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Introduction: Some inflammatory bowel disease (IBD) patients especially
those with refractory Crohn’s disease (CD) or relapsing ulcerative colitis (UC)
do not respond to current therapies. The newly introduced biological drugs
have got some interest due to their specificity and selectivity in modulation
of inflammatory elements.

Areas covered: In 46 included randomized, placebo-controlled clinical trials,
the efficacy and safety of different biologic drugs have been evaluated in
moderately to severely active CD or UC patients. Current investigated drugs
include new anti-TNF drugs (adalimumab, certolizumab pegol, etanercept,
onercept and golimumab), anti-CD20 (rituximab), T-cell inhibitors (abatacept)
and anti-o4 integrins (natalizumab and vedolizumab). Adalimumab, certoli-
zumab, and golimumab showed significant efficacy in induction of remission
and maintenance in CD and UC patients with a rate of adverse events similar
to placebo in the major trials. Natalizumab and vedolizumab were effective in
the treatment of moderately to severely active CD and UC patients. However,
vedolizumab caused less adverse effects than natalizumab. onercept, etaner-
cept, rituximab and abatacept were all well tolerated but were not effective
in CD or UC patients.

Expert opinion: Anti-TNF drugs, except for onercept and etanercept, and
anti-o4 integrins exhibit beneficial therapeutic effects. Although they were
all well tolerated, the incidence of progressive multifocal leukoencephalop-
athy associated with natalizumab should not be missed.

Keywords: adalimumab, anti-TNF drugs, certolizumab, Crohn’s disease, golimumab,
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1. Introduction

Inflammatory bowel disease (IBD) is regarded as a gastrointestinal (GI) inflamma-
tion, principally in the whole bowel wall or in the mucosa and epithelial lining of
the gut, colon and the rectum. IBD shows itself in two forms of ulcerative colitis
(UC) and Crohn’s disease (CD) that are differentiated by the spread and extent
of inflammation and also the complications [1-3.

5-Amino salicylate [4,5], corticosteroids [6], immunosuppressive agents and anti-
TNF [7-9], antibiotics [10,11], antioxidants [12], probiotics [13,14], phosphodiesterase
inhibitors [15], potassium channel openers [16], adenosine triphosphate donors [17],
melatonin [18] and some natural products [19,20] are some of the current available
therapeutic options for IBD. However, these therapies are involved with more or
less insufficient efficacy or have somehow safety concerns. Therefore, except for
non-responders, discontinuation of treatment due to lack of drug potential to main-
tain patients in remission in long term is usually observed in clinical practice.
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Article highlights.

« Inflammatory bowel disease (IBD) is regarded as a
gastrointestinal inflammation, principally in the whole
bowel wall or in the mucosa and epithelial lining of the
gut, colon and the rectum.

The overactive immune system has been known in IBD
pathogenesis, supporting the use of biological
immunomodulators in management of IBD.

Several pro-inflammatory cytokines including TNF-a,
IL-12 and IL-23 appear to be critical in amplification of
mucosal inflammation in patients with Crohn'’s disease
(CD). Accumulative levels of TNF-a. are found in the
blood, colonic tissue and stools of patients with
ulcerative colitis (UC).

Inhibition of TNF-a. production and activity is a new
therapeutic strategy and numerous pharmaceutical
companies are trying to design TNF-o-targeted
molecules.

The efficacy and safety of anti-TNF drugs, anti-CD20,
T-cell inhibitors and anti-integrin in 46 studies including
Phase Il, Phase lll/randomized, double-blinded,
placebo-controlled trials have been evaluated in patients
with CD or UC.

Regarding rapid growth in development of new
therapeutic options for CD and UC in the current
decade, the results of efficacy and safety investigations
on biologic drugs help introducing better drugs to
market in near future.

This box summarizes key points contained in the article.

Besides, as addressed above, some toxic adverse events and
sensitivity reactions make the conventional therapeutics intol-
erable for patients with chronic active CD or UC.

Although the exact etiology of CD and UC has not been
clearly explained yet, with current knowledge, the role of
genetic susceptibility, environmental factors, immune dysre-
gulation, intestinal microbes and oxidative stress cannot be
ignored [21-23].

As shown in Figure 1, the overactive immune system
responses are believed to have the main role in IBD pathogen-
esis [24.25]. Interaction between immune system and encoun-
tered antigens has an important role in mucosal system of
patients with IBD [24].

Several pro-inflammatory cytokines including TNF-o,
IL-12 and IL-23 appear to be critical in the amplification of
mucosal inflammation in patients with CD [26.27]. Likewise,
accumulative levels of TNF-ou has been found in the blood,
colonic tissue and stools of patients with UC [2829]. TNF-at
has somehow provoking effects on the immune system
comprising neutrophils and macrophages, B cells, production
of IFN-y by mucosal T-cells, the expression of adhesion
molecules on vascular endothelial cells and secretion of
tissue-altering enzymes such as matrix metalloproteinases, col-
lagenase and elastase [30]. Therefore, inhibition of TNF-a
production or activity is a new therapeutic strategy and

numerous pharmaceutical companies are designing TNF-o.-
targeted molecules.

Infliximab is an IgG-1 monoclonal antibody that binds to
TNF-a. 31]. Infliximab is the first approved TNF-o inhibitor
for CD by inducing and maintaining remission in steroid-
refractory,
refractory  inflammatory CD as demonstrated during
ACCENT studies (A Crohn’s Disease Clinical Trial Evaluat-
ing Infliximab in a New Long-Term Treatment Regimen in

steroid-dependent  and  immunomodulator-

Patients with Fistulizing Crohn’s Disease). It is demonstrated
to exert its beneficial effects via treating complex fistula and
preventing postoperative recurrence. Furthermore, as a new
indication for anti-TNF drugs, it has been approved in
2006 for UC based on the results of the acute ulcerative colitis
treatment trial (ACT)-I and -II trials that evaluated the safety
and efficacy of infliximab for induction and maintenance
therapy in adult patients with moderately to severely active
UC [32-34). Several other drugs with similar mechanism of
action have been designed currently and evaluated in clinical
trials such as adalimumab, a fully human anti-TNF monoclo-
nal antibody that has been approved in 2012 for treatment of
moderately to severely active UC and CD. Certolizumab
pegol or CDP870, a TNF monoclonal antibody, is only
approved in Switzerland for CD. Other newly introduced
molecules are etanercept (targeting TNF receptor-IgG fusion
protein) and onercept (targeting TNF receptor), which have
failed to have a beneficial therapeutic effect. Golimumab is
almost one of the latest introduced anti-TNF antibodies. It
has demonstrated a higher affinity than adalimumab. There-
fore, it is associated with promising efficacy in patients with
moderately to severely active UC during Phase II and III of
clinical trials, as expected. Golimumab has been approved
by FDA in 2013 for treatment of moderately to severely
active UC.

T-cells as one of the involved factors in the pathogenesis of
inflammation could be a therapeutic target. T-cell CD28 and
CD80 or CD86 signaling on the antigen-presenting cells can
stimulate activation of T-cells. Cytotoxic T-lymphocyte anti-
gen 4 can inhibit CD28 binding to CD80 or CD86 [35].
Therefore, designing a molecule with similar action to cyto-
toxic T-lymphocyte antigen 4 may be of value in blocking
stimulatory signaling of CD28, resulting in modulation of
T-cell activation. Referring to that mechanism, abatacept is
a recombinant fusion protein that exerts its effect similar to
cytotoxic T-lymphocyte antigen 4.

Inflammatory disorders comprise impairment in leukocyte
circulation known as leukocyte trafficking. Therefore, inhibi-
tion and modulation of leukocyte trafficking in gut mucosa
has been demonstrated as a promising target in IBD treat-
ment. These types of drugs can reduce the recruitment of
inflammatory cytokines and cells into the gut tissues. Differ-
ent types of integrins, generally expressed on leukocytes, are
believed to exert role in the adhesion, migration and activa-
tion of immune cells across the vascular endothelium.
04 integrin has the ability to attach the vascular cell adhesion
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Figure 1. Role of inflammatory elements in inflammatory bowel disease.
Adapted from corresponding author’s previous publication. Permission License Number: 328402125867 1; Dated 8 December 2013 from John Wiley and Sons.
DC: Dendritic cell; LPS: Lipopolysaccharides; Mo: Interstitial macrophage; ROS: Reactive oxygen species; Si: Silibinin; TNFR: Tumor necrosis factor receptor;

Ur: Ursodeoxycholic acid.

molecule (VCAM-1) and mucosal vascular addressin cellular
adhesion molecule (MAdCAM-1), which is increased during
the inflammation process. This interaction may be necessary
for facilitating leukocyte migration to gut mucosa. In a tissue
with chronic inflammation in the mucosa like GI in IBD,
inhibition of 04 integrin could be a useful therapeutic tar-
get (36]. Referring to this mechanism of action, natalizumab
and vedolizumab have been introduced that are recombinant
humanized monoclonal IgG antibodies to 04 integrins that
inhibit migration of leukocytes into GI [36]. Natalizumab
has been approved by FDA in 2008 for both induction and
maintenance of remission in patients with moderately to
severely active CD. Forasmuch as natalizumab use is limited
due to the observed risks of severe adverse events in patients,
vedolizumab has been introduced with the similar mechanism
of action but the higher selectivity. It is indicated to inhibit
04 integrins in the gut specifically. Thus, it results in reducing
the 04 integrin-mediated lymphocyte trafficking within GI
tract without adverse events in nervous system. Vedolizumab
has the positive recommendation of management advisory

committees of FDA for treatment of moderately to severely
active UC and CD, based on the results of efficacy and safety
trials. Among involved factors in leukocyte trafficking, CC
chemokine receptor-9 (CCRY) has been proposed recently.
CCR9 expresses on T-cells in the gut. The activation of this
receptor results in T-cell binding to VCAM-1 and
MAJdCAM-1 with the mediation of integrins [37.38]. Consider-
ing this process, antagonizing this receptor may modulate the
inflammation as vercirnon (GSK-1605786, CCX282-B), the
selective antagonist of CCRY does that by binding to the
gut T-cells. This drug has been evaluated in Phase II trials
(the prospective randomized oral-therapy evaluation in
Crohn’s disease trial-1 [PROTECT-1]) for treatment of
patients with moderately to severely active CD [37,38]. The
oral administration of this drug besides its confirmed efficacy
through future Phase IIT clinical trials may introduce it as a
beneficial treatment in CD. Overexpression, overactivation
and B-cell dysfunction have been demonstrated in immune
disorders including autoimmune diseases. CD20 is a protein
that is expressed on the surfaces of B cells. Rituximab is an
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antibody for the protein CD20, used in several malignancies
and autoimmune diseases. IBD could be one of the inflamma-
tory conditions that rituximab may be a beneficial treatment
for [391.

2. Search strategy

Electronic databases, including PubMed, ClinicalTrial.gov,
Google Scholar, Web of Science, Scopus and Cochrane Cen-
tral Register of Controlled trials were searched for all clinical
trials in which the efficacy and safety of novel biologic drugs
for IBD (CD, UC) up to 2013 September were investigated
clinically. The applied search terms were tumor necrosis fac-
tor, anti-TNF, efficacy, safety, biologic drugs, UC and CD.
The reference lists of searched articles were brushed up for
further applicable studies. The title and abstract of each article
were examined to eliminate duplicates, reviews, case studies,
non-clinical and pilot studies. All Phase II and III controlled
clinical trials evaluating the efficacy and safety of novel biolog-
ical molecules in IBD patients were considered. We excluded
the studies in which the evaluated drug has been failed and
did not continue, such as alicaforsen. We also did not summa-
rize the details for infliximab that has the earlier approval for
both UC and CD. However, adalimumab and certolizumab
regarding updated trials (2011 - 2013) were included.
According to the aim of this review, we focused on biological
drugs other than IL-targeted therapies. Data were extracted
according to study design, number and characteristics of
included IBD patients, type of IBD, evaluated drug, control
and outcomes of efficacy and safety.

3. Results

According to our searches, 46 studies were considered eligible
(Tables 1 - 4). These 46 trials included 9 Phase II, 26 Phase III
and 11 undefined randomized, double-blind, placebo-
controlled trials. The efficacy and safety of different types of
biologic drugs were evaluated in comparison with placebo,
including ant-TNF drugs, anti-CD20, T-cell inhibitors and
anti-integrins. The investigated drugs were certolizumab
pegol, adalimumab, etanercept, onercept, golimumab, abata-
cept, natalizumab, vedolizumab and rituximab. The included
population was moderately to severely active acute or chronic
CD or UC patients who mostly experienced an inadequate
clinical response and/or intolerance to prior treatments such
as anti-TNF therapy (infliximab), steroids or other conven-
tional medicines. CD patients with elevated C-reactive pro-
teins (CRP) or with draining fistulas were also involved in
some studies. Some of registered clinical trials that were spon-
sored by pharmaceutical companies have not reported the
final results yet. However, all available characteristics of these
trials were collected in the tables. Other trials reported the
response and remission rates in drug- and placebo-receiving
groups according to the observed changes in scores for the
CD activity index (CDAI) or Mayo scoring system for UC

activity assessment. The CD activity score of < 150 and
improvement of CDAI > 70 points from baseline were
defined as clinical remission and response, respectively.
Patients with active CD showed CDAI score of > 150 (of
220 - 450 points), in whom the terminal ileum and/or colon
were affected for at least 3 months. Remission was defined as a
decrease in Mayo Clinic score to < 2 points in UC patients.

3.1 Adalimumab

Adalimumab as an anti-TNF drug is generally prescribed and
is thought to be effective and tolerable in CD and UC
patients with inadequate response or loss of response in long
term along with steroids and immunomodulator agents [40].
To evaluate the safety and efficacy of adalimumab for induc-
tion of remission in CD patients, the clinical assessment of
adalimumab safety and efficacy studied as induction therapy
in Crohn’s disease (CLASSIC-I) study was carried out in
299 participants. In this Phase III dose-ranging trial,
160 mg subcutaneous injection of adalimumab at week 0, fol-
lowed by 80 mg at week 2 was superior to placebo in induc-
tion of remissions in patients [41. Responders to
adalimumab induction at week 4 were followed-up to
56 weeks in a Phase II randomized, double-blind, placebo-
controlled trial (CLASSIC-II) to assess the long-term efficacy
of 40 mg adalimumab every other week or weekly. The
CLASSIC-II results showed higher efficacy of adalimumab
versus placebo during 56 weeks maintenance therapy [42].
The Crohn’s trial of the fully human antibody adalimumab
for remission maintenance (CHARM) trial also evaluated
the efficacy and safety of adalimumab in a randomized,
placebo-controlled Phase III clinical study. The effect of ada-
limumab treatment on health-related quality of life (HRQoL)
during CHARM trial was also evaluated [43,44]. Further char-
acteristics and outcomes are detailed in Table 1.

The ulcerative colitis long-term remission and maintenance
with adalimumab (ULTRA 1) and ULTRA 2 are two
Phase III multicenter, randomized, double-blind, placebo-
controlled trials evaluating the efficacy of adalimumab in
induction (ULTRA 1 and 2) and maintenance (ULTRA 2)
of clinical remission in 576 and 494 moderately to severely
active UC patients naive to conventional treatments, respec-
tively. The outcomes indicated the effectiveness of drug in
comparison with placebo in clinical remission and mainte-
nance during long-term treatment [45,46].

3.2 Certolizumab pegol
Certolizumab pegol, a pegylated conjugated Fab against TNF,
is considered one of the effective choices for CD refractory as
compared with other conventional medications [47-49]. We
have summarized the characteristics of 10 Phase III,
2 Phase II and 3 undefined randomized controlled trials
in Table 2.

Several clinical trials were conducted in order to evaluate
the efficacy and safety of this drug. The pegylated antibody

fragment evaluation in Crohn’s disease: safety and efficac
g y
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(PRECISE-1) study included 662 CD patients randomized
to receive either certolizumab pegol or placebo to evaluate
the efficacy and safety of drug through 26 weeks of treat-
ment [50]. PRECIiSE-2 trial was the evaluation of safety and
efficacy of certolizumab pegol after induction therapy within
6 weeks. Patients were randomized to receive certolizumab
pegol or placebo up to week 26 [51]. Patients who relapsed
before week 26 (n = 124) were withdrawn from PRECiSE-2
and entered PRECISE-4 to receive an extra certolizumab
pegol dose in an open-labeled design followed by every
4 weeks injection as re-induction [52]. In addition, responders
of PRECISE-2 at week 26 were enrolled in PRECiSE-3
trial (53] that was an open-labeled extension trial. Patients
received 400 mg certolizumab pegol every 4 weeks up to
54 weeks.

Certolizumab pegol treatment (induction and mainte-
nance) for 26 weeks caused significant improvement in
response rates in comparison with placebo, but not in remis-
sion rate [50]. Lichtenstein ez 2/ evaluated the continuous ther-
apy with certolizumab pegol to address the long-term efficacy
and safety of maintenance therapy in CD patients. In mainte-
nance remission with certolizumab pegol for up to 18 months,
continuous therapy was shown to be more successful than the
interrupted doses of drug [531. In an evaluation of the effect of
prior infliximab therapy on response and remission in CD
patients involved in PRECiSE-2 trial, the efficacy of certolizu-
mab pegol was higher in patients receiving it as a first-line
treatment than the group with the experience of prior inflixi-
mab therapy [48]. In a Phase IIIb placebo-controlled trial, the
difference between remission rate in certolizumab pegol and
placebo-treated groups were evaluated in active CD patients
naive to anti-TNF therapy. The difference was not significant
at week 6 (the primary end point). The higher concentration
of CRP in the beginning of study was associated with signifi-
cant difference in remission rate between the two compared
groups [49]. In another clinical trial, enrolled CD patients
with secondary failure to infliximab therapy and those
responded to the induction therapy with certolizumab pegol
expressed a similar response and remission rates to every
2 or 4 weeks maintenance therapies [54]. Rutgeerts ez al. con-
cluded that certolizumab pegol 400 mg improved HRQoL
in CD patients in a multicenter, randomized, double-blind,
placebo-controlled study [s5].

Certolizumab pegol was generally well tolerated, and
adverse effects incidences were similar in both certolizumab
pegol and placebo-treated groups [48-50,52-54]. Some of the
most frequently reported adverse effects were headache, nau-
sea, arthralgia, abdominal pain, fatigue and pyrexia, in addi-
tion to a few numbers of adverse effects that led to
withdrawal from the trials [49-52).

3.3 Onercept

We found one dose-ranging clinical trial assessing the efficacy
and safety of onercept as a recombinant receptor for TNF.
Two-hundred and seven CD patients received four doses of

onercept or placebo for 8 weeks. The administered doses of
onercept were not effective in induction of remission in
patients with active CD. However, the drug was well tolerated
and except for injection site reactions, there was no significant
difference between all groups regarding frequency of adverse
effects [56].

3.4 Etanercept

Etanercept, an antagonist for TNF receptor, has been com-
pared with placebo in an efficacy and safety trial of 43 CD
patients during 8 weeks. Etanercept was not more effective
than placebo comparing clinical response at week 4. The inci-
dence of adverse effects including either severe unwanted out-
comes or other adverse effects was similar in drug- and
placebo-received groups. The most frequent adverse effects
were headache, abdominal pain, injection site reaction and
skin disorders [57].

3.5 Golimumab

Golimumab is a human monoclonal antibody that targets
TNF-o with a higher affinity than adalimumab. It has been
evaluated for efficacy and safety in moderately to severely
active UC patients. The results of program of ulcerative colitis
rescarch studies utilizing an investigational treatment-
subcutaneous (PURSUIT-SC) induction study, containing a
Phase II dose ranging followed by Phase III confirmatory
study, showed the efficacy of golimumab in response and
remission induction after 6 weeks of treatment. Furthermore,
the responders in the mentioned study entered the 54 weeks
PURSUIT-SC maintenance study. The prescribed doses
were significantly effective in maintaining remission in
patients. There were two Phase III randomized placebo-
controlled trials performed and registered in ClinicalTrial.
gov website. Although, the results of those trials have not
been provided yet, we have summarized their characteristics
in Table 3 [58].

3.6 Natalizumab

Natalizumab, a recombinant humanized monoclonal IgG
antibody to a4 integrin, a selective adhesion molecule, has
been evaluated in nine randomized, double-blind, placebo-
controlled clinical trials in 2662 moderately to severely active
CD patients (Table 4). In order to investigate the efficacy of
induction therapy, the international efficacy of natalizumab
as active Crohn’s therapy (ENACT-1) trial was performed
in 905 patients with the end point of response demonstration
at week 10 [59]. Results showed that natalizumab improved the
response and remission rates in a non-significant manner. In
an evaluation of effectiveness of drug in maintenance of
remission, ENACT-2 study enrolled 339 responders of
ENACT-1 study. Continuous therapy with 300 mg natalizu-
mab every 4 weeks up to week 56, significantly maintained
the response and remission rates in CD patients [59].
ENCORE study is another randomized placebo-controlled
trial that evaluated the efficacy of natalizumab in induction
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of response and remission in moderately to severely active CD
patients [60]. Natalizumab’s impact on the HRQoL besides its
safety and tolerability has been investigated in several doses
containing 3 and 6 mg/kg body weight or 300 mg by intrave-
nous infusion. Except for some observed serious adverse
effects such as progressive multifocal leukoencephalopathy [59],
natalizumab was well tolerated and the frequency of adverse
effect incidence was similar in drug- and placebo-treated
groups (Table 4). In an assessment of natalizumab effect on
HRQoL, outcomes were measured by the change from base-
line on the IBD questionnaire, the short form-36, the
EuroQol-5D and a subject global assessment. Results showed
a significant improvement in drug-treated group during
ENACT-1 trial. However, the measures remained constant
during ENACT-2 and did not increase [61].

3.7 Vedolizumab

Vedolizumab is a human monoclonal antibody that specifi-
cally targets 04P7 integrins. Thus, it exhibits lymphocyte
trafficking inhibition specifically in the inflamed GI and
does not affect other organs such as brain. In order to inves-
tigate its efficacy and safety, three Phase II [62-64] and four
Phase III (GEMINI 1, GEMINI 2, GEMINI 3, GEMINI
LTS) clinical trials have been performed in active UC and
CD patients. Final results indicated that vedolizumab was
significantly more effective in both induction and mainte-
nance of clinical response and remission within clinical trials
than placebo in UC patients. The results also showed vedo-
lizumab to be a well-tolerated drug in patients [62,64,65]. In
an integrated induction and maintenance trial, vedalizumab
has been evaluated in comparison with placebo in moder-
ately to severely active CD patients (GEMINI 2). The
induction trial consisted of 368 randomized cohort and
747 open-label cohort, receiving 300 mg infusion of vedoli-
zumab at week 0 and week 2. The patients (461) who
showed response at week 6 entered in maintenance trial
and received vedolizumab every 4 or 8 weeks up to week
52. The response rate analysis indicated that vedolizumab
treatment resulted in higher rate of remission in patients
during both induction and maintenance trials than placebo,
however, it did not cause a CDAI-100 response at week 6.
Safety assessment showed that vedolizumab-treated group
reported more adverse effects than placebo group (66). An
ongoing open-label long-term safety assessment trial evaluat-
ing vedolizumab safety and tolerability has been started
from 2009 and will be completed in 2016 (GEMINI LTS,
NCT00790933).

3.8 Rituximab

Rituximab, an anti-CD20 antibody, has been administered in
24 steroid-resistant UC patients in a Phase II randomized
placebo-controlled trial. The results showed that two rituxi-
mab infusions caused a significant response compared with
placebo at week 4. However, it was not effective in induction

of remission assessed by Mayo score system, an end point at
week 4. Rituximab was well tolerated in patients [39].

3.9 Abatacept

Abatacept is a selective costimulation modulator, which has
been evaluated in active CD and UC patients in four clinical
controlled trials carried out by Sandborn ¢# a/. The responders
to the induction therapy received the drug to be enrolled in
maintenance assessment for up to 52 weeks. The observed
clinical response and remission rates during both induction
and maintenance studies were not significantly higher in
abatacept-treated groups versus placebo [67).

4. Conclusion

Among earlier anti-TNF drugs, adalimumab, certolizumab
pegol and golimumab were indicated to have significant effi-
cacy in comparison with placebo in several clinical trials.
However, certolizumab pegol as the first-line treatment was
more effective in patients with prior infliximab therapy [68].
In addition, it was more effective in maintaining response
and remission in responders to induction therapy that showed
the importance of prior treatment in patients [51]. In one of
the certolizumab pegol trials, the higher remission rate in pla-
cebo as compared with other studies has been reported [49].
Sandborn et al. stated that higher efficacy of anti-TNF drugs
was related to higher CRP concentration and shorter duration
of disease, in contrast to the involved patients in their trial [49].
Schreiber et al. reported that shorter duration of CD and ear-
lier use of certolizumab pegol resulted in higher rates of treat-
ment response and disease remission [68]. Etanercept and
onercept have been evaluated in large randomized placebo-
controlled trials in CD patients. The reported outcomes dem-
onstrated that there was no significant difference between
these drugs and placebo in disease management and remission
induction [56,57]. Rutgeerts ez /. mentioned that, in contrast
to the mechanism of action of infliximab and adalimumab,
etanercept and onercept were not associated with apoptosis
of T-cells and monocytes. Therefore, the results of ineffective-
ness of these drugs have been hypothesized via this mechanism
of action [56]. However, they noted that although certalizumab
pegol did not induce apoptosis, it was an effective therapeutic
regimen. In addition, the potency of TNF inhibition may be
discussable in different anti-TNF drugs (s6. Although the
effective dose of etanercept in rheumatoid arthritis was
administered, Sandborn ez al. recommended applying higher
doses in further studies to achieve clinical response in CD
patients [57].

Several clinical trials have shown the effectiveness of natali-
zumab as an integrin inhibitor in moderately to severely active
CD patients. Some clinical trials have compared the efficacy
and safety of natalizumab alone or in combination with other
treatments including infliximab (69]. Considering the mecha-
nism of action of natalizumab that increases the circulating
leukocytes, its administration may interrupt leukocyte
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trafficking causing side effects in patients [70]. As well, vedoli-
zumab is suggested to inhibit GI leukocyte trafficking; thus, it
modulates leukocytes migration into the inflamed GI tissue.
Its specificity for 047 integrins leads to not interacting
with leukocyte trafficking to the central nervous system. Nata-
lizumab blocks both 04B1 and 047 integrins. It has been
observed that natalizumab causes progressive multifocal leu-
koencephalopathy in brain. In contrast to natalizumab, vedo-
lizumab acts specifically in the GI and does not affect other
organs. Although adverse effects such as infections have been
observed by the use of vedolizumab, its incidence has not
been found significantly higher (65).

Rituximab is believed to remove B lymphocytes from the
circulation. Therefore, it has been used in therapeutic regimen
of several autoimmune diseases. In steroid-resistant active UC
patients, rituximab administered at two infusions did not
induce adequate remission [39].

Within four large randomized clinical trials, abatacept was
compared with placebo in induction and maintenance of
remission in patients with CD and UC. Lack of its efficacy
in these trials has been explained by naming several limita-
tions of study including not measuring CD activity from the
beginning of trial in CD patients. Forasmuch as mechanism
of action of abatacept is thought to inhibit T-cell activation,
it might be beneficial in the modulation of inflammation in
CD and UC patients. However, other factors are associated
in disease progression such as GI barrier disruption and
recruitment of leukocytes. By considering this pathogenesis,
abatacept may not be helpful unless used in combination
with other types of treatments [67].

Alicaforsen (ISIS2302) is an antisense molecule that inhibits
intracellular adhesion molecule 1. Therefore, it plays the role of
a modulator in the recruitment of leukocytes during inflamma-
tion process. Several placebo-controlled clinical trials have been
conducted to examine its efficacy in chronic active CD and UC
patients. Alicaforsen failed to induce significant higher remis-
sion in CD patients when compared with placebo [71,721. How-
ever, administration of alicaforsen in enema dosage form
resulted in a significant improvement in UC patients [73]. For-
asmuch as CD activity has been known to be a factor involved
in HRQoL and work productivity, several studies evaluate
these factors in CD patients. The results of comparisons
expressed a significant higher work productivity, daily activities
and HRQoL in certolizumab-treated group [74-771.

5. Expert opinion

In this review, we have collected all Phase II and III clinical
trials on the efficacy and safety of newly introduced biologic
drugs in IBD besides a background data from earlier drugs
used in this type of treatment. Among earlier anti-TNF drugs,
adalimumab and certolizumab pegol besides golimumab as a
newly introduced drug from this type of group, exhibit
good therapeutic effects in both moderately to severely active
CD and UC patients. Etanercept and onercept showed no

significant efficacy in disease management and remission
induction. No comparative trials on efficacy of etanercept
and onercept in CD patients have been reported to date. Fur-
ther dose-escalating studies are required to find the effective
dose of onercept and etanercept. Effectiveness of natalizumab
as an integrin inhibitor has been demonstrated in moderately
to severely active CD patients.

In reviewed clinical trials, treatment was associated with
improvement of HRQoL besides induction and maintenance
of remission. This could be a valuable goal of the treatment,
while almost a large number of recruited patients had used
these therapeutic regimens as the second-line treatment due
to failure of previously examined drugs. The efficacy of a
drug as the first- or second-line treatment, duration and activ-
ity of disease in patients, the type of prior treatment and other
involved factors such as CRP concentration have been com-
pared and considered in performed clinical trials. The differ-
ence in those factors between various clinical trials is the
source of controversy existing in the outcomes of studies. As
mentioned before, the improvement of HRQoL is the ulti-
mate goal of treatment that should be followed in design of
clinical trials. Considering high frequency of inadequate
response and lack of efficacy and tolerability in treated UC
and CD patients, the necessity of examining new therapeutic
options either with the same or even different target and
mechanism of action is felt. For instance, infliximab that is
commonly used in moderately to severely active CD patients
may cause development of antibodies to drug in patient’s cir-
culation, resulting in a drop in efficacy. Furthermore, injec-
tion site reactions and delayed hypersensitivity are among
common side effects. However, the outcomes of current clin-
ical trials on new anti-TNF drugs exhibit beneficial therapeu-
tic effects in patients with no response to prior treatments.
The loss of efficacy of some anti-TNF drugs in clinical trials
in comparison with placebo have been attributed to their dif-
ferent mechanism of actions. Therefore, further comparative
studies between these drugs may be of value to know the
mechanisms that must be targeted. In addition, more dose-
escalating trials should be carried out to make a precise deci-
sion on the effectiveness of etanercept, onercept, rituximab
and abatacept versus placebo. Regarding more acceptable
safety profile of vedolizumab versus natalizumab, comparative
efficacy and safety studies between these two integrin inhibi-
tors may be helpful. Generally by an overview of the outcomes
of reviewed clinical examinations, the effective dose and right
duration of treatment to induce and maintain remission
should be considered according to the disease activity index
in both CD and UC patients. Due to approximately high
costs of these types of recombinant drugs besides their serious
side effects, a risk—cost-benefit analysis is required to prescribe
the right medicine with the right dosage and duration to reach
the optimized results. In future by collecting the efficacy and
safety outcomes of more clinical trials, golimumab seems to
be added to the list of beneficial anti-TNF drugs in UC and
CD treatment. Anyway, we emphasize that prescribing these
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drugs must be accompanied with full consideration of their

risk, cost and benefit.
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