mg/kg AZA, 19/59 (32%) AZA, 3% AZA, 18% AZA, 0%
74 Sulfa 1 g/15 kg Sulfa, 10/74 (14%)

(moderate-severe AEs)
Sulfa, 8%

(P � .05 for
prednisone)

Sulfa, 8%
(P � .05 for
prednisone
or AZA)

Sulfa, 0%
(P � .05 for
prednisone)

D (maintenance) 89 Prednisone 0.25
mg · kg�1 ·
day�1

2 y Prednisone, 16/61 (26%) NR Prednisone,
25%

Prednisone,
19%

Prednisone, 8% Prednisone, 3%

121 Placebo Placebo, 8/101 (8%) Placebo, 3% Placebo, 21% Placebo, 1% Placebo, 0%
73 AZA 1 mg/kg AZA, 11/54 (20%) AZA, 2% AZA, 8% AZA, 0% AZA, 0%
77 Sulfa 0.5 g/15

kg
Sulfa, 7/58 (12%) (moderate-

severe AE’s)
Sulfa, 7%

(P � .05 for
prednisone)

Sulfa, 9%
(P � .05 for
sulfa/AZA
compared

Sulfa, 0%
(P � .05 for
prednisone)

Sulfa, 2%
(P � NS)
with placebo)
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Corticosteriod-related side effects

Adrenocortical axis Referencesypertension Cataracts Striae
Respiratory
infection/sepsis Ankle edema

Petechial
bleeding Easy bruising Buffalo hump

R NR NR ND ND NR NR ND Cosyntropin stimulation abnormal
in 50% of those treated with 9
mg/day compared with 19%
for placebo (P � .006)

Greenberg et
al, 199419

Cortisol levels decreased for 9-
mg dose and 15-mg dose; no
change for 3-mg dose and
placebo

R NR NR NR NR NR NR NR Normal adrenal function: Bud
(both), 53%; placebo, 83% (P
� .01)

Tremaine et al,
2002313

R NR NR NR NR NR NR NR Abnormal cosyntropin stimulation
in 10% of Bud-treated patients
and none of mesalamine-
treated patients (P � .02)

Thomsen et al,
199820

R NR Bud, 0/88 NR Bud, 2/88 NR Bud, 2/88 Bud, 1/88 Cortisol suppression greater with
Pred (wk 8) (P � .02)

Rutgeerts et
al, 199421

Pred, 0/88 Pred, 10/88 Pred, 6/88 Pred, 3/88

R NR NR NR NR NR NR NR Cortisol suppression greater with
Pred (P � .0035)

Campieri et al,
199723

R NR NR NR NR NR NR NR NR Gross et al,
199622

R NR Bud, 3/100
Prednisone,
2/101
(P � NS)

NR Bud, 6/100
Prednisone, 6/
101 (P � NS)

NR Bud, 0/100
Prednisone,
2/101
(P � NS)

Bud, 2/100
Prednisone,
10/101
(P � .05)

NR Bar-Meir et al,
199813

R NR 1% 11% 7% 15% 1% Entocort EC
package
insert314

0% 14% 9% 9% 3%
2% (P � NS) 7% 6% 11% 2%

R NR 1% NR 8% NR 12% 1% Abnormal cosyntropin stimulation
test results found in
corticosteroid-dependent
patients on Pred compared
with Bud (P � .038); ND
between Bud and Pred in
other groups

Schoon et al,
200580

3% (NS) 13% (NS) 23%a (P � .012) 2% (NS)

rednisone, 13% NR Prednisone,
6%

Prednisone, 27% NR Prednisone, 6% Prednisone, 17% NR NR Summers et al
(NCCDS),
197936,73

lacebo, 0% Placebo, 0% Placebo, 10% Placebo, 0% Placebo, 3%
ZA, 0% AZA, 0% AZA, 5% AZA, 0% AZA, 5%
ulfa, 3%

(P � .05 for
prednisone)

Sulfa, 3%
(P � .05
for
prednisone)

Sulfa, 10%
(P � .05 for
prednisone)

Sulfa, 3%
(P � .05 for
prednisone)

Sulfa, 5%
(P � .05 for
prednisone)

rednisone, 13% NR Prednisone,
7%

Prednisone, 8% NR Prednisone, 6% Prednisone, 16% NR NR Summers et al
(NCCDS),
197936,73

lacebo, 9% Placebo, 0% Placebo, 19% Placebo, 0% Placebo, 7%
ZA, 4% AZA, 2% AZA, 17% AZA, 0% AZA, 6%
ulfa, 3%

(P � NS)
Sulfa, 3%

(P � .05
for
prednisone)

Sulfa, 17%
(P � NS)

Sulfa, 3%
(P � NS)

Sulfa, 3%
(P � .05 for
prednisone)
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g/day, and then their dosage of prednisolone was ta-
ered by 5 mg/wk until 20 mg and then 2.5 mg/wk
ntil off the medication. Budesonide was superior to
lacebo in preventing a relapse. Patients taking budes-
nide had a 32% relapse rate at 13 weeks off corticoste-
oids, whereas 65% of patients who received placebo
xperienced a flare off corticosteroids (P � .001). A
apering range between 5 mg/wk and 10 mg every 10
ays, slower below 20 mg/day, seems reasonable based on
tudies and anecdotal experience.

Adverse effects and special precautions. The
eneficial effects of corticosteroids are counterbalanced
y side effects that are frequently seen with their pro-
onged use (Table 4). Approximately 50% of all patients
ho use corticosteroids will experience adverse events.73

arly adverse events include cosmetic side effects (such as
cne, moon facies, and edema), sleep and mood distur-
ance, glucose intolerance, and dyspepsia. Side effects
ssociated with prolonged use (usually �12 weeks of use
ut may occur in less time) include posterior sublenticu-
ar cataracts, osteoporosis and osteonecrosis of the femo-
al head, myopathy, and susceptibility to infections. In
articular, patients on corticosteroids before elective IBD
urgery have increased infectious complications com-
ared with patients on immunomodulators.74 Manage-
ent of osteoporosis in the setting of IBD is the subject

f another technical review.75 In the majority of studies,
here is an inverse relationship between use of cortico-
teroids and bone mineral density. Bone mineral density
esting is recommended for patients on corticosteroids

able 4. (continued)

Type of IBD n
Interventions

tested Time Overall AEs

Total (sum of
part
1/phase 2)
� part 2

D 113 Methylprednisolone
8 mg/day (from
48 mg/day)

2 y Patients withdrawing du
AEs:

117 Pred, 5/113
112 Sulfa 3 g/day Sulfa, 5/117
110 Methylprednisolone

� 3 g/day
Sulfasalazine

Combination, 6/112

Placebo 3/110
C N Corticotropin

(ACTH) 120 U/
day

10 days NR

66 Hydrocortisone 300
mg/day IV

OTE. Studies included provided toxicity data.

E, adverse event; Bud, budesonide; ND, no difference; NR, not reported; BID, twice daily;
Significant.
or �3 months. Other important risk factors include a n
revious fracture and being postmenopausal. The use of
isphosphonates has been evaluated in a limited fashion
n patients with CD and is effective in increasing bone
ineral density.76 Any patient with osteoporosis as de-

ned by a T score �2.5 SDs below normal should be
reated, and the most effective treatment is bisphospho-
ates. According to Bernstein et al, patients at low risk
or corticosteroid-related fractures, such as premeno-
ausal women and young men, do not need preventive
reatment unless annual bone mineral density testing
hows rapid bone loss.75 Postmenopausal women or pa-
ients with previous fractures who are initiating or have
een on corticosteroids for �3 months should take pro-
hylactic bisphosphonate therapy. Both alendronate and
isedronate are available in once-weekly preparations.
ormone replacement has been shown to be beneficial

or prevention of bone loss,77 but its use is controversial
iven the adverse events associated with hormone re-
lacement therapy in postmenopausal women. Daily cal-
ium (approximately 1200–1500 mg/day) and vitamin

(400–800 IU/day) should also be prescribed to pa-
ients with IBD receiving corticosteroid therapy. Osteo-
ecrosis has been reported in patients with CD before
nitiation of corticosteroid therapy.78 A recent study
uggests that susceptibility to osteonecrosis is associated
ith carriage of a mutation in type II collagen.79 There

re also adverse events that occur with withdrawal of
rednisone, including acute adrenal insufficiency (subse-
uent to sudden cessation of prednisone); a syndrome of
yalgias, malaise, and arthralgias; or increased intracra-

Corticosteroid-related side effects

Overall Moon face Acne Hirsutism
Psychosis/

mood swings

NR Higher in Pred; incidence
1.9–2.5 per 100
patient months vs
0.49 for placebo

ND ND ND

Similar in both groups
(specifics not
provided)

NR NR NR NR

rednisolone; SAE, serious adverse event; TID, 3 times daily; Sulfa, sulfasalazine.
e to
ial pressure.
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In studies comparing budesonide with prednisolone
or the treatment of patients with ileocecal CD, budes-
nide is associated with fewer adverse events.21 Indeed,
n short-term studies, budesonide is similar to placebo in
ts side effect profile.19 The most compelling safety data
elated to budesonide were shown in the European Ma-
rix study, in which adverse effects and bone mineral
ensity data were collected prospectively over 2 years in
atients on maintenance budesonide 0–9 mg/day com-
ared with prednisolone (Table 5).80 Budesonide was not
ssociated with a significant decrease in bone mineral
ensity compared with baseline measurements. Patients
ho were corticosteroid naive at the time of entry had

he largest decrease in bone mineral density when on
rednisolone; significantly less bone loss occurred with
udesonide (mean, �3.84% vs �1.04%, respectively; P

.0084). Based on these 2-year data, budesonide seems
o be relatively safe for a select group of patients with
leocecal CD.

Any patient on long-term corticosteroid therapy is at
isk for adrenal insufficiency when corticosteroids are
apered or discontinued. In particular, patients who have
een receiving more than 30 mg/day of hydrocortisone or
.5 mg/day of prednisolone for more than 3 weeks are
usceptible to adrenal insufficiency, especially during a
eriod of stress such as surgery.81 Signs of adrenal insuf-
ciency include postural hypotension, nausea and vom-
ting, hyperkalemia, and hyponatremia. Cosyntropin
timulation tests are indicated for evaluation of these
atients. Hydrocortisone replacement therapy is usually

Corticosteriod-related side effects

ypertension Cataracts Striae
Respiratory
infection/sepsis Ankle edema

Pete
bleed

D ND ND 3 patients died
of septic
complications
in Pred group

ND

R NR NR NR ND
ndicated in this situation because it provides mineralo-
orticoid activity to replace the aldosterone-related func-
ions of the adrenals.

Recommendations for corticosteroid use. Mild
o moderate IBD.

● Ileal-release preparations of budesonide (Entocort)
are indicated for the treatment of patients with ileal
and right-sided colonic CD. Ileal-release prepara-
tions of budesonide are not effective in patients with
UC. (Grade A)

● The use of conventional corticosteroids such as
prednisone is generally reserved for patients with
moderate to severe disease who failed to respond to
first-line therapies for IBD such as mesalamine (UC)
or budesonide (CD). (Grade B)

● Topical therapy with either hydrocortisone (Grade
A) or budesonide (Grade B) is effective for distal
colonic inflammation.

Moderate to severe IBD.

● Corticosteroids such as prednisone are effective in
both patients with CD and patients with UC.
(Grade A)

● Corticosteroids are not effective for the treatment of
patients with perianal fistulas. (Grade C)

Severe and fulminant IBD.

● Hospitalization for parenteral corticosteroids is in-

Adrenocortical axis ReferencesEasy bruising
Buffalo
hump

NR NR NR Malchow et al,
1984
(ECCDS)37

NR NR Similar serum corticosteroid
levels

Meyers et al,
198348
chial
ing

NR

NR
dicated for patients failing to respond to oral corti-
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costeroids or for patients with severe disease with
UC (Grade A) or CD (Grade B).

Maintenance therapy.

● Conventional corticosteroids are not efficacious in
maintenance treatment of patients with CD (Grade
A) or patients with UC (Grade B).

● Budesonide therapy is effective in the maintenance
of short-term (3 months) but not long-term (1 year)
remission compared with placebo in patients with
mild to moderate ileocecal CD. (Grade A)

Dosing and tapering for IBD.

● Dosages in the range of 40–60 mg/day or 1
mg · kg�1 · day�1 of prednisone or equivalent are
effective for induction of remission. (Grade A)

● Induction of response averages 7–14 days. A grad-
ual taper by 5 mg/wk of prednisone (or equivalent
corticosteroid) to a dose of 20 mg and then 2.5–5
mg/wk below 20 mg is recommended. (Grade B)

● Budesonide may be tapered gradually from the ini-
tial induction dose of 9 mg to doses of 6 mg and
subsequently 3 mg. Budesonide does suppress the
adrenocortical axis; clinicians should evaluate for
adrenal insufficiency as warranted by clinical symp-
toms. (Grade C)

● An inability to taper corticosteroids is an indication
for antimetabolite and/or infliximab therapy (see
following text). (Grade A)

● For patients failing to respond to 7–14 days of
high-dose oral prednisone or equivalent corticoste-
roid therapy, parenteral corticosteroids are indi-

able 5. Changes in Bone Mineral Density in Budesonide-Tre

Patient characteristic

Change in bone min
at the end of

(mean % ch

orticosteroid naive (n � 98) Budesonide, �
Prednisolone,
(P � .0084)

orticosteroid exposed in the past (n � 83) Budesonide, �
Prednisolone,
(P � .11)

orticosteroid dependent (n � 90) Budesonide, 0
Prednisolone,
(P � .76)

OTE. Patients who were corticosteroid free at the beginning of the stu
atients who were corticosteroid dependent were randomized to co
g/day. Tapering was accomplished by lowering the dosage of predn
osage increased for return of symptoms. The mean dosage of bude
g/day.
cated. (Grade C) r
● Dosages for parenteral corticosteroids typically are
in the range of methylprednisolone 40–60 mg/day
or hydrocortisone 200–300 mg/day. (Grade A)

Monitoring for complications.

● Periodic bone mineral density assessment is recom-
mended for patients on long-term corticosteroid
therapy (�3 months).75 (Grade A)

● Annual ophthalmologic examinations are recom-
mended for patients on long-term corticosteroid
therapy. (Grade C)

● Patients with corticosteroid use within the past year
are at greater risk for adrenal insufficiency, espe-
cially following surgery, and may need stress-dose
corticosteroids perioperatively. (Grade C)

● Patients should be monitored for glucose intoler-
ance and other metabolic abnormalities. (Grade B)

● Patients being treated with corticosteroids are at
increased risk for infectious complications. (Grade
B)

AZA and 6-MP

AZA and 6-MP are related immunomodulators
hat are perceived to act through metabolites, 6-thiogua-
ine nucleotides (6-TGN), by mechanisms that remain
nclear. Their onset of full activity is slow and may take
months. These drugs are members of the thiopurine

lass of medications and are commonly used to treat
atients with CD and UC who are corticosteroid depen-
ent in an attempt to withdraw corticosteroids and
aintain patients in remission off corticosteroids.

Pharmacology. 6-MP and the nitroimidazole de-

Versus Prednisolone-Treated Patients With CD80

density
rs

New fractures

4
Overall: 1 new in prednisolone

1 worsened in patient treated with budesonide

5

ere randomized to prednisolone 40 mg/day or budesonide 9 mg/day.
e their current dosage of prednisolone or switch to budesonide 9
ne by 5 mg/wk. Treatment with corticosteroids was reinitiated or the
e was 6.8 mg/day, and the mean dosage of prednisolone was 14.9
ated

eral
2 yea
ange)

1.04
�3.8

1.66
�0.1

.17
0.49

dy w
ntinu
isolo
sonid
ivative of 6-MP, AZA (its prodrug), are thiopurine
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nalogues. AZA is metabolized to 6-MP. 6-MP is me-
abolized to 6-thioisonine 5=-monophosphate by the en-
yme hypoxanthine phosphoribosyl transferase. 6-Thioi-
onine 5=-monophosphate is eventually metabolized to
-TGN, the active metabolites causing inhibition of
NA and RNA synthesis and likely T-cell apoptosis

Figure 1).82 6-MP is also metabolized to 6-methylmer-
aptopurine (6-MMP) by the enzyme thiopurine meth-
ltransferase (TPMT) and 6-thiouric acid by the enzyme
anthine oxidase. Both 6-thiouric acid and 6-MMP are
nactive metabolites of 6-MP. The 3 enzymes metabo-
izing 6-MP are in constant competition for substrate,
nd the concentration of the metabolites of 6-MP is
ased on the concentrations of these enzymes. A total of
4% of 6-MP is quickly metabolized by xanthine oxidase
ound in high concentrations in enterocytes and hepato-
ytes, leaving only 16% left to be catabolized by TPMT

igure 1. Pathway involved with
ZA and 6-MP metabolism. HG-
RT, hypoxanthine guanine
hosphoribosyl transferase; IM-
DH, inosine monophosphate
ehydrogenase; XO, xanthine
xidase; GMPS, guanine mono-
hosphate synthetase; MPK,
onophosphate kinase; DPK,
iphosphate kinase.
nd hypoxanthine phosphoribosyl transferase.83 6
Some,84,85 but not all,86,87 recent retrospective studies
ave suggested that measurement of AZA and 6-MP
etabolites may be useful in dose adjustments. It has

een suggested that serum 6-TGN levels of greater than
35 pmol/8 � 108 erythrocytes may be associated with
greater response rate than in patients with lower

-TGN levels. The positive and negative predictive val-
es can vary substantially, with positive predictive values
anging from 17% to 86% and negative predictive values
anging from 35% to 100%.88 Some investigators have
lso suggested that hepatotoxicity may correlate with the
levated levels of 6-MMP.84 However, hepatotoxicity has
ot been demonstrated in patients with normal liver-
ssociated chemistries and elevated 6-MMP levels; hence,
ontinued therapy with AZA/6-MP is advocated in these
ircumstances. Additionally, a recent retrospective
tudy89 suggested that a small subset of patients with

-TGN levels of less than 235 pmol/8 � 108 erythro-
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ytes may remain refractory to increasing doses of 6-MP/
ZA because they may preferentially metabolize 6-MP/
ZA to 6-MMP and maintain low 6-TGN levels.89

iven the conflicting data, the retrospective nature of
hese studies, and the limited positive and negative
redictive values for these particular uses, the utility of
hese tests needs prospective controlled evaluation before
heir routine use can be recommended. The utility of
hese metabolite markers, however, can assist an individ-
al in determining whether a patient is noncompliant
ith their immunomodulator therapy.
6-MP and its prodrug AZA are both metabolized by

PMT, an enzyme that exhibits variation as a result of a
enetic polymorphism of its alleles. This enzyme can
ow be measured by commercial laboratories. Approxi-
ately 0.3% of the general population has low to absent

nzyme activity, 11% has intermediate levels, and 89%
as normal to high levels of activity.90 However, only
bout one fourth of cases of leukopenia in practice are
ssociated with the presence of one of these genetic
olymorphisms.91 Prospective studies evaluating dose
ptimization based on measurements of TPMT, 6-TGN,
r 6-MP levels to monitor clinical response are still
acking. It remains uncertain whether this strategy pro-
ides substantial incremental benefit to the traditional
outine of monitoring complete blood count, liver-asso-
iated laboratory chemistries, and clinical response. De-
pite the lack of such data, routine use of TPMT geno-
ype or enzyme activity is currently recommended by the
ood and Drug Administration (FDA) before initiation
f therapy with either AZA or 6-MP.92

Drug interactions and toxicity. The major concern
n the short-term side effects of 6-MP and AZA is bone
arrow suppression, occurring in 2%–5% of patients

reated with these agents.93,94 This effect is dose related
nd is managed with dose reduction or withdrawal of the
rug. Leukopenia is the most common presentation of
his hematologic effect. In a study of 739 patients treated
ith AZA for IBD,93 leukopenia (defined as a white
lood cell count �3.0 � 109/L) occurred in 28 patients
3.8%), while thrombocytopenia (defined as a platelet
ount �100,000 � 106/L) occurred in 15 patients. Nine
atients developed isolated thrombocytopenia without
eukopenia, and 3 developed pancytopenia. In that study,
yelotoxicity from AZA developed at any time during

reatment, ranging from 2 weeks to 11 years after start-
ng the medications. Routine monitoring of blood count
s recommended. Some recommend obtaining a complete
lood count weekly for 4 weeks, biweekly for 4 weeks,
nd then every 1–2 months for the duration a patient is

reated with AZA or 6-MP.95 The frequency that mon- w
toring needs to be performed has not been formally
ested.

Pancreatitis has been reported to occur in 1.3%–3.3%
f patients treated with AZA or 6-MP for IBD.94,96 The
ffect is dose independent and typically occurs within the
rst 3–4 weeks of initiating therapy. The pancreatitis
sually resolves when the drug is discontinued; persis-
ent pancreatitis justifies an evaluation for another etiol-
gy. Recurrent pancreatitis almost universally develops
pon rechallenge with either drug. Other gastrointesti-
al-related side effects, including nausea, vomiting, and
bdominal pain, are common but usually mild. They
ften occur early and improve with dose reduction or
ver time. Nonspecific reactions, including fever, rash,
nd arthralgia, are usually dose independent and respond
o withdrawal of the drug.94,97 Recurrence of similar
eactions often occurs with rechallenge to the same med-
cation. However, there may be individuals who develop
llergic reactions with 6-MP and are able to tolerate
ubsequent administration with AZA98 and vice versa.99

iver disease has also been implicated to result from
herapy with AZA or 6-MP. Hepatotoxicity is a rare
omplication, and the exact type of hepatic injury is
nknown. Possibilities include drug-induced hepatitis,
holestasis, nodular regenerative hyperplasia, and
eliosis.97

Various infectious complications have been reported,
ncluding disseminated cytomegalovirus infection, liver
bscess, pneumonia, Listeria cerebritis, herpes zoster, sep-
ic phlebitis with arthritis, viral hepatitis, Q fever, and
ytomegalovirus colitis.94,100–102 Many of these occurred
n the absence of leukopenia. It has yet to be analyzed in
prospective randomized fashion if the presence of leu-
openia leads to a higher rate of infectious complications.
recent study, however, was performed suggesting that

reoperative use of AZA or 6-MP for elective bowel
urgery in itself is not associated with a significant
ncrease in postoperative infectious complications; rather,
t is when this is combined with corticosteroids that this
isk is augmented substantially.74

Combining studies of nearly 1000 patients, the overall
ncidence of adverse events reported was 15%, and 10%
f patients experienced significant adverse events requir-
ng withdrawal from the studies (Table 6). There was,
owever, only 1 report of death directly attributable to
-MP therapy. In the meta-analysis of Pearson et al,103

he pooled OR for experiencing an adverse event requir-
ng withdrawal of AZA or 6-MP therapy was 5.26
confidence interval [CI], 2.20–12.60) compared with
lacebo.
Several categories of drugs have been shown to interact
ith 6-MP and AZA metabolism and include medica-
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ions that have 5-aminosalicylates as the active moiety
sulfasalazine, mesalamine, olsalazine, and balsalazide),
llopurinol, aspirin, and furosemide. In a study by Lowry
t al, red blood cell 6-TGN levels were slightly higher
ut not statistically significant in subjects taking me-
alamine, sulfasalazine, or olsalazine concurrently com-

able 6. Short-term Adverse Events Reported in Controlled a

References
Allergic

reactions
Bone marrow
suppression Pancreatitis Hepa

ontrolled studies
with AZA

Willoughby et al,
1971120

0 0 0

Rhodes et al,
1971119

1 0 0

Klein et al,
1974121

2 0 0

Mantzaris et al,
2004132

5 (5 rash) 6 (6 leukopenia) 1

Rosenberg et al,
1975138

0 0 0

O’Donoghue et
al, 1978139

0 1 (pancytopenia) 0

Summers et al,
197936

1 2 (2 leukopenia) 3

Ewe et al,
1993123

0 0 0

Candy et al,
1995124

0 0 0

Jewell and
Truelove,
1974127

1 1 (leukopenia) 0

Rosenberg et al,
1975128

0 0 0

Caprilli et al,
1975130

0 1 (leukopenia) 0

Kirk and
Lennard-Jones,
1982129

0 0 0

Hawthorne et al,
1992126

0 2 (1 leukopenia, 1
thrombocytopenia)

0

ontrolled studies
with 6-MP

Present et al,
1980122

2 2 (2 leukopenia) 1

Hanauer et al,
2004146

0 2 (2 leukopenia) 0

Markowitz et al,
2000137

0 6 (6 leukopenia) 0

Oren et al,
1997125

0 1 leukopenia and
stomatitis

0

ncontrolled study,
6-MP

Present et al,
198994

8 8 13

ncontrolled study,
AZA or 6-MP

Bouhnik et al,
1996315

0 24 (22 leukopenia,
2
thrombocytopenia)

0

otal no. 18 56 18 1

One death from sepsis in the setting of pancytopenia.
Only 1 diffuse histiocytic lymphoma of brain may be associated with 6-MP.
Two skin cancer, 1 renal cell adenocarcinoma, 1 brain lymphoma.
ared with subjects not taking these medications (182 vs m
53 pmol/8 � 108, respectively; P � .10).104 The path-
ay of the drug interaction between 6-MP/AZA and
-aminosalicylates is believed to be by inhibition of the
PMT enzyme.103–107 Allopurinol inhibits xanthine ox-

dase, leading to 6-MP/AZA toxicity.104 Subjects on
hese medications should be more carefully monitored for

arge Uncontrolled Studies

Infections

Gastrointestinal
symptoms not

due to
pancreatitis

(nausea,
abdominal
discomfort,
diarrhea)

Others/not
specified Malignancy

Total
no.

0 0 0 0 0

0 0 0 0 1

0 0 0 0 2

26 respiratory
1 urinary
3 other

4 diarrhea
2 abdominal pain

1 paresthesia
17 minor
events

0 63

0 1 0 0 1

0 0 0 0 1a

0 1 4 0 11

0 1 0 0 1

0 0 0 0 0

0 1 0 0 3

0 0 0 0 0

0 0 3 0 4

0 7 0 0 7

0 0 0 0 2

1 1 3 0 10

0 2 diarrhea
1 flatus
1 gastrointestinal
bleed

2 alopecia
1 phlebitis

0 9

0 0 0 0 10

0 0 0 0 1

29 1 0 12b 60

4 0 0 4c 26

60 21 21 16 212
nd L

titis

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

4

0

1

4

4

yelosuppression.
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Despite the growing evidence of the safety of these
mmunomodulators for patients with IBD, fear of devel-
ping lymphoma remains one of the most common con-
erns among both patients and physicians in deciding
hether or not to use these medications.108 Recently, a
ecision analysis using a Markov model109 to determine
he impact of AZA therapy on survival and quality-
djusted life expectancy was published. In the model,
reatment with AZA of patients with CD with a corti-
osteroid-induced remission resulted in an average in-
rease in life expectancy of 0.04 years and 0.05 quality-
djusted years. This is comparable to use of the measles
r hepatitis B vaccines and the use of ticlopidine in
atients at high risk for stroke. Furthermore, the study
lso showed that this incremental gain in life expectancy
ecreased with increasing patient age and increasing risk
f lymphoma, thus conferring the greatest increase with
herapy in young patients who have the lowest baseline
isk of lymphoma and the greatest life expectancy. Re-
ently, a meta-analysis of 6 studies revealed an increased
isk of lymphoma in patients with IBD treated with
-MP or AZA. They observed 11 lymphomas versus an
xpected number of 2.71 and concluded that 6-MP/AZA
se was associated with a 4-fold increase in the incidence
f lymphoma in patients with IBD.110

Dosing, onset of action, and duration of therapy.
ased on the reported clinical trials, the most effective doses
ppear to be AZA 2.0–3.0 mg/kg and 6-MP 1.0–1.5
g/kg, although there has not yet been a head-to-head

omparison at various dose levels or a comparative trial
valuating the efficacy of 6-MP versus AZA in patients with
BD. In addition, it has not yet been well determined how
est to start therapy: dose escalating to the weight-based
ose versus starting immediately at the weight-calculated
ose. If a dose-escalating method is chosen, AZA may be
tarted at 50 mg daily and the dose increased by 25 mg
very 1–2 weeks to a target dose of 2.0–3.0 mg/kg along
ith monitoring for leukopenia and other potential adverse

vents. A similar approach can be assumed with use of
-MP. If a dose-escalating method is chosen, 6-MP may be
tarted at 50 mg daily and the dose increased by 25 mg
very 1–2 weeks to a target dose of 1.0–1.5 mg/kg along
ith similar monitoring for leukopenia and other potential

dverse events. If starting immediately at the weight-cal-
ulated dose (AZA 2.0–3.0 mg · kg�1 · day�1 and 6-MP
.0–1.5 mg · kg�1 · day�1), it has been recommended by
ome investigators to assess for TPMT genotype or pheno-
ype, although this approach has not been studied in a
omparative fashion with the approach of a gradual escala-
ion of dose. It has recently been shown to be cost-effective
o measure TPMT enzyme activity before initiation of ther-

py with AZA or 6-MP.111 It is advised that subjects who s
re heterozygous for the TPMT mutation or intermediate
nzyme activity should start 6-MP and AZA at a reduced
ose, although their risk of myelosuppression is not clearly
ncreased when compared with those with normal TPMT
nzyme activity.82 Some studies suggest that individuals
ith intermediate enzyme activity (or individuals who are
eterozygous for TPMT) are more likely to have either a
igher probability of developing leukopenia or a shorter
ime to onset of leukopenia,112 whereas others have not
uggested similar findings.84,86,91,113–115

Until more studies are performed, formal evidence-
ased recommendations to vary treatment (eg, maximal
ose used or rapidity of achieving maximal dose) based
n whether an individual has the wild type (full TPMT
nzyme activity) or intermediate TPMT enzyme activity
annot be formally established.

Thus, TPMT phenotype should be assessed before
nitiation of therapy with AZA or 6-MP in an effort to
etect individuals who have low enzyme activity (those
ho are homozygous deficient in TPMT) in an effort to

vert adverse events. At present, there is insufficient
vidence to recommend changing the dose for those who
re heterozygous for TPMT (those with intermediate
nzyme activity).82 It is recommended that subjects who
re homozygous for the TPMT mutation should be
laced on other forms of therapy due to the high risk of
yelosuppression. A recent case series suggests that it
ay be possible to safely use AZA or 6-MP in this

ituation.116 In this study, patients with IBD receiving
ZA with myelosuppression who were homozygous for

he TPMT mutation also had 6-TGN levels measured.
he dose of AZA was titrated down until the 6-TGN

evel was reduced and leukopenia ceased. If treatment
ith AZA or 6-MP is continued in this situation, a
ighly vigilant approach should be taken.
AZA and 6-MP have a significantly delayed onset of

ction. Several studies have shown clinical benefit begins
o occur after 2–3 months of treatment.117 The best
pproach if rapid clinical response is needed is to start on
nother form of therapy such as corticosteroids until the
eriod of clinical onset of AZA or 6-MP has had adequate
ime to begin.

Treatment of active disease. Active CD. Brooke
t al in 1969118 first reported successful treatment with
ZA in 6 patients with CD previously refractory to

tandard therapy. Since then, there have been many
eports in the literature using these agents in patients
ith CD. There have been 8 randomized controlled trials

valuating the utility of 6-MP or AZA in patients with
ctive CD36,119–125 (Table 7). Two of the 8 studies

howed a significant response compared with placebo.



Table 7. Results of Controlled Trials of AZA/6-MP for CD

References Indication for treatment
Total no. of

patients Drug dose
Concurrent corticosteroid

therapy
Treatment
duration

Response in treatment
group (%)

Response in placebo
group (%)

Response
(P value)

Induction therapy
Willoughby120 Disease exacerbation; none on steroid 12 Azathioprine 2.0a All received steroid 6 mo 100 17 NR
Rhodes119 Active disease; fistulous disease; 2 on

steroid, 3 on sulfasalazine
16 Azathioprine 2.0b Pre-study steroid or

sulfasalazine continued;
steroid added to therapy in 1
patient

2 mo 0 0 NS

Klein121 Active disease refractory to other
medical therapy; fistula; unknown
steroid use

26 Azathioprine 3.0 Concurrent steroid use at
discretion of treating
physician

4 mo 46 46 NS

Ewe et al, 1993123 Active disease, CDAI score �150 42 AZA 2.5 mg · kg�1 · day�1 All received corticosteroid taper 4 mo 76 38 .03
Candy et al,

1995124

Part I: active disease, CDAI score
�200

63 AZA 2.5 mg · kg�1 · day�1 All received corticosteroid taper 3 mo 76 67 .6

Oren et al,
1997125

Chronic active disease,
Harvey–Bradshaw index �7; 57
patients on mesalamine, 65 on
corticosteroid

84c 6-MP 50 mg/day Continued at discretion of
treating physician

9 mo 41 46 NSd

Summers et al,
197936

Part I, phase 1: active disease, CDAI
score 150–450; none on
corticosteroid

136 AZA 2.5 mg · kg�1 · day�1 None 17 wk 36 26 .25

Present et al,
1980122

Chronic active disease; fistulous
disease; 53 patients on
corticosteroid, 39 on sulfasalazine

72 6-MP 1.5 mg · kg�1 ·
day�1

Adjusted at the discretion of
treating physician

12 mo 72 14 �.001

Maintenance therapy
Willoughby et al,

1971120

Stable symptoms, all corticosteroid
dependent

10 AZA 2.0 mg · kg�1 · day�1 Corticosteroid taper after 4 wk
of treatment

6 mo 80 40 NR

Rosenberg et al,
1975138

Stable disease; all corticosteroid
dependent

20 AZA 2.0 mg · kg�1 · day�1 Corticosteroid taper 6 mo 70 40 �.05

O’Donoghue et al,
1978139

Remission; 15 patients on
corticosteroid, sulfasalazine, or both

51 AZA 2.0 mg · kg�1 · day�1 Corticosteroid/sulfasalazine
continued at prestudy dose

12 mo 54 30 �.05

Summers et al,
197936

Part I, phase 2: remission from phase
1, CDAI score �150

39 AZA 2.5 mg · kg�1 · day�1 NR 35 wk 84 75 NS

Part II: remission CDAI score �150 155 AZA 1.0 mg · kg�1 · day�1 NR 52 wk 69 64 .53
Candy et al,

1995124

Part II: remission from Part I, CDAI
score �150

45 AZA 2.5 mg · kg�1 · day�1 NR 12 mo 56 10 NR

Hanauer et al,
2004146

Postoperative maintenance 47 6-MP, 40
placebo, 44
mesalamine

6-MP 50 mg daily No corticosteroids 24 mo Clinical recurrence, 6-MP,
50% at 2 y;
endoscopic
recurrence, 43% at 2 y

Clinical recurrence, 77%
at 2 y; endoscopic
recurrence, 64% at 2 y

6-MP vs placebo:
clinical and
endoscopic
recurrence at
2 y (P � .05)

Markowitz et al,
2000137

Maintenance of remission 55 total
children:
27 6-MP,
28 controls

6-MP 1.5 mg · kg�1 ·
day�1

All given corticosteroids with a
taper

18 mo 89% initial remission,
then 18 mo later 9%
of these experienced
a relapse

89% initial remission,
then 18 mo later 47%
of these experienced
a relapse

.007

Modified and reproduced with permission from Su C, Stein R, Lewis JD, Lichtenstein GR. Azathioprine or 6-mercaptopurine for inflammatory bowel disease: do risks outweigh benefits? Dig Liver Dis 2000;32:518–531.

NR, not reported.
aAZA 4.0 mg · kg�1 · day�1 for 10 days for acute exacerbation.
bAZA 4.0 mg · kg�1 · day�1 for 10 days then 2.0 mg · kg�1 · day�1 for 6.5 weeks.
cThree-arm study comparing 6-MP, methotrexate, and placebo.
dNS compared with both placebo and methotrexate.
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Table 8. Results of Controlled Trials of AZA/6-MP for UC

References Indication for treatment
Total no. of

patients Drug dose
Concurrent corticosteroid

therapy
Treatment
duration

Response in
treatment group

(%)

Response in
placebo group

(%)
Response
(P value)

Induction therapy
Ardizzone et al,

2001131
Corticosteroid-dependent

active disease
52 (27 AZA, 25

mesalamine)
AZA 2.0 mg/kg

daily
(compared
with
mesalamine
3.2 g/day)

Required �10 mg of
prednisone for prior 6
months; with 2 attempted
tapers; all placed on
prednisolone 40 mg daily

6 mo Clinical and
endoscopic
remission and
corticosteroid
withdrawal:
58

Clinical and
endoscopic
remission
and
corticosteroid
withdrawal:
26

.042

Jewell and
Truelove,
1974127

Active disease 80 AZA 2.5 mg ·
kg�1 · day�1

All receiving corticosteroid 1 mo 78 68 NS

Caprilli et al,
1975130

Acute disease 20 AZA 2.5 mg ·
kg�1 · day�1

None 3 mo 60 80a NS

Kirk and Lennard–
Jones, 1982129

Chronic active disease;
unknown
corticosteroid use

44 AZA 2.0–2.5
mg · kg�1 ·
day�1

Concurrent therapy at
discretion of treating
physician

6 mo NR NR �.001

Maintenance therapy
Jewell and

Truelove,
1974127

Remission 80 AZA 1.5–2.5
mg · kg�1 ·
day�1

NR 11 mo 40 23 .18

Rosenberg et al,
1975128

Chronic UC, all
corticosteroid
dependent

30 AZA 1.5 mg ·
kg�1 · day�1

Corticosteroid dose adjusted
at the discretion of an
independent physician

6 mo NR NR �.05

Hawthorne et al,
1992126

Group I: remission; none
on corticosteroid,
55 patients on
mesalamine

67 AZA 100 mg/
day (mean)

Concurrent therapy continued
at discretion of treating
physician

12 mo 64 41 .04

Group II: chronic stable
low-grade disease or
corticosteroid-
dependent disease;
6 patients on
corticosteroid,
11 on mesalamine

12 AZA 100 mg/
day (mean)

Concurrent therapy continued
at discretion of treating
physician

12 mo 29 60 NS

Mantzaris et al,
2004132

Remission maintenance
in corticosteroid-
dependent UC

70 total
patients: 34
AZA, 36 AZA/
olsalazine

AZA 2.2 mg/kg
daily

All on corticosteroids 2 y 18% relapse
after 2 y in
AZA �
olsalazine
group

19% relapse
after 2 y in
AZA alone
group

NS

Sood et al,
2000133

Remission maintenance
in severely active UC

83 AZA 2.0 mg/kg
daily

All on corticosteroids
(prednisone at 1 mg/kg)
and sulfasalazine 6–8 g/day

1 y NR NR NS

NR, not reported.
aTreated with sulfasalazine, not placebo.
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Active UC. The data on the utility of AZA or
-MP therapy for UC is less clear than that for CD. To
ate, there have been 8 controlled trials evaluating the
ffectiveness of AZA for the treatment of active UC126–133

Table 8). Optimal dosing for the treatment of UC has
ot been determined. The studies thus far evaluating
atient response to treatment with AZA have ranged in
ose from 1.5 to 2.5 mg/kg. The heterogeneity in trial
esign in particular focusing on dosing and end point
achieving remission vs achieving corticosteroid with-
rawal) has made it difficult to adequately interpret the
vailable data. In addition, the use of pharmacogenomics
as not been adequately applied to UC. Future prospec-
ive studies with measurement of dose optimization
ased on clinical efficacy and remission compared with
easurements of TPMT, 6-TGN, and 6-MMP levels are

till needed to better define appropriate treatment algo-
ithms and doses in patients with UC. These particular
tudies can also assess the level (if any is present) of
ncremental benefit to the traditional routine of moni-
oring complete blood count, liver-associated laboratory
hemistries, and clinical response. Given the aforemen-
ioned inadequacies, it seems prudent to treat patients
ith a dosage of AZA up to 3.0 mg/kg daily.
No controlled trial of 6-MP for UC has been per-

ormed, and no study has been performed that compared
he efficacy of 6-MP with AZA in patients with UC.
espite the widespread acceptance of AZA/6-MP for the

reatment of patients with UC, especially those with
orticosteroid-dependent disease, there remains limited
vidence-based data to support their overall efficacy in
his disorder or to delineate a dose-response effect in UC.
dditionally, as in the case with CD, studies using AZA

or inducing remission of UC reported conflicting results
nd were less convincing than that for maintaining re-
ission. The clinical trials evaluating AZA in the early

970s provided equivocal results regarding the efficacy of
ZA in patients with UC; however, corticosteroid-spar-

ng effects were suggested.126,128,129,131,132 Two early
ouble-blind, randomized, placebo-controlled trials eval-
ating AZA as an induction therapy for the treatment of
atients with active UC reported conflicting re-
ults.127,130 The first study of 1-month duration failed to
how the benefit of AZA therapy for inducing remission
ompared with placebo.127 In the second study of
-month duration, AZA 2.5 mg · kg�1 · day�1 was
hown to be modestly beneficial in the treatment of
aintenance of remission and corticosteroid sparing for
C; maintenance efficacy was believed to be no better

han that of sulfasalazine in this study.130

Two randomized controlled studies have shown no

enefit of AZA (2.5 mg · kg�1 · day�1) for the treatment u
f patients with active UC, whereas 1 study showed more
ignificant decreased disease activity compared with pla-
ebo (P � .001). An early study with AZA (1.5–2.5
g · kg�1 · day�1) failed to show an effect of AZA in

reventing relapse at 12 months of treatment.127 In 1
ontrolled trial assessing the efficacy of AZA for main-
enance therapy, patients with UC who had achieved
emission for at least 2 months on a median of 100
g/day of AZA were randomized to receive continued

ctive therapy versus placebo.126 Those who continued
reatment with AZA had a 1-year relapse rate of 36%,
ompared with 59% in those converted to placebo (P �
04), suggesting continued efficacy of AZA as mainte-
ance therapy for UC in patients who have already shown
response to the drug. A therapeutic efficacy for pre-

enting relapse was also reported in several series of
atients in remission induced by IV cyclosporine for
orticosteroid-refractory severe UC and who were main-
ained on AZA (2.0–2.5 mg · kg�1 · day�1).134–136

Corticosteroid-refractory and corticosteroid-de-
endent CD. Controlled and uncontrolled trials of AZA
n dosages up to 1.5–2.5 mg · kg�1 · day�1 have shown
ts effectiveness in patients with CD who do not respond
o or cannot be weaned from corticosteroids.120–124 Un-
ontrolled series have also demonstrated its value in
chieving remission in patients who are refractory to
igh doses of oral corticosteroids.

Corticosteroid-sparing effect in UC. There have
een several studies showing a significant corticosteroid-
paring response with a dosage of AZA ranging from 1.5
g to 2.5 mg · kg�1 · day�1 for 6 months, although the

ffect seems to wane with longer follow-up.128,129,131

Maintenance of quiescent CD. There have been 7
andomized controlled trials evaluating the effectiveness
f 6-MP or AZA in patients with quiescent
D.120,123,124,137–139 (Table 7). In 3 of the studies, pa-

ients were corticosteroid dependent or had a corticoste-
oid-induced remission. All 3 studies showed significant
aintenance of remission compared with the placebo

roup. There were 4 studies in a cohort of patients with
ZA-induced remission, with 2 studies showing signif-

cant response compared with placebo. Even the studies
ot showing a significant difference compared with pla-
ebo still had a higher response compared with placebo.

Overall, the data are favorable for using AZA in
atients with CD. A meta-analysis of randomized con-
rolled trials from 1966 to 1994 of AZA and 6-MP in
ctive and quiescent CD was completed by Pearson et
l.103 The OR for a clinical response in active CD was
.09 (95% CI, 2.45–3.91); this decreased to 1.45 (95%
I, 1.12–1.87) when excluding the single clinical trial

sing 6-MP. For quiescent CD, the OR for maintaining
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emission if on AZA was 2.27 (95% CI, 1.76–2.93).
here were no trials of 6-MP for maintaining remission

n CD at the time of the meta-analysis. Both longer
uration and higher dose of AZA/6-MP were associated
ith improved response, and a corticosteroid-sparing

ffect was seen in subjects with active and quiescent
isease.

Maintenance of quiescent UC. The immuno-
odulators AZA and 6-MP have also been studied for

revention of relapse in patients with UC. As with
nduction of remission in patients with UC, there have
een no studies comparing 6-MP with AZA. In patients
hose remission was achieved with AZA, continuation of

ctive drug reduced the 12-month relapse rate to 36%
ompared with 59% on placebo.126 There have been 2
andomized placebo-controlled studies of AZA (1.5–2.5
g · kg�1 · day�1 and 100 mg/day mean dose) for the
aintenance of remission in patients with UC, both

uggesting a benefit.126,127 Hawthorne et al showed a
ignificant difference in maintenance of remission in the
ZA group compared with placebo in a cohort of pa-

ients who had already shown a response to the drug
64% vs 41%, respectively; hazard rate ratio, 0.5; 95%
I, 0.25–1.0) after 1 year. In a subgroup of patients in

hat study who had been treated with AZA for a mini-
um of 6 months before the trial, 69% receiving AZA

ersus 39% receiving placebo maintained remission after
year (P � .01).126 A study by Jewell et al showed a

rend for better response in the AZA group compared
ith placebo (40% vs 23%), but this was not statistically

ignificant (P � .18).127 Another placebo-controlled trial
as performed assessing maintenance of remission in
atients with severe UC.133 The study was a 1-year,
andomized, placebo-controlled trial. A total of 83 pa-
ients with severe UC were enrolled. Fifty patients who
xperienced a relapse within 2 months on corticosteroid
ithdrawal were randomized into 2 groups. The AZA
roup received oral sulfasalazine (6–8 g/day), oral pred-
isolone (1 mg · kg�1 · day�1), and oral AZA (2
g · kg�1 · day�1). The placebo group received oral sul-

asalazine (6–8 g/day), oral prednisolone (1
g · kg�1 · day�1), and placebo. Corticosteroids were ta-

ered over 12–16 weeks. Five patients (2 in the AZA
roup and 3 in the placebo group) dropped out of the
tudy. Three patients in the AZA group experienced side
ffects. The number of patients going into complete
emission and partial remission was not significantly
ifferent between the 2 groups. The proportion of re-
apses in the AZA group was lower than in the placebo
roup (P � .05). The conclusion of the study was that in

atients with UC, AZA had no effect in achieving re- p
ission when given in combination with prednisolone;
owever, it decreased the proportion of relapses.
A recent study was performed assessing if AZA (2.2
g/kg by mouth daily) alone or AZA (2.2 mg/kg by
outh daily) plus olsalazine (0.5 g by mouth 3 times

aily) was best to maintain remission for patients with
uiescent corticosteroid-dependent UC over a study du-
ation of 2 years.132 There were no significant differences
etween groups in time to relapse or discontinuation of
reatment, Ulcerative Colitis Clinical Activity Index
cores, Ulcerative Colitis Disease Activity Index scores,
r Inflammatory Bowel Disease Questionnaire scores.
owever, the number of adverse events and the cost of

reatment were significantly higher, and compliance
ith treatment was poorer with combination therapy

AZA plus olsalazine). The investigators concluded that
atients with corticosteroid-dependent UC successfully
aintained in remission with AZA are not in need of

-aminosalicylic acid compounds. The generalizability of
hese data to patients treated with mesalamine deriva-
ives other than olsalazine has been questioned, however,
nd further analyses need to be performed to identify if
imilar trends are seen.

Prevention of postoperative recurrence. It is well
ecognized that CD almost inevitably recurs after surgi-
al resection.140 The pattern of recurrence is similar to
he preoperative length of the diseased segment and the
attern of inflammatory activity (stricturing or fistuliz-
ng). The features of recurrence follow a sequence of
ndoscopically identifiable lesions at the anastomotic and
reanastomotic sites, followed at various intervals (ac-
ording to the severity of the mucosal lesions) by clinical
ymptoms. Over the past decade, there has been a series
f clinical trials attempting to delay or prevent postop-
rative recurrence. However, despite these trials, the
vidence base remains insufficient to develop a clear
onsensus on optimal patient selection for postoperative
prophylaxis,” therapeutic agent(s), duration of treat-
ent, or end points for continuing or discontinuing

herapy.
Overall, there is an approximate 7%–25% per-year

isk of symptomatic recurrence, with a 50% likelihood of
ecurrent symptoms by 5 years after intestinal resection.
he risk of endoscopic recurrence is typically assessed to
e higher: 73%–93% by 1 year after resection.141,142

everal potential factors have been assessed and suggested
s contributing to postoperative recurrence,143 including
stulizing versus nonfistulizing disease, number of pre-
ious resections, length of resection, site of disease (ileal,
leocolonic, colonic), cigarette smoking, type of surgical
nastomosis (end-end, end-side, side-side), and extent of

roximal disease.
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There have been several controlled studies evaluating
he efficacy of various agents in decreasing postoperative
ecurrence. In a study evaluating the efficacy of metro-
idazole (20 mg/kg) for 3 months after ileocecal resection
ersus placebo, there was significant intolerance to med-
cation, limiting the efficacy of medication.144 The total
ndoscopic recurrence rates after 3 months were not
ignificantly decreased in the metronidazole group (52%
s 75%). However, severe endoscopic lesions were lower
n the active treatment group (13% vs 43%; P � .02).
linical recurrence was only suppressed at 1 year, not at
ears 2 or 3. Another study that evaluated the efficacy of
rnidazole (a metronidazole cogener with presumptive
etter tolerability) was performed in a prospective ran-
omized fashion at a dosage of 500 mg twice daily for 1
ear, initiated within 1 week after ileocecal resection, and
ound significant reduction of endoscopic relapse rates at

months and 1 year.145 Endoscopic recurrence rates
scored as �1 on a 4-point severity scale) were lower at

and 12 months with ornidazole than placebo (34% vs
8.8% [P � 0.47] and 53.6% vs 78.8% [P � .037],
espectively). Clinical recurrence was significantly lower
fter the first year in the ornidazole-treated patients (8%
s 38%, P � .0046); this difference was not apparent at
and 3 years, possibly because the drug was discontin-

ed after 1 year. The principal drawback of nitroimid-
zoles in this setting is the side effects associated with
ong-term use of these agents. Gastrointestinal intoler-
nce with nausea, a metallic taste, and peripheral neu-
opathy preclude long-term administration, and the role
f these antibiotics is probably as an induction agent to
ridge the gap to the effect of immunosuppressives.
In another study, budesonide (6 mg daily) was shown

o be ineffective versus placebo for reducing postopera-
ive recurrence of CD.64 Endoscopic and clinical recur-
ence rates were not different between both groups at 3
nd 12 months. A subanalysis showed a significant re-
uction in endoscopic lesions at 12 months with budes-
nide (32% vs 65% for placebo; P � .05) but only in
atients operated on for inflammatory luminal disease
nd not for fibrostenotic disease. There is currently no
vidence to support the use of budesonide for postoper-
tive prophylaxis.

The use of 6-MP or AZA has also been assessed in
ostoperative settings. A larger multicenter trial was
nitiated evaluating the efficacy of daily doses of 6-MP 50
g or mesalamine (Pentasa) 3 g versus placebo.146 End

oints were endoscopic and clinical recurrence. This dou-
le-blind, double-dummy design assessed patients for
linical, radiologic, and endoscopic recurrence following
urative Crohn’s resection at regular intervals throughout

he study period of 24 months. Dropout rates were t
onsiderable in the course of the trial but evenly distrib-
ted among the 3 groups. Endoscopic recurrence rates
ere lower with 6-MP (43%) than placebo (64%; P �

030), as were clinical recurrence rates (50% vs 77%; P
.045), while radiographic recurrence rates were similar

etween the groups. There was no apparent benefit of
esalamine versus placebo. Further evaluation of 6-MP

t higher doses and perhaps in conjunction with other
gents (such as tolerable antibiotics) might represent
iable future strategies. Concern over the low dosage of
-MP used, the rate of patient dropout, the use of an
nvalidated clinical assessment score, and the findings of
few patients with clinical recurrences in the absence of

ndoscopic evidence of disease have led to the call for
arger prophylactic trials with higher doses of purine
nalogues.147

A separate study compared the use of AZA with
esalamine as postoperative prophylaxis in patients with
D.148 In this prospective, open-label, randomized

tudy, 142 patients received AZA (2 mg · kg�1 · day�1)
r mesalamine (3 g/day) for 24 months; there was no
lacebo arm. In addition, one half of patients had stric-
ureplasty as part or all of their surgical interventions
ather than a curative resection. Clinical relapse was
efined as the presence of symptoms with a CDAI score
200. Surgical relapse was defined as the presence of

ymptoms refractory to medical treatment or the pres-
nce of complications mandating surgical intervention.
t 24 months, the risk of clinical relapse was similar in

he AZA and mesalamine groups, either when assessed
n an intention-to-treat analysis (OR, 2.04; 95% CI,
.89–4.67) and a per-protocol analysis (OR, 1.79; 95%
I, 0.80–3.97). There was no observable difference with

espect to surgical relapse at 24 months between the 2
roups, although post hoc analysis showed AZA to be
ore effective than mesalamine in preventing clinical

elapse in patients with previous intestinal resections
OR, 4.83; 95% CI, 1.47–15.8). A larger proportion of
atients receiving AZA withdrew from treatment due to
dverse events as compared with those receiving me-
alamine (22% vs 8%; P � .04). Concerns over the lack
f blinding in this study, inclusion of patients without a
urative resection of their disease, lower-than-anticipated
elapse rates, and lack of statistical power to show a
ifference between the treatment groups suggest that
arger blinded controlled trials are warranted.149

The findings of these studies, in addition to the ex-
anding use of the purine analogues in IBD due to their
roven efficacy in the treatment of active disease and
aintenance of remission, have led to the recommenda-
ion for use of these agents in patients at high risk for
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ostoperative recurrences or in whom postoperative re-
urrence would have substantial deleterious effects.147,149

Recommendations for 6-MP/AZA use.

● When initiating therapy with either 6-MP or AZA,
measurement of complete blood count with differ-
ential is advocated at least every other week as long
as doses of medications are being adjusted. There-
after, the measurement of complete blood count
with differential should be performed as clinically
appropriate at least once every 3 months. Periodic
measurement of liver-associated chemistries is also
advocated. (Grade C)

● Current FDA recommendations suggest that indi-
viduals should have TPMT genotype or phenotype
assessed before initiation of therapy with AZA or
6-MP in an effort to detect individuals who have
low enzyme activity (or who are homozygous defi-
cient in TPMT) in an effort to avoid AZA or 6-MP
therapy in these patients and thus avoid potential
adverse events. (Grade B)

● Long-term treatment with corticosteroids is unde-
sirable. Patients with chronic active corticosteroid-
dependent disease (either CD or UC) should be
treated with AZA 2.0–3.0 mg · kg�1 · day�1 or
6-MP 1.0–1.5 mg · kg�1 · day�1 in an effort to
lower or preferably eliminate corticosteroid use. In-
fliximab is another option in this situation, as is
combination infliximab/antimetabolite therapy.
(Grade A)

● Individual patients with either CD or UC who
experience a severe flare of disease requiring corti-
costeroid treatment or require re-treatment within
the year with another course of corticosteroids
should be considered for initiation of therapy with
AZA 2.0–3.0 mg · kg�1 · day�1 or 6-MP 1.0–1.5
mg · kg�1 · day�1 in an effort to avoid future cor-
ticosteroid use. Infliximab is another option in this
situation, as is combination infliximab/antimetabo-
lite therapy. (Grade C)

● 6-MP (and likely AZA) is modestly effective for
decreasing postoperative recurrence in patients with
CD both endoscopically and clinically. Use of this
agent should be considered for patients at high risk
for postoperative recurrence or in whom postopera-
tive recurrence would have deleterious effects.
(Grade B)

● Some studies have shown AZA 2.0–3.0 mg · kg�1 ·

day�1 or 6-MP 1.0–1.5 mg · kg�1 · day�1 to have d
some efficacy in treating and healing perianal and
enteric fistulae. (Grade C)

● Thiopurine metabolite monitoring in the treatment
of patients with 6-MP or AZA is useful when
attempting to determine medical noncompliance
and may be helpful for optimizing dose and moni-
toring for toxicity. (Grade C)

● AZA 2.0–3.0 mg · kg�1 · day�1 or 6-MP 1.0–1.5
mg · kg�1 · day�1 is effective for maintenance of
remission in patients with CD regardless of disease
distribution. (Grade A)

● AZA 2.0–3.0 mg · kg�1 · day�1 or 6-MP 1.0–1.5
mg · kg�1 · day�1 is effective for maintenance of
remission and reducing corticosteroid dose in pa-
tients with UC regardless of disease distribution
(Grade A). These drugs are also effective in main-
taining remission in patients with UC, but data are
conflicting and this has not been confirmed by large
well-controlled studies.

● Patients with gastrointestinal intolerance (except
for fever, pancreatitis, or hypersensitivity reactions)
to AZA may be cautiously tried on 6-MP before
being considered for other therapy or surgery
(Grade C). Similarly, patients with intolerance to
6-MP may be cautiously tried on AZA before being
considered for other therapy or surgery. (Grade C)

Methotrexate

Methotrexate has been used in clinical medicine
or more than 40 years. This agent was developed ini-
ially for the treatment of patients with leukemia. It was
ynthesized based on knowledge of the 3-dimensional
tructure of the enzyme dihydrofolate reductase, as iden-
ified by x-ray crystallography. This represents one of the
arliest examples of a “designer drug.” In the course of
he initial experience that demonstrated efficacy in the
ncologic area, it was recognized that patients who had
eukemia and concomitant psoriasis or rheumatoid ar-
hritis showed improvement in the latter conditions.
hese observations subsequently led to the use of meth-
trexate in low doses (5–25 mg) for primary treatment of
atients with these conditions and a number of other
mmune disorders. Over the past decade, evidence has
hown that methotrexate has an emerging role for the
reatment of patients with CD.

CD. Active symptoms. IM methotrexate (25 mg/
k) has been shown to be beneficial in patients with

ctive CD in a multicenter, double-blind, placebo-con-
rolled 16-week trial.150 This dosage is effective to in-

uce remission and for corticosteroid sparing in patients
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ith active CD. In contrast, lower-dosage oral metho-
rexate has shown less consistent results. A recent study
emonstrated efficacy of oral methotrexate (15 mg/wk)
rending toward statistical significance,151,152 whereas
nother controlled study showed that methotrexate 12.5
g orally once a week was not more effective than

lacebo or low-dosage 6-MP (50 mg/day) in patients
ith active CD.

Maintenance therapy. A randomized, placebo-con-
rolled trial demonstrated a maintenance benefit of meth-
trexate 15 mg IM once weekly for patients with quies-
ent CD.153 This 40-week study showed that 65% could
aintain remission as long as medication was continued.
his group of patients (ie, the 65%) is derived from
atients who had been successfully induced into remis-
ion with methotrexate 25 mg IM weekly over 16 weeks
thus, this group was preselected for methotrexate re-
ponders). The placebo remission rate at 40 weeks was
ubstantially lower and differed statistically from active
herapy. Long-term open-label survival analysis has
hown parenteral (but not oral) methotrexate to be effec-
ive in maintenance of a methotrexate-induced remission
n 47% of patients with CD at 48 months.154

UC. Active symptoms. Despite early optimism from
xperience in uncontrolled trials, there remains little
vidence to support the use of methotrexate in patients
ith UC. There is continued debate as to whether the

ontrolled trials used optimal dosages of medication and
deal end points. The dosages used to treat patients with
D successfully (25 mg IM weekly) have not been tested

n patients with UC in appropriately performed trials. A
ingle small trial (8 patients) has suggested a lack of
fficacy of methotrexate (25 mg IM weekly for 16 weeks)
n patients with active UC who were refractory to im-
unomodulators or corticosteroids.155 A recent retro-

pective study of oral methotrexate (mean dosage, 19.9
g/wk) reported a short-term remission rate of 42% that
as sustained in 38% of patients for at least 6 months.156

urther evaluation in appropriately designed and ade-
uately powered studies is needed.

Maintenance therapy. Only 1 randomized, double-
lind, placebo-controlled trial of methotrexate in pa-
ients with chronic, active UC has been performed thus
ar. In this study, Oren et al151 compared oral metho-
rexate (12.5 mg daily) with placebo for 9 months in 67
atients who had received corticosteroids and/or immu-
osuppressives for at least 4 of the 12 months preceding
he study. No statistical significance was noted among
he treatment groups in the proportion of patients
chieving remission, the time required to achieve remis-
ion, or the proportion of patients experiencing a relapse

fter achieving a remission. Accordingly, the use of g
ethotrexate cannot currently be recommended for ei-
her induction of remission or maintenance therapy in
atients with UC outside of controlled trials. An impor-
ant research priority is to evaluate the efficacy of
ethotrexate.
Overall, the aforementioned studies suggest that par-

nterally administered methotrexate is effective for in-
uction of remission, maintenance of medically induced
emission, and corticosteroid sparing in patients with
hronically active and treatment refractory CD.

Fistulizing CD. Although methotrexate has been
hown to be efficacious in the induction of remission in
atients with CD, initial controlled trials did not assess
he effect of methotrexate on fistula healing. Two retro-
pective, uncontrolled studies examined the efficacy of
arenteral methotrexate in fistulizing CD. Mahadevan et
l157 reported on 16 patients treated with IM methotrex-
te (25 mg/wk). Fistula closure was successful in 4 of 16
atients, with partial closure in an additional 5 patients,
ielding an overall response rate of 56%. Fistula recur-
ence was noted on reduction of methotrexate dose or
ith conversion to oral formulation. A second retrospec-

ive series by Vandeputte et al158 examined the effect of
arenteral methotrexate on 20 patients with refractory
D, including 8 patients who had a fistula. Although the

nvestigators noted induction of remission in 70% of
atients treated with methotrexate, the specific response
f patients with fistulizing disease was not reported
eparately.

Adverse events. Potential toxicities of metho-
rexate include leukopenia, nausea, vomiting, hepatic
brosis, and, rarely, hypersensitivity pneumonitis. He-
atic fibrosis is one of the most significant potential
equelae of long-term therapy with methotrexate. A pre-
reatment liver biopsy is indicated in patients who have
bnormal liver-associated laboratory chemistries and in
hose at potentially increased risk for hepatic toxicity or
hose who are suspected of having underlying chronic
iver disease. Risk factors for hepatotoxicity include obe-
ity, diabetes mellitus, excessive or long-term alcohol
ntake, elevated baseline transaminase levels, a cumula-
ive dose of methotrexate of �1500 mg total drug dose,
nd daily dosing of methotrexate.159 Follow-up liver
iopsy, although recommended by some clinicians for
atients who have received a cumulative dose in excess of
.5 g, has not been assessed in controlled clinical trials in
BD. There have been 2 small preliminary, retrospective
tudies that have suggested that the risk of methotrexate
epatotoxicity in patients with IBD is low.160,161 In the
bsence of adequate biopsy data from patients with CD,
he American Rheumatology Association guidelines re-

arding surveillance for hepatic toxicity are appropriate
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o follow.162 The guidelines recommend liver biopsy
uring therapy if a majority of aspartate aminotransferase
alues over 1 year (repeated every 4–8 weeks) are ele-
ated or if the serum albumin value is decreased. Fur-
hermore, reduction in methotrexate dose is recom-
ended in response to an elevated aspartate

minotransferase level. If moderate to severe fibrosis or
irrhosis is found, treatment with methotrexate should
e discontinued.
Because weekly dosing with methotrexate is associated

ith reduced hepatic folate stores,163 patients would be
heoretically susceptible to a greater potential for liver
oxicity at the doses required to achieve the therapeutic
enefit. It is also believed that the incidence of liver
oxicity and elevation of serum aminotransferase levels
re reduced by the routine prophylactic use of folate
upplementation; however, this concept has not been
ormally tested in a controlled fashion in patients with
BD.

Methotrexate is not recognized to adversely affect
emale fertility.164,165 Methotrexate therapy can cause
eversible sterility in men, as documented in individual
ase reports (patients often receiving other chemothera-
eutic drugs as well).166–168 Methotrexate is embryo-
oxic, so women of childbearing age using methotrexate
ust use adequate contraception. Women who wish to

ecome pregnant should discontinue treatment with the
rug for at least 3 months before attempting conception.
ecause folate may be depleted during methotrexate use
nd folate deficiency is associated with neural tube de-
ects, it is especially important to supplement this
itamin.

Methotrexate is contraindicated in pregnancy (FDA
isk category X) because of severe adverse effects on both
he fetus and the course of the pregnancy. The most
haracteristic malformations induced by methotrexate
nclude craniofacial and limb defects and central nervous
ystem abnormalities, including anencephaly, hydro-
ephaly, and meningomyelocele.169,170 Myelosuppres-
ion171,172 and desquamating fibrosing alveolitis have
lso been reported in fetuses exposed to methotrexate
uring pregnancy.173

The American Academy of Pediatrics lists methotrex-
te as contraindicated during breastfeeding because of
everal potential problems, including immune suppres-
ion, neutropenia, adverse effects on growth, and
arcinogenesis.174

Recommendations for methotrexate use.

● Parenteral methotrexate is indicated for induction

of remission in patients with active CD. (Grade B) m
● Parenteral methotrexate is indicated for mainte-
nance of remission in patients with inactive CD.
(Grade B)

● The currently available evidence supports the use of
methotrexate for induction of remission with corti-
costeroid withdrawal in patients with active CD
who are corticosteroid dependent. (Grade B)

● Methotrexate maintenance therapy (15–25 mg IM
weekly) is effective for patients whose active CD has
responded to IM methotrexate. (Grade A)

● Methotrexate IM 25 mg weekly for up to 16 weeks
followed by 15 mg IM weekly is effective in pa-
tients with chronic active disease. (Grade A)

● Methotrexate is absolutely contraindicated in preg-
nancy. (Grade B)

● The currently available evidence is insufficient to
support the use of methotrexate for the induction or
maintenance of remission in patients with active
UC. (Grade B)

● Routine monitoring of laboratory parameters, in-
cluding complete blood counts and liver-associated
laboratory chemistries, is recommended in patients
who are treated with methotrexate. (Grade C)

● Patients with persistently abnormal liver-associated
chemistries should either discontinue therapy with
methotrexate or undergo liver biopsy. (Grade C)

MMF

MMF inhibits lymphocyte proliferation by selec-
ively blocking the synthesis of guanosine nucleotide in

cells.175 Its use in IBD was first proposed as an alter-
ative immunosuppressive in patients intolerant to AZA
r 6-MP,176 and the first controlled trial randomizing 70
atients with chronic active CD to either MMF 15
g/kg or AZA 2.5 mg/kg suggested equivalent efficacy

t 6 months.177 The implications of this study were
onfounded by the design, whereby the patients also all
eceived prednisolone 50 mg daily with a weekly taper to

mg, with maintenance on 5 mg throughout the
-month trial. Such was the case as well with a compar-
tive study between the agents in patients with UC,
here 24 patients with active disease were randomly

ssigned to receive MMF 20 mg/kg or AZA (2 mg/kg) in
ombination with prednisolone 50 mg daily, which was
apered in accord with a standardized protocol.178 Re-
ission rates were higher in the AZA group compared
ith the MMF group at 4 weeks (92% vs 67%), 6

onths (83% vs 78%), and 1 year (100% vs 88%). The
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atients who received AZA did not have any severe
dverse events, whereas there were 2 severe adverse
vents in patients using MMF (bacterial meningitis and
ecurrent upper airway infection).

Other uncontrolled series have shown variable benefit
nd high rates of drug intolerance in patients with active
D.179–183 At present, there are inadequate data to sug-
est that individuals with IBD should be treated with
MF, and the safety concerns, including reports of in-

ucing a colitis with histologic changes similar to those
een in graft-versus-host disease or CD, make it difficult
o justify its use.184,185

Cyclosporine

IV cyclosporine. Cyclosporine was first discovered
y Borel et al in the 1970s and soon revolutionized the
eld of organ transplantation.186 Both cyclosporin A and
K506 (tacrolimus) competitively bind to and inhibit
almodulin-dependent calcineurin, leading to suppres-
ion of T-cell and immunoglobulin E receptor signaling
athways,187 although each drug binds to a different
ntracellular immunophilin receptor.188 Use of cyclospor-
ne has expanded beyond the transplant world to a myr-
ad of immune-mediated diseases, including IBD.

The emergence of cyclosporine as an effective therapy
or the treatment of severe, IV corticosteroid–refractory
C was first suggested by successful open-label trials in

he 1980s and early 1990s.189–192 These led to the land-
ark 1994 randomized placebo-controlled trial in which

he addition of IV cyclosporine (4 mg/kg daily) to the
reatment of patients with severe colitis despite at least 7
ays of IV corticosteroids resulted in a response (defined
s a score �10 on a modified Truelove and Witts’ scale
n days 7 and 8, with a decrease of �3 points and the
ossibility to discharge the patient) in 9 of 11 patients
82%) within a mean of 7.1 days as compared with none
f the 9 patients receiving placebo.193 Subsequent retro-
pective studies have also confirmed response rates of
6%–86%.134,194,195 Those patients who responded to
V cyclosporine were subsequently treated with oral cy-
losporine 8 mg · kg�1 · day�1 for 6 months; 4 of the 9
nderwent colectomy.196

The inability of cyclosporine alone to maintain these
linical responses or remissions197 led to the coadminis-
ration of the purine analogues 6-MP or AZA as long-
erm maintenance therapies,135,198 with up to 80% of
nitial cyclosporine successes avoiding colectomy with
he use of one of these maintenance agents.134 These
tudies suggest a protocol of “bridging” the severely ill
atient with UC to a remission induced with IV cyclo-
porine and subsequently initially maintained with a

ombination “triple therapy” (oral prednisone, oral cy- p
losporine, and oral 6-MP or AZA), with subsequent
apering of the corticosteroid and cyclosporine in the
nsuing months and long-term maintenance solely using
he purine analogue.199,200 Although there has been vari-
tion between studies, many studies used the following
rotocol.

● Initiated the purine analogue before or at the time
of discharge. The dose varies between studies; some
used a low dose (ie, 50–75 mg daily of either 6-MP
or AZA with an increase to the desired target dose),
whereas others dosed 6-MP at 1.0–1.5 mg/kg and
AZA at 1.5–2.5 mg/kg, with dose adjustments as
necessary due to safety- or efficacy-related issues.

● Converted the patient from IV to oral cyclosporine
before or at discharge. The initial conversion from
IV to oral dosing is a doubling of the total daily
dose, split into a twice-daily dosing regimen. For
example, a patient with desired blood cyclosporine
levels while receiving a continuous IV infusion of
200 mg daily would be switched to oral cyclospor-
ine (Neoral; Novartis Pharmaceuticals Corp, East
Hanover, NJ) 200 mg by mouth twice daily. The
oral dose would subsequently be titrated to achieve
a trough blood level greater than 200 ng/mL.

● Weaning off of oral cyclosporine over the next few
months.

● Continuation of corticosteroids on discharge (if re-
ceived while on IV cyclosporine), with subsequent
tapering off over the next few months.

● Patients treated with triple therapy also need to
receive prophylaxis against Pneumocystis carinii, be-
cause deaths due to pneumonia from this organism
have been reported in patients with colitis receiving
this combination of immunosuppressants.194,201

There are a variety of assays for cyclosporine, and they
o not necessarily correlate to each other or to the
atients’ clinical state. While earlier studies used high-
erformance liquid chromatography and polyclonal ra-
ioimmunoassay, subsequent studies have relied on
onoclonal radioimmunoassay or other immunoas-

ays.202,203 Many of the IBD studies specify high-perfor-
ance liquid chromatography or monoclonal radioim-
unoassay target levels of 350–500 ng/mL for IV

yclosporine and 200–350 ng/mL for oral therapy.
Cyclosporine monotherapy has also been studied in

atients with severe UC189,204 and shown to be as effec-
ive as monotherapy with methylprednisolone. In a sin-
le-center, double-blinded, randomized trial, 9 of 14

atients (64%) receiving IV cyclosporine 4
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g · kg�1 · day�1 had a response (on the Lichtiger-mod-
fied193 Truelove and Witts’ scale) compared with 8 of 15
atients (53%) who received methylprednisolone 40 mg
aily (P � .4).205 AZA was started or continued in all of
he patients who initially responded to cyclosporine but
nly in 3 of the 8 methylprednisolone responders, as
eflected in 12-month remission rates of 78% versus
7%, respectively. The lack of serious infections in this
tudy, where the patients did not receive prophylaxis
gainst P carinii, was touted by the investigators as proof
hat monotherapy is safer than combination therapy.
omparative IV studies of cyclosporine monotherapy
ersus dual therapy with cyclosporine and corticosteroids
ave not been conducted, leaving this safety claim un-
ubstantiated, and the failure of monotherapy to achieve
esponse rates anywhere near the 80% range suggests
hat this is more appropriate for patients with a contra-
ndication to receiving corticosteroids.206

Lower doses of IV cyclosporine have also been shown
o be effective in patients with severe UC. In a single-
enter double-blinded trial, 73 patients were randomized
o continuous infusion with IV cyclosporine dosed at 2 or

mg · kg�1 · day�1 for 8 days.207 Unlike the previous
tudies, these patients did not necessarily fail to respond
o IV corticosteroid therapy; in fact, only 55%–60% of
atients entered the study failing to respond to either
ral or IV corticosteroids. Doses were adjusted to achieve
lood levels between 150 and 250 ng/mL in the low-dose
roup and between 250 and 350 ng/mL in the high-dose
roup. The primary end point was a score of �10 (and
ecrease of �3 points) on the Lichtiger-modified True-
ove and Witts’ scale.193 This was reached by 85% in the
ow-dose group and 84% in the high-dose group, with a
edian time to response of 4 days in both groups. There
ere similar colectomy rates, changes in C-reactive pro-

ein levels, sigmoidoscopy scores, and adverse event rates
etween the 2 groups. To maintain the prespecified
ange of serum cyclosporine levels, dose adjustments
esulted in mean cyclosporine doses of 1.82 mg/kg in the
ow-dose group and 2.65 mg/kg in the high-dose group
P � .0001), achieving mean blood levels of 237 and 332
g/mL, respectively (P � .0001). It is not known
hether low-dose cyclosporine will perform as well in

he sicker group of patients failing to respond to therapy
ith IV corticosteroids.
The success of IV cyclosporine in the treatment of pa-

ients with luminal CD has been less impressive. Open-
abel experiences have had mixed results for the induction of
esponse and poor maintenance data.194,208–212 Given these
isappointing results and concerns over short-term and

ong-term toxicities with this agent, cyclosporine is typ- e
cally not recommended for use in patients with luminal
D.
There have been no published, randomized, placebo-

ontrolled trials specifically designed to evaluate the
fficacy of IV cyclosporine on fistula closure in patients
ith CD. In an open-label study, Present and Lichtiger

valuated 16 patients with fistulizing CD and treated
hem with IV cyclosporine (4 mg · kg�1 · day�1) as a
ontinuous infusion.213 Overall, 88% (14 patients) re-
ponded acutely and complete closure of the fistulas was
bserved in half of these patients. There were 9 of 10
atients with fistulas refractory to AZA or 6-MP that
esponded to cyclosporine. These results were then sup-
lemented by a comprehensive review of the literature
ncluding 39 patients with fistulizing CD who had been
reated with cyclosporine.212 Among the patients in this
roup, 90% of the patients responded; however, relapse
n the absence of oral cyclosporine was quite high (82%).
istulas successfully closed with IV cyclosporine (5
g · kg�1 · day�1 for 2 weeks) were successfully main-

ained using a combination of oral cyclosporine (for 10
eeks), prednisolone (tapered over 3 months), and
ZA.214 These results indicate that successful healing of
rohn’s fistulas with IV cyclosporine may be best main-

ained with short-term treatment with oral cyclosporine
nd corticosteroids, together with long-term treatment
ith AZA or 6-MP.215

Oral cyclosporine. The use of oral cyclosporine
as been plagued by multiple factors limiting the ab-
orption in patients with IBD.202 In an effort to improve
he bioavailability of orally administered cyclosporine
bioavailability of 12%–35%), microemulsion formula-
ions of cyclosporine (Neoral, Gengraf [Abbott Labora-
ories, North Chicago, IL) were developed.216 The bio-
vailability of the microemulsion formulations relative to
he standard oral formulation is markedly increased
145%–239%).216,217 Similar to standard oral cyclospor-
ne, the bioavailability of the oral microemulsion formu-
ation of cyclosporine is the same as a gelatin capsule of
icroemulsion of cyclosporine.218 Also, the microemul-

ion formulation is therapeutically similar to the stan-
ard oral cyclosporine formulation in transplant
ecipients.219

There have been no prospective controlled trials of oral
yclosporine in the treatment of patients with UC. Un-
ontrolled trials have often shown success at induction of
esponse or remission, while maintenance data have been
ess convincing. One review of 20 studies in 185 patients
alculated an overall response (avoidance of colectomy) in
8%, with only 42% maintaining response after discon-
inuation of therapy.202 Studies using the Neoral micro-

mulsion cyclosporine formulation suggest that micro-
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mulsion cyclosporine may be as effective as standard IV
r oral cyclosporine in severe UC with less potential
oxicity.220–222 In the future, prospective randomized
ontrolled trials will be needed to assess the safety and
fficacy of microemulsion cyclosporine compared with
tandard oral and IV cyclosporine.

The use of oral cyclosporine in patients with CD has
een studied in 4 large, multicenter controlled trials;
nly high-dose therapy seems to be effective. Success
ates were higher with active therapy (59% vs 32%; P

.03) among 71 patients with active CD randomized
o either oral cyclosporine (median dosage of 7.6
g · kg�1 · day�1) or placebo for 3 months.223 Al-

hough the cyclosporine worked quickly (within 2
eeks) and continued to show efficacy during a
-month taper,223 stopping therapy resulted in disease
elapse.224 Unfortunately, the 3 other studies showed
o benefit of oral cyclosporine 5 mg · kg�1 · day�1 as
ompared with placebo.225–227 In fact, in the mainte-
ance study arms, there was a trend toward harm228 in
he patients receiving cyclosporine in both the Cana-
ian226 and European trials.225 A recent Cochrane
nalysis concluded that the use of oral cyclosporine in
atients with CD is not justified, and the use of higher
oses or IV cyclosporine is also not supported by the
xisting literature and is unwarranted given the po-
ential side effects.229

Cyclosporine enemas. Enema formations of cy-
losporine with varying doses have been studied in
ncontrolled trials on a handful of patients.230 –233 An
nitial review found response rates varying from 50%
o 75%, with sustained response rates after discontin-
ation of therapy at only 36%.202 A subsequent pla-
ebo-controlled trial in 40 patients with left-sided UC
ound no benefits with nightly 350-mg cyclosporine
nemas over placebo (response rates of 45% vs 40%,
espectively).234

Adverse events. The most common side effects
ue to cyclosporine therapy in patients with IBD
nclude hypertension, seizures, paresthesias, tremor,
ingival hyperplasia, hypertrichosis, electrolyte ab-
ormalities, opportunistic infections, and nephrotox-
city.95 Prophylaxis against P carinii is recommended,
specially if used in conjunction with other immuno-
uppressants. Complete blood counts, serum chemis-
ries, and cyclosporine blood levels should be followed
p regularly while on therapy, and careful monitoring
or side effects is critical.95 Dose reduction is advised
n patients with low serum cholesterol levels or who

evelop side effects.199 r
Recommendations for cyclosporine use.

● IV cyclosporin A is effective as a means of avoiding
surgery in patients with severe corticosteroid-refrac-
tory UC. (Grade A)

● IV cyclosporine at 2–4 mg · kg�1 · day�1 or colec-
tomy should be considered if a patient with severe
UC has failed to respond to medical therapy with
7–10 days of high-dose oral or parenteral cortico-
steroid therapy. (Grade B)

● Concomitant administration of IV corticosteroids is
recommended, but not required, to induce a clinical
response in patients with severe UC receiving IV
cyclosporine. (Grade B)

● A response or remission induced with IV cyclospor-
ine in patients with IBD typically requires contin-
uation of therapy with oral cyclosporine for a few
months, along with a tapering dose of corticoste-
roids, initiation of AZA or 6-MP therapy, and
prophylaxis against P carinii (Grade B). AZA or
6-MP should be continued as maintenance therapy.
(Grade B)

● Oral cyclosporine is efficacious in patients with
corticosteroid-refractory UC (Grade C) but requires
AZA or 6-MP for maintenance of remission. (Grade
C)

● Neither IV (Grade C) nor oral (Grade A) low-dose
cyclosporine has proven efficacy in patients with
luminal CD. High-dose oral cyclosporine (7.6 mg/
kg) has short-term efficacy in patients with CD.
(Grade B)

● IV cyclosporine is effective for the treatment of
patients with fistulizing CD (Grade B). AZA or
6-MP should be used for maintenance of fistula
closure. (Grade C)

Other Calcineurin Inhibitors

Tacrolimus (FK506) is a fungus (Streptomyces)-
erived immunosuppressant that has a mechanism of
ction similar to that of cyclosporine.235 The relatively
ow bioavailability (ranging from 21% to 27%) is likely
ue to its poor aqueous solubility. Tacrolimus does not
epend on bile or mucosal integrity for absorption, re-
ulting in less interpatient variability than with standard
ral cyclosporine. These features suggest potential dis-
inct advantages over cyclosporine, especially for patients
ith small bowel CD.
In an open-label, multicenter trial of tacrolimus in

hildren with severe UC or Crohn’s colitis, 69% (9/13)

esponded to 2- to 3-month therapy with tacrolimus 0.1
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g/kg given as a divided dose twice daily (adjusted for
lood levels between 10 and 15 ng/mL). 6-MP or AZA
as added as a corticosteroid-sparing agent 4–6 weeks

fter treatment with tacrolimus was instituted, but at 12
onths only 38% of patients had avoided colectomy.236

n another study, 38 patients with refractory UC (n �
3) or indeterminate colitis (n � 5) received tacrolimus
s either an IV infusion (0.01–0.02 mg/kg) followed by
.1–0.2 mg/kg orally or as the oral dose only.237 Patients
ho responded (47%) received AZA or 6-MP, and cor-

icosteroids were tapered, followed by a reduction in the
ose of tacrolimus for a mean of 7.6 months. The overall
olectomy rate was 34%, but one half of the patients
ith a minimum follow-up of 2 years required a colec-

omy. Adverse event rates were similar in both groups,
ncluding tremor, hyperglycemia, hypertension, and in-
ections.

In a smaller study, therapy with oral tacrolimus (0.15
g/kg) was effective in two thirds of 11 patients with

evere UC, with 67% keeping their colons at a median
ollow-up of 21 months, using AZA as maintenance
herapy.238 Two patients had severe hematologic side
ffects.

The use of tacrolimus in Crohn’s fistulas has been
he subject of a few small uncontrolled experiences,
ith variable results.239,240 In a randomized, double-
lind, placebo-controlled, multicenter clinical trial,
8 patients with draining perianal or enterocutaneous
stulas were randomized to oral tacrolimus 0.2
g · kg�1 · day�1 or placebo for 10 weeks.241 The

rimary outcome measure of fistula improvement (de-
ned by closure of at least 50% of draining fistulas and
aintenance of that closure for at least 4 weeks) was

chieved by 43% versus 8% of patients receiving
lacebo (P � .004). However, closure rates of all
stulas for at least 4 weeks were not different between
he groups. Improvement in Crohn’s fistulas refractory
o other conventional therapy, including infliximab,
as recently reported in 5 of 10 patients receiving oral

acrolimus (0.05 mg/kg every 12 hours). Unlike the
ther studies of tacrolimus and cyclosporine in fistu-
ous CD, concomitant immunosuppressive therapy
as tapered, and the patients were maintained solely
n tacrolimus with no reported major toxicities, likely
ue to the low dose studied.
Adverse events reported in the various studies in-

luded headache, increased serum creatinine level, nau-
ea, insomnia, leg cramps, paresthesias, and tremors.
ypically, these resolved with dose reduction. Lower
oses of tacrolimus have yet to be adequately studied for

fficacy and safety in patients with IBD. i
Infliximab

Tumor necrosis factor (TNF)-� is a proinflamma-
ory cytokine with a central role in the pathogenesis of
D.242 Infliximab is a chimeric monoclonal antibody
irected against TNF-� that was introduced into clinical
ractice in the United States in October 1998.
Infliximab is approved by the FDA for reducing the

igns and symptoms and inducing and maintaining clin-
cal remission in patients with moderately to severely
ctive CD who have had an inadequate response to
onventional therapy.243 Conventional therapy was not
efined in the FDA approval and could include me-
alamine, corticosteroids, antibiotics, or immunomodu-
ators such as AZA, 6-MP, or methotrexate. In addition,
nfliximab is indicated for reducing the number of drain-
ng enterocutaneous and rectovaginal fistulas and main-
aining fistula closure in patients with fistulizing CD.
ecently, infliximab also received approval from the
DA for the treatment of patients with UC. Infliximab is
ndicated for reducing signs and symptoms, achieving
linical remission and mucosal healing, and eliminating
orticosteroid use in patients with moderately to severely
ctive UC who have had an inadequate response to
onventional therapy.244 The recommended dose of in-
iximab is 5 mg/kg given as an induction regimen at 0,
, and 6 weeks, followed by a maintenance regimen of 5
g/kg every 8 weeks thereafter. In CD, patients who

espond and then lose their response may be considered
or treatment with 10 mg/kg. Patients who do not
espond by week 14 are unlikely to respond with con-
inued dosing, and consideration should be given to
iscontinuing treatment with infliximab in these pa-
ients.244

Induction of remission in active CD. In the first
ublished study of the clinical use of this agent in CD,
an Dullemen et al showed that infliximab produced a
apid, dramatic clinical and endoscopic improvement in

of 10 patients treated.245 In the first placebo-con-
rolled, randomized study, 108 patients received a single
ose of infliximab (5, 10, or 20 mg/kg body wt) or
lacebo.246 A clinical response was defined as a decrease
n CDAI score of more than 70 points after 4 weeks. In
atients who received the 5-mg/kg dose, 81% (22 of 27
atients) responded compared with a 50% response (14
f 28) in the 10-mg/kg group, a 64% response (18 of 28)
n the 20-mg/kg group, and a 17% response (4 of 24) in
he placebo group. The differences in the responses of the
ombined infliximab groups compared with placebo were
ignificant (P � .001). Clinical remission (CDAI score
150) was achieved in 33% of patients treated with
nfliximab compared with 4% of patients in the placebo
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roup (P � .005). Clinical improvement was maintained
or 12 weeks in 41% of patients. Concomitant medica-
ion use (immunosuppressive agents, aminosalicylates, or
orticosteroids) and disease localization did not have any
nfluence on response to therapy, and the dose of 5 mg/kg
ody wt was the most effective.246

Maintenance of remission in CD. The efficacy
nd safety of infliximab for maintaining remission in
atients with CD was first assessed in a randomized,
ouble-blind, multicenter, placebo-controlled, parallel-
roup trial.247 The study was performed in patients who
ad a clinical response to infliximab at 4 weeks in the
rior study reported by Targan et al.246 The study en-
olled 73 patients and treated them with 4 repeated
nfusions of either infliximab (n � 37) or placebo (n �
6) every 8 weeks (weeks 12, 20, 28, and 36). The dose
f infliximab used was 10 mg/kg body wt. The last
ssessment at 44 weeks occurred 8 weeks after the last
nfusion of either drug or placebo. Corticosteroid taper-
ng was allowed at the discretion of the investigator, and
o increase in corticosteroid dose was permitted. The
rimary end points were clinical response (defined as a
70-point decrease in CDAI score) and remission (de-

ned as a CDAI score �150) at each 4-week interval and
he proportion of patients who discontinued due to lack
f efficacy. At 44 weeks (8 weeks after the last infusion),
2.9% of patients were in remission on maintenance
nfliximab therapy compared with 20% on placebo main-
enance therapy (P � .013).

In a subsequent larger maintenance trial, ACCENT I,
total of 580 patients with active CD (CDAI score
220) were enrolled at 55 sites. Eligible patients had
D for at least 3 months with a CDAI score between 220
nd 400. Patients remained on a stable dose of anti-
nflammatory or immunosuppressive therapy if they were
aking these medications, while corticosteroid tapering
as allowed. Patients previously treated with infliximab
ere excluded. Responders to a single infusion of inflix-

mab 5 mg/kg (assessed at week 2) were randomized to
aintenance therapy with infliximab or placebo at weeks
and 6 and then every 8 weeks thereafter until week

6.248 Infliximab was given either as 5 mg/kg with each
ose or as 5 mg/kg at weeks 2 and 6 and then 10 mg/kg
very 8 weeks thereafter. In the primary analysis of this
tudy, there were coprimary end points of clinical remis-
ion at week 30 and clinical response at week 54. Inflix-
mab was superior to placebo for achieving remission at
0 weeks for both the lower-dose regimen (P � .003)
nd the higher-dose regimen (P � .002). Patients who
eceived infliximab had a significantly longer time to loss
f response than patients who received placebo (P �

0002 comparing the combined infliximab groups vs i
lacebo). At week 54, about 3 times as many patients
29% vs 9%) on infliximab versus placebo had discon-
inued treatment with corticosteroids while maintaining
linical remission. This study showed that the 3-dose
nduction regimen at weeks 0, 2, and 6 is more effective
t inducing remission than single-dose induction therapy
nd that the benefits of infliximab in CD could be
aintained over the longterm in patients treated with

ystematic maintenance therapy.
Episodic versus maintenance treatment. Rut-

eerts et al performed a post hoc analysis on all patients
ho entered the ACCENT I study, including not only

hose patients who responded to an initial single dose of
nfliximab but also the nonresponders.249 The efficacy of
egularly scheduled re-treatment versus episodic re-treat-
ent with infliximab for patients with CD was com-

ared. The study included 573 patients with CD with a
DAI score between 220 and 400. All patients received

nfliximab 5 mg/kg at week 0 and then were randomized
nto 3 groups: (1) 188 received placebo at 2 and 6 weeks
nd every 8 weeks to week 46, (2) 192 patients received
nfliximab 5 mg/kg at weeks 2 and 6 and every 8 weeks
hereafter to week 46, and (3) 193 received infliximab 5
g/kg at weeks 2 and 6 and then infliximab 10 mg/kg

very 8 weeks to week 46. For all 3 groups, after week
4, patients could cross over to treatment with inflix-
mab at a dose 5 mg/kg higher than their assigned dose
f there was a loss of response with the scheduled therapy.
n this manner, the placebo group could be considered an
pisodic treatment group and compared with systematic
aintenance therapy with infliximab 5 mg/kg and 10
g/kg every 8 weeks. The results showed that regularly

cheduled treatment with infliximab 5 mg/kg and 10
g/kg achieved a statistically significant (P � .05)

igher proportion of patients in remission at weeks 10,
4, 22, and 46 compared with the episodic treatment
roup. Also, 44% of patients in the regularly scheduled
reatment groups had mucosal healing at week 54 com-
ared with 18% in the episodic treatment group (P �
014). Antibodies to infliximab were found in a lower
roportion of patients treated on a regular schedule than
pisodic treatment (9% with the 5-mg/kg dose, 6% with
he 10-mg/kg dose, and 28% with episodic treat-
ent).249 Patients who received infliximab on a regular

chedule had fewer CD-related hospitalizations (P �
014) and fewer surgeries for CD (P � .01) than those on
pisodic treatment.249 Serious infections occurred in
%–4% in all 3 groups, and the rates of toxicity were
lso similar among the 3 groups. Only a minority of
atients in any of the 3 groups remained in remission for
year when treated with the initial assigned dose of
nfliximab.249,250 However, two thirds of the patients in
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ll 3 groups maintained remission if the dose of inflix-
mab was increased during the year of treatment.249,250

o date, no studies have shown if starting AZA, 6-MP,
r methotrexate at the time infliximab is started im-
roves the maintenance effect of infliximab.
Infliximab therapy can cause the formation of antibod-

es to infliximab (ATI). The development of ATI corre-
ates with an increased risk of infusion reactions and,
uring episodic therapy, with a shorter duration of re-
ponse because infliximab concentrations are lower.251 In
cohort of 125 consecutive patients with CD treated

pisodically with infliximab, ATI were detected in
1%.251 The presence of higher concentrations of ATI
�8 	g/mL) predicted a shorter duration of response (35
s 71 days) and a 2.4-fold higher relative risk of infusion
eactions than in patients with a lower concentration of
bsence of ATI.251 The test results of measurement of
TI in serum samples obtained between infliximab in-

usions are often indeterminate. Inconclusive test results
or ATI have been defined as absence of circulating ATI
ith detectable concentrations of infliximab in the serum

ample.252 In the ACCENT I study, inconclusive test
esults for ATI were found in 10% of patients who
eceived episodic treatment with infliximab and in 33%
nd 36%, respectively, of patients receiving regularly
cheduled dosing with infliximab 5 mg/kg and 10 mg/
g.252 Longer follow-up of patients with indeterminate
TI results has now shown that the vast majority of these
atients are in fact negative for ATI.252 In ACCENT I,
TI were detected in significantly more patients treated
ith infliximab episodically than those treated with reg-
larly scheduled maintenance dosing at 5 mg/kg or 10
g/kg (30% vs 10% and 7%, respectively).252 In the
CCENT I trial, where the majority of patients received

egularly scheduled maintenance therapy, there was no
ignificant difference in the clinical remission rate (41%
s 39%) or in the clinical response rate for antibody-
ositive patients compared with antibody-negative pa-
ients. In contrast, Farrell et al showed that during
pisodic therapy, loss of the initial response and infusion
eactions after infliximab therapy were strongly related to
TI formation and antibody level.253 Among 53 patients
ith CD who received 1–3 infliximab infusions, 11 of 17

73%) who lost their initial response were ATI positive
ompared with 0 of 21 who were continuous responders
fter a median follow-up of 20 weeks.253 In a placebo-
ontrolled trial, pretreatment with hydrocortisone 200
g IV was associated with ATI in 26% compared with
TI in 42% (P � .06) of patients receiving placebo, and

ntibody levels were lower in the pretreated group (1.6
s 3.4 	g/mL; P � .02) as well.174 However, adminis-

ration of another infliximab infusion within 8 weeks of a
he prior dose was the factor most strongly associated
ith a decreased risk of ATI development in this

tudy.253

The common theme in these studies is that regularly
cheduled maintenance therapy with infliximab is sub-
tantially less immunogenic than episodic treatment.
TI develop less frequently with maintenance therapy

nd have less impact on outcomes even when they do. For
his reason, along with the better efficacy results seen
ith maintenance therapy in the ACCENT I study,

egularly scheduled maintenance therapy with infliximab
very 8 weeks is the preferred treatment strategy.

An additional strategy for the prevention of ATI is the
se of a concomitant immunomodulator. The role of
oncomitant immunotherapy with 6-MP, AZA, or meth-
trexate along with infliximab in the treatment of pa-
ients with CD is not well defined. In the ACCENT I
tudy, 50% of the patients who received a concomitant
aseline immunosuppressive maintained clinical re-
ponse at week 54 compared with 41% of those not
eceiving such treatment, but this difference was not
ignificant.169 Although 3 previously described studies
ave shown that concomitant immunotherapy reduces
he risk of ATI248,251,253 and 2 of the studies showed that
he presence of high-titer ATI reduces the response to
nfliximab,251,253 there is thus far no prospective study to
ompare the response and remission rates with infliximab
n patients with and without concomitant immunosup-
ressive treatment. Although it is clear that in the
reatment of patients with CD a single dose of infliximab
ithout concomitant immunotherapy is immunogenic

nd is associated with a shortened duration of benefit, it
s unclear if concomitant immunosuppressive therapy
dds long-term benefit to regularly scheduled dosing of
nfliximab.254 Likewise, it is unclear if infliximab can
ave a bridging effect to transition patients from corti-
osteroids to AZA or 6-MP, with the infliximab discon-
inued thereafter. Lemann et al showed in a placebo-
ontrolled trial that infliximab could bridge from
orticosteroid dependency to AZA or 6-MP for up to 6
onths, with remission rates off corticosteroids of 83%
ith infliximab given in 3 doses over 6 weeks and 41%
ith placebo (P � .009), but no significant difference
as seen after 24 weeks.255 It is well established that
ethotrexate plus infliximab is superior to either drug

lone in the treatment of patients with rheumatoid ar-
hritis,256 but the benefit of combining methotrexate
ith infliximab for patients with CD is unproved. The
ownside of using concomitant immune suppression is
he greater risk of serious and opportunistic infection,254
nd the risk/benefit ratio of using concomitant immuno-
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uppressives is unknown. These are important questions
hat must be addressed in future studies.

Fistulizing CD. There have been 2 randomized,
ouble-blind, controlled studies that evaluated the effi-
acy of infliximab for treatment of patients with fistu-
izing CD.257,258 Present et al treated 94 patients with
utaneous fistulas, including 85 with perianal fistulas,
ith infliximab at weeks 0, 2, and 6 (5 mg/kg or 10
g/kg) or placebo. Complete closure for 1 month was

eported in 13% of patients receiving placebo but in
5% (P � .002 compared with placebo) of patients
eceiving infliximab 5 mg/kg and in 38% (P � .02
ompared with placebo) of patients receiving infliximab
0 mg/kg.257 The median duration of remission was 3
onths. In the second study (ACCENT II), maintenance

herapy with infliximab in patients with fistulizing CD
as studied.258 A total of 306 patients were initially

reated with infliximab 5 mg/kg at weeks 0, 2, and 6,
nd responders subsequently were randomized to placebo
r infliximab 5 mg/kg at 8-week intervals from week 14
ntil the end of the study at week 54. At week 14, 195
f 306 patients (69%) showed a response to the inflix-
mab induction therapy with closure of at least 50% of
he fistulas. The primary end point of this study was
time to loss of response to therapy.” The median time to
oss of response was 14 weeks in the placebo group and

40 weeks on infliximab (P � .001). At week 54, 39%
f patients receiving maintenance infliximab 5 mg/kg
very 8 weeks and 19% of patients receiving placebo
emonstrated complete closure of all fistulas (P � .009).
mong the patients who had no response at the time of

andomization to maintenance therapy, 16% of those
atients who subsequently received placebo responded
ompared with a response in 21% of those patients who
ubsequently received infliximab (P � .6), suggesting
hat patients with fistulizing CD who have not demon-
trated a response after a 3-dose induction regimen do
ot benefit from continued maintenance therapy. Thus,
aintenance therapy should only be given to patients
ho respond to induction therapy. Among patients who

nitially responded to infliximab 5 mg/kg but subse-
uently lost the response, 57% responded to a higher
ose of infliximab of 10 mg/kg.258 Based on the currently
vailable data, it appears that continuous maintenance
herapy with infliximab dosing every 8 weeks is necessary
o maintain symptomatic remission of fistulas. Even so,
agnetic resonance imaging scanning has shown that

symptomatic cutaneous fistula tracks are often not com-
letely obliterated.259–261 In a post hoc analysis of the
ata from the ACCENT II study, 25 of 138 women
18.1%) had draining rectovaginal fistulas. The overall

esponse rate at week 14 for closure of the fistulas was i
4%, which was similar to the response rate for patients
ith other types of fistulas.262 Infliximab is FDA ap-
roved for the treatment of patients with rectovaginal
stulas. Currently, there are little data on the use of
nfliximab for internal fistulas (eg, enterovesical
stulas).263

UC. Five controlled trials studying infliximab for
he treatment of patients with UC have been report-
d.264–268 In a small study by Sands et al, 4 of 8 patients
ith corticosteroid-refractory UC were considered treat-
ent successes 2 weeks after a single infusion of inflix-

mab compared with 1 of 3 patients receiving placebo.264

n contrast, a study by Probert et al found no statistical
ifference in remission rates at 6 weeks (39% vs 30%)
etween infliximab-treated patients and placebo-treated
atients with corticosteroid-resistant UC.268 Both of
hese studies were probably statistically underpowered.
he results of 2 larger randomized placebo-controlled

rials, ACT 1 and ACT 2, were recently reported.269 In
ach of these 2 studies, 364 patients who were unrespon-
ive to at least 1 standard therapy, including oral
-aminosalicylates (ACT 2 only), corticosteroids, or im-
unosuppressants, were randomized to receive inflix-

mab 5 mg/kg, infliximab 10 mg/kg, or placebo.265,266

atients in ACT 1 were treated at weeks 0, 2, and 6 and
hen every 8 weeks through week 46, with evaluation at
eek 54.265 Patients in ACT 2 were treated at weeks 0,
, and 6 and then every 8 weeks through week 22, with
he last evaluation at week 30.266 In both studies, pa-
ients continued their immunomodulators and aminosa-
icylates throughout the trial, while corticosteroid taper-
ng was allowed after week 8. In ACT 1, the clinical
esponse rates at weeks 8, 30, and 54 were significantly
igher for the groups treated with infliximab 5 mg/kg
69%, 52%, and 46%, respectively; P � .001 for inflix-
mab vs placebo at all points) or 10 mg/kg (62% [P �
001 vs placebo], 51% [P � .002 vs placebo], and 44%
P � .001 vs placebo, respectively]) than for the placebo
roup (37%, 30%, and 20%, respectively). Similarly,
emission rates at weeks 8, 30, and 54 were significantly
igher for the groups treated with infliximab 5 mg/kg
39%, 34%, and 35%, respectively) and infliximab 10
g/kg (32%, 37%, and 34%, respectively) than for the

lacebo group (15%, 16%, and 17%, respectively).265,269

he P values comparing infliximab with placebo for the
emission end point were all very highly statistically
ignificant (P � .001 for all except the 30-week result for

mg/kg; P � .002). Mucosal healing was seen after 8
eeks in 62% of patients receiving infliximab 5 mg/kg,
9% of patients receiving infliximab 10 mg/kg, and
4% of patients receiving placebo (P � .001 for both

nfliximab groups compared with placebo). The mucosal
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ealing benefit was maintained at week 30 (infliximab 5
g/kg, 50%; infliximab 10 mg/kg, 49%; placebo, 19%

P � .001]) and at week 54 (infliximab 5 mg/kg, 46%;
nfliximab 10 mg/kg, 47%; placebo, 18% [P �
001]).269 In the ACT 2 study, which was a 30-week
rial, the clinical response rates at weeks 8 and 30 were
ignificantly higher for the groups treated with inflix-
mab 5 mg/kg (65% and 47%, respectively) or 10 mg/kg
69% and 60%, respectively) than for the placebo group
29% and 26%, respectively). In each case, these results
ere highly statistically significant (P � .001). The

linical remission rate in ACT 2 at week 8 was 34% in
he group receiving infliximab 5 mg/kg, 28% in the
roup receiving infliximab 10 mg/kg, and 6% in the
lacebo group (P � .001 for both comparisons).266 At
eek 30, the remission rates were 26% in the group

eceiving infliximab 5 mg/kg, 36% in the group receiv-
ng infliximab 10 mg/kg, and 11% in the placebo group
P � .001 for each infliximab group vs placebo). Mucosal
ealing at week 8 was achieved in 60% and 62% of the
infliximab groups compared with 31% of the placebo

roup (P � .001 for each infliximab group vs placebo).
t week 30, mucosal healing was observed in 46% and
7% of the infliximab-treated patients compared with
0% of the placebo group (P � .009 and P � .001,
espectively). Taken together, the results of the ACT
rials clearly establish the efficacy of infliximab in the
reatment of active UC that has insufficiently responded
o conventional therapies.269 It should be noted that all
ubjects in ACT 1 and ACT 2 were outpatients; these
tudies did not examine the efficacy of infliximab in the
reatment of hospitalized patients with UC failing to
espond to IV corticosteroids. In a separate recent study,
5 patients with moderate-severe to severe UC refractory
o IV corticosteroids were treated with a single dose of
nfliximab 5 mg/kg versus placebo. Seven of 24 patients
n the infliximab group and 14 of 21 patients in the
lacebo group (P � .017) required colectomy by 3
onths.267

Extraintestinal manifestations. Extraintestinal mani-
estations occur in more than 20% of all patients with CD
involving the skin, joints, eyes, and so on) and often
epresent a major therapeutic challenge, frequently requir-
ng an aggressive therapy approach, such as the use of
yclosporin A in case of pyoderma gangrenosum. In a
rospective open study of patients with CD, 27 of 59
valuable patients (46%) were asymptomatic for arthritis at
eek 12 after 3 doses of infliximab.270 There are numerous

ase reports of favorable results using infliximab to treat
yoderma gangrenosum.271 There are case reports of the
enefit of using infliximab in the treatment of cutaneous

asculitis and ulcerations of the oral cavity.271 b
Side effects. Infections. As with other immuno-
uppressive drugs, patients treated with infliximab can
e expected to develop more infections than otherwise
ealthy individuals not receiving immunosuppressive
herapy. The occurrence of infections in infliximab clin-
cal trials has not been statistically higher in the inflix-
mab-treated groups than in the placebo groups, perhaps
ecause some patients in both the infliximab and placebo
rms were also receiving other immunosuppressive ther-
pies. Nonetheless, in postmarketing experience, bacte-
ial infections in all organs have been described, as well
s mycoses (histoplasmosis, coccidioidomycosis, nocardi-
sis, and candidiasis). Listeriosis has also been observed
n individuals treated with infliximab272; thus, it seems
ogical that nonpasteurized dairy products and soft
heese should be avoided. Colombel et al reported the
linical experience of the Mayo Clinic with more than
00 patients treated with infliximab.273 Twenty of 500
atients experienced a serious infection, many of which
ere deemed to be at least possibly related to infliximab

reatment. The serious infections included sepsis, pneu-
onia, cellulitis, and an intra-abdominal abscess. Simi-

arly, Ljung et al from Sweden noted an annual serious
nfection rate of approximately 2% in patients treated
ith infliximab.274 These open-label studies were uncon-

rolled.273,274 In contrast, data from the 5000-patient
REAT registry, which contains a comparator group of
atients and is large enough to allow multivariate anal-
sis, suggests that any excess of serious infections in
nfliximab-treated patients is most likely due to in-
reased severity of CD in these patients and the concom-
tant use of corticosteroids and not due to infliximab
tself.275 It should be noted that patients were not ran-
omized in the TREAT registry. Infliximab should not
e given to patients with a clinically active infection.
TNF-� plays a central role in the defense of mycobac-

erial infections; animal studies have shown that TNF-�
an prevent the reactivation of latent tuberculosis.276

NF-� has been shown to be an important agent in-
olved in formation of the granuloma. The rate of tuber-
ulosis in patients treated with infliximab is significantly
igher than the expected rate. In addition, the clinical
resentation varies, with more common extrapulmonary
nvolvement (�50%) and a disseminating course in 1 in

cases. The risk of tuberculosis can be reduced by
creening for latent tuberculosis before initiation of in-
iximab therapy, using prophylactic antituberculous
herapy in patients found to have latent tuberculosis, and
aintaining a high index of suspicion for tuberculosis in

atients treated with infliximab. A skin test (5 Tinne
nits) of standard purified protein derivative (PPD) tu-

erculin units injected strictly intradermally is advocated
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nitially. The skin test should be assessed after 48–72
ours and based on the presence of induration in milli-
eters. The presence of induration �5 mm at 48–72

ours should be interpreted as positive and the patient
egarded as having latent tuberculosis. Because the pa-
ient who is a candidate for infliximab has usually been
reated with corticosteroids and immunosuppressive
gents already, the PPD result may be falsely negative.277

he skin test should be combined with a comprehensive
edical history (eg, exposure or contact with tuberculo-

is). Patients with a positive skin test result but negative
ndings on a chest radiograph should begin therapy for
atent tuberculosis based on the standard recommenda-
ions of the American Thoracic Society (for an immuno-
ompromised host) before the initiation of infliximab
herapy.278

The duration of administration of therapy for tuber-
ulosis before beginning administration of infliximab has
ot been established or investigated; in general, inflix-
mab should be started at least 1 month after antituber-
ulous therapy has begun.276

Infusion reactions. Infusion reactions typically oc-
ur during or 1–2 hours after the administration of
nfliximab. In the ACCENT I study (573 patients),
nfusion reactions were reported after 106 of 2026 infu-
ions (5%) (in 23/837 cases after placebo [3%]).248,249

hese reactions included headaches, dizziness, nausea,
rythema at the injection site, flushing, fever, chills,
hest pain, cough, dyspnea, and pruritus. In 12 cases
0.6%), infusion reactions resulted in withdrawal from
he study. Approximately 1 in 1000 infusions results in
serious infusion reaction. The underlying mechanisms

re unclear; an immunoglobulin E–mediated type I hy-
ersensitivity reaction is believed to be present in only a
ery small number of infusion reactions (those with
ypotension and bronchospasm). The following observa-
ions speak against an allergenic genesis: (1) most reac-
ions disappear at slow infusion rates, (2) a majority of
he reactions do not occur until after the first infusion,
nd (3) infusion reactions do not occur after every infu-
ion. Serum tryptase levels, which are increased as a
esult of mast cell activation, and serum immunoglobu-
in E levels, do not change in patients after infusion
eactions to infliximab.279

Several clinical studies have demonstrated a correla-
ion between ATI and the occurrence of infusion reac-
ions. In the ACCENT I study, infusion reactions oc-
urred in 42 of 254 infusions (16%) given to patients
ith ATI but only in 55 of 656 infusions (8%) given to
atients without ATI. Baert et al also noted that infusion
eactions were several times more likely in patients who

ad ATI.251 Farrell et al investigated 53 patients treated d
pisodically with infliximab and found ATI in 19
36%).253 All patients with infusion reactions (7/53) had
etectable ATI. In this study, the use of hydrocortisone
remedication (200 mg IV administered before infusion)
educed the incidence of ATI but not the incidence of
nfusion reactions. It is clear that while ATI do not
xplain all infusion reactions, patients with ATI are 2–3
imes more likely to develop an infusion reaction during

given infusion. Therefore, an important strategy in
reventing infusion reactions is preventing the develop-
ent of ATI. In this regard, scheduled maintenance

herapy every 8 weeks and the concomitant use of im-
unomodulators are 2 options that seem to be effec-

ive.248,251 When infusion reactions do occur, mild to
oderate reactions often can be controlled just by slow-

ng or temporarily stopping the infusion and by giving
cetaminophen 1000 mg orally and diphenhydramine 50
g orally or IV. A more detailed algorithm for the
anagement of infusion reactions and prophylaxis

gainst further infusion reactions can also be found in
ell-done studies in the published literature.279 Prophy-

axis with corticosteroids, acetaminophen, and diphen-
ydramine is of unproved benefit in preventing infusion
eactions in patients who have not had a previous infu-
ion reaction.

Delayed hypersensitivity-like reactions (serum sickness–
ike disorder). Delayed infusion reactions typically occur
–14 days after infliximab infusions. The clinical presen-
ation includes myalgias, arthralgias, fever, rash, pruri-
us, dysphagia, urticaria, and headaches and is similar in
linical presentation to a serum sickness disorder. These
ymptoms generally abate spontaneously or occasionally
equire a brief course of corticosteroids. Serum comple-
ent levels are within normal range. It is clear that the

rincipal risk factor for these reactions is a long hiatus
etween infliximab treatments. In early studies with very
ong intervals between infliximab infusions (several
ears), such reactions occurred in almost 25% of patients;
he initial administration at weeks 0, 2, and 6, as well as
oncomitant immunosuppressive therapy, appear to re-
uce the rate of these reactions. In the ACCENT I study,
he same side effects occurred in 2% of patients248; in a
etrospective review, Colombel et al observed a serum
ickness–like disorder in 1% of patients.273 Individuals
ho experience this constellation of symptoms should be

valuated for this side effect. In some cases, subsequent
nfliximab infusions may be successfully administered
ith corticosteroid treatment both before and after the

nfusion. One strategy is to give prednisone 40 mg by
outh or methylprednisolone 100 mg IV 30 minutes

efore the infusion of infliximab.280 If symptoms recur

espite this treatment, infliximab must be discontinued.
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Development of autoantibodies and drug-induced lupus
eactions. A large percentage of patients with CD (ap-
roximately 40%) develop a positive antinuclear anti-
ody while undergoing treatment with infliximab, and
5% of patients will develop antibodies to double-
tranded DNA (anti-dsDNA antibodies). This phenom-
non has been noted with similar frequency with other
nti-TNF agents, and the mechanism underlying it is
nknown.281 Fortunately, despite the relatively common
evelopment of autoantibodies, the development of
ymptomatic disease (ie, drug-induced lupus) is dis-
inctly unusual. In clinical studies, the development of
rug-induced lupus has occurred in far less than 1% of
atients and has generally been characterized by arthritis
nd serositis that resolves promptly on discontinuation of
nfliximab. No patient has developed renal or central
ervous system involvement.281 Similarly, Vermeire et al
oted that only 2 of 71 patients with positive antinuclear
ntibodies developed a lupus-like syndrome with polyar-
hralgias, myalgias, and a typical butterfly rash; after
iscontinuation of infliximab, the symptoms disap-
eared.281 A diagnosis of drug-induced lupus should be
onsidered when evaluating patients with suspected de-
ayed infusion reactions because some of the symptoms
verlap.282

Malignancy and lymphoproliferative disorder. There
oes not appear to be any evidence that the use of
nfliximab increases a patient’s risk of developing a solid
umor malignancy (eg, carcinoma). Patients with long-
tanding CD and treatment with immunosuppressives
ay be more prone to develop lymphomas,283–288 and

here may be an increased risk of lymphoma with inflix-
mab as well.289 In the ACCENT I study, out of 580
atients, 3 patients developed solid tumor malignancies
renal, breast, and bladder), 2 patients developed non-
elanoma skin cancer, and 1 patient developed lym-

homa. The overall rate of cancer in the ACCENT I
tudy was not higher than would be expected in the
ackground population.248 In March 2003, the Arthritis
dvisory Committee of the FDA noted an 8-fold higher

ate of lymphoma in patients with CD treated with
nfliximab in clinical trials as compared with the age-,
ex-, and race-matched general population (ie, this was
ot a comparison to a population of patients with CD).289

he risk was based on the occurrence of 2 cases of
ymphoma in CD among 1106 patients with CD ob-
erved for 1646 patient-years.289 In the 5000-patient
REAT registry, the malignancy rate in infliximab-

reated patients has been the same as in patients with CD
eceiving other treatments only, but the average fol-

ow-up in this registry was only approximately 2 years290
nd data from the registry are subject to selection and
scertainment bias.

In view of these data, the risk of lymphoma should be
iscussed with patients with CD before starting treat-
ent with infliximab, as should also be done before

tarting treatment with 6-MP, AZA, or methotrexate.
Mortality. Multiple studies have shown that the

nnual mortality rate in patients with CD is between
.0% and 1.5%, compared with 0.8% in the general US
opulation.291–294 The annual mortality rates in the AC-
ENT I and ACCENT II studies were 0.7% and 0%,

espectively.248,258 Colombel et al noted an annual mor-
ality rate of 1.3% among 500 patients treated at the
ayo Clinic,273 whereas Ljung et al from Stockholm
ounty noted the highest reported mortality with inflix-

mab with a rate over 2 years of 2.8% in 217 patients.274

he mortality rate in the TREAT registry in infliximab-
reated patients has been the same as in patients with CD
ot treated with infliximab,275 although the selective
nrollment in the registry makes it difficult to interpret
he comparison. There did, however, appear to be a
ignificantly increased mortality rate associated with the
se of corticosteroids in the TREAT registry.275

Recommendations for infliximab use. Dose. The
ecommended initial dose of infliximab for all IBD in-
ications is 5 mg/kg body wt administered by IV infu-
ion over 2 hours in an induction regimen at weeks 0, 2,
nd 6. This should be followed by maintenance therapy
very 8 weeks in patients who respond. For patients with
D who respond and then lose their response, consider-
tion may be given to treatment with 10 mg/kg. The
reatment should be administered under the supervision
nd control of a specialized health care deliverer, with
mergency equipment for severe infusion reactions avail-
ble. Patients should be monitored for immediate ad-
erse reactions for up to 1 hour after an infliximab
nfusion.

Treatment of moderately to severely active CD and UC
n patients who have not responded despite complete and ade-
uate therapy with a corticosteroid or an immunosuppressive
gent (Grade A). Individuals who are resistant to medical
herapy (complete and adequate therapy with a cortico-
teroid or an immunosuppressive agent) or patients who
annot receive such therapies due to intolerance to med-
cations (corticosteroids or medical contraindications
therapy intolerant):

● For induction therapy, the administration of inflix-
imab at time 0, 2, and 6 weeks is recommended; in
the case of nonresponse to 3 infusions, further treat-
ment with infliximab is not recommended. (Grade

A)
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● Withdrawal or tapering of concomitant corticoste-
roid therapy: if a patient is treated with infliximab
and achieves remission, an attempt to withdraw or
taper any concomitant corticosteroid therapy is ap-
propriate. (Grade B)

● Treatment with corticosteroids, AZA, 6-MP, or
methotrexate before and concomitantly with inflix-
imab can reduce the formation of ATI. (Grade B)

In maintenance therapy, if there is an initial response to
nfliximab (Grade A). Scheduled maintenance adminis-
ration of infliximab at 8-week intervals is superior to
pisodic therapy in several clinical end points; lower ATI
ates, fewer hospital stays, and fewer operations speak in
avor of regular administration of infliximab, especially
n patients who cannot receive concomitant immunosup-
ressive therapy due to intolerance. In episodic inflix-
mab therapy, premedication with corticosteroids ap-
ears to be beneficial.253,295 This can be provided with
ydrocortisone 200 mg IV on the same day as inflix-
mab253 administration, or alternatively oral prednisone
an be administered the day before infliximab therapy. In
erms of toxicity, there are no significant differences
etween maintenance and episodic therapy. In the case of
loss of effect of infliximab in terms of a clinical exac-

rbation during regular 8-week administration, the in-
ervals between doses should be shortened in accordance
ith the authorization for 5 mg/kg. Shortening the

ntervals to less than 4 weeks is not recommended. If a
atient with CD does not receive benefit with a change
n medication-dosing frequency (with a maximum fre-
uency of every 4 weeks), an increase in dose by 5 mg/kg
to 10 mg/kg daily) could be considered.

Treatment of CD with fistulas in patients who have not
esponded despite complete and adequate therapy with conven-
ional treatments (including antibiotics, surgical drainage with
xamination under anesthesia, and/or immunosuppressive ther-
py) (Grade A). An initial infusion of infliximab at a
ose of 5 mg/kg is followed by subsequent infusions of
nfliximab at 5 mg/kg at weeks 2 and 6. If the patient
oes not have a response to the induction regimen,
nfliximab should be discontinued. However, patients
chieving fistula response should receive scheduled main-
enance therapy every 8 weeks with 5 mg/kg. In the case
f a loss of effect of infliximab in terms of a clinical
xacerbation during regular 8-week administration, the
ntervals between doses should be shortened in accor-
ance with the authorization for 5 mg/kg. Shortening
he intervals to less than 4 weeks is not recommended. If
n individual does not receive benefit with a change in
edication-dosing frequency (with a maximum fre-
uency of every 4 weeks), an increase in the dose by 5 w
g/kg (to 10 mg/kg daily) could be considered. There
re no controlled data beyond 1 year, but magnetic
esonance imaging studies have demonstrated persistence
f the fistula track, and patients will be at high risk for
ecurrence if treatment with infliximab is discontinued.

Before the administration of infliximab, delineation of
he fistula anatomy is useful (clinical examination, typ-
cally with an examination under anesthesia, endosonog-
aphy, or magnetic resonance imaging) to exclude the
resence of an abscess.295 Abscesses should be drained
dequately before treatment with infliximab. Seton
rains should remain in place at least until after the
econd infusion of infliximab.296

Extraintestinal manifestations. Extraintestinal mani-
estations are not included in the approved indications
or use of infliximab; however, there have been numerous
ase reports and case series that strongly suggest effec-
iveness. Infliximab is suitable for the treatment of ther-
py-resistant extraintestinal manifestations of CD (Grade
). Several areas that have been reported include pyo-
erma gangrenosum,297 erythema nodosum,298 meta-
tatic CD,299 uveitis,300 episcleritis,301 axial arthropa-
hy,302 peripheral arthropathy,303 aphthous stomatitis,304

nd pulmonary CD.305

Contraindications. Infliximab is contraindicated in
atients with active tuberculosis and other serious infec-
ions, such as sepsis, undrained abscess, and opportunis-
ic infections, such as herpes zoster, cytomegalovirus, or

carinii. In patients with moderate to severe congestive
eart failure (New York Heart Association Class III or
lass IV), infliximab should not be administered because
n increased mortality when compared with controls has
een reported in this patient population.306 Individuals
ith known hypersensitivity to infliximab or other mu-

ine proteins should avoid exposure to infliximab. It is
enerally not advocated that infliximab should be given
o patients with known or suspected demyelinating dis-
rders,230–232,307–309 optic neuritis,310,311 or recent malig-
ant tumors and lymphomas.312

Conclusions

Although there are evidence-based data to sup-
ort the use of corticosteroids, immunomodulators, and
nfliximab in the treatment of patients with IBD, there
re many aspects of therapy with these agents for which
he data are lacking or inadequate. Additional prospec-
ive data are needed to resolve the areas of controversy.
he gastroenterologist who uses these agents must have
clear understanding of the proven benefits and risks of

hese therapies to provide optimal care to the patient

ith IBD.313–315
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