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Infliximab is a chimeric, monoclonal anti-tumour necrosis factor-
alpha antibody. It has been previously demonstrated to be an effec-
tive treatment for patients with Crohn’s disease who do not achieve
the desired response with conventional treatments. Although the
etiology of ulcerative colitis (UC) differs from that of Crohn’s dis-
ease, randomized controlled trials have demonstrated that inflix-
imab is also beneficial for the treatment of moderate to severe UC in
patients who are either intolerant of or refractory to immunosup-
pressant agents or steroids, or those who are steroid-dependent. A
review of the literature is followed by practical recommendations
regarding infliximab that address the needs of clinicians and UC
patients. Where there is a lack of evidence-based information, the
expert panel provides its combined opinion derived from the mem-
bers’ clinical experiences.
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Une analyse et une perspective clinique pour
I'utilisation de I’infliximab contre la colite
ulcéreuse

Linfliximab est un anticorps monoclonal chimérique de la tumeur de la
nécrose antitumorale alpha. Il a déja été démontré qu'il s’agit d’un traite-
ment efficace pour les patients atteints de la maladie de Crohn qui ne
répondent pas de la maniére souhaitée aux traitements classiques.
Létiologie de la colite ulcéreuse (CU) differe de celle de la maladie de
Crohn, mais des essais aléatoires et controlés ont démontré que linflix-
imab est également bénéfique dans le traitement de la CU modérée a
grave chez des patients intolérants ou réfractaires aux immunosup-
presseurs ou aux stéroides ou stéroidodépendants. Une analyse bibli-
ographique est suivie de recommandations pratiques au sujet de
l'infliximab qui répondent aux besoins des cliniciens et des patients
atteints de CU. Lorsqu’'on ne posséde pas d’information probante, le
comité d’experts fournit son opinion collective dérivée de I'expérience
clinique des membres.

he use of biological agents in the treatment of ulcerative

colitis (UC) has recently been the subject of large-scale
randomized controlled trials, and level 1 evidence of their effi-
cacy has been provided by these trials. The accompanying par-
adigm shift in the management of UC is the impetus for the
present review of the recent clinical studies on the use of
infliximab in the treatment of UC. In the present paper, we
place the specific findings of these studies in the context of
clinical practice.

The present document represents the decisions reached
during a meeting in Toronto, Ontario of invited expert gas-
troenterologists, all of whom have had extensive clinical expe-
rience with infliximab therapy for UC. Meeting and travel
expenses were covered by a grant from the University of
Alberta’s Gastrointestinal and Liver Disease Research Group
(Edmonton, Alberta) fund, which received an undirected edu-
cational grant from Schering Plough Canada Inc, the manu-
facturers of infliximab. Expenditures from this fund strictly

followed University of Alberta policies and procedures. During
the preparation of the manuscript, the authors’ written com-
ments were exchanged and compiled centrally. Each author
has contributed to, reviewed and agreed on the content of the
final document.

INFLIXIMAB IN UC - REVIEW OF THE
AVAILABLE EVIDENCE

The present review of the available body of evidence provides
an evidence-based approach to the use of the anti-tumour
necrosis factor-alpha monoclonal antibody, infliximab, for the
treatment of patients with UC. Gaps in this knowledge are also
identified. For the physician’s reference, Tables 1 and 2 provide
descriptions of UC activity indexes that are commonly used
both clinically and in key studies on UC.

For the present review, systematic literature searches were
conducted using the following databases: PubMed, EMBASE,
Cochrane Library and BIOSIS Previews. The following
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TABLE 1

Comparison of commonly used ulcerative colitis disease activity indexes

Clinical index

Activity level

Mild

Moderate

Severe

American College of
Gastroenterology (80)
Truelove and Witts (81)

Mayo score (82)
<2 indicates clinical remission
if sustained for three days
Each of the four subcategories
(stools/day, bleeding,
endoscopy and physician’s

<4 stools/day + blood, normal ESR
and no sign of toxicity

<5 bowel movements/day, small
amounts of blood in the stool,
no fever, no tachycardia, mild anemia
(>75%, approximately 100 g/L)
and ESR <30

Score 3to 5

1 to 2 more stools/day than normal

Some blood in <50% of stools

Minimal rectal bleeding

Endoscopy shows erythema, mild
friability and/or decreased vascular

>4 stools/day * blood and minimal
signs of toxicity

Intermediate condition between mild
and severe

Score 6to 9

3 to 4 more stools/day than normal

Some blood in stools most of the time

Endoscopy shows marked erythema,
lack of vascular pattern, definite
friability and mucosal erosions

>6 stools/day + blood, evidence of toxicity
(fever, tachycardia, anemia or elevated ESR)

>6 bowel movements/day, large amounts of
blood in the stool, fever (>37.5°C), pulse
(>90 beats/min), anemia (hemoglobin >75%
of baseline) and ESR >30

Score 10 to 12

>5 more stools/day than normal

Rectal bleeding, passing blood-only stools

Endoscopy shows spontaneous bleeding
and mucosal ulcerations

Physician’s global assessment is severe

global assessment) are
rated O to 3 in increasing
severity. The sum is the final
score ranging from 0 to 12.

pattern
Physician’s global assessment is mild
activity of disease

C-reactive protein (83) >0 mg/L

Physician’s global
moderate disease activity

>3 mg/L

nent is di activity

>12 mg/L

ESR Erythrocyte sedimentation rate determined using the Wintrobe method

TABLE 2
Oxford ulcerative colitis disease activity index (84)

Patient profile with moderate ulcerative colitis

Patient profile with severe ulcerative colitis

Ambulatory

Between four and five stools/day with intermittent bleeding

May have tachycardia, fever or anemia

Slightly elevated C-reactive protein level (approximately 3 mg/L)
Radiograph normal, with possible small dilation or air

May have abdominal tenderness (85)

General clinical condition: moderately ill and weak

May or may not be ambulatory

In excess of five bloody or blood-only stools/day

Has tachycardia, fever and anemia (may require transfusion)
Elevated C-reactive protein level (approximately 12 mg/L)
Radiograph indicates air, edematous wall or thumbprinting (85)
Abdominal tenderness (85)

General clinical condition: very ill and distressed

Characterizations of moderate and severe ulcerative colitis patient profiles are based on the activity indexes presented in Table 1. The Oxford Rule indicates that if
a patient does not have a clinical response after five days of intensive steroid therapy, the individual requires surgical intervention before her/his condition deterio-

rates irreversibly (86)

search strings were used: infliximab and colitis (as text
words); infliximab and inflammatory bowel diseases (as MeSH
terms); and, infliximab and (ulcerative colitis) (as both text
words and/or MeSH terms). From this search set, articles were
selected only if they met the inclusion criteria: randomized
controlled trials (RCTs), written in English, in which inflix-
imab was used in human subjects for the treatment of UC.

Six publications representing seven studies were determined
to meet the inclusion criteria (Table 3) (1-6). Each trial was
conducted in either a closed-label or open-label, double-blind
experimental setting. None of the studies investigated the use of
infliximab for the treatment of pediatric patients or pouchitis.

Induction of remission in patients with steroid-refractory
ulcerative colitis (fulminant colitis)

Three trials were conducted with patients whose disease was
refractory to steroid therapy (2,4,6). In 2001, Sands et al (6)
compared the effects of infliximab therapy with those of a
placebo. The patients’ disease states were classified as severe
according to the modified Truelove and Witts method (7),
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with scores ranging from 11 to 19. UC was considered refrac-
tory to intravenous corticosteroid therapy after a minimum of
five days. Eleven subjects were randomly assigned to one of
four treatment arms: placebo (n=3), or infliximab at 5 mg/kg
(n=3), 10 mg/kg (n=3) or 20 mg/kg (n=2). Patients received a
single infusion at day O and were assessed at weeks 2 and 12.
Desired experimental end points were a modified Truelove and
Witts score of less than 10 in conjunction with a five-point
decrease from the patient’s baseline score. At week 2, no
improvement in disease status were recorded for the placebo
group in comparison with the treatment groups (5 mg/kg: two
patients with disease improvement, 10 mg/kg: one patient with
disease improvement, and 20 mg/kg: one patient with disease
improvement). At week 12, only two infliximab subjects (each
in 20 mg/kg group) had experienced durable treatment suc-
cesses. In the remaining nine patients, colectomies were per-
formed on all three patients receiving placebo and on four of
the eight patients receiving infliximab (5 mg/kg or 10 mg/kg).
The differences in results between infliximab and placebo were
not statistically significant (RR 4.0, 95% CI 0.28 to 57.98) (8).
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TABLE 3

Infliximab in ulcerative colitis

Randomized controlled trials examining the effect of infliximab in the induction and maintenance of remission in ulcerative

colitis

Design, 1°
outcome
Reference period

Group

Infliximab regimen

Comparator

Concomitant therapy

Results

Induction of remission
Sands et al, DB,
2001(6) 2 weeks

Probert et al, DB,

2003 (4) 6 weeks
Armuzzi OL,
et al, 2 weeks
2004 (1)
Ochsenkuhn DB,
et al, 13 weeks
2004 (3)
Jarnerot DB,
et al, 3 months
2005 (2)
Rutgeerts DB,
et al, 8 weeks
2005 (5),
(ACT 1)
Rutgeerts DB,
et al, 8 weeks
2005 (5),
(ACT 2)

5 mg/kg daily (n=3)

10 mg/kg daily (n=3)

20 mg/kg daily (n=2)

5 mg/kg daily at weeks 0
and 2 (n=23)

5 mg/kg daily at weeks 0,
2 and 6 (n=10)

5 mg/kg daily at weeks 0,
2 and 6 (n=6)

4 mg/kg to 5 mg/kg
daily (n=24)

5 mg/kg daily at weeks O,
2 and 6, then every
eight weeks to
week 46 (n=121)

10 mg/kg daily at weeks 0,

2 and 6, then every
eight weeks to
week 46 (n=122)

5 mg/kg daily at weeks 0,
2 and 6, then every
eight weeks to
week 22 (n=121)

10 mg/kg daily at weeks 0,

2 and 6, then every
eight weeks to
week 22 (n=120)

Maintenance of remission

Rutgeerts DB,
et al, 54 weeks
2005 (5),
(ACT 1)

Rutgeerts DB,
et al, 30 weeks
2005 (5),
(ACT 2)

5 mg/kg daily at weeks 0,
2 and 6,then every
eight weeks to
week 46 (n=121)

10 mg/kg daily at weeks 0,

2 and 6, then every
eight weeks to
week 46 (n=122)

5 mg/kg daily at weeks 0,
2 and 6, then every
eight weeks to
week 22 (n=121)

10 mg/kg daily at weeks 0,

2 and 6, then every
eight weeks to
week 22 (n=120)

Placebo (n=3)

Placebo at weeks 0 and 2 (n=20)

Intravenous methylprednisolone
0.7 mg/kg to 1mg/kg daily for
one week, then tapered (n=10)

Oral prednisolone 1.5 mg/kg
daily for two weeks,
then tapered (n=7)

Placebo (n=21)

Placebo at weeks 0, 2 and 6,
then every eight weeks
to week 46 (n=121)

Placebo at weeks 0, 2 and 6,
then every eight weeks
to week 22 (n=123)

Placebo at weeks 0, 2 and 6,
then every eight weeks
to week 46 (n=121)

Placebo at week 0, 2 and 6,
then every eight weeks
to week 22 (n=123)

Sulfasalazine, mesalazine,
antibiotics, azathioprine,
6-MP and antidiarrheal drugs

Acetaminophen, 5-ASA,
glucocorticoids,
azathioprine and 6-MP

Prednisolone

Mesalazine, sulfasalazine,
antibiotics and antidiarrheal
drugs

Optional: Oral prednisolone
40 mg daily with 5 mg
reduction/week, mesalamine
and azathioprine 1.5 mg/kg
to 2 mg/kg

Required: Trimethoprim 160 mg
and sulfamethoxazole 800 mg
daily for 8 weeks

Corticosteroids, 5-ASA,
azathioprine and 6-MP

Corticosteroids, 5-ASA,
azathioprine and 6-MP

Corticosteroids, 5-ASA,
azathioprine and 6-MP

Corticosteroids, 5-ASA,
azathioprine and 6-MP

No significant difference in disease
improvement

No significant difference in disease
improvement but there was a trend
toward favouring infliximab treatment

No significant difference between
treatment groups

No significant difference in disease
improvement

Infliximab significantly reduced the
colectomy rate (RR 0.44, 95% CI 0.22
to 0.87). There were no other
significant differences between the
two study groups

Clinical response in 69.4% and 61.5%
of patients receiving infliximab at
5 mg/kg or 10 mg/kg daily,
respectively versus 37.2% receiving
placebo (P<0.001 for both
comparisons)

Clinical response in 64.5% and 69.2%
of patients receiving infliximab at
5 mg/kg or 10 mg/kg daily,
respectively versus 29.3% receiving
placebo (P<0.001 for both
comparisons)

Clinical remission in 34.7% and 34.4%
of patients receiving infliximab at
5 mg/kg or 10 mg/kg daily,
respectively versus 16.5% receiving
placebo (P=0.001 for both
comparisons)

Clinical remission in 25.6% and 35.8%
of patients receiving infliximab at
5 mg/kg or 10 mg/kg daily,
respectively versus 10.6% receiving
placebo (P=0.003 and P<0.001,
respectively)

5-ASA 5-aminosalicylate; 6-MP 6-mercaptopurine; ACT Active Ulcerative Colitis Trial; DB Double-blind; OL Open label
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Although the above study did not show a statistical signif-
icance for the antibody treatment, it was the first to suggest
that a response to a single infusion of infliximab could occur
in some cases of severe UC. However, the study’s outcome
was overshadowed by its small patient population (n=11),
which was attributed to difficult patient enrolment. The
authors did not comment on whether attempts were made to
wean ‘infliximab responders’ off of concomitant corticos-
teroid therapy.

In 2003, Probert et al (4) reported on an RCT that enrolled
43 subjects with moderate-to-severe UC (UC symptom score
of more than 6) whose disease was refractory to seven days of
prednisolone therapy (30 mg/day). Patients received an infu-
sion of either placebo (n=20) or 5 mg/kg of infliximab (n=23)
at days O and 14. The primary experimental end point was an
UC symptom score of 2 or less at week 6. In the infliximab
arm, 39% of cases (nine of 23) met this end point, relative to
30% (six of 20) in the placebo arm. All infliximab responders
had their corticosteroid therapy tapered during weeks 2 to 6.
Only one colectomy was performed; it took place in the
placebo group. In the infliximab group, 11 subjects with non-
responding disease received a third infliximab infusion of
10 mg/kg at week 6 as a rescue therapy. Of this number, three
cases met the success criteria four weeks after the last infusion.

In spite of the fact that Probert et al (4) used a two-step
infusion regimen and had a larger patient population that had
less severe disease activity than that seen in Sands et al (6), the
clinical outcomes were similar in these first two studies.
Indeed, Probert et al found no statistically significant differ-
ence between the two treatment arms in terms of clinical
remission or quality of life (measured using the Inflammatory
Bowel Disease Questionnaire and the EuroQol scale).
Differences in endoscopic remission rates did not achieve sta-
tistical significance either, with a RR of 0.87 and a 95% CI of
0.33 t0 2.27 (8).

More recently, in 2005, Jarnerot et al (2) published an RCT
of patients (n=45) with moderate and severe UC (Seo index
score of 150 to 220 and more than 220, respectively). At day 0,
all subjects were started on intravenous betamethasone (4 mg
two times per day). Patients were randomly assigned to receive
either a single infusion of placebo (n=21) or infliximab
(4 mg/kg to 5 mgf/kg) (n=24) depending on their response to
the high-dose steroid therapy. Patients who had a fulminant
colitis score of 8 or more on day 3 received infusions on day 4.
Patients with Seo index scores of more than 150 received infu-
sions on days 6 to 8. The primary experimental end points were
colectomy or death 90 days after the infusion. Clinical remis-
sion was considered to have been attained if the Seo index was
less than 150 points and endoscopies showed disease to be in
remission at both 30 and 90 days. All responders underwent a
standard corticosteroid tapering schedule. At 90 days, colec-
tomies had been performed on seven of 24 infliximab patients
and 14 of 21 placebo patients (P=0.017). There were no deaths
in the study. Overall, neither clinical remission rates (six of
24 infliximab patients and two of 21 placebo patients) nor
endoscopic remission rates (six of 15 patients and two of
six placebo patients) of infliximab patients were statistically
different from placebo patients at 90 days (RR 2.63, 95% CI
0.59 to 11.64) (8).

The key differences of the study by Jarnerot et al from the
previous ones by Sands et al and Probert et al were the longer
assessment periods of three and six months and a standard
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corticosteroid tapering schedule for responders. Additionally,
Jarnerot et al used primary experimental end points that were
clinically relevant (ie, colectomy and death). All three of the
above studies were statistically underpowered due to their
small patient populations.

Induction of remission in steroid-dependent UC

In 2004, Armuzzi et al (1) reported on an RCT that aimed to
determine the effectiveness of infliximab for patients whose
UC was steroid-dependent. Twenty patients with mild-to-
moderate UC (disease activity index [DAI] score of more than
6) were randomly assigned to receive either infliximab (n=10;
5 mg/kg at zero, two and six weeks, followed by maintenance
infusions every six weeks) or intravenous methylprednisolone
(n=10; 0.7 mg/kg to 1 mg/kg body weight daily for one week,
followed by a tapering regimen). Clinical remission was
defined as a DAI score of less than 3. At three and six months,
both treatment groups achieved clinical remission.

This was the first RCT to implement a regimen of a triple-
infliximab infusion for induction followed by infusions to
maintain remission (DAI score of less than 3). The study also
demonstrated the benefit of infliximab therapy for responders,
who were able to taper and then discontinue steroids during
the maintenance phase (nine of 10 patients), as compared
with the methylprednisolone group (eight of 10 patients),
where responders required continued steroid therapy (mean *
SD, 16.25+5.2 mg/day at six months). However, this study was
also statistically underpowered.

Induction of remission in patients with UC that is neither
steroid-refractory nor steroid-dependent

In 2004, Ochsenkuhn et al (3) reported the results of their
RCT involving 13 patients with moderate-to-severe UC that
was neither steroid-dependent nor steroid-refractory. These
patients’ modified Truelove and Witts scores were more than
10 for a minimum of two weeks before the trial. Participants
were randomly assigned to one of two treatment arms: inflix-
imab (5 mg/kg at weeks 0, 2 and 6) or prednisolone (1.5 mg/kg
daily for two weeks, then 1 mg/kg for one week followed by a
weekly 5 mg reduction). End points at weeks 3 and 13 were a
modified Truelove and Witts score of less than 10 and a five-
point decrease or more from the baseline score. At both end
points, results from five of six and six of seven patients from
the infliximab and prednisolone groups, respectively, showed
therapeutic success. No statistical differences between the two
treatment groups were observed with respect to treatment suc-
cess and endoscopic remission rates.

This small study by Ochsenkuhn et al suggested that inflix-
imab therapy (without concomitant steroid therapy) had simi-
lar efficacy to high-dose steroid treatment. This similarity
raised the possibility of using infliximab to induce and main-
tain remission of less severe UC, as a steroid-sparing treatment.

In 2005, Rutgeerts et al (5) published two large-scale RCTs
(Active Ulcerative Colitis Trial [ACT] 1 and ACT 2) that
compared the efficacy of infliximab to that of a placebo for the
induction of remission in cases of moderate-to-severe UC. The
use of infliximab to maintain long-term remission was concur-
rently investigated. In both ACT 1 and ACT 2, study partici-
pants were ambulatory patients who had Mayo scores of
between 6 and 12 in spite of concurrent treatment with
mesalamine (ACT 2 only), corticosteroids, azathioprine or
6-mercaptopurine. At the point of random assignment, 30.8%
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(n=112) and 28.8% (n=105) of patients had steroid-refractory
UC in ACT 1 and ACT 2, respectively. In ACT 1,
364 patients were randomly assigned to receive infusions of
either infliximab, at 5 mg/kg (n=121) or 10 mg/kg (n=122), or
placebo (n=121) at weeks 0, 2 and 6, and every eight weeks
thereafter to week 46. A clinical response was defined as a
three-point decrease from the baseline score, along with a
reduction in rectal bleeding. Clinical remission was considered
to have been achieved when the Mayo score was 2 or less. The
primary end point was at week 8, and the secondary end points
were at weeks 30 and 54. In ACT 2, 364 patients were ran-
domly assigned to receive infusions of either infliximab, at
5 mg/kg (n=121) or 10 mg/kg (n=120) or placebo (n=123) at
weeks 0, 2 and 6, and every eight weeks thereafter through
week 22. The ACT 1 criteria for clinical response and clinical
remission were used in ACT 2. The ACT 2 primary and sec-
ondary end points were at eight and 30 weeks.

The outcomes of both ACT 1 and ACT 2 were statistically
in favour of infliximab. No difference in clinical response was
found in the group of patients whose disease was steroid-
refractory from the group of patients whose disease was not
steroid refractory in the two trials. A Cochrane review and
meta-analysis (8) of the combined results (n=728) demon-
strated that infliximab successfully induced clinical remission
(RR 3.22, 95% CI 2.18 to 4.76) in 160 of 484 patients
(33.1%), versus 25 of 244 patients (10.2%) taking the placebo.
Infliximab also successfully induced endoscopic remission (RR
1.88, 95% CI 1.54 to 2.28; four patients needed to be treated to
prevent one recurrence) at eight weeks in 294 of 484 patients
(60.7%), versus 79 of 244 patients (32.4%) taking a placebo (8).

Maintenance of remission in patients with UC that is
neither steroid-refractory nor steroid-dependent

The ACT 1 and ACT 2 trials (5) are the only studies to date to
employ infliximab to maintain remission of UC. Maintenance
infusions of either infliximab (5 mg/kg or 10 mg/kg) or placebo
were administered beginning at week 14, and every eight weeks
thereafter, through week 46 (ACT 1) or week 22 (ACT 2). By
week 30 in ACT 1, 33.9% and 36.9% of patients receiving
infliximab (5 mg/kg and 10 mg/kg, respectively) experienced a
clearly maintained clinical remission (P=0.001 and P<0.001,
respectively) versus only 15.7% of the patients in the placebo
arm. The ACT 2 results were similar, in that 25.6% and 35.8%
of the infliximab patients (5 mg/kg and 10 mg/kg, respectively)
were in clinical remission at week 30 (P=0.003 and P<0.001,
respectively) versus 10.6% of the placebo group. In ACT 1, at
week 54, there was still a significant difference between the
infliximab and placebo treatment arms with respect to mainte-
nance of clinical remission. In the 5 mg/kg infliximab study
group, 34.7% of the patients were in clinical remission
(P=0.001) versus 34.4% in the 10 mg/kg group. Only 16.5% of
patients receiving the placebo had a maintained clinical remis-
sion at week 54 (P=0.001). No information was provided
regarding the remission statuses of the subgroups whose disease
was or was not refractory to steroids in either trial. While out-
comes at 30 and 52 weeks continued to favour active therapy,
further studies are needed to establish the therapeutic gain of
long-term maintenance therapy beyond one year.

Safety
The common infliximab-attributable adverse effects reported in

four of the RCTs (2-4,6) were generally mild. They included
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pruritis, headache and upper respiratory or urinary tract infec-
tions. In the ACT 1 and ACT 2 studies (5), placebo and
infliximab treatment groups had similar rates of adverse
events and infusion reactions. However, one infliximab-
treated patient in each of the ACT 1 and ACT 2 studies
developed an opportunistic infection (tuberculosis and histo-
plasmosis, respectively) and died of complications. Delayed
hypersensitivity reactions were reported for two patients
treated with infliximab (one each in ACT 1 and ACT 2) and
one patient receiving placebo (ACT 1) (5). No malignancies
or lymphomas were reported in these RCTs, although the risk
of neoplasia associated with infliximab and other biological
agents is described.

Concomitant immunomodulatory therapy

Although many patients in these RCTs received concomitant
treatment with azathioprine, mesalamine, antibiotics or
methotrexate, these drugs’ confounding influence on study
end points was minimized through the initial randomization
process. In the RCTs on steroid-refractory and steroid-
dependent disease, all subjects were treated with infliximab in
conjunction with steroid therapy (1,2,4,6). However, only the
RCTs conducted by Ochsenkuhn et al (3) and Rutgeerts et al
(5) were able to assess (and exclude) the possibility of a syner-
gistic effect between infliximab and concomitant steroid ther-
apy. Indeed, in the case of intermittent infliximab dosing,
where anti-infliximab antibody rates are generally high, con-
comitant administration of immunomodulatory drugs (aza-
thioprine, 6-mercaptopurine and methotrexate) has been
shown to reduce the formation of antibodies, improve efficacy
and reduce infusion reactions. The possibility of a similar ben-
eficial effect to concomitant immunomodulatory therapy
along with scheduled infliximab dosing is less clearly estab-
lished and has recently been challenged (9,10). The clinical
approach to the immunogenicity of infliximab has been
reviewed elsewhere (11,12).

Knowledge gaps and potential future areas of research

A considerable number of gaps exist in the clinical knowledge
related to infliximab. Not all patients are responsive to inflix-
imab therapy induction, and there is currently no phenotypic,
genotypic, metabolic or serological profile that predicts a
response to this therapy. In the case of severe UC, no RCT has
yet compared the success of infliximab to that of intravenous
cyclosporine, nor has any trial assessed the outcomes of their
sequential use.

The clinician should be aware that the ACT 1 and ACT 2
trials examined a mixed group of patients, which included
both  those who were steroid-dependent and/or
immunomodulator-dependent and those who were steroid-
responsive and/or immunomodulator-responsive. Caution
should be used when extrapolating these results to the treat-
ment of steroid-dependent or steroid-resistant UC. Further
studies are required to determine the results of concomitant
immunosuppressant therapy and infliximab therapy. There
also remains a considerable knowledge gap to do with the opti-
mal remission maintenance regimen. Because no studies of
infliximab have exceeded 54 weeks, the benefits of continued
maintenance therapy, as well as its long-term safety, are
unknown. The optimal use of infliximab, in terms of on-
demand, episodic maintenance versus scheduled-maintenance
therapy, is also unclear.
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Summary

In total, seven RCTs have assessed the effectiveness of inflix-
imab therapy for varying degrees of mild-to-severe UC. The
most convincing data for the efficacy of infliximab in UC
comes from the large ACT 1 and ACT 2 trials, in which ambu-
latory patients whose disease was neither refractory to nor
dependent on steroid therapy received three 5 mg/kg infusions
at weeks 0, 2 and 6 for induction purposes, followed by infu-
sions every eight weeks for maintenance therapy.

INFLIXIMAB IN UC - IMPLICATIONS FOR
CLINICAL PRACTICE

Target population

In the absence of a formal consensus process approved by the
Canadian Association of Gastroenterology, these implications
for adult and pediatric clinical practice should not be consid-
ered guidelines but instead, expert opinions based on evidence
from observational, cohort and randomized studies.

Clinical indications

Moderate-to-severe UC (nonfulminant colitis)

Clinical practice considerations

Infliximab has received Notice of Compliance approval in
Canada for its use in the induction and maintenance of remis-
sion for UC that is dependent, intolerant or refractory to one
or a combination of the following therapies: steroids, azathio-
prine, 6-mercaptopurine and/or mesalamine (1,4,5,13-16).

Commentary

e [n general, in the absence of contraindications, patients
whose disease has failed to respond to oral (4 g) and/or
topical mesalamine after two weeks should be given
one therapeutic trial of corticosteroids. If the UC is
steroid-dependent, immunosuppressive agents
(eg, azathioprine at 2.5 mg/kg or 6-mercaptopurine at
1.5 mg/kg) should be used before considering infliximab
treatment.

e The evidence for the use of immunosuppressive therapy
with purine antimetabolites in the management of active
UC is less robust than the evidence that supports their
use to treat Crohn’s disease.

e The strongest evidence comes from an RCT conducted by
Ardizzone et al (17), in which steroid-dependent patients
with active disease were treated with either mesalamine or
azathioprine. More patients attained remission and were
weaned off steroids with the azathioprine treatment than with
the mesalamine treatment (53% versus 21%) (OR 4.78,

95% CI 1.57 to 14.5).

e Another RCT by Hawthorne et al (18) showed that
withdrawal of azathioprine was associated with a higher
relapse rate than was azathioprine when used to maintain
remission for a randomly assigned population. However,
this trial, although randomized, did not utilize a double-
blind design. Therefore, in making the decision to use
immunosuppressive agents to treat UC, the clinician
must bear in mind the current level of evidence and the
potential risk of malignancies for patients on
combination immunomodulatory and anti-tumour
necrosis factor-alpha therapy (please see below).
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e The use of concomitant immunosuppressive agents to
abrogate the antibody response to infliximab has been
recommended by experts if intermittent use of infliximab
is planned. However, in the case of regular maintenance
doses of infliximab, the use of concomitant
immunosuppressive therapy is a controversial practice.

e No published evidence exists to support the use of
methotrexate to induce or maintain remission of UC
(19-21). However, in the case of azathioprine
intolerance, some clinicians opt to use methotrexate to
abrogate the antibody response to infliximab, especially if
intermittent infliximab dosing is contemplated. For
patients who cannot take azathioprine, results from trials
and treatment of theumatoid arthritis suggest that the
administration of methotrexate may be a suitable
alternative to help minimize an antibody response (21-23).
Evidence from observational studies indicates that pediatric

patients should have the same infliximab treatment options
that are available to adults (13-16,24). However, greater con-
cern exists regarding the lymphoma risk associated with com-
bined azathioprine and infliximab therapy for young patients
than for adults with Crohn’s disease and UC. Recent reports
have documented the occurrence of an otherwise exceedingly
rare, and usually fatal, hepatosplenic T-cell lymphoma among
pediatric patients receiving a thiopurine drug along with
infliximab on a long-term basis (25-27). These reports have
led some experts to recommend against long-term immunosup-
pression therapy when infliximab is administered on a regular
maintenance schedule.

Severe UC (including fulminant colitis)

Clinical practice considerations

For patients with severe UC who require hospitalization and
who show either no response or a partial response to three to
seven days of intravenous corticosteroids, limited evidence
suggests that infliximab therapy may result in a clinical
response and remission in some cases (2,6).

Commentary

e Fulminant disease may respond less well than severe
nonfulminant disease (2). Consultation with those who
have expertise in the management of patients with these
disease conditions is important, to ensure positive
outcomes. Referral of patients to centres with surgical and
medical expertise in the management of these patients can
be important. A multidisciplinary approach involving both
medical and surgical teams will maximize treatment efficacy
and minimize the occurrence of adverse events.

e To date, no direct comparison of the effectiveness of
infliximab versus cyclosporine for UC has been published

(28,29).

e Evidence from observational studies indicate that
pediatric patients should be offered the same infliximab
treatment options that are available to adults (30-35).

Initial dosing (induction of remission)

Moderate-to-severe UC

Clinical practice considerations

The recommended dosing regimen (based on the ACT trials)
for induction of remission is three intravenous infusions of
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infliximab (5 mg/kg) at zero, two and six weeks. Other multi-
ple dosing regimens for UC treatment (ie, zero and two weeks),
including multiple versus single-dosing regimens, have not

been compared in RCTs (1,3,5,31,35,36).

Severe UC

Clinical practice considerations

The initial dose of infliximab is an intravenous infusion
(5 mg/kg) at week 0. Patients with severe UC should be
assessed on a daily basis while in the hospital. For those
patients whose disease responds to the therapy, subsequent
infliximab infusions can be repeated at weeks 2 and 6
(5 mg/kg). In general, patients whose disease does not respond,
or that continues to deteriorate in spite of receiving infliximab
therapy, should be considered for surgery.

Concomitant immunosuppressive therapy

Clinical practice considerations

The rationale for combined immunosuppressive therapy is to
minimize the formation of antibodies to infliximab and
thereby enhance drug efficacy and reduce infusion reactions.
Evidence extrapolated from Crohn’s disease and rheumatoid
arthritis trials suggests that concomitant immunomodulatory
therapy with azathioprine or 6-mercaptopurine can be consid-
ered (37). The risk-benefit ratio for this approach is better if
intermittent infliximab dosing is anticipated and is less robust
if regularly scheduled infliximab dosing is planned.

Commentary

e The potential adverse event profiles of concomitant
immunosuppressive therapy (see above) must be taken
into consideration before this therapy is initiated.

¢ In general, immunosuppressant treatments should be
started before infliximab therapy to minimize infusion
reactions and antibody formation (38). The optimum
dose and duration of immunosuppression is unknown;
however, experts are using similar doses to those
suggested for Crohn’s disease.

¢ In the case of patients who cannot tolerate either
azathioprine or 6-mercaptopurine, some experts have used
methotrexate to prevent infusion reactions and antibody
formation. However, there is no RTC evidence to suggest
that methotrexate is effective for the management of UC.

Maintenance dosing for both moderate-to-severe and severe
UC patients

Clinical practice considerations

No RCT has yet attempted to determine the optimal dosing
of infliximab for maintaining remission in UC. The ACT 1
and ACT 2 trials used maintenance dosing of 5 mg/kg on a
scheduled basis every eight weeks to maintain clinical remis-
sion following completion of an induction regimen for 30 and
52 weeks, respectively (1,5,30,35). For patients who have lost
the response, a reinduction regimen of infliximab may re-
establish a response in some cases (31,39-41). While out-
comes at 30 and 52 weeks continued to favour active therapy,
further studies are needed to establish the therapeutic gain of
long-term maintenance therapy beyond one year.

Commentary

e Given the low toxicity of mesalamine, its proven
maintenance efficacy in cases of mild UC, and the
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emerging evidence for the use of mesalamine as a
chemotherapeutic agent for the prevention of colon
cancer, the majority of experts support the discontinued
use of mesalamine by patients who require long-term
infliximab therapy. For patients receiving concurrent
mesalamine and immunosuppressive agents, close
monitoring of white blood cell counts is recommended,
because a drug interaction may promote neutropenia (42).

e Corticosteroid therapy should be tapered and
discontinued once a patient has responded to infliximab
therapy. If a patient cannot be weaned off steroids after
the introduction of infliximab, a re-evaluation of the
continued use of infliximab for long-term disease

management is necessary (1,3-5,24,33,35,43-46).

e Intermittent (or ‘on demand’) infliximab dosing as a
maintenance strategy in UC has not been studied.
However, because of antibody formation, this approach
has not been recommended for the treatment of other
immune-mediated diseases (47).

e No studies are available concerning the benefits or risks
of continuing infliximab maintenance therapy for longer
than 12 months, although some experts have successfully
used scheduled infliximab maintenance dosing for more
than five years for select patients.

Precautions and safety

Clinical practice considerations

The recommendations presented here are derived from those
developed for the use of infliximab in the treatment of Crohn’s
disease (48). The information listed below may not reflect the
material presented in the product monograph.

Infliximab should not be administered to the following
patients:

e Patients who have a known active infection (viral,
tubercular, bacterial or atypical) (49-51). The standard
tuberculin skin test (TST) is subject to anergy in the case
of inflammatory bowel disease patients (52). Even if the
purified protein derivative reaction is negative (given the
unreliability of the testing procedure), patients should be
asked to have a chest radiograph, provide a detailed
travel history, report any possible tuberculosis exposures
and provide details of symptoms such as a chronic cough
or weight loss. In addition, an alternative to TST that
should be considered is a quantitative immune assay such
as QuantiFERON-TB Gold (Cellestis, Australia), which
is recommended by the Centers for Disease Control and
Prevention in preference over the TST (53).

e Patients with class III/IV congestive heart failure or central
nervous system demyelinating syndromes (51,54-56).

e Patients who have a current malignancy other than
nonmelanoma skin cancer (51).

Infliximab can be administered to the following patients
with caution:

e Patients with inactive or latent tuberculosis. If these
conditions are suspected, appropriate consultation and
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appropriate treatment should be initiated before

infliximab is started (51,57).
e Patients with a previous malignancy (51).

e Women who are pregnant, lactating or unwilling to use
appropriate birth control during infliximab therapy
(51,58-62).

e Men who are concerned about their fertility (63).

Adverse events

Clinical practice considerations

Because no published information on the safety of infliximab
treatment of UC for more than 54 weeks was available, the
information below relies on studies in which infliximab was
used for 54 weeks or less and from studies on the use of inflix-
imab to treat theumatoid arthritis and Crohn’s disease for more

than 54 weeks (reviewed in [64-60]).

Lymphoproliferative disorders or malignancies

e At the present time, there is no consensus regarding
the estimated lymphoma risk for patients treated with
infliximab (64). Recent data from large registries (60)
suggest that the lymphoma risk is no different than that
in the general population. However, most experts
believe that added immunosuppression does impart
some small cumulative risk of malignancy. For instance,
a 2005 meta-analysis by Kandiel et al (67) found that
inflammatory bowel disease patients who were
receiving 6-mercaptopurine or azathioprine therapy had
an increased RR for developing lymphoma of 4.18
(95% CI 2.07 to 7.51) (67). Nevertheless, the cause of
the increased risk could not be specifically identified.
The authors attributed the increased risk to either the
medications or the severity of the underlying disease, or
a combination of these factors.

The many studies that compare the risks for patients receiv-
ing infliximab with those of the general population find stan-
dard incidence ratios of 2.6 to 11.5. However, it is also true
that a study comparing rheumatoid arthritis patients who were
receiving infliximab therapy with those who were not, found
no increased risk of lymphoma (68).

The 5000-patient Therapy, Resource, Evaluation and
Assessment Tool (TREAT) registry for infliximab use for
Crohn’s disease has shown an incidence of malignancy that is
the same as that for Crohn’s disease patients receiving other
treatments, although this information has only been collected
for a period of two years (69). In addition, a meta-analysis of
randomized, placebo-controlled trials found evidence that the
studies’ theumatoid arthritis patients receiving infliximab were
at increased risk for serious infections, as well as a dose-
dependent increased risk of malignancies (70).

Finally, Health Canada has issued an advisory (25) report-
ing the development of hepatosplenic T-cell lymphoma, a
very rare malignancy, by six pediatric patients receiving
infliximab treatment in the United States for Crohn’s dis-
ease. An additional two cases have now been reported (27).
Hepatosplenic T-cell lymphoma is a particularly aggressive
cancer, and six of the eight patients have died. It remains
unclear whether infliximab is a causal or synergistic agent,
because the children were concomitantly taking medications
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(6-mercaptopurine or azathioprine) that are known mutagens
(71). The response of most, but not all, pediatric gastroen-
terologists who take a risk-benefit approach has been to dis-
continue the concomitant immunosuppressive therapy if
patients are to receive regularly scheduled maintenance
infliximab infusions.

Mortality

e Two studies have found a mortality increase in groups of
Crohn’s disease patients receiving infliximab therapy
(15). In a cohort of 217 patients studied over two years,
there was a 1.3% to 1.8% increase above the established
annual Crohn’s disease mortality rate (69). At the Mayo
clinic, in a group of 500 patients treated with infliximab
for Crohn’s disease, five deaths (1%) were directly
attributed to this therapeutic approach (72). Although
the occurrence is rare, infliximab carries a potential
mortality that should be carefully weighed and discussed
with the patient. There is currently no infliximab
mortality data for patients with UC.

o Mortality associated with infliximab was increased in
more severe disease cases and when concomitant
corticosteroids were used.

Infections

e As with other immunomodulatory drugs, infliximab
therapy increases the risk of developing nonserious
infections (RR of approximately 2); however, the data on
serious infections are inconsistent (64). Examples of
reported serious infections include sepsis, pneumonia,
cellulitis and intra-abdominal abscess (66). Thus,
infliximab should not be administered to a patient who
has a clinically active infection.

e Reports of bacterial infection (eg, listeriosis and
salmonellosis) in all organs of infliximab patients
indicate that nonpasteurized dairy products should be
avoided by those taking this drug (66).

e Patients who are at a high risk of having chronic
hepatitis B infection should be screened before the
initiation of infliximab therapy.

Infusion reactions

e Approximately 10% of infliximab infusions are
associated with mild reactions such as headaches,
dizziness, fever, chills, chest pain, cough dyspnea or
pruritis. These reactions occur within 1 h to 2 h after
infusion and can be alleviated by reducing the rate of
infusion or by pretreatment with an H-receptor
antagonist (38,64,66). In A Crohn’s disease Clinical
study Evaluating infliximab in a New long-term
Treatment regimen (ACCENT I) study (49,73), 83 of
1189 (7%) infliximab infusions resulted in a mild
reaction. In the ACT 1 and ACT 2 trials, 11.4% of the
patients receiving infliximab experienced infusion
reactions (44 of 484), compared with 9.4% of those
receiving a placebo (23 of 244) (5).

e For reasons that are unclear, one in 1000 infliximab
infusions result in a serious reaction (66).
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Delayed hypersensitivity-like reactions (serum sickness-like
disorders)

e Delayed reactions can occur three to 14 days after
episodic infliximab infusions and include, but are not
limited to, myalgia, fever, rash, pruritis, dysphagia,
urticaria and headaches; these reactions are akin to a
serum sickness disorder (66). Typically, these reactions
disappear either spontaneously or after a short course
of corticosteroid therapy. In the ACCENT 1 trial,
approximately 2% of patients had these reactions (49).
In the ACT 1 and ACT 2 trials, three patients who
received either 5 mg/kg or 10 mg/kg of infliximab had
delayed hypersensitivity reactions (n=484), as
compared with two patients in the placebo study group

(n=244) (5).

Other

e Cases of aplastic anemia, pancytopenia, vasculitis,
hepatitis, reversible mono/poly neuropathies and
demyelination have been attributed to infliximab
therapy. A causal relationship with the infliximab
treatment has not been established (5,64).

Commentary

e [nfliximab is a relatively new drug, having been
introduced into clinical practice in 1998. As such, the
long-term side effects of infliximab therapy are currently
unknown. Careful clinical surveillance of patients
receiving this therapy is necessary.

UC risk-benefits associated with treatment options

Clinical practice considerations

Surgical treatment for UC should always be seen as an option,
especially if the patient is a candidate for a proctocolectomy
and ileal pouch-anal anastomosis.

Commentary

e Although this type of surgery removes the target organ
and the disease, and eliminates the risk of colorectal
cancer, functional limitations and both short-term and
long-term complications are associated with surgery.
Therefore, patients should be well informed as to the
functional outcomes of surgery, as well as the possibility
that prolonged medical therapy may lengthen the
duration of disease and also increase the risk of adverse
outcomes, such as the development of dysplasia or
colorectal cancer.

e Risks and benefits associated with infliximab therapy that
need to be discussed by physician and patient before they
come to a decision on the course of treatment include
cancer risks, the likelihood of flares, screening issues and
mortality risks.

e Risks and benefits associated with surgical interventions
that need to be discussed by the specialist and patient
include those to do with pouchitis, infertility and
mortality.

e Delaying the institution of therapy in a patient with
active disease, whether it is medical or surgical in nature,
potentially increases patient morbidity and may promote
disease severity escalation.
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Potential clinical indications

Clinical practice considerations

Low-grade evidence suggests that there are benefits to inflix-

imab therapy for UC in the following clinical situations:

e For patients presenting with symptoms of pouchitis, with
and without a fistula, who are refractory to medical
treatment, infliximab therapy has been successful in some
cases (74-76). Pouchitis with a fistula may be
misdiagnosed with Crohn’s disease, and after infliximab
therapy should be carefully evaluated.

e [nflammatory bowel disease of unknown diagnosis in
spite of extensive testing and where the condition is
refractory to conventional medical treatment may
respond to infliximab therapy (15,77).

e Other manifestations of UC such as sacroiliitis,
peripheral arthropathy (78) and pyoderma gangrenosum
may also respond to infliximab therapy (79).
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