
INTRODUCTION

Ulcerative colitis (UC) is an inflammatory disease
involving the large bowel and is characterized by
a lifelong chronic course with remissions and exa-
cerbations (1). The etiopathogenesis of the disease
is still unknown. The main intestinal manifestati-
ons of the disease are abdominal pain and bloody
diarrhea, whereas there are also extraintestinal
manifestations involving the joints, skin, eyes,
and liver. 

Approximately 15% of patients have a severe at-
tack requiring hospitalization at some time during
their illness. These patients are traditionally trea-
ted with intravenous corticosteroids, with a res-
ponse rate of approximately 60% (2). The introduc-
tion of steroid therapy in 1955 reduced the morta-
lity of severe UC to 7%, compared with 24% in the
placebo group (3), and it is now <1% in specialized
centers (4). Nevertheless, the response of severe
UC to steroids has remained unchanged for 50 ye-
ars (4), and therefore severe to moderately severe
attacks of UC still have a high colectomy rate (5).
On the other hand, a significant proportion of pa-
tients will become resistant to steroids (6). 

The remaining treatment options in patients with
severe UC include cyclosporine (Cyc), anti- tumor
necrosis factor–α (TNF-α blockers), or surgery.
The surgical procedure (proctocolectomy or colec-
tomy with an anal pouch) essentially cures the pa-
tient from this disease but is associated with some
complications such as pouchitis and infection (7).

Cyc mainly acts by inhibiting T lymphocyte func-
tion, which is essential for the propagation of inf-
lammation. Although Cyc can be effective in a re-
latively high proportion of these steroid-resistant
patients, most of those who do respond initially
will eventually need a colectomy. Unlike most ot-
her immunosuppressive (or immunomodulator)
agents, Cyc does not suppress the activity of other
stem cells, does not cause bone marrow suppressi-
on, and has a rapid onset of action (8). Furthermo-
re, Cyc requires initial continuous parenteral ad-
ministration and close monitoring to maintain
therapeutic blood levels and has well recognized
important side effects (9).

TNF-α, a pro-inflammatory cytokine, is known to
play an important role in the pathogenesis of
Crohn’s disease (CD). The efficacy of the chimeric
monoclonal anti-TNF immunoglobulin (Ig) G1 an-
tibody and the genetically engineered humanized
monoclonal antibody to TNF-α has been demons-
trated in moderate to severe CD. Anti-TNF-α can
induce mucosal healing and has been shown to ha-
ve a high steroid–sparing efficacy in active CD
(10). Unlike CD, UC has long been considered to
be a Th2-type disease with a less prominent role of
TNF-α (11).  However, it has been shown that
TNF-α may also play a role in the pathogenesis of
UC. Recent studies also support the use of inflixi-
mab (IFX) for the management of moderately acti-
ve corticosteroid-resistant UC. The blockade of
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TNF-α may be associated with the development of
serious adverse events including the reactivation
of latent tuberculosis, infusion reactions, acute
and delayed hypersensitivity reactions, develop-
ment of lymphoma, and formation of anti-double-
stranded DNA antibodies (12). However, only a
few studies – most of them including a low num-
ber of patients – have evaluated the efficacy of IFX
for the treatment of UC, and the results are some-
times controversial.

Recent recommendations published by the Euro-
pean Crohn’s and Colitis Organisation (ECCO) in-
dicate that in steroid-refractory UC, second-line
therapy with either Cyc or IFX or tacrolimus will
often be appropriate. In the framework of ECCO,
we discuss which agent has been shown to be best
for the therapy of steroid-refractory severe UC.

MATERIALS AND METHODS

Using the systematic literature review method, a
search was conducted in Medline using the key-
words "Colitis, Ulcerative” [Mesh] AND "Cyclospo-
rine” [Mesh] OR "infliximab" [Substance Name].
All the randomized controlled studies that were
carried out among adults were evaluated. Other
studies were also retrieved from the references of
the accessed articles. 

As a result of the systematic literature search, fi-
ve randomized controlled studies and three meta-
analyses were found on IFX and Cyc treatment in
corticosteroid-refractory severe UC. No studies
were found that directly compared IFX and Cyc.
Studies that were repetitive, including less than
five cases, including both pediatric and adolescent
patients, editor evaluations, shared publications
including different keywords, studies on CD and
patients with undefined colitis, studies in langua-
ges other than English, and studies with insuffici-
ent statistical data were not considered during
this study.

Studies concerning remission induction and main-
tenance were evaluated separately. 

Although evaluation criteria for activity differ in
every study, colectomy, clinical activity index, Ma-
yo score, and modified Truelove-Witt’s criteria we-
re considered in clinical remission or response,
whereas Mayo sub-score and Blackstone classifi-
cation were considered in endoscopic mucosal hea-
ling. The safety evaluation criteria were accepted
as withdrawal due to toxicity and serious adverse
event rate.

End points and Statistical Analysis: For categori-
cal variables, calculations of the number needed to
treat (NNT) with the number of recovered patients
in both the active and placebo groups and calcula-
tion of number needed to harm (NNH) with the
number of withdrawn patients in both the active
and placebo groups were conducted.

RESULTS

Remission Induction Studies

Four studies fitting the criteria were included in
the analysis, but two of them were conducted
among patients having moderate to severe active
UC. 

Data of patients who were steroid-refractory were
evaluated. In the studies, homogenization of pre-
vious immunosuppressive usage was not observed.
IFX infusion schemes and infusion numbers were
not standard.

Patient study groups, dosage, duration, and re-
sults of the administrated treatments are presen-
ted in Tables 1-4.

Lichtiger 1997 (13)

Lichtiger et al. (13) enrolled 20 steroid-refractory
UC patients (11 Cyc and 9 placebo). Response was
defined as a decline in the clinical activity index
score to less than 10 according to the modified
Truelove and Witt’s criteria. Nine of the 11 pati-
ents (82%) in the intravenous Cyc group had a res-
ponse to the therapy in comparison with none of 9
patients in the placebo group. The colectomy rate
was 3/11 (27%) for the intervention group and 4/9
(44%) for the placebo group with relative risk (RR)
of 0.60 (95% confidence interval [CI]: 0.18-2.06).
The main adverse events were hypertension, pa-
resthesias and vomiting. No patient in this study
developed nephrotoxicity. This can probably be at-
tributed to the short-term therapy (8-14 days) and
the fact that Cyc levels were monitored frequently.
There were no infectious complications.

Rutgeerts 2005 ACT 1 and ACT 2 (14)

Two randomized, double-blind, placebo-controlled
studies -- the Active Ulcerative Colitis Trials 1 and
2 (ACT 1 and ACT 2, respectively) -- evaluated the
efficacy of IFX for induction and maintenance the-
rapy in patients with UC. All participants had acti-
ve UC with a Mayo clinic score of 6-12 points with
moderate to severe active disease on sigmoidoscopy.
In each study, patients received placebo or IFX (5
mg or 10 mg/kg) intravenously at weeks 0, 2 and 6,
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and then every eight weeks through week 46 (in
ACT 1) or week 22 (in ACT 2). Patients were follo-
wed for 54 weeks in ACT 1 and 30 weeks in ACT 2.

The primary end point was clinical response at
week 8, which was defined as a decrease from ba-
seline in the total Mayo score by at least 3 points
and by at least 30% and accompanied by a decrea-

se in the rectal bleeding sub-score by at least 1 po-
int or an absolute rectal bleeding sub- score of 0 or
1. Clinical remission was defined as a total Mayo
score of 2 points or lower, with no individual sub-
score exceeding 1 point. Mucosal healing was defi-
ned as an absolute endoscopy sub-score of 0 or 1.
Two studies were quite large (n= 364 and 364),
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Author-year Treatment  Dosage Interval Period Number of Patient Clinical response–
vs control (week) patients characteristics NNT

Lichtiger-1994 (13) Cyc vs plc 4 mg/kg/d Daily 1 11 vs 9 Cs refractory 1.22
Rutgeerts-2005 IFX vs plc 5 mg 0-2-6 w 8 121 vs 121 Refractory 3.57
(ACT1) (14) 10 mg 122 Non-refractory (2.85)*
Rutgeerts-2005 IFX vs plc 5 mg 0-2-6 w 8 121 vs 123 Refractory 2.70
(ACT2) (14) 10 mg 120 Non-refractory (3.70)*
Sands-2001 (15) IFX vs plc 5-10-20 mg Single dose 2 8 vs 3 Refractory 2.00

NNT: Number needed to treat. Cyc: Cyclosporine. plc: Placebo. Cs: Corticosteroid. IFX: Infliximab. w: Weeks. * These NNT values were obtained
only from Cs-refractory patients.

Table 1. The rates of clinical response upon induction therapy

Author-year Treatment  Dosage Interval Period Number of Patient Clinic remission-
vs control (week) patients characteristics NNT

Lichtiger-1994 (13) Cyc vs plc 4 mg/kg/d Daily 1 11 vs 9 Cs refractory 1.22

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6 30 121 vs 121 Cs refractory 4.76
(ACT1) (14) 10 mg weeks 122 Non-refractory

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6 30 121 vs 123 Cs refractory 4.00
(ACT2) (14) 10 mg weeks 120 Non-refractory

NNT: Number needed to treat. Cyc: Cyclosporine. plc: Placebo. Cs: Corticosteroid. IFX: Infliximab. 

Table 2. The rates of clinical remission upon induction therapy

Author-year Treatment  Dosage Interval Period Number of Patient Mucosal recovery-
vs control (week) patients characteristics NNT

Rutgeerts- 2005 IFX vs plc 5 mg 0–2–6 8 121 vs 121 CS refractory 3.75
(ACT1) (14) 10 mg weeks 122 Non-refractory

Rutgeerts- 2005 IFX vs plc 5 mg 0–2–6 8 121 vs 123 Cs refractory 3.32
(ACT2) (14) 10 mg weeks 120 Non-refractory

NNT: Number needed to treat. IFX: Infliximab. plc: Placebo. Cs: Corticosteroid.

Table 3. The rates of mucosal healing upon induction therapy

Author-year Treatment  Dosage Interval Period Number of Drop-out SAE – NNH
vs control (week) patients –NNH

Lichtiger-1994 (13) Cyc vs plc 4 mg/kg/d Daily 1 11 vs 9 50 11.11
Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6 8 121 vs 121 4.44 33.33
(ACT1) (14) 10  mg weeks 122

Rutgeerts-2005 IFX vs plc 5 mg 0-2-6 8 121 vs 123 4.03 10.00
(ACT2) (14) 10 mg weeks 120

Sands-2001 (15) IFX vs plc 5-10-20 mg Single dose 2 8 vs 3 --- 12.50

NNH: Number needed to harm. SAE: Severe adverse events. Cyc: Cyclosporine. plc: Placebo. IFX: Infliximab.

Table 4. Safety data for induction therapy



and both showed a statistically significant benefit
for IFX. The rates of clinical response were similar
between the subpopulations of patients who were
corticosteroid-refractory and those who were not
refractory.

Sands 2001 (15)

The researchers originally planned to recruit 60
patients, but the study was terminated early be-
cause of slow enrollment. All patients had severe
active UC as defined by a modified Truelove and
Witt’s classification score. The primary end point
of the study was treatment failure at two weeks
after infusion of the trial medication IFX. Treat-
ment failure was defined as one or more of the fol-

lowing criteria: failure to achieve a clinical respon-
se within two weeks, requiring >60 mg/kg/day cor-
ticosteroid or requiring Cyc, undergoing a non-
elective colectomy, or dying as a result of UC. In
this small study, there was no statistically signifi-
cant difference between IFX and placebo (RR: 4.0,
95% CI: 0.28 to 57.98).

Maintenance Studies

Four studies fitting the criteria were included in
the analysis. Three of them were conducted among
patients having moderate to severe active UC. Pa-
tient study groups, dosage, duration, and results
of the administrated treatments are presented in
Tables 5-8.
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Author-year Treatment  Dosage Interval Period Number of Patient Clinical response–
vs control (month) patients characteristics NNT

Sands-2001 (15) IFX vs plc 5-10-20 mg Single dose 1.7 8  vs 3 Cs-refractory 2.00

Jarnerot 2005 (16) IFX vs plc 5 mg Single dose 3 24 vs 21 Cs-refractory 2.63

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6-14-22-30-38-46 13.5 121 vs 121 Cs-refractory 3.22
(ACT1) (14) 10 mg weeks 122 Non-refractory

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6-14-22 7.5 121 vs 123 Cs-refractory 3.57
(ACT2) (14) 10 mg weeks 120 Non-refractory

NNT: Number needed to treat. IFX: Infliximab. plc: Placebo. Cs: Corticosteroid.

Table 5. The rates of clinical response in the maintenance trials

Author-year Treatment  Dosage Interval Period Number of Patient Clinic remission-
vs control (month) patients characteristics NNT

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6-14-22-30-38-46 13.5 121 vs 121 Cs-refractory 5.26
(ACT1) (14) 10 mg week 122 Non-refractory

Rutgeerts- 2005 IFX vs plc 5 mg 0-2-6-14-22 7.5 121 vs 123 Cs-refractory 4.16
(ACT2) (14) 10 mg week 120 Non-refractory

NNT: Number needed to treat. IFX: Infliximab. plc: Placebo. Cs: Corticosteroid.

Table 6. The rates of clinical remission determined in the maintenance trials

Author-year Treatment  Dosage Interval Period Number of Patient Mucosal response-
vs control (month) patients characteristics NNT

Jarnerot-2005 (16) IFX vs plc 5 mg Single dose 3 24 vs 21 Cs refractory 6.45

NNT: Number needed to treat. IFX: Infliximab. plc: Placebo. Cs: Corticosteroid.

Table 7. The rate of mucosal healing with maintenance therapy

Author-year Treatment  Dosage Interval Period Number of Drop-out SAE – NNH
vs control (month) patients –NNH

Rutgeerts- 2005 IFX vs plc 5 mg 0–2-6-14-22-30-38-46 13.5 121 vs 121 6.62 33.30
(ACT1) (14) 10  mg weeks 122

Rutgeerts-2005 IFX vs plc 5 mg 0-2-6-14-22 7.5 121 vs 123 4.83 10.00
(ACT2) (14) 10 mg weeks 120

Jarnerot- 2005 (16) IFX vs plc 5 mg Single dose 3 24 vs 21 ------ 166.60

SAE: Severe adverse events. NNT: Number needed to harm. IFX: Infliximab. plc: Placebo.

Table 8. Safety data for maintenance therapy



In all the studies, the use of IFX as the mainte-
nance therapy was determined to be superior com-
pared to the placebo in terms of clinical remission,
treatment response and mucosal healing (14-17).
In the maintenance treatment, IFX treatment was
also found to be safe regarding the side effects.

Rutgeerts 2005 ACT 1 and ACT 2 (14)

In both studies, the proportions of patients with
adverse events were similar in the placebo group
and the two IFX groups. Serious adverse events
were most commonly related to the gastrointesti-
nal system.

Jarnerot 2005 (16)

Significantly more patients in the placebo group
(14/21) than in the IFX group (7/24) had a colec-
tomy. This difference was statistically significant
(p=0.017 with odds ratio (OR) of 4.9 (95% CI: 1.4-
17) in favor of IFX. No death occurred.

CONCLUSION

Both IFX and Cyc were found to be superior com-
pared to the placebo in the terms of the remission
induction and treatment response. For the induc-
tion and maintenance of remission, mucosal hea-
ling and colectomy rate in severe UC, IFX is supe-
rior compared to placebo among patients who are
refractory to corticosteroid treatment. IFX treat-
ment response rates are similar in patients with
steroid-refractory or steroid-dependent UC. With
regard to IFX treatment, 5-10 mg/kg dosage provi-
des more significant response than placebo. There-
fore, it may be suggested that the preferred initial
dose of IFX in patients with UC is 5 mg/kg.

Controlled studies with Cyc are rare, and there
are a limited number of evidences showing that
Cyc monotherapy is more efficient than standard
treatment for severe UC. Cyc is an effective alter-
native to corticosteroid, but also demonstrates
that Cyc, like steroids, acts as a ‘bridge therapy’ to
azathioprine (AZA), which typically starts its dela-
yed action after 3-4 months. The strategy to add
AZA after successful induction of remission with
Cyc has already been shown to be effective (17). It
remains debatable whether Cyc treatment should
be given to a patient who has proven AZA resis-
tance or intolerance (18). 

Response time to IFX treatment in steroid-refrac-

tory UC patients is 48-72 hours, while it is 5.2-7.1
days for Cyc (13).

There are no studies providing a direct compari-
son of Cyc and IFX treatments for steroid- refrac-
tory UC patients.

After the approval of IFX for the treatment of UC,
the potential usefulness and mainly the safety
profile of sequential treatment with these two
drugs (because of the hypothetical high risk of in-
fectious complications) raised great concerns, con-
sidering that IFX serum levels remain increased
for at least 8 weeks, whereas the serum half-life of
intravenous Cyc is around 6 hours. It seems reaso-
nable that IFX use after Cyc should be safer than
starting Cyc in those patients who received IFX
some days or weeks before. Data on the safety pro-
file of concomitant or sequential IFX and Cyc the-
rapy are still lacking. In the meantime, all ava-
ilable measures to prevent infectious complicati-
ons such as the assessment of latent infections (tu-
berculosis or hepatitis B) or active prevention of
Pneumocystis jiroveci with cotrimoxazole are
strongly advised and must be anticipated in all pa-
tients treated for severe UC attacks; sequential
therapy should be considered individually (19).

Although serious side effects related to IFX are
not encountered in these studies often, one should
be cautious regarding anaphylactic reaction and
infection in clinical use. Side effects related to IFX
are mostly mild, yet the side effects of Cyc are mo-
re severe and develop depending on the dosage.
Hypertension, paresthesia or tremor, and headac-
he are the most common side effects of Cyc use.
Half of the patients show hypomagnesemia, renal
failure or gastrointestinal symptoms. Opportunis-
tic infections are the main concerns. 

However, data on the long-term efficacy of IFX
and Cyc are still lacking, underlying the fact that
many unanswered questions remain, which can
only be answered by further investigation. More
studies are necessary to evaluate the cost-benefit
ratio of IFX use, especially when compared with
Cyc, in corticosteroid-refractory UC patients.

In light of these findings, recommendations rela-
ted to the use of IFX and Cyc for the treatment of
corticosteroid-refractory severe UC are presented
in the box.
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Recommendation:

When deciding second-line medical treatment for patients with steroid-refractory severe ulcerative co-
litis, the side effect profile should be considered primarily. (EL 1b, RG A)

Cyclosporine can be applied in centers experienced in this treatment and where blood levels can be me-
asured. (EL 1b, RG A)

Infliximab treatment in these patients is a good alternative for cyclosporine treatment and surgery with
regards to minimum frequency of side effects and easy application. (EL 1b, RG A)

Infliximab can be applied as a transitory treatment in patients with severe ulcerative colitis until the
efficiency of immunosuppressive treatments appears. (EL 5, RG D)

Studies including a high number of patients are needed showing the cost efficacy of infliximab use and
its comparison with cyclosporine and monitoring the long-term effects. (EL 5, RG D)

It is not suggested to use infliximab and cyclosporine together and/or contiguously due to high risk of
side effects. (EL 1b, RG A)

Cyclosporine treatment should not be started in patients (allergic/intolerant/contradicted) who cannot
take azathioprine in continuation. (EL 5, RG D)
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