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Ulcerative colitis (UC), one subtype of inflammatory bowel disease (IBD), is a chronic
inflammatory condition of the colonic mucosa. Patients may suffer from symptoms
such as abdominal pain and bloody diarrhea, and endoscopic findings include erythema,
edema, and ulcerations in a continuous pattern extending proximally from the rectum,
sometimes involving the entire colon. Disease severity can range from mild inflammation in patients with few symptoms to severe fulminant UC that can progress to a
surgical emergency, such as toxic megacolon or perforation. Long-term complications
of UC can include colonic strictures, colonic dysplasia, and colorectal cancer.1
Treatment options for UC have rapidly expanded over the past 10 years and now
include multiple biologic agents in addition to prior medication options, such as
5-aminosalicylates, immunomodulators, and corticosteroids. The goals of treatment
include resolution of gastrointestinal symptoms, healing of the colonic mucosa, prevention of long-term disease complications, as well as improvement of extra-intestinal
symptoms.1
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Abstract: Ulcerative colitis can cause debilitating symptoms and complications such as
colonic strictures, colonic dysplasia, colorectal cancer, and toxic megacolon or perforation.
Goals of treatment in ulcerative colitis include resolution of gastrointestinal symptoms, healing
of colonic mucosa, and prevention of disease complications. Our treatment armamentarium
has expanded dramatically over the past 10 years, and we now have multiple biologic agents
approved for the treatment of moderate-severe disease, in addition to conventional therapies
such as 5-aminosalicylates, thiopurines, and corticosteroids. In this review, we will provide
a detailed discussion of the three tumor necrosis factor-alpha (TNF-α) inhibitors currently
approved for treatment of ulcerative colitis: infliximab, adalimumab, and golimumab. All three
agents are effective for inducing and maintaining clinical response and remission in patients
with ulcerative colitis, and they have comparable safety profiles. There are no head-to-head trials
comparing their efficacy, and the choice of agent is most often based on insurance coverage,
route of administration, and patient preference. Combination therapy with an immunomodulator is proven to be more effective than anti-TNF monotherapy, and patients who lose response
to an anti-TNF agent should undergo dose intensification in order to regain clinical response.
Despite therapeutic optimization, a significant percentage of patients will not achieve clinical
remission with anti-TNF agents, and so newer therapies are on the horizon.
Keywords: ulcerative colitis, inflammatory bowel disease, infliximab, adalimumab,
golimumab
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Surgery, typically a total colectomy, is also a potential
treatment option. This is not without risks, including pouch
failure, pelvic sepsis, infertility in women, and nocturnal
fecal soiling.2 Therefore, surgery is reserved for patients
with severe refractory disease, surgical emergencies, or
patients with colorectal dysplasia or cancer. In a cohort of
1,200 patients, the probability of colectomy within the first
5 years of diagnosis was 9% for patients with distal colitis
and 35% for patients with pan-colitis, most often due to
failed medical therapy.3 In a more recent population-based
study of patients with UC in Manitoba, the rate of colectomy
after 20 years of disease was 14.8%, suggesting this rate has
decreased over time.4 Even after colectomy, patients may
have ongoing trouble with inflammation. For example, the
rate of pouchitis after an ileal pouch anal anastomosis ranges
from 15.5% after 1 year to 45.5% after 10 years.5

Current and emerging anti-TNF
therapies
It is important to optimize our medical therapies in order to
prevent the need for surgical intervention and other complications of disease progression. Select tumor necrosis factoralpha (TNF-α) antagonists are currently US Food and Drug
Administration (FDA) approved for treatment of patients
with moderate to severe UC who have had an inadequate
response to conventional therapies.
TNF-α is a pro-inflammatory and immunoregulatory
cytokine that enhances leukocyte migration, promotes transcription of several inflammatory genes, and causes apoptosis
of intestinal epithelial cells, although its exact mechanism of
action in IBD is unknown.6 It is present in increased concentrations in the serum, colon, and stool of patients with UC.7–9
Three TNF-α inhibitors currently approved for the treatment
of moderate to severe UC are infliximab, adalimumab, and
golimumab. These agents bind TNF-α, neutralize its activity,
and prevent it from binding to its receptor. Infliximab and
adalimumab have also been shown to induce apoptosis of
activated T cells and macrophages.10,11

Infliximab
Infliximab, the first biologic therapy approved for use
in UC, is a mouse-human chimeric immunoglobulin G
(IgG)1 monoclonal antibody to TNF-α. It was first studied
in Crohn’s disease and found to be effective for inducing
and maintaining clinical remission, closing fistulas, and
sparing corticosteroids.12,13 The use of infliximab in UC was
initially investigated in several small open-label studies.
In 2001, a series of 16 patients with severe refractory UC
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were treated with one or two infliximab infusions; 88% of
patients experienced clinical, endoscopic, and histologic
improvement, while surgery was avoided in 86% of
patients.14 Another pilot study of infliximab in patients with
steroid refractory UC showed treatment success at 2 weeks
in four of eight patients who received infliximab, compared
with zero of three patients who received placebo.15 A subsequent retrospective study of 27 patients who received
various dosing intervals of infliximab, most receiving only
one infusion, showed 44% clinical remission and 66% clinical response.16
Based on initial promising results, two randomized,
double blind placebo controlled studies were initiated to
evaluate the efficacy of infliximab as induction and maintenance therapy in UC: The Active Ulcerative Colitis Trials 1
and 2 (ACT 1 and ACT 2). In each study, 364 patients with
moderate-severe UC despite treatment with, or intolerance
to, corticosteroids were enrolled (Tables 1 and 2). Concurrent
medications were held steady throughout the trial, except for
prednisone, which was gradually tapered. Approximately
one half of patients were on concurrent corticosteroids, three
quarters on concurrent 5-aminosalicylates, and one half on
concurrent thiopurines.17
In both the induction and maintenance arms of these trials, there was a significantly greater rate of clinical response
and remission in patients receiving infliximab compared
with those receiving placebo (Figures 1–4), and there was
no increased benefit of the infliximab 10 mg/kg dosing
compared with 5 mg/kg dosing. In the ACT 1 trial, mucosal
healing at week 8 was significantly higher in patients receiving infliximab: 62% in the infliximab 5 mg/kg group and
34% in the placebo group (P0.001). Rates were similar in
the ACT 2 trial. Differences were maintained, but with less
robust response rates at weeks 30 and 54. In both studies,
an increased proportion of patients attained corticosteroidfree remission in the infliximab-treated groups, although
this percentage was only approximately 20%–25% at week
30. There was no overall increased risk of adverse events
in the infliximab group, but there was a slightly increased
number of lupus-like reactions (one patient) and neurologic
diseases (three patients). In ACT 1, there was an increased
risk of infections requiring antibiotics in those receiving
infliximab (32% versus [vs] 21%, P=0.01). In ACT 2, the
percentage of patients with serious adverse events requiring
study discontinuation was higher in the placebo group (10%
vs 2%–4%, P=0.01).17
In an analysis of quality of life scores, patients with
UC had a lower health related quality of life at baseline
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Term

Definition

Moderate – severe ulcerative colitis
Partial Mayo score
Clinical response

Mayo score 6–12 (range 0–12)
Mayo score without endoscopic sub-score (range 0–9)
Decrease from baseline of 3 points in total Mayo score, and at
least 30%, with decrease in rectal bleeding sub-score of 1 point
(or an absolute sub-score of 0 or 1)
Total Mayo score of 2, with no individual sub-score 1
Endoscopy sub-score of 0 or 1
Increase from baseline in partial Mayo score of 2 points with
absolute partial Mayo score 4, or absolute partial Mayo score 7

Clinical remission
Mucosal healing
Clinical flare

compared with the general population. After treatment,
patients receiving infliximab had a significant improvement
in Inflammatory Bowel Disease Questionnaire (IBDQ)
total score at week 8, compared with placebo. Continued
benefit was seen at weeks 30 and 54.18 Additionally, further analysis of patients from the ACT 1 and ACT 2 trials
showed a 7% absolute reduction in the risk of colectomy
through 54 weeks of treatment with infliximab, compared with placebo (P=0.02). Factors associated with an
increased risk of colectomy were corticosteroid use, elevated
C-reactive protein (CRP), Mayo score 10, and duration of
disease 3 years. Patients treated with infliximab also had
fewer UC-related hospitalizations (P=0.003).19
In patients who have an inadequate initial response and
those who lose response over time, infliximab dosing can be
intensified by increasing the administered dose or shortening
the dosing interval, in order to regain clinical response. This
approach has been proven effective in patients with Crohn’s
disease.20 Additionally, detectable infliximab trough levels

Table 2 Mayo scoring system for assessment of ulcerative colitis
activity
Measure

Scoring system

Stool frequency
(per day)

0 = normal number of stools for patient
1 = 1–2 more stools than normal
2 = 3–4 more stools than normal
3 = 5+ more stools than normal
0 = no blood seen
1 = streaks of blood with stool less than 50% of time
2 = obvious blood with stool most of time
3 = passes blood without stool
0 = normal or inactive disease
1 = mild disease
2 = moderate disease
3 = severe disease
0 = normal
1 = mild disease
2 = moderate disease
3 = severe disease

Rectal bleeding

Findings on
endoscopy

Physician’s global
assessment
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are associated with higher rates of clinical and endoscopic
remission in UC.21 In retrospective studies, at least 40% of
patients with UC require dose escalation.22–24 In a recent small
single center retrospective study, the rate of clinical remission
after dose intensification was only 19% at 12 months.23 In
contrast, another small single center retrospective review
from Japan showed 16 of 17 secondary non-responders
were able to achieve clinical remission after infliximab dose
intensification.24 Another recent retrospective study showed
slightly less robust results, as 28 of 41 patients with secondary non-response to infliximab achieved clinical remission
at 1 year after dose intensification.25 Although these data are
fairly limited in UC, dose intensification is recommended in
anti-TNF non-responders.
80
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Table 1 Definition of terms

% clinical response (anti-TNF agent)
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Figure 1 Anti-TNF agents for induction therapy in ulcerative colitis (clinical response).
Notes: There are five separate studies represented on this graph. There are no
head-to-head comparisons of these medications, and any comparisons among studies
should be undertaken with caution, since studies were performed at different times,
with different protocols, and with different patient populations.
Abbreviations: TNF, tumor necrosis factor; IFX, infliximab; ACT, Active Ulcerative
Colitis Trials; ADA, adalimumab; ULTRA, Ulcerative Colitis Long-Term Remission
and Maintenance with Adalimumab; GOL, golimumab.
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Figure 2 Anti-TNF agents for induction therapy in ulcerative colitis (clinical remission).
Notes: There are five separate studies represented on this graph. There are no
head-to-head comparisons of these medications, and any comparisons among studies
should be undertaken with caution, since studies were performed at different times,
with different protocols, and with different patient populations.
Abbreviations: TNF, tumor necrosis factor; IFX, infliximab; ACT, Active Ulcerative
Colitis Trials; ADA, adalimumab; ULTRA, Ulcerative Colitis Long-Term Remission
and Maintenance with Adalimumab; GOL, golimumab.

Figure 4 Anti-TNF agents for maintenance therapy in ulcerative colitis (clinical
remission).
Notes: There are four separate studies represented on this graph. There are no
head-to-head comparisons of these medications, and any comparisons among studies
should be undertaken with caution, since studies were performed at different times,
with different protocols, and with different patient populations.
Abbreviations: TNF, tumor necrosis factor; IFX, infliximab; ACT, Active Ulcerative
Colitis Trials; ADA, adalimumab; GOL, golimumab.

Infliximab is also used as rescue therapy for patients
with severe acute steroid refractory UC. A 2005 randomized double blind placebo controlled study of infliximab vs
placebo in 45 patients showed a significantly increased risk
of colectomy in patients treated with placebo (odds ratio
[OR] 4.9; 95% confidence interval [CI] 1.4–17).26 Because
cyclosporine has traditionally been the preferred treatment
for patients with severe steroid refractory UC, numerous

studies have compared cyclosporine to infliximab. A recent
retrospective review of 50 patients hospitalized for steroid
refractory UC showed that patients treated with cyclosporine
and infliximab had similar rates of colectomy (~30%) over a
2–8-year follow-up.27 A prospective non-randomized study of
83 patients with acute severe UC showed the colectomy-free
rate was 76% at 3 months and 65% at 12 months for patients
who received infliximab, significantly better than those receiving cyclosporine (P=0.04). Additionally, there were fewer
serious adverse events in patients receiving infliximab.28 A
randomized clinical trial showed a similar rate of treatment
failure at day 98 (54%–60%) in patients with severe steroid
refractory disease receiving infliximab or cyclosporine, with
similar rates of adverse events.29 In this study, there was no
dose escalation of infliximab for patients with an inadequate
response, perhaps underestimating its efficacy. In fact, a recent
retrospective study showed that an accelerated infliximab
dosing regimen (three doses within a median period of 24
days) reduced the rate of colectomy to 7% during induction
therapy, compared with 40% of patients receiving standard
infliximab dosing (P=0.039).30
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% clinical response (placebo)
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P<0.001

P<0.001
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Figure 3 Anti-TNF agents for maintenance therapy in ulcerative colitis (clinical
response).
Notes: There are four separate studies represented on this graph. There are no
head-to-head comparisons of these medications, and any comparisons among studies
should be undertaken with caution, since studies were performed at different times,
with different protocols, and with different patient populations.
Abbreviations: TNF, tumor necrosis factor; IFX, infliximab; ACT, Active Ulcerative
Colitis Trials; ADA, adalimumab; GOL, golimumab.
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Adalimumab
Adalimumab is a subcutaneously administered recombinant
fully human monoclonal antibody against TNF-α. Initial
small open label studies suggested its efficacy in inducing
remission in patients with UC, including patients with prior
anti-TNF exposure.31,32 The Ulcerative Colitis Long-Term
Remission and Maintenance with Adalimumab (ULTRA) 1
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trial included 576 patients with moderate-severe UC failing
treatment with, or intolerant to, oral corticosteroids and/or
immunomodulators. Patients were divided into three groups:
placebo, adalimumab 160 mg/80 mg induction dosing, and
adalimumab 80 mg/40 mg induction dosing. The majority
of patients were on concurrent corticosteroids and/or immunomodulators. Patients receiving the higher adalimumab
dose had a statistically greater rate of clinical remission and
a numerically higher rate of clinical response at week 8,
compared with placebo (Figures 1 and 2). There was also a
slightly higher rate of mucosal healing (46.9% adalimumab
160/80 vs 41.5% placebo) at week 8 in the adalimumab arm,
but this was not statistically significant. Placebo responses
were surprisingly high: 44.6% clinical response and 41.5%
mucosal healing. Patients with higher Mayo scores, higher
CRP, and higher baseline weight had reduced remission
rates, suggesting that patients with more severe disease have
lower rates of response, perhaps due to increased clearance
of the medication. Additionally, the weight-independent
single dosing schedule may be suboptimal in patients with
higher body mass indices. Rates of adverse events were
similar across all groups.33 Since there was no plateau in
dose response, it is unknown if higher induction doses may
be even more effective.
ULTRA 2, the trial of maintenance adalimumab, enrolled
similar patients except 40% of these patients had prior treatment with an anti-TNF agent. In this study, patients treated
with adalimumab had higher rates of clinical response and
remission at weeks 8 and 52 (Figures 3 and 4), as well as
greater rates of mucosal healing at week 8 (41.1% vs 31.7%;
P=0.032) and week 52 (25% vs 15.4%; P=0.009). Adalimumab drug levels were higher in those who achieved remission.34 After 1 year of treatment, 13.3% of patients receiving
adalimumab achieved steroid-free remission, compared
with 5.7% receiving placebo (P=0.035). In patients with
prior anti-TNF exposure, there was no difference between
adalimumab and placebo in the percentage achieving clinical
remission at week 8, but there was a significant difference
at week 52 (10.2% vs 3%; P=0.039).34 Additional information regarding the use of adalimumab in patients with prior
exposure to infliximab comes from a retrospective study of
30 patients who received compassionate use adalimumab
after failure of infliximab. In this study, 60% of patients
achieved clinical response at 12 weeks.35 Of the patients
tested for adalimumab antibodies in ULTRA 2, the 2.9%
who had detectable antibodies were receiving adalimumab
monotherapy. Overall, patients receiving adalimumab had
lower rates of hospitalization for any cause.36
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A recent post hoc analysis of the ULTRA 2 trial inves
tigated the use of weekly adalimumab dosing in patients with
primary or secondary lack of response to bi-weekly dosing.
In primary adalimumab responders who subsequently lost
response, weekly adalimumab dosing was able to regain
clinical response and mucosal healing in 45% of patients.
In those without an initial response to adalimumab, weekly
adalimumab dosing achieved 25% clinical response and
29% mucosal healing at week 52.37 This evidence supports
the strategy of anti-TNF dose escalation in primary and secondary non-responders, and is consistent with data showing
increased rates of clinical response in patients with higher
adalimumab levels, although it is important to consider that
patients with more severe disease may have increased drug
clearance due to protein loss from colonic inflammation.

Golimumab
The most recent anti-TNF agent, golimumab, is a subcutaneously administered transgenic fully human monoclonal IgG1
TNFα antibody that is also approved for the treatment of
rheumatologic conditions. It differs from other TNFα antibodies with regard to its affinity for TNFα and protein stability, and it targets a unique epitope on the TNFα molecule. In
vitro studies have shown that the drug’s affinity for soluble
and transmembrane TNFα is superior to that of infliximab
and adalimumab, as is its ability to neutralize TNFα.38
Patients enrolled in the Program of Ulcerative
Colitis Research Studies Utilizing an Investigational
Treatment – Subcutaneous (PURSUIT-SC) trial of golimumab
had moderate-severe disease despite prior treatment with at
least one medication for UC, excluding anti-TNF agents
or anti-integrin therapies. In the phase 3 trial, 774 patients
were randomized to receive placebo, golimumab 200/100
induction dosing, or golimumab 400/200 induction dosing.
Median duration of UC was 4.2 years; 40% of patients had
severe disease with a Mayo endoscopic sub-score of 3, and
42% were reported to have extensive disease. The majority of
patients were on 5-aminosalicyates, with approximately half
on corticosteroids, and one third on immunomodulators.39
Results at week 6 showed a significantly greater rate of
clinical response and clinical remission in patients receiving
golimumab (Figures 1 and 2), as well as an increased rate
of mucosal healing (42% in golimumab 200/100 mg group)
compared to placebo (29%) (P=0.0014). Patients receiving
golimumab had a greater reduction in IBDQ score (15 vs
27 points; P0.0001), showing an improvement in healthrelated quality of life. As early as week 2, golimumab-treated
patients were noted to have an improvement in partial
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Mayo score and CRP level. Patients in the highest quartile
of golimumab serum levels had the greatest decrease in
Mayo score, and the highest percentage of clinical response
and remission. Females and Caucasians were more likely to
achieve clinical response or remission, as well as patients on
corticosteroids and those with lower baseline fecal lactoferrin, CRP, and Mayo scores. Efficacy results at week 6 were
similar between the two golimumab dosing regimens.39
There were similar proportions of patients with total
adverse events, serious adverse events, and serious infections
across all groups. One patient on golimumab, also on
concurrent prednisolone, died from peritonitis after surgical
complications related to an ischiorectal abscess. Another
patient on golimumab developed a demyelinating disorder
after completing induction and being randomized to placebo
in the maintenance study. There were no serious injection
site reactions reported.39
After the 6 week induction study, responders were randomized to placebo or continued golimumab 50 or 100 mg
every 4 weeks through week 52. Patients who failed to
respond in the induction study were given open-label
golimumab 100 mg every 4 weeks. Patients who responded to
induction therapy but subsequently lost response underwent
modifications to their therapies: patients receiving placebo
were switched to golimumab 100 mg dosing, and patients
receiving 50 mg golimumab were re-randomized to receive
golimumab 50 mg or 100 mg every 4 weeks. There were
464 randomized patients included in the efficacy analyses
and 764 nonrandomized patients included in pharmacokinetic
and safety analyses. At the beginning of the maintenance
trial, approximately 50% of patients were receiving
corticosteroids, 80% were receiving 5-aminosalicylates, and
30% were receiving thiopurines.40
A significantly greater percentage of patients receiving
golimumab achieved clinical response (number needed to treat
5) and remission (number needed to treat 8) at week 54, compared with the placebo group (Figures 3 and 4). Factors
associated with increased likelihood of clinical remission
included lower baseline Mayo score, lower baseline fecal
lactoferrin, and higher baseline albumin level, suggesting
that patients with less severe disease had a greater likelihood
of response. In an analysis of mucosal healing at both weeks
30 and 54, 42.4% of patients receiving golimumab 100 mg
achieved this result, compared to only 26.6% of placebo arm
(P=0.002). At week 54, 23.2% of the golimumab 100 mg
group and 18.4% of the placebo arm achieved corticosteroidfree remission (P=0.423).40 In summary, absolute response
rates with golimumab were: 53% induction of clinical
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response, 18% induction of clinical remission, 25% clinical
response at 1 year, 17% clinical remission at 1 year, and
20% mucosal healing at 1 year.41 Since patients with prior
anti-TNF exposure were excluded from this study, it is not
clear if golimumab will be effective for prior anti-TNF
non-responders.
Serum golimumab concentrations were measured
throughout the trial, and steady state drug levels were reached
at week 8. Patients with serum golimumab concentrations
in the higher quartiles achieved greater rates of clinical
response and remission compared with those patients in
the lower quartiles. Antibodies to golimumab were rare
but more common in patients not receiving concomitant
immunomodulators (3.8% vs 1.1%; P=0.013).40 The fact
that patients with higher golimumab levels achieved greater
rates of response, and those with less severe disease (lower
CRP, lower Mayo score, lower fecal lactoferrin) also had a
greater response, raises the question of whether the lower
response rates in patients with more severe disease could
be due to increased drug clearance. It is possible that doseescalation of golimumab could be effective in these patients
with lower drug levels, although it is noted that there was
no difference in the rate of clinical response in secondary
non-responders who received dose escalation in this study,
compared to those who maintained the 50 mg dose.40 This
was a relatively small number of patients, and further studies
are needed to evaluate this.41
In the golimumab maintenance trial, the incidence of
adverse events across treatment groups was similar. However, the proportion of patients who experienced a serious
adverse event or discontinued treatment due to an adverse
event was higher in the golimumab 100 mg group compared
with the 50 mg and placebo groups. The duration of follow-up
for placebo patients was shorter, and when controlled for
this, rates of adverse events leading to discontinuation were
comparable, and rates of serious adverse events were less discrepant. Injection site reactions were more likely in patients
receiving golimumab 100 mg (7.1%) compared with 50 mg
(1.9%) and placebo (1.9%).40
There were three deaths reported through week 54 of
the trial, all in the golimumab 100 mg group. Causes of
death were malnutrition in one patient, cardiac failure in one
patient, and disseminated tuberculosis (TB) in a patient who
tested positive for latent TB on study entry and was receiving
isoniazid. There were six deaths reported after week 54, five
of them in patients who received golimumab: biventricular
heart failure in a patient with marked atherosclerosis,
myocardial infarction in a patient with a history of myocardial
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infarction, metastatic gallbladder adenocarcinoma, sepsis,
and accidental nitrous oxide overdose. TB was found in
four patients, all from endemic areas and on concurrent
corticosteroid therapy before entry into study, three of whom
remained on corticosteroids at the time of diagnosis. Two
patients receiving golimumab developed severe infections
(cytomegalovirus and brain abscess).40

Combination therapy with
azathioprine
Another important question in UC treatment is the benefit
of combination therapy. The recent UC-SUCCESS trial
of patients with moderate-severe disease who had a prior
inadequate response to corticosteroids investigated the use
of combination therapy with infliximab and azathioprine,
compared with infliximab or azathioprine alone. This study
of 239 patients showed a significant improvement in the
percentage of patients achieving corticosteroid-free remission
at week 16 in the combination therapy group compared with
either therapy alone (39.7% combination, 23.7% azathioprine, 22.1% infliximab; P=0.017 combination vs infliximab,
P=0.032 combination vs azathioprine). Mucosal healing was
achieved in 63% of patients on combination therapy, compared with 55% of patients receiving infliximab monotherapy
and 37% of those receiving azathioprine monotherapy
(P=0.295 combination vs infliximab, P=0.001 combination
vs azathioprine).42 These data are consistent with evidence in
Crohn’s disease showing increased efficacy of combination
therapy compared to anti-TNF monotherapy.43 Unfortunately,
the study was stopped early, so there are no data on combination therapy for maintenance in UC.44 Nonetheless, this study
provides important information showing that combination
therapy for induction of remission in UC is superior to either
therapy alone. In patients without contraindications to either
class of medications, combination therapy should be strongly
considered after counseling regarding the increased risk of
lymphoma and skin cancer in patients on thiopurines.

Efficacy, safety, and tolerability of
anti-TNF therapy
All three TNF inhibitors carry potential risks associated with
their use, and should be avoided in patients with uncontrolled
infections, advanced heart failure (New York Heart Association Class III or IV), and neurologic conditions, specifically
demyelinating diseases. Demyelinating disorders are rarely
seen in patients receiving anti-TNF agents, and a causal
relationship has not been definitively established, but it
is recommended to avoid these agents in patients with a
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history of such conditions. Additionally, the use of anti-TNF
agents is associated with increased mortality in patients with
advanced heart failure. Prior to initiating anti-TNF treatment,
patients should be screened for TB and Hepatitis B virus,
and appropriately treated for these conditions if tests return
positive. It is also important to ensure that patients are up to
date on immunizations, particularly those against influenza,
pneumococcal infection, and human papillomavirus infection. Live vaccines are contraindicated while patients are on
anti-TNF therapy and for 3 months after stopping therapy.
Anti-TNF agents should be used with caution in patients with
a history of malignancy, due to a potential risk of accelerating
the growth of a tumor.45,46
Other potential adverse effects of anti-TNF therapy include
acute infusion reactions, which occur in approximately 10%
of patients treated with infliximab, and serious infusion reactions including anaphylaxis, convulsions, and hypotension,
which occur in approximately 1%. Injection site reactions and
rare anaphylactic reactions can also occur with subcutaneously administered anti-TNF agents. Other possible adverse
effects include neutropenia, hepatotoxicity, serum sickness,
leukocytoclastic vasculitis, rash including psoriasiform rash,
and induction of autoimmunity.45 Approximately 50% of
patients receiving infliximab develop antinuclear antibodies
after 2 years, but drug-induced lupus is rare.47 If a patient
develops a psoriasiform rash, this almost always resolves with
cessation of the anti-TNF agent. If another anti-TNF agent is
initiated, the risk of recurrence is approximately 50%.48
Serious infections occur in 2%–4% of patients treated
with TNF antibodies. In a 5-year follow-up of the TREAT
(Crohn's Therapy, Resource, Evaluation, and Assessment
Tool) registry, a large observational study of patients with
Crohn’s disease, infliximab was associated with an increased
risk of serious infection (hazard ratio [HR] 1.43; CI 1.11–
1.84); however, risks were greater for patients treated with
narcotics (HR 1.98; CI 1.44–2.73) and prednisone (HR 1.57;
CI 1.17–2.10), and for those with moderate-severe disease
activity (HR 2.24; CI 1.57–3.19).49 The use of combination
therapy with two immunosuppressive medications (including steroids, immunomodulators and/or anti-TNF agents) is
associated with significantly increased rates of infections,
including TB, candidiasis, herpes zoster, and sepsis.50 A 2011
meta-analysis of all randomized controlled trials and prospective cohorts of anti-TNF agents in IBD, rheumatoid arthritis,
and psoriasis showed a small increased risk of serious infections (OR 1.37; CI 1.04–1.82). The risk was not statistically
increased when evaluating studies with IBD patients alone
(OR 1.28; CI 0.67–2.44). The time of highest risk was the first
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6 months after initiation of therapy. The risk was higher with
infliximab (OR 1.97; CI 1.41–2.75) and certolizumab (OR
2.82; CI 1.27–6.29), although certolizumab is not approved
for use in UC.51,52
In contrast, a meta-analysis of patients with Crohn’s
disease on anti-TNF therapy did not show an increased
risk of serious infections requiring antimicrobial therapy or
hospitalization.53 A recent comparative safety meta-analysis
of 11,700 patients with rheumatoid arthritis receiving antiTNF agents showed the overall rate of serious adverse events
in patients treated with anti-TNFs was not statistically different from those treated with placebo and/or traditional diseasemodifying antirheumatic drug, and there was no statistical
difference in the risk of malignancy. There was, however, an
increased risk of serious infection in patients receiving TNF
inhibitors (OR 1.42; CI 1.13–1.78), specifically true of infliximab (OR 1.63; CI 1.07–2.47) and adalimumab (OR 1.69;
CI 1.12–2.54). Golimumab also had a numeric increased risk
of serious infection (OR 1.55; CI 0.76–3.17), but this was
not statistically significant.54 Additionally, a 5-year study
of golimumab in patients with psoriatic arthritis showed a
similar safety profile to other anti-TNF agents.55 Overall, it
appears the risk of serious infection with anti-TNF agents is
relatively small, and may be modified by concurrent therapies
and disease severity. Regardless of the magnitude of the risk,
it is important to employ preventative measures, including
appropriate vaccination and pre-treatment testing for TB and
Hepatitis B virus.51
There has also been concern for a possible increased risk
of malignancy in patients on anti-TNF therapy, specifically
lymphoma. Based on recent studies, the risk of lymphoma
seems to derive primarily from the thiopurines used in combination therapy.56–58 Patients on anti-TNF therapy may have
a small increased risk of both melanoma and non-melanoma
skin cancers, and so should be advised on the importance of
sun protection and regular skin examinations.51,59,60
There have been no head-to-head trials comparing the
efficacy of anti-TNF agents in UC. Using data from the
trials previously described, there have been three indirect
treatment comparison meta-analyses. Thorlund et al61 performed a comparison between infliximab and adalimumab
in anti-TNF naïve patients, using data from the ACT and
ULTRA trials. After 8 weeks of induction treatment, rates of
clinical response (OR 0.45; CI 0.23–0.89), clinical remission
(OR 0.42; CI 0.17–0.97), and mucosal healing (OR 0.46;
CI 0.25–0.86) were higher in patients treated with infliximab,
compared with those treated with adalimumab. At 52 weeks,
there remained a trend toward favoring infliximab, but this
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was not statistically significant. Infliximab was associated
with a higher likelihood of sustained response. There were
no differences in adverse outcomes in treatment or placebo
groups.61
A recent systematic review and network meta-analysis,
including 2,282 patients and seven double-blind placebocontrolled trials, showed that all biologic agents (infliximab, adalimumab, golimumab, vedolizumab) increased
clinical response, clinical remission, and mucosal healing
for induction therapy compared with placebo.62 Indirect
comparisons suggested that infliximab was more effective
than adalimumab in inducing clinical response (OR 2.36; CI
1.22–4.63) and mucosal healing (OR 2.0; CI 1.13–3.59). No
other indirect comparison reached statistical significance.
The occurrence of adverse events was not different between
biologic agents and placebo, but there was a high rate of
incomplete follow-up, and so there may have been inadequate
ascertainment of harms.62 A second similar meta-analysis,
also published in 2014, included an additional 2003 study
from Probert et al investigating the use of infliximab in steroid refractory UC.63 In this second meta-analysis, there was
a trend toward increased efficacy of infliximab compared
with adalimumab and golimumab, but this did not reach
statistical significance.64

Conclusion
In summary, all three anti-TNF agents are shown to be
effective in inducing and maintaining clinical response and
remission in patients with UC, with fairly comparable safety
profiles. Although indirect comparisons by meta-analysis
may favor infliximab over adalimumab, there is not enough
evidence to change clinical practice, and a randomized controlled clinical trial comparing these agents would be beneficial. For now, the choice of anti-TNF agent is typically based
on the cost of treatment and insurance coverage, the route
of administration, and convenience and preference of each
patient. Golimumab is an additional subcutaneous option
for patients with moderate-severe UC, although it has not
been studied in patients who have failed to respond to other
anti-TNF medications. Regardless of the anti-TNF agent
chosen, combination therapy with azathioprine is likely more
effective for inducing remission than anti-TNF monotherapy,
and should be recommended for patients without thiopurine
intolerance or contraindications to its use. Unfortunately,
there are still up to 50% of patients receiving anti-TNF
agents who fail to respond to induction dosing, and even
more patients who lose response to the anti-TNF agent over
time. There are limited data on the use of anti-TNF agents
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in prior anti-TNF non-responders aside from the infliximab
experienced patients enrolled in ULTRA 2, which showed a
slight benefit of adalimumab over placebo at 52 weeks, but
no statistically significant benefit at 8 weeks.
Because not all patients respond to anti-TNF agents,
researchers continue to investigate other mechanisms
for treatment of IBD, including anti-integrin therapies.
Vedolizumab, an α4β7 integrin inhibitor was recently FDA
approved for the treatment of UC. In the GEMINI 1 trial,
vedolizumab was found to be more effective than placebo for
inducing and maintaining clinical response, clinical remission, and mucosal healing. In theory, because of the unique
location of the α4β7 integrin receptors in gastrointestinal
mucosa alone, it may be expected that vedolizumab will
have a reduced risk of systemic infections and malignancy
compared with systemically acting agents. In the GEMINI 1
trial, there was no increased risk of infection, serious adverse
reaction, or malignancy in patients receiving vedolizumab.65 Therefore, vedolizumab may be an option for patients
with moderate to severe UC who have failed to respond to
anti-TNF agents, in those with contraindications to anti-TNF
therapy, or in some patients who prefer this medication to
anti-TNF agents based on its side effect profile.
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