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Current and Emerging Biologics for Ulcerative Colitis
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Conventional medical treatment for ulcerative colitis can
have limited efficacy or severe adverse reactions requiring
additional treatment or colectomy. Hence, different biological
agents that target specific immunological pathways are be-
ing investigated for treating ulcerative colitis. Anti-tumor ne-
crosis factor (TNF) agents were the first biologics to be used
for treating inflammatory bowel disease. For example, inflix-
imab and adalimumab, which are anti-TNF agents, are be-
ing used for treating ulcerative colitis. Recently, golimumab,
another anti-TNF agent, and vedolizumab, an anti-adhesion
therapy, have been approved for ulcerative colitis by the U.S.
Food and Drug Administration. In addition, new medications
such as tofacitinib, a Janus kinase inhibitor, and etrolizumab,
another anti-adhesion therapy, are emerging as therapeu-
tic agents. Therefore, there is a need for further studies to
select appropriate patient groups for these biologics and to
improve the outcomes of ulcerative colitis treatment through
appropriate medical usage. (Gut Liver 2015;9:18-27)
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INTRODUCTION

Ulcerative colitis is a chronic disease of unknown cause that
triggers inflammation in the colon and is characterized by al-
ternating flare-ups and remissions. The primary symptoms are
blood in the stool, diarrhea, and abdominal pain. Approximately
15% of ulcerative colitis patients experience a severe clinical
course, and 30% of these patients require colectomy."” Further-
more, prolonged inflammation of the intestinal tract reduces
patients’ quality of life and increases the possibility of colon
cancer development.

The chronic inflammation in inflammatory bowel disease (IBD)
is believed to be caused by the dysregulation of the immune

system. Dysregulation of the immune system decreases immune
tolerance of intestinal bacteria, which induces an abnormal im-
mune response in the form of the overproduction of proinflam-
matory cytokines and adhesion molecules. Excessive activation
of T cells and a reduction in T cell apoptosis also occur.

The treatment goal in ulcerative colitis is the induction and
maintenance of remission. The primary drugs used in ulcerative
colitis include 5-aminosalicylic acid (5-ASA), steroids, and im-
munosuppressive drugs such as azathioprine, 6-mercaptopurine
(6-MP), the effectiveness of which is supported by well-known
clear evidence.>* However, 20% to 40% of ulcerative colitis
patients do not respond to conventional medications and may
receive secondary drug treatment or colectomy. As a result, var-
ious biologics that target specific immunological pathways have
been studied as potential therapeutics for ulcerative colitis.””

Infliximab, an anti-tumor necrosis factor alpha (TNF-a)
monoclonal antibody, is the first biologic to have received the
U.S. Food and Drug Administration (FDA) approval and to be
clinically used for ulcerative colitis. Recently, the TNF antago-
nists adalimumab and golimumab have shown significant ef-
fectiveness in large scale clinical studies, and have been in use
since receiving FDA approval. Other biologics with different
mechanisms have also been introduced. Recently, vedolizumab,
integrin receptor antagonist, was approved by the FDA. In ad-
dition, etrolizumab, another integrin receptor antagonist and
tofacitinib, Janus kinase (JAK) inhibitor are emerging as new
medications. This paper presents a variety of biological agents
in ulcerative colitis on the basis of the results of the studies re-
ported so far.

TNF ANTAGONISTS

TNF-a is an inflammatory cytokine that is involved in host
defense, inflammation, apoptosis, stimulation of lymphocytes,
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bone metabolism, T-B lymphocyte interaction, lymphoid organ
development, and activation of immune cell functions. TNF-o
is the most important cytokine that mediates intestinal tract in-
flammation and the expression of TNF-a increases in IBD.

Infliximab was the first TNF inhibitor to be developed and is a
chimeric immunoglobulin G (IgG) monoclonal antibody against
TNF-q. It is composed of a combination of human and murine
proteins. The IgG molecule is composed of two identical light
chains and two identical heavy chains that form a polypeptide
structure (Fig. 1)." The IgG antibody contains two domains that
are composed of the constant region Fc and the variable region
Fab, which binds to the antigen. The Fab region (VK and VH
domains) that binds to TNF originates from mice, whereas the
Fey1 isotope region is of human origin; the regions comprise
approximately 25% and 75% of infliximab, respectively. The Fc
region binds to both soluble and cellular membrane-bound TNF.

Adalimumab is a recombined IgG1 anti-TNF-a, monoclonal
antibody that, unlike infliximab, is produced in a form present
in the human body and thus has lower immunity. Adalimumab
is the first 100% fully human monoclonal antibody against TNF
and is structurally similar to the human IgG1.

Golimumab is a monoclonal antibody against TNF with a
lowered immunity that was recombined into a form present in
the human body. Golimumab inhibits the functions of soluble
and cellular membrane-bound TNF.

1. Infliximab

Infliximab, a chimeric IgG1 monoclonal antibody for TNF-
o, was the first biologic developed for IBD. Infliximab binds
to the soluble or cellular membrane-bound TNF-o and fixes
complement to induce cytotoxicity and T cell apoptosis. Early
studies of infliximab had small sample sizes and showed mixed
results. In small randomized placebo-controlled studies, inflix-
imab showed no significant difference from placebo in steroid-
resistant severe ulcerative colitis patients.’

However, in 2005, two large-scale multicenter randomized
studies known as the Active Ulcerative Colitis Trial 1 and 2 (ACT
1 and ACT 2, respectively) showed different results (Table 1).1°
ACT 1 targeted moderate-to-severe ulcerative colitis patients
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Fig. 1. Molecular structure of the
three tumor necrosis factor antago-
nists for ulcerative colitis treatment.”
Human (A) Infliximab. (B) Adalimumab. (C)
Fey1 Golimumab.

Fc, crystalline fragment; Fv, variable
fragment; Fcyl, human immuno-
globulin G1 Fc fragment.

who had not responded to or tolerated steroid or immunosup-
pressive treatments. ACT 2 targeted moderate-to-severe ulcer-
ative colitis patients who had not responded to or tolerated
steroids, immunosuppressant, and 5-ASA treatments. In both
studies, subjects were divided into placebo, infliximab 5 mg/
kg/iv, and infliximab 10 mg/kg/iv infusion groups, with study
drugs administered at 0, 2, and 6 weeks, and then at 8-week
intervals for a total of 46 weeks (ACT 1) or 22 weeks (ACT 2).
Clinical response was defined as a Mayo score decline of 3
points or more and either a 30% or more relative decrease from
baseline with at least 1 point decrease in rectal bleeding or a
rectal bleeding score of 0 or 1. Clinical remission was defined
as a Mayo score of 0-2 with each component subscore not ex-
ceeding 1. Mucosal healing was defined as an endoscopic score
of 0-1. At week 8, the clinical response rates in the placebo, in-
fliximab 5 mg/kg, and infliximab 10 mg/kg groups were 37.2%,
69.4%, and 64.5%, respectively, in ACT 1, and 29.3%, 64.5%,
and 69.2%, respectively, in ACT 2. All infliximab-treated groups
showed significant improvement over the placebo group. At
week 30, the infliximab-treated groups showed significant im-
provements of 47.1% to 60.0% in clinical response rates com-
pared to a 26.0% response in the placebo group. At weeks 8, 30,
and 54 (ACT 1), the infliximab 5 mg/kg and infliximab 10 mg/
kg groups showed significantly higher clinical remission rates
and mucosal healing rates than the placebo group. There was
a higher frequency of steroid-free remissions in the infliximab
groups than the placebo group, with 22.3% and 7.2% steroid-
free remissions at week 30, respectively, and 20.9% and 8.9%
steroid-free remissions at week 54, respectively. Steroid dose re-
ductions were also more frequent in the infliximab groups than
the placebo group. No great difference was observed between
the 5 mg/kg and 10 mg/kg doses of infliximab, indicating that
5 mg/kg is the suitable dosage for ulcerative colitis, given safety
and economic factors.

A post-hoc analysis of ACT 1 and ACT 2 data was conducted
to examine the relationship between serum infliximab levels
and clinical outcomes. When serum infliximab concentrations
were divided into quartiles, significant increases in clinical re-

mission, clinical response, and mucosal healing were observed
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Table 1. Clinical Trials Evaluating the Efficacy of Different Biologics in Patients with Ulcerative Colitis

Drug Study Study population Study protocol Primary endpoint Efficiency
Infliximab ACT 1" N=364 5 mg/kg IV at week 0, 2, and Clinical response 69.4% (IFX 5 mg/kg)
Moderately to severely 6 at week 8
active UC (Mayo: 6-12) 5 mg/kg IV every 8 weeks Clinical response 45.5% (IFX 5 mg/kg)
after induction until week 46 at week 54
ACT 2%° N=364 5 mg/kg IV until week 22 Clinical response 64.5% (IFX 5 mg/kg)
Moderately to severely at week 8
active UC (Mayo: 6-12) Clinical response 47.1% (IFX 5 mg/kg)
at week 30
Adalimumab ULTRA 1”° N=576 160, 80, 40, 40 mg SC every Clinical remission ~ 18.5% (ADA 160 mg)
Moderately to severely 2 weeks at week 8
active UC
ULTRA 2*° N=494 40 mg SC every 2 weeks Clinical remission  16.5% (ADA 160 mg)
Moderately to severely after induction at week 8
active UC Clinical remission ~ 17.3% (ADA 160 mg)
at week 52
Golimumab PURSUIT-SC*  N=1,065 200 mg at week O then 100 Clinical response  51.0% (GLM 100 mg)
Moderately to severely mg SC, at week 2 at week 6
active UC
PURSUIT- N=464 100 mg SC every 4 weeks Clinical response 49.7% (GLM 100 mg)
Maintenance”  Moderately to severely after induction at week 54
active UC
Vedolizumab GEMINI 1° N=895 300 mg IV every 4 or 8 Clinical response 47.1% (VDZ 300 mg
Moderately to severely weeks/52 weeks at week 6 at week 0 & 2)
active UC (Mayo: 6-12) Clinical response 44.8% (VDZ 300 mg
at week 52 every 4 weeks)
41.8% (VDZ 300 mg
every 8 weeks)
Etrolizumab Eucalyptus™  N=124 100 mg SC at week 0, 4, and Clinical remission  21% (etrolizumab
Moderately to severely 8 or 420 mg LD then 300 mg at week 10 100 mg)
active UC at week 2, 4, and 8 10% (etrolizumab
300 mg plus LD)
Tofacitinib Sandborn N=194 15 mg bid for 8 weeks Clinical response 78% (tofacitinib
etal® Moderately to severely at week 8 15 mg bid)

active UC

ACT, Active Ulcerative Colitis Trial; UC, ulcerative colitis; IFX, Infliximab; IV, intravenous; ULTRA, Ulcerative Colitis Long-Term Remission and
Maintenance with Adalimumab; SC, subcutaneous; ADA, adalimumab; PURSUIT-SC, Program of Ulcerative Colitis Research Studies Utilizing an
Investigational Treatment-Subcutaneous; GLM, golimumab; VDZ, vedolizumab; LD, loading dose; bid, twice a day.

at week 30 and 54 at the higher quartiles of infliximab concen-
tration."'

A follow-up analysis of the tested patient outcomes from ACT
1 and ACT 2 was performed to investigate one of the primary
goals of ulcerative colitis treatment: avoiding colectomy. The
results showed that at week 54, the cumulative incidence rate
of colectomy was 10% in the infliximab groups and 17% in the
placebo group, indicating that infliximab treatment reduced the
risk of colectomy by 79%.' In terms of hospitalizations related

to ulcerative colitis through 54 weeks, there was an incidence
of 20 events per 100 patient-years in the infliximab group and
40 events per 100 patient-years in the placebo group, show-
ing a significantly lower rate in the infliximab group.”” On the
other hand, to date, no randomized controlled studies evaluated
infliximab’s efficacy in relapse prevention and safety in inac-
tive ulcerative colitis cases. Although ACT 1 and ACT 2 reported
relapse rates, infliximab’s effect on relapse prevention in inac-
tive ulcerative colitis cannot be determined with certainty, since



no further random reassignment to infliximab or placebo took
place after week 8.

Because infliximab is a chimeric monoclonal antibody with
a protein sequence that is 75% human and 25% mouse, human
antichimeric antibody (HACA) formation can occur in the blood.
The presence of HACA has been associated with an increased
risk of infusion reactions upon drug administration and reduced
clinical efficacy. During the ACT trials, 17 of the 484 patients
treated with infliximab showed severe adverse events, including
eight cases of pneumonia, tuberculosis, and histoplasmosis, four
cases of cancer, and three cases of neurologic event (two cases
of optic neuritis and one case of multifocal motor neuropa-
thy). So far, the known common side effects of infliximab are
acute infusion reaction, severe serum sickness, infection such
as reactivation of tuberculosis, and lymphoma. Less common
side effects include demyelinating disorders and optic neuritis.
Since most infliximab-treated patients receive simultaneous
steroids or immunomodulators, they should be prescreened for
tuberculosis if living in areas where tuberculosis is endemic.
However, as a review of its currently registered safety profile
for the infliximab revealed no increase in cancer incidence rates
and similar rates of serious infection and mortality compared to
other treatments, infliximab may be considered a relatively safe
treatment for clinical use.”

The UC SUCCESS study enrolled 239 moderate-to-severe ul-
cerative colitis patients who did not respond to 5-ASA or steroid
treatment, assigned them to treatment with azathioprine, inflix-
imab, or azathioprine plus infliximab, and observed them for 16
weeks."* At week 16, the primary endpoint of corticosteroid-free
remission rate was higher in the infliximab plus azathioprine
group than in the azathioprine and infliximab groups (39.7%,
23.7%, and 22.1%, respectively). In addition, the posttreatment
clinical response rate was significantly higher in the infliximab
group and the infliximab plus azathioprine group as compared
to the azathioprine group (68.8%, 76.9%, and 50.0%, respec-
tively). Mucosal healing rates also showed significantly higher
increases in the infliximab group and the infliximab plus aza-
thioprine group as compared to the azathioprine group (54.6%,
62.8%, and 36.8%, respectively). Therefore, infliximab and
azathioprine combination therapy was proven to be effective in
moderate-to-severe ulcerative colitis patients, similar to what
was observed in the Study of Biologic and Immunomodulator
Naive Patients in Crohn’s Disease (SONIC)."

Ulcerative colitis patients who experience bloody diarrhea
more than 6 times a day along with dehydration, tachycardia,
severe pain, and increased C-reactive protein (CRP) require hos-
pitalization and treatment.'® Such acute cases of severe ulcer-
ative colitis represent a very serious condition, and the primary
treatment is intravenous steroids. However, if an appropriate re-
sponse is not observed within 7 to 10 days, another treatment or
an emergency colectomy is recommended. If the patient shows
rapid deterioration, such as toxic megacolon or uncontrolled
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bleeding, surgery must be considered as the preferred course of
action.

In severe ulcerative colitis patients who show no response to
steroids and in whom cytomegalovirus infection has been ex-
cluded, calcineurin inhibitor such as cyclosporine 2 mg/kg or in-
fliximab 5 mg/kg may be administered intravenously. However,
it is uncertain which medication is more effective in inducing
remission. In particular, the side effects and long-term efficacy
of cyclosporine have been debated by clinicians. A randomized
study of steroid-refractory severe ulcerative colitis patients was
performed to evaluate the impact of infliximab rescue therapy
on colectomy avoidance.”” Three months after randomization
for the administration of infliximab or placebo, the infliximab
group showed a significantly lower colectomy rate than the
placebo group (29% vs 67%) with fewer postoperative com-
plications. In the recent Study Comparing Cyclosporine with
Infliximab in Steroid-refractory Severe Attacks of Ulcerative
Colitis (CYSIF), 115 severe ulcerative colitis patients who did not
respond to steroids were randomly assigned to receive cyclospo-
rine or infliximab and observed for 14 weeks."” There were no
significant differences between the cyclosporine and infliximab
groups in clinical response rates at day 7 (86% vs 84%, p=0.76)
or treatment failure rates (60% vs 54%, p=0.52). There were no
differences in the incidence of severe adverse events between
the groups. These results indicate that infliximab is equally ef-
fective to cyclosporine in achieving short-term remission and
avoiding colectomy in severe ulcerative colitis patients who do
not respond to steroids.

Recently, a multicenter retrospective study of the efficacy and
safety of infliximab in Korean ulcerative colitis patients was
repot’(ed.19 After infliximab treatment, 134 moderate-to-severe
ulcerative colitis patients showed a clinical response rate of
87% and remission rate of 45% at week 8. Compared to results
observed in Western populations, infliximab was effective as in
the West. Four statistically significant predictors to increase the
likelihood of clinical remission at week 8 were: no prior use of
immunomodulator, CRP >3 mg/dL, Hb >11.5 g/dL, and clini-
cal response to infliximab at week 2. Adverse events related to
infliximab were observed in 15% of the cases, but most were
mild and transient, indicating that infliximab was an effective
and safe treatment for patients with active ulcerative colitis. In
another single center retrospective study conducted in Korean
moderate-to-severe ulcerative colitis patients, the clinical re-
sponse rate of infliximab treatment at week 8 was 66%, similar
to the ACT 1 and ACT 2 study results.”” The predictors of non-
response to infliximab were severe disease with a Mayo score
of 11 or higher and a history of cytomegalovirus colitis within
three months of infliximab treatment. In contrast, the recent
study including 33 Korean moderate-to-severe ulcerative coli-
tis patients treated with infliximab, the clinical remission rate
at least once was about 70% and the remission group showed
a higher Mayo score at baseline than nonremission group
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(11.0+0.9 vs 9.9+1.5, p=0.04).”"

In 40% of the patients, repeated treatment with an anti-TNF
agent resulted in diminished efficacy. It is suspected that this
may be due to the production of autoantibodies against the
chimera, and diminished efficacy was more frequent when the
treatment regimen was episodic.”” In addition to the immuno-
genicity, the increases in the metabolic activities and excretions
of drugs may also be causes. To minimize the decrease in treat-
ment efficacy over time, immunomodulators are taken with
anti-TNF agents to suppress the production of autoantibodies.
Experts have used serum infliximab concentrations and the
presence of anti-infliximab antibodies to develop a treatment
algorithm for IBD.”** It is recommended that HACA-positive
patients should be switched to another anti-TNF agent, and if
no response is observed, other medications with a mechanism
different from that of anti-TNF agents should be used. If the in-
fliximab concentration is low, it should be increased. If the inf-
liximab concentration is high, endoscopy or other imaging tests
should be performed to determine whether the disease is active,
followed by a switch to another medication with a mechanism
different from that of the anti-TNF agent. In regions where
anti-drug antibody and serum drug concentration measure-
ments cannot be made, nonresponsive patients can be given an
increased level of 10 mg/kg or shorter administration intervals
can be used to increase the response rate. If these methods fail,
switching to another anti-TNF agent is possible.

2. Adalimumab

Adalimumab is a totally humanized recombinant monoclo-
nal IgG1 antibody that, like infliximab, binds to the soluble
or cellular membrane TNF-o and fixes complement to induce
cytotoxicity and T cell apoptosis. Adalimumab differs from in-
fliximab in that it is injected subcutaneously and the treatment
is administered in 2-week intervals. In ulcerative colitis patients
with intolerance to 5-ASA or steroids, adalimumab is another
treatment option.

In two randomized, phase III clinical studies known as Ulcer-
ative Colitis Long-Term Remission and Maintenance with Adali-
mumab I and I (ULTRA 1 and ULTRA 2, respectively), the safety
and efficacy of adalimumab was evaluated in patients who
had moderate-to-severe active ulcerative colitis despite having
previously received or currently receiving concurrent treatment
with corticosteroids and/or immunosuppressants such as aza-
thioprine or 6-MP.**”*® The ULTRA 1 study only enrolled patients
with no history of anti-TNF agent therapy, while the ULTRA 2
study allowed enrollment of patients who did not respond to or
tolerate anti-TNF agents. Among patients enrolled in the ULTRA
2 study, 40% had previously used other anti-TNF agents. In
ULTRA 1 and ULTRA 2, the coadministration of stable dosages
of 5-ASA and immunomodulators was allowed. The primary
endpoint of clinical remission at week 8 was evaluated in both
the ULTRA 1 and the ULTRA 2 studies. In ULTRA 2, clinical

remission at week 52 and sustained clinical remission were
evaluated together. In the ULTRA 1 study, 390 patients who did
not receive anti-TNF agent treatment were randomly assigned
to one of three treatment groups for preliminary analysis. The
adalimumab 160/80 mg group was given adalimumab 160 mg
at week 0 and adalimumab 80 mg at week 2. The adalimumab
80/40 mg group was given adalimumab 80 mg at week O and
adalimumab 40 mg at week 2. Both groups were compared to
the placebo group. Afterwards, patients in both adalimumab
treatment groups were given adalimumab 40 mg every other
week.

In ULTRA 2, 494 patients were randomly selected and given
adalimumab 160 mg at week 0 and adalimumab 80 mg at week
2, followed by adalimumab 40 mg every other week from week
4 to week 50, and compared to the placebo group. From week 8
on, tapering of the steroid was allowed.

In both the ULTRA 1 and ULTRA 2 studies, patients in the
adalimumab 160/80 mg group showed statistically significant
increases in the induction of clinical remission as compared to
the placebo group. In ULTRA 1, the clinical remission rate at
week 8 was 18.5% in the adalimumab 160/80 mg group, 10.0%
in the adalimumab 80/40 mg group, and 9.2% in the placebo
group. The rate was significantly higher in the adalimumab
160/80 mg group, and there was no statistically significant dif-
ference between the adalimumab 80/40 mg group and the pla-
cebo group. Furthermore, in ULTRA 2, the adalimumab 160/80
mg group showed a significantly higher clinical remission rate
at week 8 than that of the placebo group (16.5% vs 9.3%), and a
significantly higher clinical remission rate at week 52 (17.3% vs
8.5%).

A comparison of clinical remission rates using partial Mayo
scores up to week 8 revealed that the effectiveness of adalim-
umab did not plateau, indicating the possibility that most of
adalimumab’s remission-inducing efficacy would become ap-
parent after 8 weeks. This difference from infliximab, most of
the remission-inducing efficacy of which is reached by 2 weeks,
is notable.

In the ULTRA 2 study, clinical response was significantly
higher in the adalimumab 160/80 mg group than in the placebo
group both at week 8 (50.4% vs 34.6%) and week 52 (30.2% vs
18.3%). The mucosal healing rate was also significantly higher
in the adalimumab group than in the placebo group both at
week 8 (41.1% vs 31.7%) and week 52 (25.0% vs 15.4%).

In the ULTRA 2 study, the clinical remission induction rate
among patients who have previously used anti-TNF agents was
9.2% in the adalimumab group and 6.9% in the placebo group,
showing that the clinical remission induction efficacy in this
subgroup is lower than that in the general study population.
With respect to sustained clinical remission and clinical remis-
sion at week 52, the results were similar for both anti-TNF agent
users and the general study population. The incidence rate of
serious adverse events was 12% in both the adalimumab and



placebo groups, and the incidence rate of serious infections was
1.6% in the adalimumab group and 1.9% in the placebo group,
with no significant differences between the groups.

In contrast to the UC SUCCESS study of infliximab, the use-
fulness of combination therapy using adalimumab with an
immunosuppressant still lacks established results, and requires
further prospective evaluation and validation.

The results of a poststudy analysis of patient data from UL-
TRA 1 and ULTRA 2 showed that ulcerative colitis-related,
ulcerative colitis- or drug-related, and all-cause hospitalizations
in the adalimumab group were reduced by 50%, 47%, and 40%,
respectively, compared to the placebo group.” The overall rate
of colectomy in ULTRA study patients was reduced by 5% due
in part to adalimumab rescue therapy, but no significant dif-
ference was observed between the adalimumab and placebo
groups. Adalimumab can be self-administered at home by the
patient or the patient’s family member who has received in-
struction by health professional.

3. Golimumab

Golimumab is a fully human IgG1 monoclonal antibody that
targets TNF-a, and is used as a treatment for rheumatoid ar-
thritis, psoriatic arthritis, and ankylosing spondylitis. The recent
Program of Ulcerative Colitis Research Studies Utilizing an In-
vestigational Treatment-Subcutaneous (PURSUIT-SC) induction
study included a double-blind phase II trial conducted to de-
termine the permissible dose range of golimumab in moderate-
to-severe ulcerative colitis patients.”® A phase III trial was also
conducted to confirm the dose range. In the phase III trial, the
patients were divided into three groups: one group was given a
200 mg golimumab loading dose subcutaneously, then 100 mg
golimumab 2 weeks later; the other treatment group was given
400 mg golimumab subcutaneously, then 200 mg golimumab
2 weeks later. Both groups were compared to a placebo group.
The primary endpoint of clinical response at week 6 was 51.0%
in the golimumab 200/100 mg group, 54.9% in the golimumab
400/200 mg group, and 30.3% in the placebo group.

The PURSUIT-Maintenance study was a phase IIl study that
examined the efficacy of golimumab as maintenance therapy
for moderate-to-severe ulcerative colitis patients, in which the
study subjects were patients who completed golimumab induc-
tion studies including the PURSUIT-IV or PURSUIT-SC study.”
The subjects received placebo, golimumab 50 mg, or golimumab
100 mg administered subcutaneously every 4 weeks through
52 weeks. During the 54 weeks of treatment, the golimumab 50
mg group maintained a clinical response of 47.0% and the go-
limumab 100 mg group maintained a response of 49.7%, both
of which were significantly higher than the 31.2% response in
the placebo group. Clinical remission rates at both week 30 and
54 were significantly higher in the golimumab 100 mg group
compared to the placebo group (27.8% vs 15.6%, p=0.004), but
not in the golimumab 50 mg group compared to the placebo
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group (23.2% vs 15.6%, p=0.122). The mucosal healing rates at
both week 30 and 54 were 42.4% and 41.7% in the golimumab
100 mg and 50 mg groups, respectively, both of which were
higher than the 26.6% healing rate in the placebo group. Seri-
ous adverse events occurred in 7.7%, 8.4%, and 14.3% of the
placebo, golimumab 50 mg, and golimumab 100 mg groups,
respectively. Serious infections occurred in 1.9%, 3.2%, and
3.2%, respectively. In the golimumab-treated groups, golim-
umab did not pose any new safety issues compared to its use in
other indications. For induction therapy, the FDA recommends
administering 200 mg of golimumab subcutaneously and 100
mg of golimumab 2 weeks later. For maintenance therapy, the
FDA recommends administering 100 mg every 4 weeks. The
European Medicines Agency (EMA) advised the administration
of golimumab 50 mg every 4 weeks as maintenance therapy
in patients with less than 80 kg because golimumab 100 mg is
considered to have the higher risk of serious adverse drug reac-
tion compared to 50 mg,

ADHESION MOLECULE ANTAGONISTS

Lymphocyte migration and recruitment within the intestinal
mucosa is an important process in the initiation and mainte-
nance of intestinal inflammation. The adhesion of leukocytes
with the endothelial cells is mediated by integrin, chemokine re-
ceptors and endothelial adhesion molecules such as intercellular
adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule
1 (VCAM-1), and mucosal addressin cell adhesion molecule 1
(MAdCAM-1), which are overexpressed in IBD. Adhesion mol-
ecule inhibitors interfere with the adhesive interactions of endo-
thelial cells and circulating immune cells, reducing the mobility
of the immune cells. This medication has the potential to reduce
chronic inflammation.

Natalizumab, a chimeric recombinant humanized IgG4 anti-
body, is one such inhibitor and acts against the a4 subunit of
leukocyte adhesion molecules 04f7 integrin and a4f1 integrin.
The a4pB1 integrin interacts with VCAM-1.

Vedolizumab (MLN-0002) is an a4p7 integrin binding IgG1
humanized monoclonal antibody that suppresses leukocyte
adhesion by blocking the interaction between MAdCAM-1 and
047 integrin. The biggest difference between natalizumab and
vedolizumab is that natalizumab suppresses leukocyte traf-
ficking in multiple organs including the brain, whereas vedoli-
zumab specifically acts only on o4p7, selectively suppressing
lymphocyte trafficking exclusively in the gastrointestinal tract.
oEP7 integrin interacts with E-cadherin, and its expression is
increased in intraepithelial lymphocytes in the mucosal epithe-
lium.

Etrolizumab (rhuMAb B7) is a humanized monoclonal IgG1
antibody that acts as an adhesion molecule inhibitor. It targets
the B7 subunit of heterodimeric integrins a4B7 and oEB7 and
blocks the interaction between aEB7 and E-cadherin.
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1. Vedolizumab

Inhibitors of leukocyte trafficking in the intestine are touted
as the next generation of IBD treatments. These suppress the in-
teraction between the leukocyte and the gastrointestinal vessels,
and block the inflammatory cells from entering the intestinal
lesions. Although natalizumab, a chimeric recombinant human-
ized IgG4 antibody against the o4 subunit of leukocyte adhe-
sion molecules, has shown a 48% response rate in a phase III
study for Crohn’s disease treatment, the risk of JC virus reacti-
vation that can trigger progressive multifocal leukoencephalop-
athy (PML) was suggested in a subsequent large-scale study.’®”’

Vedolizumab is a humanized IgG1 monoclonal antibody
against a4f7 integrin that inhibits leukocyte adhesion of MAd-
CAM-1 specific to the bowel. Recently, the results of the GEM-
INI 1 study, a phase III study of the efficacy of vedolizumab in
moderate-to-severe ulcerative colitis, have been reported.5 At
the time of patient randomization, the percentage of patients
who have been exposed to a TNF antagonist was limited to 50%
and the actual percentage of those who previously received anti-
TNF therapy was approximately 48%. The screening took place
3 weeks prior to the start of the study, which included a total of
895 participants. Cohort 1 was formed via blind randomization,
with 375 patients assigned to the placebo group and vedolizum-
ab group in a 2:3 ratio. Vedolizumab group patients received
two intravenous infusions of vedolizumab 300 mg over about
30 minutes, at week 0 and week 2, and were evaluated at week 6.
At week 6, the clinical response was 47.1% in the vedolizumab
and 25.5% in the placebo group. The clinical remission rates at
week 6 were 16.9% in the vedolizumab group and 5.4% in the
placebo group. The mucosal healing rates at week 6 were 40.9%
in the vedolizumab group and 24.8% in the placebo group. The
maintenance phase took place from week 6 to week 52. In order
to meet the required sample size, an additional 521 open-label
patients were recruited and identically treated with vedolizumab.
The maintenance phase included 373 patients, which showed a
clinical response at week 6, the primary outcome of the induc-
tion phase. They were randomized in a 1:1:1 ratio to receive 52
weeks of treatment with placebo, 300 mg of vedolizumab every
4 weeks, or 300 mg of vedolizumab every 8 weeks.

The rate of clinical remission at week 52 differed significantly
between the treatment groups receiving vedolizumab 300 mg
every 4 or 8 weeks and the placebo group (44.8% and 41.8%
vs 15.9%). The clinical response and mucosal healing rates at
week 52 differed significantly between the vedolizumab-treated
group and the placebo group, but not between the group dosed
at 4-week intervals and the group dosed at 8-week intervals.
Glucocorticoid-free remission was 45.2% in the group receiving
vedolizumab every 4 weeks, 31.4% in the group treated every 8
weeks, and 13.9% in the placebo group, with the greatest differ-
ence between the 4-week dosing interval group and the placebo

group.

Vedolizumab specifically suppresses the gut-trophic a4p7
heterodimer and does not affect the q:4f31 associated with leu-
kocyte transport in the central nervous system, which reduces
the risk of PML. During this study, not a single case of PML was
detected. Furthermore, when examining the incidences of side
effects, no differences in the rates of serious adverse events or
serious infections were observed compared to the placebo group,
and no anaphylaxis or serum sickness was observed. Whether
or not the group with a history of TNF antagonist treatment
failure showed any vedolizumab response is unknown, as the
subgroup analysis has yet to be published. Additional studies
are needed to determine what role vedolizumab will play in the
ulcerative colitis treatment algorithm. Recently, vedolizumab
was approved by the FDA for the treatment of moderate to se-
vere ulcerative colitis adult patients which are not responding to
one or more conventional treatment such as steroids, immuno-
suppressive agents, or TNF blocker.

2. Etrolizumab

Etrolizumab is a humanized IgG1 monoclonal antibody
against the B7 subunit of a4B7 and aEB7. It is used as an ad-
hesion molecule inhibitor. Eucalyptus is a phase II induction
study of etrolizumab in 124 patients with moderate-to-severe
ulcerative colitis who did not respond to other medications, the

findings of which were recently reported.””

The patients were
then randomly assigned to receive subcutaneous injections of
100 mg etrolizumab at week 0O, 4, and 8 (etrolizumab 100 mg
group) or 300 mg etrolizumab at week 2, 4, and 8 after a 420
mg loading dose (LD) of etrolizumab was subcutaneously in-
jected (etrolizumab 300 mg plus LD group) or placebo. The pri-
mary endpoint of clinical remission at week 10 was 21% in the
etrolizumab 100 mg group, 10% in the etrolizumab 300 mg plus
LD group, and 0% the placebo group. Therefore, the groups that
received etrolizumab treatments had higher clinical remission
rates at week 10 than the placebo group. In the anti-TNF-naive
patients, the clinical remission rate was 44% in the etrolizumab
100 mg group and 25% in the etrolizumab 300 mg plus LD
group. However, in the patients with insufficient response with
anti-TNF therapy, clinical remission rate in the etrolizumab 100
mg and 300 mg group was 5% and 4%, respectively. High oE
gene expression in the colonic tissue taken at baseline was as-
sociated with clinical remission and may be the main factor to
predict the effect of etrolizumab.

No serious infections were recorded in the etrolizumab-treated
groups, and no significant difference between the etrolizumab-
treated groups and the placebo group in the frequency of
adverse events that warranted treatment discontinuation was
observed, indicating that etrolizumab is safe and tolerable. Cur-
rently, a phase Il open-label extension trial of etrolizumab is
underway.



JAK INHIBITOR

The discovery of various cytokines and intracellular mes-
sengers as a cause of IBD has led to various research studies of
biologics that target these cytokines and intracellular messen-
gers. Tyrosine kinases, such as JAK1 and JAK3, are intracellular
molecules that play an important role in the signal transmission
of interleukins (ILs). Tofacitinib (CP-690,550), a JAK inhibitor
that can block downstream signaling pathway and can be taken
orally, was developed.

1. Tofacitinib

Tofacitinib represents a new class of JAK inhibitor that in-
hibits JAK1, JAK2, and JAK3 to modulate the signaling of IL-
2, IL-4, IL-7, IL-9, IL-15, and IL-21 receptors that are associated
with six types of cytokine functions that integrate lymphocyte
activation, function, and proliferation. In addition, by inhibiting
JAK1, tofacitinib blocks the activities of proinflammatory cyto-
kines including IL-6 and interferon y, and by inhibiting JAK2,
it blocks the signaling to erythropoietin. Because of its varied
anti-inflammatory actions, tofacitinib is currently used in al-
lograft rejection prevention, rheumatoid arthritis, and psoriasis.

Recently, a phase II, double-blind, placebo-controlled study
evaluated the effects of tofacitinib administration for 8 weeks in
194 moderate-to-severe ulcerative colitis patients who did not
respond to steroids, immunosuppressives, or anti-TNF agents.’
Patients were assigned to one of five treatment groups: tofaci-
tinib 0.5 mg, 3 mg, 10 mg, 15 mg, or placebo in a 2:2:2:3:3
ratio. For 8 weeks, medications were taken twice daily, and the
patients were followed for another 4 weeks.

The primary endpoint of clinical response rate at week 8 was
429 in the placebo group and 32%, 48%, 61%, and 78% in the
tofacitinib 0.5 mg, 3 mg, 10 mg, and 15 mg twice daily groups,
respectively (p=0.39, p=0.55, p=0.10, and p<0.001), showing a
statistically significant difference only for the 15 mg twice daily
group. The clinical remission rate at week 8 was 10% in the
placebo group and 13%, 33%, 48%, and 41% in the tofacitinib
groups, respectively, in order of increasing dosage, with the 10
mg and 15 mg twice daily groups showing statistically signifi-
cant differences (all p<0.001). Tofacitinib dose-dependent in-
creases in low-density lipoprotein cholesterol and high-density
lipoprotein cholesterol were observed, and neutropenia which
means absolute neutrophil count less than 1,500 per cubic
mm was detected in three patients. In terms of serious adverse
events, a single case each of postoperative abscess and anal
abscess occurred in the 10 mg group. In conclusion, this study
confirmed that tofacitinib was more effective than placebo in
bringing about clinical response and clinical remission in mod-
erate-to-severe ulcerative colitis patients.

In patients with active ulcerative colitis who do not respond
to anti-TNF agents, tofacitinib shows clinical importance in that
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it can easily induce clinical response and clinical remission.
However, since there have been no reports to date on remission
maintenance with tofacitinib and only short-term side effects
have been investigated, additional large-scale studies will be
needed in the future to gather evidence regarding high remis-
sion maintenance and safety. Through this process, the role of
tofacitinib in treating ulcerative colitis patients who do not re-
spond to anti-TNF agents will be determined.

APPROVAL AND USAGE STATUS OF BIOLOGICS

The biologics which can be used in ulcerative colitis are dif-
ferent according to the countries. Golimumab was approved in
the European Union, Canada, Switzerland, Russia, the United
States, South Korea, and other countries.

In the United Kingdom, only infliximab is recommanded
in the acute severe ulcerative colitis according to NICE guide-
line.** Other European countries such as Greece, France, Italy,
Spain, Sweden, etc., infliximab, adalimumab, and golimumab
are available for treatment of moderately to severely active
ulcerative colitis in adult patients who have had an inadequate
response to conventional therapy including corticosteroids and
6-MP or azathioprine, or who are intolerant to or have medical
contraindications for such therapies. Recently, vedolizumab was
approved for moderate to severe ulcerative colitis by the EMA.

In the United States, infliximab, adalimumab, and golimumab
are available in patients with moderately to severely active
disease who have had an inadequate response to conventional
therapy. The FDA approved vedolizumab recently.

In Japan, infliximab and adalimumab can be used in patients
with moderate to severe ulcerative colitis inadequate response to
conventional therapy.

The biologics which can be used for ulcerative colitis in South
Korea are infliximab and adalimumab.”® Golimumab is expected
to be available soon in South Korea.

CONCLUSIONS

The introduction of biologics for the treatment of IBD has
changed the treatment paradigm for moderate-to-severe ulcer-
ative colitis. With the use of anti-TNF agents, mucosal healing
is now regarded as the treatment goal. Furthermore, interest in
combination therapy using immunomodulators with anti-TNF
agents, as well as in monitoring dosing for optimal results, is
increasing. Recently, the anti-adhesion therapy of vedolizumab
and etrolizumab with the JAK inhibitor tofacitinib have emerged
in addition to the anti-TNF agent golimumab. In the treatment
of ulcerative colitis, the introduction of such drugs, along with
anti-TNF agents with already-proven effects, will advance new
strategies of determining the order of treatment administration
as well as making surgical decisions.
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